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Preface

Endocrinology is a fascinating field of medicine. It is very versatile and 
stimulating. Practicing endocrinology promotes our abilities in differen-
tial diagnosis and complex thinking.

This book of endocrinology aims to give the reader an overall and 
deep presentation of contemporary endocrine practice. In order to 
highlight its practical approach, diseases are presented via endocrine 
cases where the questions and pitfalls in diagnosis and treatment are 
discussed similar to real life experiences. Moreover, an unconventional 
question-answer format is used where the most important features of 
the diseases are underlined as questions.

As the book focuses on the practice, that is, symptoms, diagnosis, dif-
ferential diagnosis, and treatment issues related to a wide variety of 
endocrine diseases, only minimal theory of endocrinology is included 
wherever it aids comprehension. This book is therefore designed for 
those who have some basic knowledge in endocrinology.

Practical Clinical Endocrinology is dedicated primarily to adult endo-
crinology; however, some important endocrine diseases from childhood 
that are certainly continued to be treated in adults, for example, con-
genital adrenal hyperplasia, are also discussed.

The book is comprised of seven parts along the most important 
endocrine organs – Part 1: Diseases of the Pituitary and the Hypothala-
mus; Part 2: Diseases of the Thyroid; Part 3: Diseases of the Parathy-
roid and Metabolic Bone Diseases; Part 4: Diseases of the Adrenal; Part 
5: Diseases of the Gonads; Part 6: Neuroendocrine Tumors and Para-
neoplastic Endocrine Syndromes; and Part 7: Multiple Endocrine Neo-
plasia Syndromes. There are 52 chapters in the book that aim to cover 
the most common diseases in endocrinology. Apart from the most 
important and most common endocrine diseases, many rare but inter-
esting diseases (e.g., hormone resistance syndromes) are also discussed. 
In addition to chronic diseases that constitute the major part of endo-
crinology, important emergency conditions and complications such as 
thyroid storm, adrenal crisis, and the management of hormone-related 
electrolyte disturbances are also discussed.

The book contains 117 figures and 107 tables to facilitate under-
standing.

Who can find this book useful? The book is meant for a broad audi-
ence, but first of all to medical residents in training and preparing for a 
board exam in internal medicine and/or endocrinology. Moreover, this 
book can also be useful for established specialists in endocrinology or 
internal medicine to deepen or refresh their knowledge. The book can 
also be interesting to university students, most notably the chapters on 
common diseases from which exam questions are frequently prepared. 
Some questions from the book can even be asked and therefore be inter-
esting both for students and examiners.
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I do really hope that this book represents a novel way of learning and 
refreshing our knowledge in endocrinology and the reader will find it 
interesting.

Last but not least, I would like to thank all the authors for their devo-
tion to make this book, which I hope was worth the efforts.

Peter Igaz
Budapest, Hungary 
2020
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Diseases of the 
Pituitary and 
Hypothalamus
The pituitary gland is the master regulator of the endocrine system. 
The anterior lobe of the pituitary secretes prolactin, growth 
hormone, and several other very important hormones that regulate 
major endocrine organs such as the thyroid, adrenal glands, and the 
gonads. The thyroid, adrenal cortex, and gonads are not capable of 
hormone secretion on their own, as the stimulating hormones from 
the pituitary are essential for their functioning. The pituitary, 
however, is not autonomous either since various factors from the 
hypothalamus regulate hormone secretion from the anterior 
pituitary. The regulatory axes for the thyroid, adrenal cortex, and 
gonads thus include three components, for example, hypothalamic-
pituitary-thyroid or hypothalamic-pituitary-adrenal axes. These 
axes involve negative feedback regulation, that is, the product of 
the peripheral hormone-producing organ (e.g., cortisol from the 
adrenal cortex) inhibits the secretion of the respective stimulating 
hormones from the hypothalamus (corticotropin releasing 
hormone) and pituitary (adrenocorticotropic hormone).

In contrast to the anterior lobe, the posterior lobe of the pituitary does 
not produce hormones on its own, but stores the hormones produced 
by hypothalamic nuclei (antidiuretic hormone and oxytocin).

Based on the three-level regulation of the hypothalamic-pituitary-
thyroid/adrenal/gonad axes, hormone deficiency due to the 
disease of the peripheral hormone-producing organs (thyroid, 
adrenal cortex, or gonads) is termed primary insufficiency, whereas 
pituitary and hypothalamic insufficiency are termed secondary 
and tertiary, respectively.

In this part of the book, the major diseases of the pituitary and 
hypothalamus are discussed. The first chapters (7  Chaps. 1, 2, 3, 4, 
and 5) present diseases associated with pituitary tumors (and 
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craniopharyngioma). Pituitary tumors are quite frequent, 
representing about 10 % of intracranial neoplasms. Both hormone-
secreting and non-functioning tumors can have major clinical 
consequences that are presented in these chapters.

In 7  Chaps. 6 and 7, diseases of hormone insufficiency related to 
the pituitary and hypothalamus are discussed. 7  Chapter 8 
presents hypophysitis, an inflammatory disease of the pituitary 
that is gaining increasing clinical importance due to novel anti-
cancer therapies (immune checkpoint inhibitors).

The last two chapters of this part discuss the diseases associated 
with the lack or overproduction of antidiuretic hormone. The man-
agement of hyponatremia, which is the most common electrolyte 
abnormality, is presented in 7  Chap. 10.

Contents

Chapter 1	 Prolactinoma – 3

	Chapter 2	� Acromegaly – 15

	Chapter 3	� Cushing’s Disease – 25

	Chapter 4	� Non-functioning Pituitary Adenoma – 35

Chapter 5	� Craniopharyngioma – 49

Chapter 6	� Hypopituitarism – 55

Chapter 7	� Kallmann Syndrome (Hypogonadotropic 
Hypogonadism) – 65

Chapter 8	� Hypophysitis – 71

Chapter 9	� Diabetes Insipidus – 89

Chapter 10	� Syndrome of Inappropriate Antidiuretic 
Hormone Secretion (SIADH, SIAD) and the 
Clinical Management of Hyponatremia– 99



3

© Springer Nature Switzerland AG 2021
P. Igaz (ed.), Practical Clinical Endocrinology, https://doi.org/10.1007/978-3-030-62011-0_1

Prolactinoma
Beatrix Sármán

Contents

�Suggested Reading – 13

1

https://doi.org/10.1007/978-3-030-62011-0_1#DOI
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-62011-0_1&domain=pdf


4

1 Opening
This chapter summarizes the main features of 
hyperprolactinemia in female and male 
patients, the diagnostic and differential diag-

nostic steps, and treatment options. 
Prolactinoma before  and  during pregnancy is 
also discussed shortly.

Definition of the Disease

The hormone prolactin (lactotroph hormone) 
is produced in the anterior pituitary gland. 
Hyperprolactinemia means the overproduction 
of prolactin. Prolactin is a major hormone regu-
lating breast milk production, but it has several 
other activities, as well. In contrast with other 
anterior pituitary hormones that are stimulated 
by releasing hormones from the hypothalamus 
(e.g., adrenocorticotropin/adrenocorticotropic 
hormone (ACTH) stimulated by corticotropin-
releasing hormone (CRH), thyroid-stimulating 
hormone (TSH) stimulated by thyrotropin-
releasing hormone (TRH)), prolactin is under 
a tonic suppression by dopamine produced by 
hypothalamic cells. Lesions of the pituitary 
stalk, therefore, can result in elevated prolactin 
levels due to the falling out of the dopamine-
mediated inhibition.

Pituitary adenomas are the most common 
intracranial tumors comprising up to 10% of 
all intracranial neoplasms. The prevalence of 
clinically relevant pituitary adenomas is around 
80–100/100000. Prolactin-producing pituitary 
adenoma (prolactinoma) is the most common 
pituitary adenoma (about 40% of all pituitary 
tumors) with a prevalence of 10/100000 in males 
and 30/100000  in females. Non-functioning 
pituitary adenoma is the second most common 
pituitary adenoma, whereas the other forms, 
i.e., GH- and ACTH-producing adenomas, 
are rare (discussed in the following chapters). 
(TSH-producing pituitary tumor is extremely rare.)

Prolactinoma is mostly a benign tumor 
(>98%); however, some rare malignant cases 
are also known. A pituitary adenoma smaller 
than 1 cm in diameter is called microadenoma 
(microprolactinoma), whereas over 1  cm, 
it is termed macroadenoma (macropro-
lactinoma). Prolactin is the only pituitary 
hormone whose serum level may refer to the 
tumor size. Prolactinoma is the only pituitary 
tumor whose treatment is primarily medical. 
Magnetic resonance imaging (MRI) pictures 
of  a normal pituitary gland are presented 
in .  Fig.  1.1, whereas a microadenoma is 
shown in .  Fig. 1.2.

Prolactin inhibits the secretion of 
hypothalamic gonadotropin-releasing 
hormone (GnRH) and also that of pituitary 
gonadotropins (luteinizing hormone (LH), 
follicle-stimulating hormone (FSH)), and 
therefore prolactin overproduction can result in 
low sex steroid levels in both sexes (secondary/
hypogonadotropic hypogonadism).

It must be noted that hyperprolactinemia 
can have many different causes apart from 
prolactinoma. These are presented in 
.  Table  1.1. One of  the most important 
causes for hyperprolactinemia in clinical 
practice is related to drugs having dopamine 
antagonistic properties.

Since the clinical picture of  prolactinoma 
is different in females and males, these will be 
presented via two different clinical cases.

	 B. Sármán



5 1

a b

c d

.      . Fig. 1.1  T1-weighed magnetic resonance imaging (MRI) of  a normal pituitary. a Sagittal, native, b sagittal with 
contrast, c coronal native, d coronal with contrast. (Courtesy of  Dr. György Várallyai)

.      . Fig. 1.2  T1-weighed MRI imaging of  a pituitary 
microadenoma, sagittal image

.      . Table 1.1  The most relevant physiological 
and pathological causes of  hyperprolactinemia

Prolactin serum 
concentration 
(ng/mL)

Normal female <20

Normal male <10–15

Physiological causes

During sleeping <50

(continued)

Prolactinoma
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?? What are the clinical features in this case 
that are suspicious for a prolactinoma?

vv The major hormonal effects of hyperpro
lactinemia are related to the decreased levels 
of some sex hormones and to galactorrhea 
(milk production in non-lactating women 
or very rarely in men). Moreover, pituitary 
macroadenomas can have mass effects/
compression symptoms due to the large size 
of the tumor.

Clinical symptoms of hyperpro-
lactinemia in premenopausal females:

55 Menstrual irregularity: oligo-/amen
orrhea – most common symptom

55 Infertility
55 Galactorrhea – 25–40% of all cases
55 Low bone mineral density

Compression symptoms/mass effects with 
macroadenomas:

In postmenopausal women, these are 
often the first symptoms, since estrogen 
levels are already low:

55 Headache.
55 Impaired vision (visual loss – typically 

bitemporal hemianopsia, dual vision).
55 Signs of hypopituitarism (secondary 

hypothyroidism, secondary adrenal 
insufficiency) (see chapter on hypo
pituitarism (7  Chap. 6)).

55 In severe cases tumors can infiltrate 
the cavernous sinus leading to cerebral 
nerve palsies, or even increased intra
cranial pressure can occur.

Prolactin serum 
concentration 
(ng/mL)

Pregnancy, breast feeding

Stress

Pathological causesa

Microadenoma <250

Macroadenoma >500

Pituitary stalk compression <150

Medication
  �Psychiatric drugs 40–90% 

(neuroleptics, 
antidepressants (MAO 
inhibitor, SSRI, tricyclic and 
tetracyclic antidepressants)

  �Antihypertensive drugs 
(verapamil, methyldopa)

  �Histamine 2 receptor 
blockers

  �Metoclopramide
  �Hormones (estrogen, 

antiandrogens)
  �Protease inhibitors

<200

Chronic renal or liver failure

Hypothyroidism <100

Polycystic ovary syndrome 
(PCOS)

Normal levels may be slightly different between 
laboratories
aThe prolactin values in pathological conditions 
represent the usual ranges, but considerable 
variations can occur
MAO monoamine oxidase, SSRI selective 
serotonin reuptake inhibitor

.      . Table 1.1  (continued)

�Case 1  Prolactinoma in Women

A 41-year-old woman was presented to our 
Department after a neurosurgical interven-
tion (transsphenoidal pituitary surgery). 
Her medical history included treatment for 
depression (paroxetine). Medical exami-
nation was started because of chronic 

headache without other neurological symp-
toms. Her last menstruation cycle was 
2  years before the onset of headache, and 
sometimes she experienced white “milk-
like” breast secretion. A sella MRI was 
performed that described a 1.5  cm large 
macroadenoma which reached but did not 
compress the optic chiasm. Histology of the 
removed tumor confirmed the diagnosis of 
prolactinoma.

	 B. Sármán
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In this case, secondary amenorrhea and 
galactorrhea together with headache 
should have been an alarming symptom. 
In 70% of premenopausal females, galac-
torrhea and oligo-/amenorrhea represent 
hyperprolactinemia. The symptoms, how-
ever, can be much less characteristic in 
postmenopausal women, and only the mac-
roadenoma-related mass effects could raise 
suspicion.

?? What is the definition of secondary amenor-
rhea?

vv In women having regular menses, an 
absence of  menstrual cycles for more than 
3 months is termed secondary amenorrhea, 
whereas in women with irregular menses, 
an absence for more than 6  months is 
needed. Primary amenorrhea, on the other 
hand, is defined as no menstrual cycles by 
the age of  15 years or thereafter.

?? Due to the intensive headache and tumor 
size, the patient was immediately presented 
to a neurosurgeon without prior endocrino-
logical work-up. Was that correct?

vv No. Prolactinomas, including macro
prolactinomas, react very well to medical 
treatment. Moreover, the patient did not 
have symptoms of  visual impairment, and 
the MRI showed that the tumor reached, 
but did not compress, the optic chiasm.

?? What kind of examinations should be per-
formed in case of a pituitary macroadenoma?

vv Hormonal work-up:
55 Pituitary hormones: gonadotropins 

(luteinizing hormone (LH), follicle-
stimulating hormone (FSH), growth 
hormone (GH), prolactin, adreno
corticotropin hormone (ACTH), thy
roid-stimulating hormone (TSH))

55 Other hormones: cortisol, free T4 (fT4), 
estrogen (female), testosterone (male), 
IGF-1 (insulin-like growth factor 1)

55 Total and macroprolactin measurement 
(see later)

Other tests:
55 Visual field examination
55 Osteodensitometry (chronic hypo

gonadism decreases bone mineral 
density)

55 Liver and kidney function

?? Unfortunately, there was no hormonal ex-
amination prior to the neurosurgical inter-
vention in this case. Which conditions could 
legitimate urgent surgery?

vv Urgent neurosurgical intervention is 
warranted in patients with severe and 
progressing visual field defects, e.g., 
threatening vision loss, progressing 
neurological symptoms, and signs of 
pituitary apoplexy. Pituitary apoplexy 
(hemorrhage) can occur in macroadenomas 
and is usually associated with very 
intensive headache, visual loss, and 
neurological symptoms. The hormone 
results after surgery are presented in 
.  Table 1.2.

?? What can be inferred from these hormone 
results?

.      . Table 1.2  Hormone results following the 
neurosurgical intervention

Total prolactin 
(ng/mL)

1103.75 1.39–24.20

Active prolactin 
(ng/mL)

729.35

Macroprolactin 
(ng/mL)

374.4

ACTH (pg/mL) 7.5 7.2–63.3

Cortisol (μg/dL) 4.74 8.00–25.00

TSH (mIU/L) 0.2840 0.350–4.940

Free T4 (pmol/L) 11.36 9.00–23.20

(continued)

Prolactinoma
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vv Prolactin level is still high that is not 
surprising as the removal of 
macroadenomas is often incomplete. 
Moreover, TSH is slightly lower, but free 
T4 is normal. ACTH is in the low range, 
and the morning cortisol is also low. FSH, 
LH, and estradiol are also low.

All these hormonal results are sug-
gestive of hypopituitarism, and therefore 
substitution with hydrocortisone and levo-
thyroxine was started (see chapter on hypo-
pituitarism (7  Chap. 6)).

?? The patient took an antidepressant which is 
known to influence the serum prolactin level. 
Would you stop or change medication (if pos-
sible) before measuring prolactin level?

vv In this case, no. The antidepressant can 
elevate prolactin levels, but this is usually 
markedly less than in this case (usually 
<100 ng/mL, but much higher values can 
also be seen in some drug-related cases) 
(.  Table  1.1). The size of  the pituitary 
tumor and the typical symptoms are 

clearly indicative of  a pituitary tumor/
prolactinoma. The differential diagnostic 
problem of  hyperprolactinemia induced 
by dopamine agonistic drugs can be 
significant in case of  pituitary 
microadenomas, where it can be rather 
difficult to differentiate the origin of 
hyperprolactinemia if  the drug cannot be 
omitted or changed.

?? What is macroprolactinemia?

vv Macroprolactin is a complex of prolactin 
with  immunoglobulin G (IgG) that is 
biologically inactive, and therefore it does 
not have pathological significance. The 
prevalence of macroprolactinemia is 10–25% 
in patients with hyperprolactinemia. It is 
important to exclude macroprolactinemia 
in all patients with hyperprolactinemia. 
(Serum samples should be pretreated 
with polyethylene glycol to precipitate 
macroprolactin before the immunoassay). 
If  there is only predominant macropro-
lactinemia without clinical symptoms, no 
intervention is needed.

?? What is the Hook effect?

vv Hook effect is an uncommon laboratory 
phenomenon where the measured serum 
prolactin level is relatively low even though 
the patient has a hormone-secreting 
macroprolactinoma. Very high levels of 
serum prolactin might interfere with the 
antibody-based measurements, and 
thereby a false-negative result might be 
obtained. In order to avoid this, prolactin 
should be measured both in undiluted and 
diluted (1:100) serum samples in patients 
with large macroadenomas.

?? How should the high prolactin level be man-
aged in the patient?

vv Dopamine agonists are the first choice of 
treatment in prolactinoma, as these drugs 
are effective both for normalizing prolactin 
levels in micro- and macroprolactinoma 
and for reducing tumor size and thereby 
mass effects including visual field defects. 

FSH (IU/l) 4.32 2.4–12.6 follicular 
phase
14.0–95.6 
ovulatory phase
1.0–11.4 luteal 
phase
7.7–58.5 
postmenopausal

LH (IU/l) 2.23 3.5–12,5 follicular 
phase
4.7–21.5 
ovulatory phase
1.7–7.7 luteal 
phase
25.8–134.8 
postmenopausal

Estradiol (pg/
mL)

23.0 24,5–196 follicular 
phase
66,1–411 
ovulatory phase
40,0–261 luteal 
phase
<10–39,2 
postmenopausal

.      . Table 1.2  (continued)
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Amenorrhea and infertility and 
galactorrhea are usually resolved with 
dopamine agonist treatment.

?? What kind of dopamine agonists are avail-
able?

vv Dopamine agonists
Cabergoline is recommended to be the 
first choice in therapy. Its initial dose is 
usually 0.25–0.5  mg twice a week. Side 
effects are rare, but nausea and orthostatic 
hypotension  can occur as with other 
dopamine agonists. High-dose cabergoline 
in Parkinson disease was associated with 
valvulopathy, but it is unclear whether 
such a risk exists with the much lower 
doses used in prolactinoma. In patients 
taking cabergoline, regular (annual) 
echocardiography is nevertheless warranted 
for the potential thickening of  heart valves.

Bromocriptine was the first dopamine 
agonist introduced for the treatment 
of  prolactinoma. Its average daily dose 
varies between 2.5 and 10  mg. It should 
be taken mostly in the evening due to its 
orthostatic side effects that can be related 
to nausea and headache. It might also 
cause constipation. Both cabergoline and 
bromocriptine are ergot derivatives.

Quinagolide is a non-ergot dopamine 
agonist. Its average daily dose is 
0.075–0.150  mg also mostly given in 
the evening. Its side effects are like 
bromocriptine, but rare.

In the presented case, first bromo
criptine and then quinagolide was initiated, 
but the patient had significant nausea with 
both; therefore treatment was switched to 
cabergoline. Galactorrhea diminished and 
then disappeared, and after 1 year of  treat-
ment, the patient has a regular menstrual 
cycle. Prolactin after 6  months of  caber-
goline treatment was normal (8.58 ng/mL 
(1.39–24.20)).

?? How long should dopamine agonist treat-
ment be continued?

vv Patients usually take dopamine agonists 
for several years. Discontinuation of 

dopamine agonist should be considered 
only after at least 1 year with stably normal 
prolactin levels. Even in that case, the dose 
of  dopamine agonist should be tapered 
very slowly, and prolactin should be 
regularly monitored (e.g., every 3 months). 
In cases where the initial tumor size was 
over 2  cm diameter, discontinuation of 
dopamine agonist is not suggested.

?? When should MRI after neurosurgery be 
first performed?

vv MRI is usually performed not earlier than 
3–6  months after a neurosurgical 
intervention, since it can be difficult to 
assess pituitary morphology shortly after 
the operation.

?? How often should MRI control performed in 
patients receiving dopamine-agonist treat-
ment?

vv MRI controls are usually performed 
annually.

?? What are the indications for non-urgent sur-
gery in prolactinoma?

vv In rare cases, macroprolactinomas do not 
react to dopamine agonist therapy or the 
patient is intolerant to dopamine agonists. 
Some patients choose surgery instead of 
medical treatment.

?? Are there other treatment options available 
for macroprolactinoma?

vv Radiotherapy (or stereotactic radio
surgery) can be performed in patients with 
macroprolactinoma who are resistant to 
dopamine agonist therapy and surgery was 
unsuccessful.

?? What should we do if pregnancy is planned 
or diagnosed?

vv Macroprolactinomas might grow during 
pregnancy. The risk for growth in micro-
prolactinomas is minimal. Even if  there 
are no data on the fetal toxicity of  dopa-

Prolactinoma
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mine agonists (bromocriptine appears to 
be safe), it is advised to discontinue them 
gradually if  pregnancy is confirmed. In 
women planning pregnancy with a mac-
roprolactinoma, surgery should be con-
sidered before pregnancy. Women with 
macroprolactinoma should have visual 
field examination every 3 months. MRI is 
usually not performed during pregnancy. 
If  there are signs of  tumor growth, bro-
mocriptine (or even cabergoline) can be 
given. Patients should be informed to seek 
urgent medical advice in case of  intensive 
headache or visual impairment. In case of 
therapy resistant growing macroprolac-
tinoma during pregnancy, surgery can be 
indicated optimally in the second trimester.

?? Does the patient have any alarming symp-
toms?

vv Relative hypotension compared with previ-
ous periods and “too good” blood glucose 
control could be signs of  hypopituitarism.

?? What is the next step?

vv Visual field control and hormone control. 
No typical visual impairment was con-
firmed, but low ACTH and cortisol levels 
and a high total prolactin level were found 
(see later).

?? Would you start treatment of hyper
prolactinemia immediately?

vv No. First active prolactin and macro
prolactin levels need to be tested.

?? His active prolactin level: 525.60 ng/mL. Is it 
a real hyperprolactinemia or could it be the 
result of pituitary stalk compression?

vv Hyperprolactinemia due to pituitary stalk 
compression is usually under 200  ng/mL, 
so this is probably a hyperprolactinemia 
caused by a macroprolactinoma.

?? What are the symptoms of prolactinoma in 
men?

vv Especially in elderly men, prolactinoma 
might not cause any conspicuous hormonal 
symptoms. Microprolactinomas in elderly 
may therefore remain undiagnosed, whereas 
macroprolactinomas are discovered due to 
their mass effects.

In younger males, prolactinoma can cause 
symptoms via secondary (hypogonadotropic) 
hypogonadism, such as impotence and infer-
tility, erectile dysfunction, and low bone min-
eral density. Rarely, gynecomastia (benign 
enlargement of the breast glandular tissue in 
males) can occur, and extremely rarely galac-
torrhea can be observed.

?? What are the clinical features in this case 
that are suspicious for hyperprolactinemia?

vv Body hair loss and gynecomastia that are 
both signs of  hypogonadism.

?? The patient had an unbearable headache and 
hypopituitarism. Would you do an urgent 
surgery?

�Case 2  Prolactinoma in Men

A 69-year-old man was referred to our 
endocrine outpatient consultation. He had 
a history of therapy-resistant hypertension 
and type 2 diabetes. His medical exami-
nation started because of an unbearable 
headache without any other neurological 
symptoms. A brain MRI was done, and 
it showed a pituitary macroadenoma of 
3 cm diameter. When he was first referred 
to our Department, he said that his blood 
pressure was perfect during the last couple 
of months, so the doses of his antihyper-
tensive drugs could be lowered; moreover, 
his blood glucose was also so good that 
he could stop with the antidiabetic drugs. 
Medical examination revealed gynecomas-
tia and body hair loss.

	 B. Sármán
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vv No. Even with severe symptoms, medical 
therapy is the first choice in patient with 
macro- and microprolactinoma. However, 

progressive visual impairment/threatening 
loss of  vision or neurological symptoms 
can warrant an urgent surgical intervention.

�Case Continued

Cabergoline was started in a twice 0.5 mg/week 
dose. .  Table 1.3 presents the hormonal find-
ings at diagnosis and during therapy. The ini-
tial hormonal results show high prolactin levels 
that were rapidly normalized by the dopamine 
agonist therapy. Low ACTH and cortisol, low 
TSH, and low gonadotropin + testosterone 
levels indicate hypopituitarism. Substitution 

with hydrocortisone and levothyroxine was 
started, but this could be later omitted, and 
as the hormonal results show almost 3  years 
later, both the adrenal and thyroid axes have 
recovered. Testosterone level also returned to 
normal.

.  Figure  1.3 shows the results of MRI 
imaging before and after a year of therapy.

.      . Table 1.3  Hormone levels before and during therapy

Hormone (normal 
range)

2010 May 2010 July 2010 
Sept.

2013 
Feb.

2013 
May

2013 Sept.

Cortisol (8.0–25.0 μg/
dL)

1.0 15.0 10.1 18.0

ACTH (7.2–63.3 pg/
mL)

7.3 28.3 28.0 34.4

Total prolactin 
(1.2–10.7 ng/mL)

1328.2 12.28 4.50 7.18

Active PRL (ng/mL) 525.60 4.0 1.72 5.54

Macroprolactin 
(ng/mL)

802.60 7.44 2.78 1.64

TSH (0.35–4.94 
mIU/L)

0.00 0.513

fT3 (1.71–3.71 pg/
mL)

2.81 2.08

fT4 (0.70–1.80 ng/dl) 1.41 1.53 1.51

Testosterone 
(300.0–800 ng/dL)

6.0 382.0

FSH (1,3–11,8 
mIU/mL)

2.1

LH (1,3–11,8 
mIU/mL)

0.4

Prolactinoma
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?? What are the features of an aggressive pitu-
itary tumor?

vv Pituitary tumors (including prolactinomas) 
are mostly slowly growing tumors, and 
most prolactinomas are responsive to medi-
cal treatment. A small subset of tumors, 
however, is resistant to therapy (including 
drugs, surgery, or radiotherapy), and there 
are also recurrences. These aggressive pitu-
itary tumors can infiltrate nearby structures 
and show a higher proliferative rate on his-
tological analysis (the Ki-67 proliferation 
marker is higher than 3%).

?? What is the definition of pituitary cancer?

vv Pituitary cancer is defined as a pituitary 
tumor with craniospinal or distant metas-
tases. It is thus not a histological category, 
but based on the presence of  metasta-
ses similar to the diagnosis of  malignant 
pheochromocytoma/paragangl ioma. 
Pituitary cancer has a dismal prognosis, 
but it is fortunately very rare accounting 
for less than 0.2% of  all pituitary tumors.

a b

c d

.      . Fig. 1.3  MRI imaging of  the macroprolactinoma before (a sagittal; b coronal) and after (c sagittal; d 
coronal) 1 year of  treatment with cabergoline (Case 2). The tumor has considerably shrunk after treatment
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Tips

The reader is advised to read the follow-
ing chapters on pituitary tumors (acro-
megaly  (7  Chap. 2), Cushing’s disease 
(7  Chap. 3), non-functioning pituitary 
adenoma (7  Chap.  4), and hypopituita-
rism (7  Chap. 6)).

Take-Home Messages
55 Prolactinoma is the most common pitu-

itary adenoma.
55 In premenopausal females, symptoms 

of prolactinoma include oligo-/amen
orrhea and galactorrhea, whereas in 
men signs of hypogonadism (impo
tence, infertility) are characteristic. 
Bone mineral density can be decreased 
in both sexes.

55 In both elderly women and men, often 
the mass effects related to macro
prolactinomas are the only signs.

55 Macroprolactin levels should be meas
ured in case of hyperprolactinemia.

55 Medical history is very important in 
case of mild hyperprolactinemia.

55 Dopamine agonist therapy is the first 
choice for both micro- and macro
prolactinomas.
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Opening
Acromegaly belongs to the family of rare diseases. 
Its clinical and biochemical features are unique. 
The excessive growth hormone production and 
the consequent rise of insulin-like growth factor 
1 lead to the typical acromegalic characteristics. 

Increased growth hormone activity is associated 
with increased mortality and decreased quality 
of life due to several comorbidities; therefore the 
treatment and the management of the disease are 
challenging. 

Definition of the Disease

Acromegaly is characterized by excessive 
growth hormone (GH) production and conse-
quent elevation of insulin-like growth factor 1 
(IGF-1) levels. Excessive GH production after 
the closure of the epiphyseal growth plates is 
termed acromegaly, whereas GH excess before 
the closure of growth plates leading to a gen-
eral overgrowth syndrome is termed gigan-
tism. Acromegaly and gigantism are therefore 
diseases of the same spectrum, but the former 
develops in adults, whereas gigantism has its 
onset before puberty. The cause of GH excess is 
a GH-producing pituitary adenoma (somato-
tropinoma or GH and prolactin co-secreting 
mammosomatotropinoma) in the overwhelm-
ing majority of cases (>95%). Acromegaly is a 
rare disease with a prevalence between 2.8 and 
13.7/100.000 and with the annual incidence 
between 0.2 and 1.1 cases/100.000 people. In 
most studies, there is an equal distribution of 
prevalence between males and females.

In very rare cases, acromegaly is due to 
ectopic (paraneoplastic) secretion of  GH 
or growth hormone-releasing hormone 
(GHRH) responsible for pituitary hyperpla-
sia. The pituitary micro- or macroadenoma 
(>10  mm) leading to acromegaly/gigantism 
can occur sporadically or rarely in a familial 
setting. Familial isolated pituitary adenoma 
(FIPA) syndrome is the most common famil-
ial cause of  acromegaly, and the syndromic 
familial acromegaly [Carney complex, multi-

ple endocrine neoplasia types 1 and 4 (MEN1 
and MEN4), and succinate dehydrogenase 
(SDH)-related syndromes] is less common. 
The exact genetic basis of  the FIPA cases is 
currently not fully known. One fifth of  the 
FIPA families have germline mutations in the 
aryl hydrocarbon receptor-interacting protein 
(AIP) gene. Pituitary tumors in FIPA have 
earlier disease onset and are diagnosed in a 
younger age than their sporadic counterparts, 
and the tumor is usually large and invasive.

The chronic GH and IGF-1 elevation 
results in progressive somatic disfigurement 
(mainly involving the face and extremities). 
IGF-1 is mainly produced by the liver, and 
it is responsible for most symptoms of  acro-
megaly. Due to covert onset and slow pro-
gression, acromegaly is often diagnosed even 
more than 10  years after its onset. This can 
explain the existence of  comorbidities at the 
diagnosis. Cardiovascular, metabolic, respi-
ratory, neoplastic, endocrine, articular, and 
bone complications (detailed in .  Table 2.1) 
play crucial roles in increasing mortality rates 
and decreased quality of  life.

Several treatment modalities are available. 
Effective control of  GH and IGF-1 hyper-
secretion and ablation or stabilization of 
the pituitary tumor mass leads to improved 
comorbidities and enhances life expectancy 
and quality of  life. Therefore the early diag-
nosis of  the disease is critical.
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?? What are the typical clinical features of ac-
romegaly?

vv Common signs of  acromegaly are enlarged 
hands and feet (.  Fig. 2.1). Patients rec-
ognize that their shoes/gloves don’t fit any 
more or they are not able to put on or pull 
off  their rings (sausage finger). There are 
typical changes of  the face, such as enlarged 
nose and lips, wider space between the 
teeth, and protruding lower jaw (as seen 
on .  Fig.  2.2). Enlarged tongue (macro-
glossia) is also often observed. Patients 
often complain about sweating, and voice 

�Case Presentation

A 36-year-old man was admitted to our 
outpatient clinic because of clinical features 
of acromegaly. His medical history included 
surgery of the right ear, temporal arteritis, 
and kidney stones. He had overweight with 
a body mass index of 38 kg/m2. His main 
complaints were the change of his face and 
increase of the size of his hands and feet.

.      . Fig. 2.1  Hand and feet of  an acromegalic patient 
(right) [compared to normal (left)]. (Courtesy of  Profes-
sor Miklós Góth)

.      . Table 2.1  Major clinical symptoms of acro-
megaly

Local tumor 
effects

Headache

Impaired vision

Cranial nerve palsy

Hypopituitarism

Musculoskeletal 
and soft tissue 
effects

Enlarged hands and feet

Enlarged tongue and organs

Oily, thickened skin

Excessive sweating and body 
odor

Skin tags

Fatigue and muscle 
weakness

Joint pain and limited 
mobility

Prognathism

Carpal tunnel syndrome

Cardiovascular 
effects

Left ventricular 
hypertrophy

Arrhythmias

Hypertension

Cardiomyopathy

Congestive heart failure

Pulmonary effects Sleep apnea

Severe snoring (obstruction 
of the upper airway)

Deepened voice (enlarged 
vocal cords and sinuses)

Neoplasia Colon polyp/carcinoma

Endocrine and 
metabolic effects

Menstrual cycle 
irregularities in women

Erectile dysfunction in men

Insulin resistance and 
hyperinsulinemia

Impaired glucose tolerance

Diabetes mellitus

Hypertriglyceridemia

Hypercalciuria

Goiter

Acromegaly
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deepening may also occur. These features 
develop very slowly; therefore the diag-
nosis might be established with 7–10-year 
delay from the initial symptoms. The phe-
notypic changes are often not noticed by 
the patient and her/his family, but by a new 
acquaintance, e.g., a new general practitio-
ner. Dentists might also raise the suspicion 
for acromegaly.

There are also typical medical condi-
tions, which are associated with acromeg-
aly. Our patient had kidney stones, which 
are seen in 8–10% of  the cases, while hyper-
calciuria is more frequent (80%). The main 
comorbidities associated with acromegaly 
are the following: high blood pressure, 
arrhythmias, left ventricular hypertrophy, 
impaired glucose tolerance or diabetes 
mellitus, sleep apnea, and carpal tunnel 
syndrome. Visceromegaly can also occur 
affecting the heart, thyroid, liver, kidney, 
lung, etc.

If  acromegaly is caused by a growth 
hormone-secreting pituitary macroaden
oma, there can be mass effects related to 
the tumor, such as headache, visual distur-
bances, and hypopituitarism.

The major clinical symptoms of  acro
megaly are summarized in .  Table 2.1.

?? How to proceed with the diagnosis?

vv The main goal of  the diagnostic steps is to 
verify the GH and IGF-1 overproduction 
and to find the source of  the GH excess.

Biochemical measurements include 
GH and (age- and gender-matched) 
IGF-1 levels, which were both elevated 
in our patient (GH: 30.3  ng/ml, normal 
range 0–5  ng/ml, IGF-1: 1668  ng/ml, 
4.55× upper limit of  normal (ULN), age-
matched IGF-1 normal range 137–366 ng/
ml). However, random GH measurement 
is not the gold standard for the diagno-
sis of  acromegaly, as serum levels may 
fluctuate from undetectable to high levels 
because of  its episodic secretion. GH level 
measurement during a 75  g oral glucose 
tolerance test (OGTT) is required for the 
diagnosis. In healthy subjects, GH levels 
fall after glucose administration, while 
in acromegalic patients, this suppressive 
effect is missing. A GH nadir ≥1  ng/ml 
(or ≥0.4 ng/ml using a highly sensitive GH 
assay) during OGTT-GH suppression test 
is diagnostic for acromegaly.

The majority of  patients with acro-
megaly have a GH-secreting pituitary 
adenoma. Magnetic resonance imaging 
(MRI) should be performed to find a pitu-
itary adenoma and to visualize its exten-
sion (.  Fig. 2.3). Our patient had a large 
pituitary macroadenoma with a maximum 

.      . Fig. 2.2  The face of  our acromegalic patient
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diameter of  20  mm. 70–75% of  pituitary 
tumors in acromegaly are macroadeno-
mas, with frequent extension in parasellar 
or suprasellar regions.

In very rare cases, GH-secreting pitu
itary carcinoma, a hypothalamic GHRH-
secreting tumor, or ectopic GH/GHRH 
secretion might be the cause of  acromeg-
aly. In those cases MRI, chest, and abdom-
inal CT scanning might help to find the 
tumor.

?? Which hormone test can be used for screen-
ing for acromegaly?

vv IGF-1 should be first measured in patients 
who are suspected to suffer from acro-
megaly. If  IGF-1 is normal, the chance for 
acromegaly is very low.

?? Should any other endocrine laboratory tests 
be performed?

vv Pituitary tumors might cause hypopit
uitarism by compression on the surr
ounding normal pituitary tissue, and 
therefore the evaluation of  residual pitu-
itary function is essential. The following 
hormone levels should be measured: basal 
prolactin (PRL), FSH, LH, TSH, fT4, 
fT3, estradiol (in women), testosterone 

(in men), and cortisol levels. Prolactin 
levels might be elevated because of  pitu-
itary stalk compression by the tumor (so 
the inhibitory effect of  hypothalamic 
dopamine is prevented) or because of  co-
secretion of  GH and PRL by the pituitary 
adenoma.

?? What are the long-term dangers of acro
megaly?

vv Mortality rate is enhanced in acromegaly 
mainly due to cardiovascular disease, respi-
ratory disorders, and dysregulated glucose 
metabolism. Diabetes mellitus occurs in 
about 20% of patients, while hypertension 
is present in almost half  of  the patients. 
Musculoskeletal disorders and arthropathy 
pain are important complications, which 
affect negatively the quality of  life.

?? Screening for which kind of diseases/mani-
festations should be performed in active ac-
romegaly patients?

vv Active acromegalic patients should be 
screened for cardiovascular compli
cations (hypertension, arrhythmia, cardio
myopathy), endocrine and metabolic 
disorders (e.g., hypopituitarism, glucose 
metabolism impairment), sleep apnea, 

a b

.      . Fig. 2.3  Postoperative MRI of  the pituitary adenoma (a coronal, b sagittal)
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musculoskeletal disorders (e.g., vertebral 
fracture), and colon polyps/cancer.

?? Is the risk for tumors increased in 
acromegaly?

vv The incidence of colon and thyroid can-
cer appears to be elevated in acromegaly. 
Therefore screening colonoscopy should be 
performed at diagnosis and then repeated 

depending on the result, the family history, 
and disease activity. Thyroid ultrasound is 
suggested for those patients with palpable 
nodule or increased risk for thyroid cancer.

?? What are the major death causes in acro-
megaly patients?

vv The leading cause of  death is cardiovas-
cular disease, followed by respiratory and 
cerebrovascular disease.

?? What kinds of treatment options are avail-
able in acromegaly?

vv The main aims of  treatment are to reduce 
mortality by achieving biochemical con-
trol (age- and gender-matched normalized 
IGF-1 levels and controlled GH levels) 
and to reduce tumor mass.

Current therapeutic options are sur-
gery, medical treatment, and radiotherapy 
(.  Table  2.2). The suggested therapeutic 
steps are shown in .  Fig. 2.4.

.      . Table 2.2  Therapeutic modalities in acro-
megaly

Surgery Transsphenoidal or transcranial 
approach

Medical 
therapy

Dopamine agonists

Somatostatin analogues

Growth hormone receptor 
antagonist

Radiation 
therapy

Conventional radiotherapy/
stereotactic radiosurgery

.      . Fig. 2.4  Therapy of  acromegaly. (Based on the guideline of  Melmed et al. 2018)
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The first choice is surgical treatment 
if  there are no contraindications (such as 
severe heart failure or respiratory disease, 
cases where there is no chance of  total 
resection of  the tumor and it doesn’t affect 
vital structures, or when the patient refuses 
surgery). The operation should be per-
formed in a specialized neurosurgical cen-
ter. The success of  surgical intervention is 
30% in case of  macroadenomas and 65% in 
case of  microadenomas. Transsphenoidal 
approach is mainly used in pituitary sur-
gery, but sometimes transcranial resection 
is necessary.

Our patient had a transsphenoidal 
pituitary surgery in 2002.

?? How to evaluate the result of surgical treat-
ment?

vv Right after a successful surgical interven-
tion, GH levels fall, and metabolic dys-
function and soft tissue swelling begin to 
improve. Clinical and biochemical evalua-
tion should be performed 12  weeks after 
surgery by measuring IGF-1, random GH, 
and GH levels during OGTT. Our patient 
didn’t achieve biochemical control, as seen 
in .  Table 2.3, with a GH nadir of  8.8 ng/
ml during OGTT [cutoff  is the same as for 
diagnosis; ≥1 ng/ml (or ≥0.4 ng/ml using 
a highly sensitive GH assay) shows active 
disease].

?? What are the potential complications of sur-
gery?

vv Experienced neurosurgeons have better 
complication rates. The main side effects 
of surgery might be newly developed hypo-
pituitarism, permanent diabetes insipidus, 

hemorrhage, meningitis, or cerebrospinal 
fluid leak. Experienced neurosurgeons have 
better complication rates.

?? What is the next step if acromegaly persists 
after surgery?

vv The next therapeutic option is medical 
therapy. There are different types of  medi-
caments used in acromegaly: dopamine 
agonists, somatostatin analogues (SSAs) 
and GH receptor antagonist or combina-
tion therapy. First-line medical therapy is 
dopamine agonists and first-generation 
SSA.

Dopamine agonists (bromocriptine, 
quinagolide, and cabergoline) are used 
either as monotherapy or in combination 
therapy. The most effective with the best 
side effect profile is cabergoline. Its bene-
fits are mostly seen in patients with mildly 
elevated IGF-1 level and in tumors co-
secreting GH with prolactin.

First-generation SSAs are octreotide 
and lanreotide. Their long-acting forms 
are administered once monthly [oct
reotide long-acting release (LAR) intra
muscularly, while lanreotide Autogel 
subcutaneously]. The standard doses are 
10–30 mg/4 weeks for octreotide LAR and 
60, 90, or 120  mg/4  weeks for lanreotide 
Autogel. GH-producing adenomas express 
four of  the five somatostatin receptor 
(SSTR) subtypes (SSTR1, SSTR2, SSTR3, 
SSTR5). Octreotide and lanreotide bind 
predominantly to SSTR2 and less actively 
to SSTR5. First-generation SSAs reduce 
tumor mass, and in 25–55% of  cases, bio-
chemical control can be achieved. The 
efficacy of  first-generation SSA treatment 
is determined by pretreatment GH levels, 
tumor expression of  SSTR2, presence of 
mutation in the AIP gene mutation, tumor 
granularity (sparsely granulated tumors 
are less responsive than densely granulated 
ones), and intensity on MRI (hypointense 
T2-weighted tumors on MRI respond bet-
ter to SSA treatment).

SSA therapy can be applied either after 
surgery to achieve biochemical control, or 
also preoperatively to reduce complica-

.      . Table 2.3  Results of  the postoperative oral 
glucose tolerance test in our case

Time point 
(min.)

0 30 60 90 120

GH level (ng/
mL)

13.9 11.1 10.7 9.3 8.8
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tions of  surgery, or after radiotherapy 
until its effect starts to develop.

SSAs are safe and well tolerated, with 
mainly gastrointestinal side effects and 
gallbladder sludge or stones.

Our patient received bromocriptine 
therapy; then octreotide LAR 20  mg/4 
weeks was applied. As it was not effective, 
its dose was increased to 30 mg/4 weeks.

?? How to evaluate biochemical control during 
first-line medical therapy?

vv The IGF-1 level and the average of  mul-
tiple GH levels should be measured.

On a 5-point daily GH curve, our 
patient’s average GH level was 19.5 ng/ml 
(biochemical control means <1 ng/ml), and 
the IGF-1 level was 968 ng/ml (2.6× ULN). 
As the MRI showed an intra- and parasel-
lar residual tumor and his acromegaly was 
still active (and that time no other medical 
therapeutic options were available), he had 
a second transsphenoidal surgery in 2004.

The postoperative control showed 
active disease, with a residual tumor 
mass, so octreotide LAR 30  mg/4  weeks 
was given back to him. The control dur-
ing SSA therapy showed a high GH level 
(average 40.08 ng/ml) and elevated IGF-1 
level (794 ng/ml, 2.1× ULN), and the neu-
rosurgeon didn’t advise reoperation, so 
radiotherapy was performed (with 40  Gy 
in split doses of  2 Gy fractions).

?? What can be done if acromegaly is still not 
well-controlled after surgery and the maxi-
mal dose of first-line medical therapy?

vv There are nowadays many more thera-
peutic options if  disease control is not 
achieved with surgery, radiotherapy, and 
first-line medical therapy.

Second-line approaches include 
the  second-generation SSA pasireotide 
and  the GH receptor antagonist pegviso-
mant.

Pasireotide is a SSA, which binds to 
all of  the SSTRs except for SSTR4. In 
approximately half  of  the patients treated 

with pasireotide, biochemical control can 
be achieved.

The GH receptor antagonist pegviso-
mant  inhibits postreceptor GH signaling 
and thereby blocks IGF-1 production. It 
blocks peripheral GH action but has no 
effect on the pituitary tumor. In 60–90% of 
patients, pegvisomant normalizes IGF-1 
levels. It can be administered as a daily 
subcutaneous injection in monotherapy, or 
in combination with first-generation SSAs 
(in the latter case, 1–2 times weekly admin-
istration might be enough). Liver enzymes 
should be screened during therapy, as 
elevated hepatic transaminases are one of 
the main side effects of  pegvisomant. The 
other important side effect is lipodystrophy 
on local injection site.

As seen on .  Fig. 2.4, if  there is clini-
cally  relevant residual tumor and/or clini-
cal concern of tumor growth, pasireotide is 
advised as second-line medical treatment. 
As pegvisomant enhances insulin sensitiv-
ity (and pasireotide deteriorates glucose 
metabolism in the majority of  cases), GH 
receptor antagonist is the choice for those 
with impaired glucose metabolism.

?? What is the main side effect of pasireotide?

vv 70% of  the patients on pasireotide LAR 
treatment exhibit hyperglycemia, which is 
the most important side effect of  this drug. 
Pasireotide impairs glucose homeostasis 
by reducing insulin and incretin secretion. 
Pasireotide binds with highest affinity to 
SSTR5; therefore it inhibits more effec-
tively the secretion of  insulin (via SSTR5) 
than that of  glucagon (via SSTR2). 
Patients on pasireotide LAR therapy (or 
those considered for treatment with it) 
should be carefully monitored for impaired 
glucose tolerance or diabetes mellitus.

?? What is the role for radiotherapy in acro-
megaly?

vv Radiotherapy is usually third-line therapy 
for those patients not controlled by sur-
gery and/or medical therapy. It can be 
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performed either by conventional exter-
nal radiotherapy or stereotactic radiosur-
gery. Radiation arrests tumor growth and 
ultimately causes tumor shrinkage.

?? How fast do the effects of radiotherapy ap-
pear?

vv GH and IGF-1 levels start to fall after 
radiation therapy, but maximal effect 
starts to develop only after approximately 
5–10  years. In the meantime additional 
medical treatment might be needed.

?? What can be the side effects of radiotherapy?

vv Side effects include hypopituitarism, sec-
ond brain tumor, visual deterioration, and 
cranial nerve palsies.

?? How to evaluate disease control during 
second-line medical therapy?

vv Regarding the second-generation SSA 
pasireotide, the method is the same as for 
first-generation SSAs.

As the GH receptor antagonist pre-
vents peripheral GH action, the GH levels 
remain elevated, so in the case of pegviso-
mant, there is no point to measure GH lev-
els; only IGF-1 levels are informative.

?? What could be the next steps in our patient’s 
case?

vv To summarize, our patient had a pituitary 
surgery, followed by medical therapy with 
dopamine agonist and first-generation 
SSA.  As acromegaly was still active (and 
that time second-line medical therapy was 
not available), he had a second pituitary 
surgery and radiotherapy. Afterward as 
acromegaly was still active on maximal 
dose of  first-generation SSA, and as the 
GH receptor antagonist became available, 
we started pegvisomant therapy in 2006 
(in 10  mg/day for 2  months, than 15  mg/

day dose). The control IGF-1 level showed 
reduction after 2  months, and then with 
higher pegvisomant dose, IGF-1 level nor-
malized (252 ng/ml, 0.68× ULN).

He was controlled on pegvisomant 
therapy until 2012; however, because of 
elevating IGF-1 levels, he needed higher 
doses of  pegvisomant. Despite the maxi-
mum dose of  pegvisomant, his IGF-1 
levels increased (maximum 490.6  ng/ml, 
1.33× ULN); therefore the first-generation 
SSA lanreotide Autogel was added to his 
therapy, in 120  mg/6  weeks and then in 
120 mg/4 weeks dose.

Taking into consideration the slightly 
elevating IGF-1 levels, his residual tumor 
mass, his normal glucose metabolism, and 
patient compliance, we decided in 2017 
to change his combination therapy to the 
second-generation SSA, pasireotide mono-
therapy. We started with 60  mg/4  weeks 
dose, which resulted in biochemical control 
of acromegaly (last follow-up visit results: 
IGF-1129 ng/ml, 0.49x ULN, 5-point daily 
GH curve average 0.69 ng/ml).

?? Can acromegaly be inherited?

vv Very rarely, acromegaly can be inherited as 
part of  endocrine tumor syndromes, such 
as multiple endocrine neoplasia types 1 
and 4 (MEN1, MEN4), Carney complex, 
or FIPA and SDH-related syndromes.

Tips

The reader is advised to read the preceding 
chapter on prolactinoma (7  Chap. 1) and 
the next chapters on pituitary tumors 
(Cushing’s disease, 7  Chap. 3) and 
non-functional pituitary adenoma (7  Chap. 
4). The chapter on hypopitutiarism 
(7  Chap. 6) and the chapter on multiple 
endocrine neoplasia type 1 (7  Chap. 50) 
might also be interesting to the reader.
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Take-Home Messages
55 Acromegaly is a rare condition with 

increased morbidity and mortality.
55 Its diagnosis is usually delayed with 

approximately 3–10  years from initial 
symptoms.

55 Acral enlargement, cardiovascular and 
respiratory complications, arthropathy, 
and neuropathy are the main clinical 
features.

55 It is important to screen for additional 
medical conditions, such as sleep apnea, 
colorectal polyps/carcinoma, and impa
ired glucose metabolism.

55 The diagnosis is based on elevated 
IGF-1 levels and lack of suppression of 
GH during a 75 g oral glucose tolerance 
test [GH nadir ≥1 ng/ml (or ≥0.4 ng/ml 
using highly sensitive GH assay)].

55 The vast majority of cases are caused 
by a GH-secreting pituitary adenoma. 
The best imaging tool is pituitary MRI.

55 Therapeutic options for acromegaly 
include surgery, medical therapy, and 
radiotherapy.

55 Surgery is the first choice if  there are no 
contraindications. Biochemical result 
of surgery should be evaluated by (age- 
and gender-matched) IGF-1 levels and 
GH levels during OGTT.

55 Medical therapy includes dopamine 
agonists, first- and second-generation 
somatostatin analogues, and GH 
receptor antagonist.

55 Radiotherapy is usually third-line 
therapy. Biochemical response takes 
several years to develop.

55 Biochemical control during SSA 
therapy should be IGF-1 level and 
random/average GH-level measure
ment. The GH receptor antagonist 
pegvisomant therapy should be moni
tored with IGF-1 levels.
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Opening
This chapter discusses Cushing’s disease, the 
form of hypercortisolism related to pituitary 
ACTH oversecretion, its signs and symptoms, 

diagnosis, differential diagnosis, and treatment 
options.

Definition of the Disease

Cushing’s disease (CD) was described by 
Harvey Cushing in 1912  in his book The 
Pituitary Body and its Disorders. It is the 
most common cause of  endogenous hyper-
cortisolism accounting for approximately 
60–80% of  the cases. The term Cushing’s syn-
drome (CS) comprises all forms of  endoge-
nous hypercortisolism including CD, but also 
adrenal and ectopic forms that are discussed 
in separate chapters of  the book (7  Chap. 27 
on adrenal CS and 7  Chap. 45 on ectopic 
hypercortisolism). CD is caused by excessive 
secretion of  adrenocorticotropic hormone 
(ACTH) by pituitary corticotroph adenomas. 
These are usually microadenomas, which do 
not cause symptoms by local mass effect. 
Macroadenomas are uncommon in patients 
with CD, but these tumors cause mass effect 
when their size exceeds 15  mm in diameter. 
Somatic mutations in the USP8 gene encod-
ing the ubiquitin-specific protease 8 have 
been detected recently as the most common 
alterations in patients with CD (found in 
31–63% of  corticotroph adenomas). Cor-
ticotropinomas secrete excessive amounts 
of  ACTH with increased pulse amplitude 
and altered circadian rhythm. The partially 
autonomous ACTH hypersecretion leads to 

overproduction of  cortisol from the adrenal 
cortex. However, the ensuing hypercorti-
solism does not suppress ACTH release from 
adenomatous corticotrophs (as opposed to 
the negative feedback expected between the 
adrenal cortex and the normal corticotroph 
cells), creating a vicious cycle of  sustained 
cortisol oversecretion. A common effect of 
elevated ACTH levels is bilateral adrenocor-
tical hyperplasia, which may be diffuse or 
nodular. The prevalence of  CD is estimated 
to be nearly 40 per million, and the incidence 
ranges from 1.2 to 2.4 per million per year. 
CD affects women three times more fre-
quently than men, and symptoms commonly 
appear between the third and the sixth decade 
of  life. It has been reported that CD appears 
at a younger age with a more severe clinical 
presentation in men than in women. In older 
adults, no difference in the prevalence of  CD 
between men and women has been reported.

The most common form of  hyper

cortisolism is, however, the iatrogenic Cush-
ing’s syndrome that is caused by exogenous 
administration of  glucocorticoids exploited 
for their widespread biological activity (e.g., 
immunosuppressive, oncological use). Iatro-
genic CS is often very severe.

�Case Presentation

The patient was a young woman at the age of 
26, who was referred to our clinic. She had com-
plaints for 3 years. At first her menstruation had 
become irregular with episodes of amenorrhea. 
In the next few years, she started to gain weight 
and noticed that she got bruised more easily, 
and her facial hair growth increased.

Physical examination revealed centripetal 
obesity with a BMI level of 32 kg/m2; a moon 

face with facial plethora; facial hirsutism 
(hirsutism is the pathologic growth of hair in 
androgen-dependent regions); a thin fragile 
skin with wide purple striae on the abdomen, 
axillae, and thighs; proximal myopathy; and 
high blood pressure – 150/100 mm Hg (.  Figs. 
3.1 and 3.2).

The initial laboratory tests showed dyslipid-
emia and impaired fasting glucose.
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.      . Fig. 3.1  General appearance of  the patient 
revealing centripetal obesity; wide purple striae on 
the abdomen, axillae, and thighs; and proximal 
myopathy

.      . Fig. 3.2  Facial hirsutism in our patient

?? Considering the history of the patient and 
the findings from the physical and labo-
ratory examination, is there any clinical 
suspicion of hypercortisolism? Does the 
patient have any signs and symptoms spe-
cific for CS?

vv Among the subject groups, which the 
Endocrine Society guideline recommends 
to be tested for CS, are the patients with 
(1) multiple and progressive features, par-
ticularly those with a high discriminatory 
value for hypercortisolism, and (2) unusual 
features for age.

Hypercortisolism is a syndrome of 
diverse clinical features. Most of  them, 
however, are quite common in the general 
population (weight gain, acne, hirsutism, 
menstrual abnormalities, osteoporosis), 
and very few, if  any, are specific for CS, 
e.g., catabolic features (proximal myo
pathy, purple striae, easy bruising) and 
centripetal obesity.

In addition to the alarming signs com-
patible with the syndrome (centripetal 
obesity, wide purple striae, easy bruising, 
proximal myopathy), our patient presented 
with arterial hypertension at a much ear-
lier age than would otherwise be expected. 
Indeed, early onset of  hypertension (i.e., 
<30  years) should raise suspicion of  sec-
ondary hypertension (endocrine hyperten-
sion in our case). Her bone mineral density 
was normal.

Given the high prevalence of  many of 
the signs and symptoms of  hypercortiso
lism in the general population and the 
rarity of  CS, there is a certain risk for 
false-positive diagnosis. Therefore, care-
ful consideration should be given to iden-
tification of  the patients with substantial 
clinical suspicion of  hypercortisolism who 
are eligible for further biochemical testing. 
(The symptoms of  CS are presented in 
detail in the chapter on adrenal Cushing’s 
syndrome (7  Chap. 27).)

Cushing’s Disease



28

3

?? What are the first-line biochemical tests to 
be done in a patient with suspected hypercor-
tisolism?

vv Before conducting any laboratory tests 
for establishing the presence of  hypercor-
tisolism, the possibility of  iatrogenic CS 
due to exogenous glucocorticoid exposure 
must be excluded.

The following measurements are rec-
ommended for initial testing:
1.	 Urinary free cortisol (UFC)
2.	� Late-night cortisol (salivary or serum)
3.	� 1  mg overnight dexamethasone supp

ression test (DST) with administration 
of dexamethasone between 23:00 h and 
midnight and measurement of serum 
cortisol between 08:00 and 09:00 h on 
the next morning

The screening tests reflect different physi-
ologic abnormalities in CS: excessive inte-
grated daily cortisol production (UFC), 
loss of diurnal cortisol nadir (late-night 
cortisol), and impaired response to gluco-
corticoid negative feedback (DST). Thus, 
they are complementary, and the use of 
more than one test is particularly helpful, 
especially considering that each one of 
them has its limitations.

Diagnostic criteria that suggest CS are:
55 UFC greater than the normal range for 

the assay
55 Late-night salivary cortisol above the 

normal range
55 “Awake” late-night serum cortisol level 

of >7.5 μg/dL (207 nmol/L)
55 Serum cortisol >1.8 μg/dl (50  nmol/L) 

after 1 mg overnight DST

As our patient had no past history of 
steroid drug use, we proceeded to bio-
chemical confirmation of  CS  – the first 
diagnostic step.

The initial laboratory tests showed:
55 UFC: 450.4  nmol/24  h [normal range, 

38–275 nmol/24 h]
55 Late-night serum cortisol: 1291.9 nmol/L

55 Serum cortisol after 1  mg overnight 
DST: 276.2 nmol/L

Thus, the clinical suspicion of  hypercorti-
solism was confirmed biochemically.

?? Is there a possibility of a functional 
hypercortisolic state, i.e., pseudo-Cushing in 
this patient?

vv The terms “functional hypercortisolic 
state,” “hypercortisolism in the absence 
of Cushing’s syndrome,” and “pseudo-
Cushing” refer to conditions associated 
with unspecific overactivity of the hypo
thalamic–pituitary–adrenal (HPA) axis. 
This could be observed during pregnancy 
and intense chronic exercise or in patients 
suffering from major psychiatric disor-
ders, chronic alcoholism, poorly controlled 
diabetes mellitus, morbid obesity, mal
nutrition, and anorexia nervosa. In these 
conditions, higher brain centers stimulate 
corticotropin-releasing hormone (CRH) 
release with subsequent activation of the 
entire HPA axis, but without true CS, 
i.e., hypercortisolism is not autonomous. 
Nevertheless, it may produce results of 
the screening tests suggestive of CS (usu-
ally mild). Therefore, the 2  mg 48  h (low-
dose) DST (4 × 0.5 mg dexamethasone for 
2 days) is recommended as an optimal test 
for distinguishing between CS and pseudo-
Cushing. The 2 mg 48 h low-dose DST can 
be combined with a CRH test (see later) at 
the end (Janovsky test).

Our patient did not present with any 
of  the conditions associated with pseudo-
Cushing – it was considered unlikely, and 
we proceeded to establishing the cause of 
the CS.

?? What is the cyclical Cushing’s syndrome?

vv Cyclical CS is a rare condition where 
periods with active CS and eucorti-
solemia alternate. It can occur in all forms 
of  endogenous CS, but most often in 
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CD. Hormonal tests will only be positive 
for CS during the active periods.

?? What is the first step in identifying the source 
of hypercortisolism?

vv After the diagnosis of  CS is established, 
ACTH is measured as a first step to deter-
mine its cause. In the patients with low or 
undetectable values, ACTH-independent 
CS is suspected, and they should next 
undergo adrenal gland imaging. Those 
with normal (but inappropriate relative 
to the increased cortisol levels) or ele-
vated ACTH values should undergo addi-
tional testing required for the differential 
diagnosis of  ACTH-dependent CS (CD 
or ectopic CS). Usually, the higher the 
ACTH concentrations are, the more likely 
an ectopic source is considered. There are, 
however, no cutoffs proven to differenti-
ate unequivocally CD from ectopic CS, 
as well as ACTH-dependent from ACTH-
independent CS (up to 40% of  the patients 
with ACTH-independent CS might have 
ACTH values in the normal range).

The serum ACTH level of  our patient 
was 20.7  pmol/L [normal range, 2.2–
12.2 pmol/L] – a concentration consistent 
with ACTH-dependent CS.  The nearly 
twofold elevation of  ACTH requires fur-
ther comprehensive testing to distinguish 
CD from ectopic CS.

?? Given the limitations of ACTH measure-
ment, could pituitary MRI be conclusive in 
the differential diagnosis between different 
forms of CS?

vv The large majority (90%) of  the pituitary 
adenomas causing CD are microadeno-
mas and are detectable on MRI in only 
~60% of  the patients. It is suggested that 
40–60% of  the patients with CD have 
occult corticotroph microadenomas that 
are not visible even on pituitary MRIs 
performed at experienced centers. On the 
other hand, 10% of  healthy adults have 
pituitary lesions on MRI. Small pituitary 
adenomas can be observed in patients with 
ectopic CS as well. Hence, the presence of 

a lesion does not definitively confirm the 
diagnosis of  CD or identify the causal 
tumor. However, the detection of  a pitu-
itary lesion compatible with an adenoma, 
especially if  at least 5–6 mm in diameter, is 
suggestive of  CD.

The MRI of our patient showed a 5.5 mm 
intrasellar adenoma. Nevertheless, we con-
tinued our investigations to exclude the pos-
sibility (even if not high) of ectopic CS.

?? What other tests could be useful in the dif-
ferential diagnosis between CD and ectopic 
CS?

vv The differentiation between CD and 
ectopic ACTH secretion could be quite 
difficult, but is essential for appropriate 
therapy. Algorithms are based on imaging 
studies, biochemical tests, such as the CRH 
stimulation test, high-dose dexamethasone 
suppression test (HDDST), as well as the 
bilateral inferior petrosal sinus sampling 
(BIPSS) when the abovementioned imag
ing and biochemical investigations prove 
inconclusive.

The HDDST relies on the principle 
that ACTH secretion in CD usually under-
goes partial or full suppression by high 
doses of  dexamethasone, whereas ectopic 
tumors exhibit no sensitivity to glucocorti-
coids. HDDST can be performed either in 
a 2-day protocol (4 × 2 mg dexamethasone 
daily (altogether 16 mg for 2 days) or in an 
overnight manner (8  mg dexamethasone 
taken at midnight and blood drawn the 
next morning). Various thresholds have 
been proposed, with a percentage of  uri-
nary or serum cortisol suppression varying 
from 50% to 90%, or a serum cortisol con-
centration  <50  nmol/L (or  <140  nmol/L) 
on day 3.

In our patient a borderline response to 
the HDDST was observed. This justified 
further investigation, and therefore a CRH 
stimulation test was performed.

The diagnostic utility of  the CRH test 
(similar to the HDDST) is also based on 
the rationale that corticotropinomas, but 
not ectopic ACTH-secreting tumors, usu-
ally retain some responsiveness to normal 

Cushing’s Disease



30

3

regulatory mechanisms. The adminis-
tration of  CRH results in the increase 
of  ACTH and cortisol levels due to the 
expression of  CRH receptors by the ade-
nomatous corticotroph cells, and the more 
intense the response is, the more likely the 
diagnosis of  CD is. However, there isn’t 
any definitive cutoff  value to distinguish 
between CD and ectopic ACTH secre-
tion, either. Nevertheless, an increase in 
the serum ACTH and cortisol levels >50% 
within 30 minutes of  CRH administration 
could suggest CD.

In our case, ACTH concentrations 
increased slightly more than twofold 
(from 13.1  pmol/L to 26.4  pmol/L), 
and serum cortisol showed an elevation 
of  almost 50%  – from 387.4  nmol/L to 
566.4  nmol/L.  The results are thus com-
patible with CD.

?? What kind of invasive test can be done to 
differentiate Cushing’s disease and ectopic 
ACTH syndrome?

vv A reliable, but invasive, test that could 
allow for the discrimination between CD 
and ectopic CS is BIPSS. It compares 
ACTH levels in peripheral vessels and in 
both sides of  the inferior petrosal sinus 
(IPS) after CRH administration. CD is 
suggested by IPS/peripheral ACTH ratios 
>2 prior to CRH stimulation and by ratios 
>3 after its administration. BIPSS is con-
sidered by some authors as the “gold stan-
dard” for distinguishing ectopic CS from 
CD. In current algorithms, BIPSS is pro-
posed as a third-line test, after pituitary 
MRI and dynamic endocrine tests. The 
safety and efficacy of  the procedure are 
adequate with trained neuroradiologists.
Unfortunately, the patient did not fol-
low our recommendation and referred 
to an inexperienced center, where the 
catheterization was performed without 
CRH stimulation and the results could 
not be interpreted. In order to further 
exclude the possibility of  ectopic CS, we 
performed some additional investiga-
tions  – CT/MRI imaging of  the thorax 
and abdomen, 18FDG-PET-CT, serum 

5-hydroxyindoleacetic acid, and chromo-
granin A (biochemical markers for neuro-
endocrine tumors). None of  them showed 
pathological findings.

In conclusion, based on the serum 
ACTH levels, the MRI data for a pituitary 
microadenoma, the response of  the serum 
ACTH and cortisol during the HDDST 
and the CRH stimulation tests, the normal 
serum potassium levels, the absence of  any 
pathological findings from the other imag-
ing studies, as well as the relatively slow 
progression of  the symptoms (for at least 
3  years), the diagnosis of  CD was estab-
lished in our patient.

?? What is the first-line treatment for CD?

vv At present, transsphenoidal surgery (TSS), 
performed by an experienced pituitary 
neurosurgeon, is the treatment of  choice 
for the vast majority of  patients with CD 
(exceptions being patients with contrain-
dications to surgery or those who decline 
surgery). About 65–90% of  the patients 
with microadenomas and 40–65% of  those 
with macroadenomas achieve endocrine 
remission after TSS by an experienced sur-
geon.

Following the recommendations, we 
referred our patient to an experienced pitu-
itary neurosurgeon who performed a TSS 
with gross total resection of  the adenoma.

?? What are the criteria of remission and the 
predictors of recurrence after a TSS?

vv Shortly after a successful resection of  an 
ACTH-producing tumor, both ACTH 
and cortisol concentrations are expected 
to be low because normal corticotroph 
cells are not able to overcome suppres-
sion by the preceding hypercortisolism in 
the early postoperative period. Remission 
is generally defined as morning serum 
cortisol values <5 μg/dL (138 nmol/L) or 
UFC < 10–20 μg/24 h (28–56 nmol/24 h) 
after selective tumor resection. Higher 
levels are usually a sign of  unsuccessful 
surgery and require further testing. Major 
predictors of  recurrence are also the evi-
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dence of  a macroadenoma preoperatively 
(45% vs. 20–30% in microadenomas) and 
early recovery of  the HPA axis (within the 
first 6 months after the TSS).

vv Measurement of  baseline morning cortisol 
and/or serum cortisol response to ACTH 
stimulation test or insulin-induced hypo-
glyce ia is recommended to assess the 
recovery of  the HPA axis.

Recurrence is established by the tests 
used for the screening of  hypercortisolism. 
The increased late-night cortisol appears 
to be the earliest biochemical sign of  recur-
rence mainly due to residual tumor. In 
some cases, a CRH stimulation test might 
be useful, and an increase of  ACTH and 
cortisol levels is indicative for a residual 
tumor.

In addition to biochemical tests, a 
postoperative pituitary MRI scan should 
be obtained within 3–6  months after the 
TSS.

Our patient was admitted for post-
operative evaluation 3  months after the 
TSS. She claimed that she was feeling better 
after the surgery and had lost some weight. 
The laboratory tests revealed, however, 
that she was still hypercortisolemic  – her 
UFC was 561.1 nmol/24 h [normal range, 
38–275  nmol/24  h], and her late-night 
serum cortisol was 934.9  nmol/L.  There 
was no improvement in her blood pres-
sure, lipid profile, and carbohydrate meta
bolism, either. The postoperative MRI 
scans showed no residual adenoma.

?? What are the second-line treatment options 
after an unsuccessful TSS?

vv In the patients with CD who underwent 
a non-curative surgery, there are several 
available second-line therapies including 
repeat TSS, radiotherapy, medical therapy, 
and bilateral adrenalectomy. Patients with 
persistent or recurrent CD after initial TSS 
may undergo a second surgical procedure. 
Of  note, endocrine remission is far less 
likely after repeat TSS, and the risk of  sur-
gical complications appears to be higher. 

Moreover, repeat TSS is recommended 
in patients with evidence of  incomplete 
resection, or a pituitary lesion on imaging.

Therefore, this did not appear to be a 
reasonable option in our case.

Radiation-based therapies can also be 
considered if  CD is sustained after surgery. 
They include fractionated radiotherapy 
and stereotactic radiotherapies (Gamma 
Knife surgery, CyberKnife, and proton 
beam therapy). They have, however, sig-
nificant limitations:

55 The effect only begins to manifest itself  
after an average of 2 years.

55 Tumor control is observed in 83–100% 
of patients, but endocrine remission 
occurs in 28–84% after a variable time 
interval during which patients require 
medical therapy to control 
hypercortisolism.

55 Hypopituitarism is observed in 
approximately 40% of the patients (up 
to 85% after 15 years).

55 Might be accompanied by secondary 
brain tumors in 1–2% of the patients.

55 There is a risk of optic neuropathy 
(1–2%) and other cranial neuropathies 
(1%).

55 The risk of stroke is increased.

vv Based on the evidence that tumor size is 
better controlled than hypercortisolism, 
radiotherapy is recommended predo
minantly in the cases raising concerns 
about mass effects or invasion associated 
with corticotroph adenomas.

Given that our patient had no visible 
residual lesion on the postoperative MRI 
scans, we refrained from radiotherapy and 
opted for the other remaining treatment of 
choice – medical therapy. The medications 
most frequently used for the treatment of 
CS are inhibitors of adrenal steroidogenesis. 
In the cases of Cushing’s disease, another 
medical treatment option is pituitary-
directed therapy as well as glucocorticoid 
receptor antagonists (e.g., mifepristone). 
Tumor-targeted pharmacological treatment 
(dopamine agonist cabergoline and second-
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generation somatostatin analog pasireotide) 
leads to normalization of UFC in 20–40% 
of the patients.

In our patient, the steroidogenesis 
inhibitor ketoconazole was initiated. 
Ketoconazole administration (600  mg/d) 
resulted in UFC and late-night serum cor-
tisol normalization. The patient continued 
to lose some weight, her blood pressure 
improved, and a couple of  months later, 
her menstrual cycle became regular again.

?? What are the main concerns associated with 
Ketoconazole therapy?

vv Adverse effects associated with ketocon-
azole include:

55 Disturbances of the digestive system

55 Inhibition of testosterone biosynthesis 
resulting in hypogonadism and gyne
comastia in men; interference with the 
masculinization of a male fetus (female 
patients should avoid pregnancy)

55 Hepatotoxicity
55 Substantial potential for drug–drug 

interactions with agents metabolized by 
the cytochrome P4503A4 system

55 QT prolongation

Fortunately, our patient had no major side 
effects, except for some gastrointestinal 
discomfort and mild asymptomatic eleva-
tion of  transaminases.

?? What are the pros and cons of bilateral adre-
nalectomy (BA) in patients with CD?

�Case Continued

A year and a half after initiation of the treat-
ment, however, an escape phenomenon was 
observed: elevated late-night and urinary free 
cortisol. As the patient did not tolerate higher 
doses of ketoconazole, it was discontinued and 
substituted with pasireotide (2 × 0.6 mg/d), which 
had meanwhile become commercially available.

Pasireotide is a multi-ligand somatostatin 
analog able to bind somatostatin receptors 1, 2, 
3, and 5, which became the first approved 
tumor-targeted pharmacological treatment of 
CD.  It is shown to normalize UFC, decrease 
tumor volume, and improve some of the clinical 
signs of hypercortisolism.

Under the treatment with pasireotide, our 
patient showed progression of the initially 
established impaired fasting glucose to overt 

diabetes. Moreover, she turned out to be a 
complete nonresponder to pasireotide, and a 
couple of months later, it was discontinued.

Afterward, she was enrolled in a clinical 
trial with a novel inhibitor of adrenal 
steroidogenesis. During the next almost 2 years, 
her condition improved significantly  – both 
serum and urine cortisol levels normalized; 
body weight decreased, as well as facial hair 
growth and blood pressure; and menstruation 
became regular again. Unfortunately, 2  years 
after enrollment in the study, loss of response 
was observed. MRI scans still showed no 
pituitary lesion.

After extensive discussions we decided to 
exploit our last treatment option  – bilateral 
adrenalectomy.

vv BA provides rapid and definitive control 
of  hypercortisolism and may be consid-
ered for the patients who have recurrent 
CD, for whom surgical, medical, and 
radiation-based therapies have failed or 
are not appropriate, or for those who are 
intolerant of  the side effects of  these treat-
ment modalities. BA may also be elected 

upon by the patients who are concerned 
about the potential adverse events asso-
ciated with radiotherapy as well as by 
women who are planning to conceive. It is 
almost always performed laparoscopically 
with low morbidity and a 10-year mortal-
ity of  3% in patients with CD.

However, BA leads to permanent 
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primary adrenal insufficiency and the 
consequent requirement for lifelong gluco-
corticoid and mineralocorticoid replace-
ment. In addition, it has been associated 
with subsequent corticotroph tumor pro-
gression (in about 50% of  the patients), 
which may further progress to Nelson syn-
drome (in 8–20%) due to the falling out of 
the negative feedback after BA (pituitary 
ACTH-producing tumors retain some 
responsiveness to cortisol feedback as 
shown in the dynamic test with high-dose 
dexamethasone). In these cases, tumor 
growth may cause mass effect and signifi-
cant elevation in ACTH levels, leading to 
skin hyperpigmentation. Nelson syndrome 
is less likely in the patients without visible 
tumor at the time of  adrenalectomy (as in 
our case) or in those who had pituitary 
radiotherapy.

?? What evaluations are recommended in our 
patient after the BA?

vv Postoperatively glucocorticoid and min-
eralocorticoid replacement was initi-
ated  – prednisone (5  +  2.5  mg/d) and 
fludrocortisone acetate (50  μg/d). Up to 
date the patient is adequately substituted 
and has no complaints. Long-term follow-
up is underway.

Apart from careful control of  the 
replacement therapy, lifelong follow-up 
is mandatory because of  the possibility 
of  Nelson syndrome. Although the likeli-
hood is very low considering that the last 
MRI scans showed no pituitary lesion, 
regular investigations should include 
clinical examinations for hyperpigmen-
tation, ACTH measurements, and MRI 
scans evaluating for corticotroph tumor 
progression.

?? What other considerations should be kept in 
mind?

vv The signs and symptoms of  CS resolve 
gradually over a period of  2–12  months 
after effective cure. Long-term follow-
up should include also monitoring and 
adjunctive treatment for the specific 
comorbidities associated with CS (e.g., 
cardiovascular risk factors, osteoporosis, 
psychiatric disorders, increased risk for 
thromboembolism) until their resolution. 
Some patients may also have impaired 
quality of  life despite the remission of 
hypercortisolism, and there are findings 
showing permanent neurological–psy
chiatric alterations in the patients already 
free of  disease.

It should be noted that 5  years after 
remission, cardiovascular risk is higher 
in CD patients than in general popula-
tion and the extent of  recovery from these 
complications is inversely associated with 
the duration of  hypercortisolism. Despite 
available treatments for comorbidities, 
mortality of  the patients with CD is still 
higher than that of  the general population.

Tips

The reader is advised to read the two 
other chapters on hypercortisolism: 
adrenal Cushing’s syndrome (7  Chap.  27) 
and ectopic ACTH syndrome caused 
by a bronchial neuroendocrine tumor 
(7  Chap. 45). The symptoms of Cushing’s 
syndrome are presented in more detail in 
the chapter on adrenal Cushing’s syndrome.
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Take-Home Messages
55 Cushing’s disease (CD) is caused by 

pituitary ACTH-secreting tumors and 
is the most common form of endog-
enous Cushing’s syndrome.

55 Prolonged hypercortisolism leads to 
significant comorbidities, increased 
mortality, and impaired quality of life 
in patients with CD.

55 The early accurate diagnosis and treat
ment of CD has an impact on long-
term outcomes.

55 Optimal treatment involves localization 
and complete resection of the ACTH-
secreting pituitary adenoma.

55 In patients with CD not cured by pitu-
itary surgery, medical therapy targeting 
the corticotroph tumor such as caber-
goline and pasireotide is a second-line 
option.

55 Inhibitors of adrenal steroidogen-
esis could be used to control hyper
cortisolism in some patients if  
corticotroph-targeting therapy is not 
effective.

55 Pituitary irradiation is another second-
line treatment for persistent or recur-
rent CD.

55 Bilateral adrenalectomy is a definitive 
treatment for ACTH-secreting pituitary 
tumors.

55 Patients may have impaired quality of 
life for many years despite the remission 
of hypercortisolism.
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Opening
This chapter discusses the group of non-func-
tioning pituitary adenomas, their symptoms, 

laboratory and imaging features, and treatment 
issues.

Definition of the Disease

Pituitary adenomas are benign, epithelial 
neoplasms that originate from the adeno-
hypophyseal cells and represent 10–15% of 
all intracranial tumors. According to their 
size, they are classified into microadenomas 
(<10  mm), macroadenomas (>10  mm), and 
giant adenomas (>40  mm). About two-thirds 
of pituitary adenomas cause hormone hyperse-
cretion with corresponding clinical symptoms 
of prolactinoma (7  Chap. 1), acromegaly 
(7  Chap. 2), or Cushing’s disease (7  Chap. 
3), respectively. TSH-secreting tumors lead-
ing to secondary hyperthyroidism are casuistic 
(incidence is approximately 1–2/million/year). 
Clinically non-functioning pituitary adeno-
mas (NFPAs) comprise approximately 22–54% 
of all pituitary adenomas. Their prevalence is 
7–41 cases/100,000 with a bimodal peak inci-
dence (ages of 25–45 and 60–70  years). The 
annual incidence is estimated to be 0.65–2.34 
cases/100,000, and there is no gender predomi-

nance. NFPAs are a heterogeneous group of 
usually slowly growing tumors with different 
histological subtypes. According to the clas-
sification of endocrine tumors of the World 
Health Organization (WHO 2017), based on 
the immunohistochemical expression of pitu-
itary hormones and pituitary-specific tran-
scriptional factors, NFPAs are classified into 
eight subtypes: silent gonadotroph, cortico-
troph, somatotroph, thyrotroph, lactotroph, 
plurihormonal Pit-1, null cell, and double/
triple NFPA. Silent gonadotropinomas are the 
most common type, and in spite of the posi-
tive expression of LH, FSH, or their subunits, 
the serum concentrations of the corresponding 
hormones are usually within normal range and 
are not associated with typical clinical features. 
“Null cell adenomas” are exclusively rare pitu-
itary neoplasms characterized by immunoneg-
ativity for all adenohypophyseal hormones and 
a lack of cell-type specific transcription factors.

?? What are the features from this case that are 
suspicious for NFPA?

vv Combination of  severe headaches, visual 
disturbances, and lack of  specific 
symptoms related to hypersecretion of 
adenohypophyseal hormones in our case is 

a strong argument in favor of 
non-functioning pituitary macroadenoma.

NFPA is a heterogeneous group that 
varies from completely asymptomatic to 
clinically manifested tumors. Most of 
them are incidentally diagnosed on MRI 
or CT as asymptomatic microadenomas 

�Case Presentation

We present a case of a 52-year-old man, who 
manifested severe headaches and progressive 
loss of vision at the age of 30. The patient had 
no other complaints. Except for visual distur-
bance, physical examination revealed no other 
abnormality. Computed perimetry demon-

strated visual field defects, more pronounced in 
the left eye. Magnetic resonance imaging 
(MRI) visualized a pituitary macroadenoma 
30 × 39 × 31 mm in size, with para- and supra-
sellar expansion.
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(pituitary incidentalomas). In non-func-
tioning macroadenomas, the main symp-
toms resulting from the mass effect of  the 
tumor are headache, visual disturbances, 
ophthalmoplegia, pituitary apoplexy, and 
pituitary hormone deficiency. Headache 
and visual field abnormalities, which are 
the major manifestations in our clinical 
case, are among the most common com-
plaints occurring in 60–80% of  all patients. 
Tumor enlargement stretches the sellar dia-
phragm with subsequent activation of  the 
pain receptors of  the dura mater. Patients 
complain about headaches mostly in the 
frontal and occipital regions. Although 
visual field defects (quadrantanopia, 
bitemporal hemianopsia) are common, the 
prevalence of  ocular motor abnormalities 
due to involvement of  cranial nerves III, 
IV, and VI is very low (less than 5%).

?? What mistakes were made in the out-patient 
preoperative management of the patient?

vv The main questions to be answered in the 
preoperative assessment of  every patient 
diagnosed with pituitary adenoma apart 
from tumor size are:

1.	 Is there pituitary hormone oversecre-
tion?  - Preoperative hormonal assess-
ment should include laboratory tests for 
hyperprolactinemia, hypercortisolism, 
and growth hormone oversecretion. It 
enables distinguishing hormone-secret-
ing adenomas from NFPA and identi-
fies potential candidates for conservative 
treatment (dopamine agonist therapy in 
patients with prolactinomas). It also 
provides reliable biomarkers for post-

operative follow-up of subjects with 
hormone-secreting adenomas.

2.	 Is there pituitary hormone deficiency?  - 
Screening for secondary hypogonadism, 
hypothyroidism, and adrenal insuffi-
ciency (but not hyposomatotropism) is 
recommended at diagnosis of all cases 
with pituitary macroadenomas (with or 
without clinical symptoms) (7  Chap. 6 
on hypopituitarism). Patients with con-
firmed pituitary deficiencies require pre-
operative hormone replacement therapy 
with glucocorticoids and levothyroxine 
in order to reduce the risk for periopera-
tive hypopituitarism- and anesthesia-
related complications.

3.	 Is the imaging technique reliable enough? 
- Contrast-enhanced MRI is the pre-
ferred method for the imaging of pitu-
itary adenomas, which enables most 
accurate visualization of the tumor 
expansion to important neighboring 
anatomical structures such as cavern-
ous sinus and optic chiasm. CT should 
be performed only in patients contrain-
dicated for MRI.

vv The lack of  preoperative hormonal 
assessment in the presented case of  a large 
macroadenoma not only leads to 
incomplete diagnosis but also determines 
increased intraoperative risk for the 
patient if  there is hypopituitarism.

?? Which laboratory tests are recommended 
in patients with newly diagnosed apparently 
NFPA?

vv Before laboratory testing, physicians have 
to take detailed patient’s history and 
perform a full physical examination with 
targeted search for the classical signs and 
symptoms of  hypopituitarism or hormone 
hypersecretion of  PRL (oligoamenorrhea; 
galactorrhea in women, impaired libido, 
and gynecomastia in men), GH (typical 
signs of  acromegaly), ACTH (overt or 
subclinical Cushing’s syndrome), or TSH 
(secondary hyperthyroidism). Laboratory 
tests should include basal measurements 

�Case Presentation Continued

After surgery, there was clinical improve-
ment and residual tumor with significantly 
reduced volume on the early postoperative 
MRI.  The patient had no complaints and 
was lost to follow-up for more than 2 years.
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of prolactin (PRL), thyrotropin (TSH), 
free thyroxine (FT4), adrenocorticotropic 
hormone (ACTH), cortisol, LH, FSH, 
estradiol (in women), testosterone (in 
men), growth hormone (GH), insulin-like 
growth factor 1 (IGF-1), and alpha subunit 
of  glycoproteins (if  possible).

A predominant part of  NFPA produce 
gonadotropins, but most of  them are not 
able to secrete them into circulation, so 
elevated baseline subunits of  FSH and/or 
LH are found in 30% of cases. It is impor-
tant to note that α-subunit may be the sole 
biochemical marker of  the gonadotroph 
subtype NFPA in most patients.

Regarding corticotropinomas, there is a 
wide spectrum of  ACTH secretion between 
“silent” and secreting forms. Progression 
from clinically silent corticotroph ade-
nomas toward overt hypercortisolism is 
rare. Screening for cortisol excess should 
include urinary free cortisol, ACTH, and 
overnight 1 mg dexamethasone test.

Exploration for hypopituitarism should 
be performed with assays of  all anterior 
pituitary hormones and the corresponding 
peripheral hormones. If  this is not possi-
ble, the minimum test panel should include 
morning basal levels of  FT4, cortisol, LH, 
FSH, E2 (in women) and testosterone (in 
men). (see chapter on hypopituitarism 
(7  Chap. 6).

The most frequent deficit is central 
(secondary/hypogonadotropic) hypogonad-
ism, followed by secondary hypothyroid-
ism and secondary adrenal insufficiency. 
No laboratory testing for hypogonadism 
is required in women with spontaneously 
regular menstrual cycle. In young women 
with amenorrhea, serum FSH value should 
be interpreted very carefully. In postmeno-
pausal women who are not on hormone 
replacement therapy, the absence of physi-
ological elevation of FSH and LH is con-
sistent with secondary hypogonadism. In 
men, central hypogonadism presents with 
low serum testosterone, low or inappropri-
ately normal gonadotropins, and features of 
testosterone deficiency. Secondary hypothy-
roidism should be suspected if fT4 levels are 

decreased in combination with low or nor-
mal TSH.  Secondary adrenal insufficiency 
manifests itself with low baseline serum cor-
tisol at 8 a.m. and blunted cortisol response 
to corticotropin/insulin stimulation tests. 
GH deficiency occurs in more than half of 
patients with hypopituitarism and is con-
firmed by IGF-1 concentrations lower than 
the gender- and age-specific normal range.

According to the patient’s history, he 
never experienced clinical signs suspicious 
for any pituitary hormone oversecretion. 
As the patient was not referred to endocri-
nologist and hormonal tests were not per-
formed, preoperative hypopituitarism in 
this case can neither be confirmed nor ruled 
out.

?? Are dynamic tests recommended for diagno-
sis or follow-up in patients with NFPA?

55 Overnight 1 mg dexamethasone (DXM) 
test is recommended as a screening test 
for cortisol excess.

55 Stimulatory tests (short ACTH stimula-
tion (cosyntropin) test or insulin hypo-
glycemia test) are recommended if  
secondary adrenal insufficiency is sus-
pected.

55 GnRH or TRH stimulation tests are 
not recommended for diagnosis or fol-
low-up of NFPA, being not reliable 
enough and predisposing although 
rarely to a serious risk for pituitary apo-
plexy.

?? What are the typical MRI characteristics of 
NFPA?

vv MRI of  the sellar region (preferably with 
gadolinium contrast) is the gold standard 
to evaluate NFPA. Thin (≤3 mm) sagittal 
and coronal T1- and T2-weighted slices 
and 3D volume assessment with 
reconstruction are strongly recommended. 
MRI is the preferred method for visualizing 
the relationship of  NFPA with the optic 
chiasm, carotid arteries, and the degree of 
invasion into the cavernous sinuses and 
other surrounding structures.

	 S. Zacharieva and A. Elenkova



39 4

55 In T1-weighted images, the adenomas 
appear hypo- or isointense with delayed 
enhancement after contrast administra-
tion compared to normal pituitary. In 
patients with pituitary apoplexy, the 
hemorrhage appears as a hyperintense 
lesion in T1-weighted images without 
contrast.

55 In T2-weighted images, the adenomas 
are isointense compared to the white 
matter.

vv Tumor dimensions (30 × 39 × 31 mm) and 
suprasellar adenoma expansion in our 
clinical case are strong negative predictors 
for surgical outcome.

?? What kind of growth patterns of a sellar 
mass can occur?

vv If  the macroadenoma grows upward from 
the sellar cavity, it is termed suprasellar. 
Growth toward the sides is called 
parasellar, whereas downward it is 
infrasellar. These growth patterns can be 
combined, e.g., supra- and parasellar.

?? What could be the differential diagnosis in 
case of sellar mass with parasellar extension?

vv The differential diagnosis of NFPA is often 
challenging because of the similar MRI 
findings and clinical features of adenomas 
and other pituitary lesions. In cases with 
atypical radiological findings, other 
pathologies should be excluded such as 
non-pituitary tumors (craniopha-
ryngiomas, germinomas, chordomas of the 
clivus, metastases), granulomatous disease 
(tuberculosis, syphilis, sarcoidosis), 
histiocytosis X, lymphocytic hypophysitis, 
pituitary hyperplasia, vascular aneurysms, 
etc.

Contrast-enhanced MRI imaging in 
our clinical case presented the typical 
hypointense compared to normal adeno-
hypophysis pituitary mass with hetero-
geneous post-contrast enhancement on 
T1 images consistent with pituitary mac-

roadenoma with extrasellar expansion and 
without MRI signs of  apoplexy.

?? When is ophthalmologic assessment indi-
cated?

vv Ophthalmologic assessment is not required 
in patients with microadenomas or 
macroadenomas that are far from the optic 
chiasm. In patients with visual complaints 
and in all cases of  tumors adjacent to the 
optic chiasm or optic tracts on MRI, 
neuro-ophthalmologic assessment should 
comprise:

55 Visual acuity assessment
55 Visual field examination (computed 

perimetry; Goldmann method)
55 Anterior segment examination
55 Fundoscopy
55 Oculomotor evaluation (to exclude 

diplopia)

vv Strict ophthalmologic surveillance should 
be performed in all patients in whom 
conservative management has been 
preferred. Treatment approach depends on 
the severity of  visual defects and/or their 
progression during the follow-up.

55 NFPA close to or in contact with the 
optic chiasm: If  decision for conserva-
tive treatment is made, MRI, hormonal 
evaluation, and neuro-ophthalmologic 
assessment should be performed every 
6  months. Thereafter, in cases with 
favorable evolution during follow-up, 
these procedures could be performed 
annually and then less frequently.

55 NFPA remote from the optic chiasm: 
Without tumor progression at 1st year, 
further MRI surveillance can be per-
formed every 2  years. Annual anterior 
pituitary hormonal evaluation is rec-
ommended.

?? What should be the first-line treatment of 
NFPA?
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vv The main treatment options for NFPA 
include active surveillance, surgical 
treatment, and radiotherapy. The treatment 
approach should be individualized, based 
on tumor size and behavior, pituitary 
function, patient’s age and general 
condition, as well as the patient’s 
preference. Most of  NFPAs have a slow 
growth rate, approximately 0.6  mm/year 
according to literature data.

55 Watch-and-wait approach with regular 
surveillance of  tumor size and pituitary 
function is recommended for non-func-
tioning microadenomas and macroade-
nomas remote from the optic chiasm.

55 Surgical approach is indicated if  tumor 
growth, visual field defects, pituitary 
dysfunction, or severe headaches are 
registered during follow-up. Urgent 
surgery is indicated in patients with 
pituitary apoplexy who develop neuro-
ophthalmologic complications. Young 
patients, especially women planning 
pregnancy, are good candidates for sur-
gery because of the higher risk for sig-
nificant tumor enlargement. On the 
contrary, in elderly patients with comor-
bidities, decision for surgery should be 
made after careful benefit-risk consid-
eration. Transsphenoidal surgery, per-
formed by an experienced pituitary 
neurosurgeon, is the preferred method. 
Transcranial surgery has limited indica-
tions – large or gigantic tumors extend-
ing into the median fossa and the 
cavernous sinuses. Complete surgical 
removal of a NFPA is achieved in 
approximately 65% and postoperative 
improvement of visual disturbances in 
80–90% of cases.

Recurrence rate is around 20–30%, 
and the most significant recurrence pre-
dictors are the presence of tumor exten-
sion into the cavernous sinus and/or 
residual adenoma after initial surgery.

?? Important: The perioperative management 
algorithm depends on anterior pituitary 
function at diagnosis!

55 In patients with secondary hypothyroidism 
and/or secondary adrenal insufficiency, 
replacement therapy should be started or 
adjusted if already initiated to improve 
the patient’s general condition before sur-
gery and to reduce perioperative risk. The 
most commonly used scheme for patients 
with preoperatively proven corticotroph 
deficiency is 48 hours’ supraphysiological 
therapy with hydrocortisone: 50 mg TID 
(three times daily) on the day of surgery 
(D0), followed by 25 mg TID on the first 
day (D1) and a single dose of 25 mg at 
8  a.m. on the second postoperative day 
(D2). Some expert teams recommend 
higher doses: 100 mg hydrocortisone IV 
upon induction of anesthesia and then 
100 mg IV TID on the first and 50 mg 
BID on the second postoperative day. 
Patients are usually dismissed from the 
hospital on 20 mg daily dose hydrocorti-
sone or another glucocorticoid in equiva-
lent dose.

55 In patients with intact hypothalamus–
pituitary–adrenal axis (HPA) at diagno-
sis and if  complete adenoma removal is 
possible, perioperative glucocorticoid 
replacement is not obligatory although 
some experts recommend it in order to 
prevent intraoperative stress cortico-
troph deficiency.

�Case Presentation Continued

After ophthalmology and neurology con-
sultations, the patient was referred directly 
to the Department of Neurosurgery (with-
out endocrinology consultation and preop-
erative hormonal assessment!) and 
underwent non-radical transsphenoidal 
adenomectomy (TSA) in April 2008.
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?? What kind of complications can be expected 
postoperatively and how to manage them?

vv In a recent meta-analysis on NFPA 
patients, transsphenoidal surgery is 
associated with 1% mortality. Postoperative 
complications such as diabetes insipidus, 
rhinoliquorrhea, meningitis, vascular 
injury, or new-onset visual field defects 
occur in less than 5% of  all cases, 
predominantly in patients with large 
adenomas. Pituitary function should be 
reassessed 1–3  months after surgery, and 
substitution therapy should be started in 
patients with proven hormonal deficiencies. 
In the early postoperative period 
(7–10 days after surgery), the focus should 
be on the adequate substitution of 
corticotroph deficiency and diabetes 
insipidus if  they exist.

1.	 Secondary adrenal insufficiency (SAI) – 
if  left undiagnosed and untreated, it can 
result in severe, in some cases even fatal 
adrenal crisis. The most reliable marker 
for postoperative SAI is the morning 
serum cortisol level measured during 
the first week after surgery. Cortisol 
level at 8 a.m. <100 nmol/L is a positive 
predictor, and >450 nmol/L is a nega-
tive predictor for the presence of 
SAI.  Levels between 100 and 
450 nmol/L require dynamic tests.

The insulin tolerance test (ITT) is 
considered to be the gold standard for 
assessment the integrity of the whole 
HPA axis, but is contraindicated in the 
elderly and patients with serious comor-
bidities (epilepsy, ischemic heart disease, 
cerebrovascular disease). The short 
ACTH (cosyntropin, tetracosactide, 
Synacthen™) test (250 μg IV) is infe-
rior to ITT in the early postoperative 
period. (see the chapter on hypopituita-
rism for more details (7  Chap. 6).

2.	 Transient diabetes insipidus (DI) occurs 
within the first 24–48  hours after sur-
gery in up to 30% of patients. It is 

thought to be caused by a temporary 
traumatic dysfunction of vasopressin-
producing neurons. Treatment with des-
mopressin acetate 5–10 μg TID or BID 
(twice daily) s.c. on the first and second 
postoperative day is recommended, 
switching to oral substitution with 0.1–
0.2 mg TID or BID if  DI persists.

3.	 Transient syndrome of inappropriate 
antidiuretic hormone secretion (SIADH) 
may also be observed within the first 
postoperative week, as a result of uncon-
trolled release of ADH.  In rare cases, 
SIADH can manifest itself  with severe, 
life-threatening, acute hyponatremia.

?? How often should postoperative follow-up 
hormonal evaluation, imaging studies, and 
ophthalmologic assessment be performed?

vv The first postoperative MRI should be 
performed 3–6  months after surgery, and 
then annual assessment is recommended 
during the first 5  years. If  no recurrences 
are detected, imaging studies may be carried 
out every 2 years for the next 5 years.

Postoperative ophthalmologic assess-
ment should be performed 3 months after 
surgery, and then the frequency of  follow-
up checkups depends on the visual status 
and the distance of  the tumor from the 
optic chiasm.

Hormonal evaluation for hypopituita-
rism should be considered 1–3  months 
after surgery and every 6–12 months there-
after. The risk of  new-onset pituitary defi-
ciency is about 10% per year.

?? What are the second-line treatment options 
after an unsuccessful neurosurgery?

vv Repeated surgery: According to literature, 
30–48% of  patients operated on for NFPA 
undergo surgical revision, although it does 
not seem to improve tumor control, with 
persistent residual disease in more than 
70% of  cases.
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Medical therapy is usually not a suc-
cessful strategy although most of NFPAs 
express dopaminergic (D2R), and about 
80% of them have variable subtypes of 
somatostatin (mainly SSTR2 and SSTR3) 
receptors. On one side, NFPAs do not dem-
onstrate good response to treatment. On 
the other hand, in contrast with function-
ing adenomas, the evaluation of the efficacy 
of medical therapy is limited by the lack of 
a measurable biochemical marker. The only 
indicator for therapeutic response in NFPA 
is the reduction in tumor volume on imag-
ing studies. Therapeutic response to the 
dopamine agonist cabergoline up to 3  mg 
per week as postsurgical adjuvant treat-
ment seems the most effective as 30–50% 
of treated patients show a significant 
reduction in residual tumor volume after 
6–12 months of treatment. In one case-con-
trol study, the first-generation somatostatin 
analogue octreotide LAR demonstrated 
tumor remnant stabilization in 81% of 
patients with residual NFPA after a 3-year 
mean follow-up. There are several ongo-
ing phase 2 randomized controlled trials 
with pasireotide LAR (a second-generation 
SST analogue acting on SSTR1, SSTR2, 
SSTR3, and STR5 subtypes) for the treat-
ment of NFPA, but the initial results are 
not encouraging. Temozolomide, an alkyl-

ating chemotherapeutic drug, is used for 
control of  aggressive pituitary tumors. 
Responsiveness to this drug is considered 
to be dependent on the immuno-expression 
of O-(6)-methylguanine DNA methyl-
transferase (MGMT), a DNA repair pro-
tein that acts by removing the alkyl group. 
Consequently, pituitary tumors with low 
MGMT expression demonstrate good 
response to temozolomide.

Radiotherapy as a primary therapy is 
only limited to the cases where surgery is 
contraindicated, or in inoperable cases. 
In general, radiotherapy is a postopera-
tive treatment option for cases with large 
residual remnants and for NFPA show-
ing progression after surgery. Stereotactic 
techniques (stereotactic radiosurgery or 
fractionated stereotactic radiotherapy) 
provide excellent tumor control in patients 
with NFPA (85–95% in 5–10-year fol-
low-up) with more focused irradiation 
and lower risk for long-term side effects. 
Stereotactic RT may also be a good option 
for patients with aggressive highly prolif-
erative tumors, with parasellar invasion. 
The major limitation of  RT is the long-
term risk of  hypopituitarism, followed by 
the increased cerebrovascular morbidity 
and mortality.

�Case Presentation Continued

After more than 2 years of clinical remission, 
at the end of 2010, our patient experienced 
relapse of his headaches and visual distur-
bances. MRI revealed significant residual 
tumor growth (50 × 31 × 32 mm) (.  Fig. 4.1) 
and panhypopituitarism was confirmed by 
hormonal analysis. Glucocorticoid and levo-
thyroxine substitution was initiated, and trans-
sphenoidal re-adenomectomy was performed 
in February 2011. The patient was referred to 
the University Clinic of Endocrinology (Expert 
Center for Pituitary Diseases) for the first time 

after the second transsphenoidal adenomec-
tomy, with residual macroadenoma 
(43  ×  30  ×  34  mm) and hypopituitarism, on 
hydrocortisone and levothyroxine substitution 
therapy. Based on the full hormonal evalua-
tion, uncontrolled panhypopituitarism was 
confirmed, and the doses of prednisone 
(7.5  mg/d) and levothyroxine (100 μg/d) were 
adjusted, and monthly long-acting testosterone 
intramuscular injections were started after 
contraindications were ruled out. Two more 
transsphenoidal surgeries (2011, 2013) were 
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carried out because of the aggressive behavior 
of the tumor. Immunohistochemistry revealed 
a null cell p53-positive pituitary tumor with 
MIB1/Ki-67 labeling index (LI)  =  2%. The 
patient was in a stable good condition, with 
well-controlled hypopituitarism during the 
regular follow-up, but postoperative MRI still 
revealed a fast-growing aggressive tumor  – 
residual pituitary mass 24 × 34 × 36 mm, adja-
cent to the optic chiasm (12 July 2013) 
(.  Fig. 4.2). After another routine discussion 
by a multidisciplinary team, the case was con-
sidered suitable for radiotherapy, and intensity-

modulated radiotherapy (IMRT; dose of 54 Gy 
in 30 fractions) was performed in January–
February 2015. Post-IMRT magnetic reso-
nance imaging demonstrated significant 
reduction by 5–7 mm in all coronal and sagittal 
dimensions of the tumor on the second year 
and stable finding on the follow-up MRI scans 
(.  Fig. 4.3). There was a significant improve-
ment of visual field defects (.  Figs.  4.4 and 
4.5). The patient is completely asymptomatic, 
with well-controlled hypopituitarism under 
chronic substitution therapy with excellent 
compliance.

.      . Fig. 4.1  MRI of  the pituitary 3 years after the first TSA (transsphenoidal adenomectomy) (February 
2011): coronal T1 (left panel) and sagittal T1 (right panel) post-contrast images

.      . Fig. 4.2  MRI of  the pituitary 3 months after the fourth TSA (July 2013): coronal T1 (left panel) and 
sagittal T1 (right panel) post-contrast images
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.      . Fig. 4.3  MRI of  the pituitary 32 months after the IMRT (intensity-modulated radiotherapy) (October 
2017): coronal T1 (left panel) and sagittal T1 (right panel) post-contrast images

.      . Fig. 4.4  Computed perimetry 1 month after the second TSA (March 2011)
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.      . Fig. 4.5  Computed perimetry 5.5 years after the IMRT (June 2020)

?? Are there reliable prognostic factors in pa-
tients with NFPA?

vv Over the years, there has been an extensive 
search to identify reliable factors related to 
aggressiveness and the risk of  recurrence 
in NFPAs. The presence of  residual tumor, 
tumor growth rate (>80  mm3/y), and 
suprasellar expansion are considered to be 
factors determining recurrence rate. 
Secondary progression is higher in 
conservatively followed patients (63%) 
compared to those who underwent surgery 
(36%), radiotherapy (13%), and combined 
surgery/adjuvant radiotherapy (13%). 
Other significant predictors for biologically 
aggressive tumor behavior are female 
gender, high IHC proliferative indexes 
(MIB1/Ki-67  >  3%; with 73% sensitivity 
and 97% specificity), and p53 positivity.

Tips

The reader is advised to read the other 
chapters on pituitary adenomas including 
prolactinoma (7  Chap. 1), acromegaly 
(7  Chap. 2), and Cushing’s disease 

�Case Presentation Conclusion

Despite the excellent response to radio-
therapy and the proliferative index 
Ki-67  =  2%, which is lower than gener-
ally accepted cutoff  (3%), p53 positivity of 
the above-presented NFPA requires close 
MRI surveillance. Cabergoline (high-dose) 
or temozolomide treatment could be dis-
cussed as adjunctive therapeutic option if  
tumor growth is observed through further 
follow-up.
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(7  Chap. 3) and the chapter on 
hypopituitarism (7  Chap. 6). Disorders of 
antidiuretic hormone (diabetes insipidus 
(7  Chap. 9) and the syndrome of 
inappropriate antidiuretic hormone 
secretion (SIADH, 7  Chap. 10) are useful 
to read.

Take-Home Messages
55 Non-functioning pituitary adenomas 

(NFPAs) are benign adenohypophyseal 
tumors not associated with clinical 
evidence of hormonal hypersecretion.

55 NFPAs comprise different histological 
subtypes, classified according to 
their  immunostaining to different 
adenohypophyseal hormones and 
transcription factors.

55 A predominant part of NFPA produce 
gonadotropins, but are not able to 
secrete them into circulation (silent 
gonadotropinomas).

55 Most of NFPAs are asymptomatic and 
are diagnosed incidentally on MRI or 
CT as pituitary incidentalomas.

55 In macroadenomas the main symptoms 
resulting from the mass effect of the 
tumor are headache, visual disturbances, 
and pituitary hormone deficiency.

55 The most frequent pituitary deficit is 
central hypogonadism, followed by 
secondary hypothyroidism and 
secondary adrenal insufficiency.

55 Dynamic tests are recommended only if  
secondary adrenal insufficiency is 
suspected.

55 Magnetic resonance imaging (MRI) of 
the sellar region with and without 
gadolinium contrast is the gold 
standard to evaluate NFPA.

55 Treatment options for NFPAs include 
active observation, surgical treatment, 
and radiotherapy.

55 Follow-up is individualized and should 
consider tumor size, prior treatments, 
and clinical symptoms.
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?? What can be suspected based on the symp-
toms of the patient?

vv Both mass effects of a large pituitary tumor 
manifesting itself in blurry vision and visual 
field defects and also signs of 
hypopituitarism can be suspected. 
Decreased libido and weight gain can be 
signs of secondary (hypogonadotropic) 
hypogonadism.

The diagnosis of  craniopharyngioma 
cannot be suspected based on the symp-

toms. The symptoms are only character-
istic for a pituitary mass, but its etiology 
cannot be suspected based on the symp-
toms only.

Craniopharyngiomas are slowly grow-
ing tumors. Symptoms are usually present 
for a year or more before the diagnosis is 
established.

Visual symptoms are frequent in 
patients with craniopharyngioma, due 
to the compression of  the optic chi-
asm or both optic nerves. This can lead 

Opening
In this chapter we will discuss the clinical 
features, diagnosis, and treatment of 
craniopharyngiomas that are tumors located in 

the sellar region, but do not originate from cells 
of the pituitary, but from the remnants of the 
Rathke’s pouch.

Definition of the Disease

Craniopharyngioma is a histologically 
benign, solid or mixed solid, and cystic tumor 
that arises from the remnants of  the Rathke’s 
pouch along the line from the nasopharynx 
to the diencephalon. The tumor is localized 
mostly in the suprasellar region, but it can 
have an intrasellar component, too. Only 
5–6% of  the cases have only intrasellar local-
ization. Histologically this tumor is referred 
to as a Rathke’s pouch tumor or a hypophy-
seal duct tumor.

Craniopharyngiomas are rare tumors, 
having an incidence of  around 1.3/1 mil-
lion individuals per a year. The tumor has a 
bimodal distribution with a peak in childhood 

between 5 and 14 years of  age and the second 
peak in adults between 50 and 75 years of  age.

There are two types of  craniopha-
ryngiomas. Adamantinomatous craniopha-
ryngioma occurs mostly in children, and it is 
often associated with somatic mutations in 
the CTNNB1 gene coding for β-catenin. 
Papillary craniopharyngiomas, on the other 
hand, are more common in adults and are 
typically associated with somatic mutations 
of  the BRAF oncogene.

Despite being histologically benign and not 
giving metastases, due to their localization and 
invasive behavior, craniopharyngiomas can be 
associated with severe clinical complications.

�Case Presentation

A 38-year-old male patient was complaining 
about decreased libido, weight gain, blurry 
vision, and partial vision loss. Ophthalmological 
investigation revealed a lower temporal scotoma 
and bitemporal hemianopsia. Subsequent sella 
MRI showed a suprasellar, 28  ×  20  ×  20  mm 
structure with two big and several smaller cysts.

The tumor was fully removed via a transs-
phenoidal intervention, and the histology con-
firmed craniopharyngioma. The patient was 
referred to our center after surgery for a post-
operative hormonal evaluation.

	 R. Kollár and N. Szücs
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to blurry vision, decreased visual acu-
ity, or even visual field defects including 
the typical bitemporal hemianopsia. In 
severe cases, even blindness can occur. 
Headaches are present in more than 50% 
of  patients that can be related to the trac-
tion of  pain-sensitive structures by the 
tumor, or to obstructive hydrocephalus 
from tumor compression of  the third 
ventricle. Similarly to other suprasellar 
tumors, large lesions can result in other 
severe neurological complications such as 
cranial nerve palsies, invasion of  the cav-
ernous sinus, increased intracranial pres-
sure, etc.

?? What kind of endocrine disturbances can oc-
cur due to a craniopharyngioma?

vv Craniopharyngioma is always inactive 
hormonally, as it is not a tumor deriving 
from the pituitary itself. Its hormonal 
consequences are related to mass effects 
including the suppression of  normal 
pituitary functioning; thus deficiencies in 
pituitary hormones and even panhypopi-
tuitarism can occur.

The symptoms and presentation of 
hypopituitarism caused by a craniopha-
ryngioma do not differ from other causes 
of  hypopituitarism (detailed in the next 
7  Chap. 6 on hypopituitarism).

The most frequent hormonal altera-
tion is the deficiency of  growth hormone 
(GH) that is observed in 75% of  the cases.

Deficiency in gonadotropins, TSH, 
and ACTH can also occur.

Reduction in prolactin (PRL) produc-
tion is uncommon in craniopharyngioma. 
Large craniopharyngiomas can paradoxi-
cally elevate blood PRL levels due to pitu-
itary stalk compression.

?? What did the preoperative hormone panel 
show?

vv A basal preoperative hormone testing 
should at least include measurements for 

thyroid (TSH, fT4) and adrenal functioning 
(serum cortisol), but other pituitary axes 
including GH/IGF-1, gonadotropins, 
testosterone/estradiol, and prolactin can 
also be measured. The preoperative 
hormone panel for our patient (taken at 
another institution) showed a normal 
morning cortisol (15.16  μg/dL, normal 
range, 8.00–25.00), a normal TSH (0.716 
mIU/L, normal range, 0.35–4.940), mildly 
elevated prolactin (31.69  ng/mL, normal 
range, 1.20–10.70), and severely reduced 
total testosterone (0.60  ng/mL, normal 
range, 2.80–8.00). Unfortunately, no fT4, 
LH, and FSH were done. The mild 
elevation of  prolactin could be the result 
of  a pituitary stalk lesion.

?? Which imaging techniques can be used for 
craniopharyngioma, and what are the typical 
imaging features?

vv As for pituitary imaging, sella MRI is the 
technique of choice for visualizing 
craniopharyngioma. Computed tomography 
(CT) can also be helpful to detect the 
calcification of the tumor. Cysts and solid 
components of the tumor can be visualized 
by both techniques.

In our case, sella MRI scan showed a 
suprasellar tumor, ventral from the chi-
asma opticum that was 28 × 20 × 20 mm 
large with two bigger and several smaller 
thin-walled cysts. Near the cysts’s 
meeting points, an inhomogeneous 
10  ×  12  ×  10  mm solid component was 
described. The surrounding cerebral tis-
sue, hypothalamus, thalamus, and corpus 
mamillare were compressed and dislocated 
by the tumor. The caudal part of pituitary 
stalk was deviated to the right. The chiasma 
was dislocated dorsally, and its left ventral 
side was thickened (.  Fig. 5.1a, b).

What are the differences between ada-
mantinomatous and papillary craniopha-
ryngioma on imaging?

Adamantinomatous craniopharyngi-
oma has cauliflower-like shape appearance 

Craniopharyngioma
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on MRI with 90% calcifications and 90% 
cysts which contain cholesterol-rich oily 
fluid. Papillary craniopharyngiomas on 
sella MRI are typically solid tumors that 
are rarely cystic without calcifications.

?? What is the treatment of choice for cranio-
pharyngioma?

vv The first-line treatment is neurosurgical 
intervention, which is indicated in almost 
all cases. The goal is to remove as much 
tumor as possible and to diminish the 
mass-related symptoms.

In patients with large cystic tumor 
components, preoperative cyst aspiration 
can be performed to reduce the mass effect 
or to relieve obstructive hydrocephalus.

The second-line treatment option is 
radiotherapy (RT) that is mainly used in 
patients with residual disease after a par-
tial neurosurgical resection.

In our case, the craniopharyngioma 
was removed via a transsphenoidal route, 

and the histological examination revealed 
an adamantinomatous craniopharyngi-
oma which is relatively rare in adults.

?? What kind of complications can we expect 
postoperatively?

vv Deficiencies for various pituitary 
hormones and even panhypopituitarism 
can develop postoperatively. Moreover, 
hypothalamic dysfunction might also arise 
that can lead to severe obesity, sleep 
disorders, diabetes insipidus, or problems 
with temperature regulation (mainly 
hyperthermia). Visual disturbances can be 
aggravated by surgery or RT. Patients with 
craniopharyngioma have an increased risk 
for cerebrovascular hemorrhage or 
ischemic cerebrovascular disease. The use 
of  RT has been associated with secondary 
cerebral malignancies like meningioma or 
malignant glial tumors.

a b

.      . Fig. 5.1  T1-weighted MRI showing the tumor in circle on a sagittal a and coronal b section
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�Case Continued

Postoperative hormonal evaluation is war-
ranted in every patient operated for craniopha-
ryngioma. .  Table 5.1 presents the results of 
the postoperative hormone panel. The hor-
mone panel shows secondary adrenal insuffi-
ciency (low cortisol and ACTH), secondary 
hypothyroidism (low TSH and fT4), and sec-
ondary (hypogonadotropic) hypogonadism 
(low gonadotropins, low free and total testos-

terone with normal SHBG). The patient also 
reported polydipsia and polyuria due to diabe-
tes insipidus. Desmopressin was started along 
with treatment for adrenal insufficiency and 
central hypothyroidism (hydrocortisone and 
levothyroxine, respectively), and the patient 
later also received testosterone substitution.

The treatment for hypopituitarism and dia-
betes insipidus is the same as in other settings.

.      . Table 5.1  Postoperative hormone findings in the patient’s case

Hormone Value Unit Normal range

Serum cortisol 4.58 μg/dL 8.00–25.00

Plasma ACTH 1.04 pg/mL 5.0–60.0

TSH 0.172 mIU/L 0.35–4.940

fT4 10.00 pmol/L 9.00–23.00

FSH 0.11 IU/L 1.5–12.4

LH 0.03 IU/L 1.7–8.6

PRL 62.23 ng/mL 1.20–10.70

Free testosterone 6.80 pg/mL 100.00–500.00

Total testosterone 0.27 ng/mL 2.80–8.00

SHBG 41 nmol/L 11.3–52.3

SHBG sex hormone-binding globulin

Tips

The reader is advised to read the chapter 
on non-functioning pituitary adenoma, 
the next chapter on hypopituitarism, and 
the chapter on diabetes insipidus.

Take-Home Messages
55 Craniopharyngioma is a benign, rare 

solid or mixed solid, and cystic tumor 
of the sellar region.

55 The suspicion of craniopharyngioma 
can be raised by its typical imaging 
features (MRI or CT), and its diagnosis 
is confirmed by histology.

55 Its primary treatment is surgical. 
Irradiation therapy can be used as 
second line.

55 Postoperative hypopituitarism occurs in 
most patients.
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Opening
In this chapter the reader will be informed 
about the specific clinical features, diagnosis 
and treatment of pituitary insufficiency, in 
other words hypopituitarism.

Definition of the Disease

The pituitary gland is the main regu-
latory organ of  the endocrine system 
that consists of  two lobes: the anterior 
lobe (adenohypophysis) which produces 
ACTH (adrenocorticotropic hormone), 
TSH (thyroid-stimulating hormone), LH 
(luteinizing hormone), FSH (follicle-
stimulating hormone), GH (growth hor-
mone), and PRL (prolactin) and the 
posterior lobe where antidiuretic hormone 
(ADH)/vasopressin and oxytocin pro-
duced by hypothalamic cells are stored.

Hypopituitarism is a rare condition 
characterized by the complete or partial 
absence of one, or more, or all of  the hor-
mones in the anterior lobe of pituitary 
gland that is sometimes associated with the 
absence of hormones of the posterior lobe, 
as well. (The deficiency of ADH leads to 
central (neurohypophyseal) diabetes insipi-
dus that is discussed in 7  Chap. 9, whereas 
no clinical signs have been associated with 
oxytocin deficiency to date.)

The term panhypopituitarism refers to 
the clinical condition if  most or all pitu-
itary hormones are lacking.

The clinical manifestations of  the dis-
ease are greatly dependent on the etiology 
and severity of  the hormone deficiency, 
age of  the patient, and duration of  disease.

Hypopituitarism can be reversible or 
permanent, congenital or acquired, and 
sporadic or familiar.

Treatment and prognosis depend on 
the extent of  hypofunction and the causes 
of  the disease.

The explicit incidence of hypopituita-
rism is unknown, but it is estimated at 5–50 
cases per 100,000, with occurrences identi-
fied in both sexes.

?? What are the characteristics of this case that 
make us suspect the possibility of a pituitary 
disease?

vv Headache, general fatigue, hypotension, 
the signs of  hypogonadism, and the visual 
disturbance raise the possibility of  a pitu-
itary pathology.

�Case Report

A 57-year-old man was referred to our 
endocrinological consultation because of 
decreased libido, reduced facial and body 
hair, weight loss, headache, and general 
fatigue (.  Fig. 6.1). He complained of diz-
ziness especially when standing up.

His blood pressure was low 
(90/60  mmHg), and orthostatic hypoten-
sion was observed.

A previously performed laboratory test 
has shown discrete normocytic anemia, a 
mild hyponatremia (131  mmol/L, normal 
serum Na+, 135–145 mmol/L) elevated cho-
lesterol levels, and normal TSH and low 
fT4 (free L-thyroxine) levels.

Ophthalmological examination con-
firmed bitemporal hemianopsia.

.      . Fig. 6.1  Portrait of  the patient. Note the fine 
wrinkles of  the skin and lack of  facial hair that 
are typical features of  hypopituitarism in males
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vv Sella MRI (magnetic resonance imaging) 
showed a large intra- and suprasellar 
tumor (.  Fig. 6.2).

?? What can be inferred from the baseline hor-
mone levels presented in .  Table 6.1?

vv All hormone levels except TSH are low. 
The pattern of  such hormone alterations is 
characteristic for secondary hormone defi-
ciencies that are caused by the lack of  pitu-
itary hormones (ACTH, TSH, LH, FSH). 
Low ACTH and cortisol stands for sec-
ondary adrenal insufficiency, low gonado-
tropins (LH, FSH), and low testosterone 
for secondary (hypogonadotropic) hypo-
gonadism. In secondary hypothyroidism, 
TSH can be low or normal, but fT4 is 
invariably low.

?? What is the difference between primary, sec-
ondary, and tertiary insufficiencies?

vv In the hypothalamic-pituitary-(adrenal, 
thyroid, gonad) axes, the defects at the dif-
ferent levels lead to different hormonal 
constellations. In primary insufficiencies 
(primary adrenal insufficiency, primary 
hypothyroidism, and primary hypogonad-
ism), the end organ is failing, and the feed-
back regulation by the end hormone 

product (cortisol, thyroxine, or sex steroid 
(testosterone, estradiol)) is not working. 
The pituitary therefore increases the secre-
tion of  ACTH, TSH, and gonadotropins, 
respectively. In contrast, in secondary 
insufficiencies, the disease affects the pitu-
itary, and therefore both pituitary hor-
mones and the end products will be low. 
Tertiary insufficiency refers to rare hypo-
thalamic problems.

a b

.      . Fig. 6.2  Large pituitary tumor with intra- and suprasellar propagation on T1-weighted MRI (coronal a and 
sagittal b slice)

.      . Table 6.1  Baseline hormone levels

Hormone Value Normal 
range

Cortisol 0.3 μg/dL 8.0–25.0

ACTH 0.1 pg/mL 7.2–63.3

LH 0.4 mIU/
mL

1.3–11.8

FSH 0.8 mIU/
mL

1.3–11.8

IGF-1 53.0 ng/mL 92.7–244.6

GH 0.1 ng/mL 0.0–6.0

Total 
testosterone

30.0 ng/dL 300.0–800.0

TSH 1.92 mIU/L 0.4–4.9

Free T4 0.65 ng/dL 0.70–1.80

Hypopituitarism
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?? What can cause hypopituitarism?

vv Many medical conditions that disturb the 
normal interaction between the hypothal-
amus and the pituitary gland can cause 
hypopituitarism.

vv The most common causes of  hypopituita-
rism in adults are pituitary or parasellar 
tumors and their treatment (.  Table 6.2).

vv Nowadays, the incidence of  pituitary 
injury is increasing that can be related to a 
growing number but also increasing aware-
ness of  traumatic brain injury and cranial 
irradiation.

vv Infiltrative diseases such as histiocytosis, 
sarcoidosis, and haemochromatosis can 
cause hypopituitarism as part of  the sys-
temic disease.

vv Pituitary apoplexia may occur in pituitary 
adenoma, mostly in macroadenomas.

vv Lymphocytic hypophysitis (detailed in the 
chapter on hypophysitis) is another major 
cause of  hypopituitarism. Hypophysitis 
can manifest itself  during pregnancy or 
after delivery, as well.

vv The recently developed cancer immuno-
therapies against immune checkpoints 
(immune checkpoint inhibitors) can cause 
an acute and rapidly developing hypophysi-
tis, which can be associated with severe 
hypopituitarism (detailed in the chapter on 
hypophysitis, 7  Chap. 8).

vv Hypopituitarism can be sometimes associ-
ated with the empty sella syndrome that is 
a radiological term describing the hernia-
tion of  subarachnoid space into the sellar 
cavity. It can be idiopathic or occur sec-
ondarily to a treated pituitary tumor 
(.  Fig. 6.3).

.      . Table 6.2  Etiology of  hypopituitarism

Neoplastic/
compression

Pituitary tumor

Metastases

Craniopharyngioma

Cyst (Rathke’s cleft, 
arachnoid)

Meningioma

Glioma

Germinoma

Empty sella

Treatment of sellar 
lesions

Surgery

Radiation therapy

Traumatic Traumatic brain injury

Vascular Apoplexy

Aneurysm

Sheehan syndrome

Subarachnoid hemorrhage

Infiltrative/
inflammatory

Hypophysitis 
(autoimmune)

Sarcoidosis

Haemochromatosis

Histiocytosis X

Infectious Tuberculosis

Bacterial, fungal

Genetic mutations HESX1, PROP1, LHX3/
LHX4 PIT-1

Functional Anorexia nervosa

Extreme physical activity

Idiopathic

�Case Presentation Continued

Hydrocortisone and levothyroxine substitu-
tion was introduced before the neurosurgi-
cal intervention.

The tumor was fully removed by trans-
sphenoidal operation, and the histology 
confirmed a chromophobe adenoma with a 
Ki-67 proliferation index of 1–2%.
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?? What is Sheehan syndrome?

vv Rarely, pituitary apoplexia may occur in the 
normal pituitary gland during or after 
delivery (postpartum pituitary hemor-
rhage). Lack of breast milk production can 
be the first sign, but due to the deficiency of 
other adenohypophyseal hormones, further 
symptoms of hypopituitarism might also 
develop (in severe cases even cachexia).

?? Which hormone is usually lost first in the 
progression of hypopituitarism?

vv GH is usually the first hormone to be defi-
cient, then the gonadotropins (LH, FSH), 
followed by TSH, and the last is usually 
ACTH (not considering prolactin).  This 
sequence appears to be similar to the phys-
iological importance of  these hormones. It 
must be noted, however, that this is only a 
general sequence, and individual cases 
may be quite variable. Isolated hormone 
deficiencies also occur.

?? What are the common signs and symptoms 
associated with adult hypopituitarism?

vv Deficiency of ACTH (secondary adrenal 
insufficiency) is the most serious problem of 
anterior pituitary hormone deficit. ACTH 
deficiency is characterized by general 
fatigue, weight loss, recurrent nonspecific 
abdominal pain, hyponatremia, hypoglyce-
mia, and orthostatic hypotension. Adrenal 
crisis may develop with severe hyponatre-
mia, hypotonia, and hypovolemia during 
an intercurrent illness. (More details in 
7  Chap. 31 on Addison’s disease and auto-
immune polyendocrine syndrome type 2.) 
The pigmentation – which is a typical sign 
in primary adrenal failure – is absent.

vv The signs and symptoms with TSH defi-
ciency (secondary hypothyroidism) are 
practically analogous to those of  primary 
hypothyroidism (cold intolerance, weight 
gain, dry skin, general fatigue, memory 
disorder) (presented in 7  Chap. 11), but in 
contrast to primary hypothyroidism, the 
atrophy of  thyroid gland can occur.

vv GH deficiency in childhood results in short 
stature. In adults, GH deficiency is related to 
abnormal body composition: increased fat 
mass increased and reduced lean body mass 
primarily due to increased intra-abdominal 
or visceral fat deposition. Deficiency for GH 
has also been related to low bone mineral 
density. Elevated carotid intima media 
thickness and C-reactive protein, LDL cho-
lesterol, and insulin resistance can increase 
cardiovascular mortality. Altogether, defi-
ciency for GH contributes to an impaired 
quality of life in these patients.

vv The clinical symptoms of  gonadotropin 
deficiency are determined by the gender 
and age in which the condition develops. 
In adult males, body and facial hair may 
be lost, libido and fertility may be reduced, 
and erectile dysfunction is also common. 

a

b

.      . Fig. 6.3  Idiopathic empty sella on a T1-weighted 
MRI (sagittal b and coronal a slices)
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Testosterone deficiency can lead to non-
specific symptoms, like reduced exercise 
capacity, general fatigue, and reduced 
muscle mass. In contrast to men, where the 
symptoms are not so conspicuous, the 
oligo-amenorrhea in women can be the 
first sign of  the disease, and therefore the 
diagnosis might be earlier. Pubic and axil-
lary hair grow thinner, and hot flushes, 
vaginal dryness, and breast atrophy can 
occur. In both genders bone mineral den-
sity decrease, osteopenia and osteoporosis 
can be detected, and fracture risk is ele-
vated.

vv As it is evident from the above, the symp-
toms related to various hormone deficien-
cies overlap. Almost all hormone 
deficiencies contribute to weakness, 
fatigue, and reduced quality of  life. 
Hyponatremia is related to both ACTH 
and TSH deficiencies. Both gonadotropin 
and GH deficiencies contribute to reduced 
BMD.

vv .  Table  6.3 presents the common signs 
and symptoms in hypopituitarism.

vv Is it necessary to perform hormone tests 
again after the operation?

vv Yes, because some hormones may return to 
normal after surgery due to the resolution 
of tumor-induced compression on the pitu-
itary. Unfortunately, however, it is also 
common that additional pituitary hormone 
deficiencies develop after the intervention.

?? What kind of hormone tests can be neces-
sary for the diagnosis of hypopituitarism?

vv In most patients, it is sufficient to take basal 
serum hormone level, but for the patients 
with questionable, borderline cases, 
dynamic endocrine testing is recommended. 
As shown in .  Table 6.1, the basal levels of 
all adenohypophyseal hormones were low 
in our patient; therefore the diagnosis in 
this case is clear-cut.

.      . Table 6.3  Common signs and symptoms in 
pituitary insufficiency

Hormone 
deficiency

Related symptoms

ACTH Weakness, tiredness, dizziness 
on standing, pallor, 
hypoglycemia, weight loss, 
hyponatremia

TSH Weight gain, fatigue, 
decreased mental function, 
constipation, bradycardia, 
cold intolerance, dry skin, 
thyroid gland atrophy

Gonadotropins 
(LH, FSH)

Adolescence: delayed puberty
In adult women: 
oligo-amenorrhea, infertility, 
dyspareunia, regression of 
secondary sexual 
characteristics, (reduced 
axillary and pubic hair, breast 
atrophy), decreased BMD
In man: poor libido, 
impotence, infertility, 
regression of secondary sexual 
characteristics (reduced facial/
body hair, small soft testes) 
decreased BMD

GH Short stature in children
In adults: fatigue, abnormal 
body composition, muscle 
mass and muscle energy are 
reduced, physical tolerability 
is reduced, muscle/fat ratio 
decreases, cardiovascular risk 
increased, “well-being” and 
performance reduced, 
tendency for depression, social 
isolation, decreased BMD

Prolactin Lack of lactation after 
childbirth

�Back to Our Patient

Following the transsphenoidal adenomec-
tomy, the visual disturbance has been 
solved, but the repeated hormone tests 
showed no change in the hormone results, 
thus confirming panhypopituitarism. In 
addition to hydrocortisone and thyroxine 
replacement, testosterone replacement was 
started, as well.

Daily fluid turnover was normal.
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vv Regarding ACTH deficiency, a morning 
serum cortisol level lower than 3  μg/dL 
(80  nmol/L) is usually characteristic for 
adrenal insufficiency. Dynamic tests can be 
helpful for the diagnosis of  ACTH defi-
ciency that include the short ACTH test 
(cosyntropin, tetracosactide 250  μg) and 
the insulin tolerance test.

vv TSH deficiency is confirmed if  free thyrox-
ine (fT4) level is low along with a low or 
normal TSH.

vv Low LH, FSH levels with decreased morn-
ing testosterone or estradiol concentra-
tions verify gonadotropin deficiency 
(secondary hypogonadism).

vv PRL deficiency can be defined when 
patient has low or undetectable serum 
PRL level.

vv If  more than three other pituitary hor-
mones are deficient and the gender and 
age-adjusted insulin-like growth factor-1 
(IGF-1) level is below the lower limit of 
normal, GH deficiency can be confirmed. 
Otherwise, the low GH and IGF-1 mea-
surement is not sensitive enough, and pro-
vocative GH tests, insulin tolerance test, 
GHRH (growth hormone-releasing 
hormone)+arginine, macimorelin (ghrelin 
receptor agonist), or glucagon stimulation, 
are required.

?? What is the rationale to perform an ACTH-
test for the diagnosis of ACTH-deficiency?

vv ACTH is a trophic factor for the adrenal 
gland. In case of  ACTH deficiency, an 
atrophy of  the adrenal cortex develops 
within some weeks, and the ACTH stimu-
lation will not provoke an adequate corti-
sol response. The ACTH test will not be 
positive within 3–4  weeks after the event 
(e.g., pituitary surgery) responsible for 
hypopituitarism.

?? How is the ACTH-test performed?

vv 250 μg tetracosactide (ACTH analogue) is 
injected intravenously, and blood is drawn 
30 and/or 60  minutes later. A normal 
response is seen, if  cortisol is higher than 18 
or 20 μg/dL (500 or 540 nmol/L) either at 
baseline or after stimulation. (A low-dose 
ACTH test including 1  μg tetracosactide 
has also been developed, and some authors 
consider it better than the standard high 
dose with 250  μg to diagnose secondary 
adrenal insufficiency. However, it is not 
widespread and not available commercially.)

?? What is the rationale of insulin-induced 
hypoglycemia test (insulin tolerance test 
(ITT))?

vv Hypoglycemia is a major stress situation, 
and thereby both ACTH and cortisol are 
stimulated. If  their stimulation is unsatis-
factory, the diagnosis of  secondary adre-
nal insufficiency can be confirmed. GH is 
also induced, and therefore the test is also 
used in the diagnosis of  GH deficiency.

vv 0.1–0.15 IU/kg regular fast-acting insulin is 
injected intravenously, and blood is drawn 
every 15  minutes till 60  minutes and also 
during hypoglycemia that should be judged 
clinically based on the typical symptoms 
(neuroglycopenia and adrenergic symp-
toms). Hypoglycemia during ITT is defined 
as a serum glucose below 2.2  mmol/L 
(40 mg/dL). Cortisol usually increases over 
20  μg/dL (540  nmol/L) during hypoglyce-
mia, and ACTH is usually higher than 
150 pg/mL (33 pmol/L). The dynamics of 
cortisol and ACTH change is important.

vv Regarding GH, a peak GH below 3 ng/mL 
in adults is defined as severe deficiency. 
(The cutoff  for peak GH during provoca-
tive tests in children is higher (7  ng/mL), 
and therefore milder cases of GH deficiency 
can also warrant treatment in children.)

Hypopituitarism
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?? Is there any risk of insulin-induced hypogly-
cemia?

vv Yes, it should not be performed in patients 
with cardiac/cerebrovascular disease or 
epilepsy. The test is certainly unpleasant 
and requires continuous monitoring, and 
therefore some centers prefer alternative 
dynamic tests.

?? What is the metyrapone test?

vv Metyrapone is an inhibitor of the 
11β-hydroxylase enzyme catalyzing the final 
step of cortisol biosynthesis, and it is there-
fore exploited in the therapy of hypercorti-
solism (Cushing’s syndrome). Metyrapone 
can also be used to investigate the ACTH 
secretion of the pituitary (ACTH reserve). 
Metyrapone is taken at midnight at a dose 
of 30 mg/kg, and blood is drawn the next 
morning for 11-deoxycortisol (the steroid 
product before the enzymatic step cata-
lyzed by 11β-hydroxylase) and cortisol. 
11-Deoxycortisol below 7 μg/dL can indi-
cate deficiency in ACTH. The test is, how-
ever, rarely used nowadays despite being an 
alternative to invasive ITT for assessing the 
hypothalamic-pituitary-adrenal axis.

?? How should hypopituitarism be treated?

vv We should substitute the end products of 
the hormone axes and not the pituitary 
hormones except for GH. Since the adeno-
hypophyseal hormones are proteins, their 
substitution would require parenteral 
injections; moreover the half-lives of  these 
proteins are also shorter than that of  the 
hormonal end products.

vv Regarding ACTH deficiency, hydrocorti-
sone corresponding to normal adrenocor-
tical cortisol is given. The daily total 
15–20  mg hydrocortisone dose should be 
given in two or three parts: the highest 
dose in the morning, second in the after-
noon, and third – if  necessary – in the eve-
ning. In contrast to primary adrenal 

insufficiency (Addison’s disease), miner-
alocorticoid substitution (fludrocortisone) 
is not necessary, as aldosterone production 
is not primarily regulated by ACTH.

vv In emergency and stress situations, the 
dose of  hydrocortisone should be increased 
(see the chapter on Addison’s disease and 
autoimmune polyendocrine syndrome 
type 2 for more details on glucocorticoid 
replacement, 7  Chap. 31).

vv Unfortunately, there is no specific marker 
for monitoring the glucocorticoid replace-
ment therapy in secondary adrenal insuf-
ficiency; only the clinical conditions can 
give appropriate feedback. (In contrast, in 
primary adrenal insufficiency, where 
ACTH is high without treatment, the 
reduction in ACTH can be helpful for 
monitoring.)

vv The dose of  levothyroxine replacement 
may vary between 50 and 200 μg per day. 
The aim is to achieve serum fT4 levels in 
the mid- to upper half  of  the reference 
range. In contrast with primary hypothy-
roidism, where TSH is a very good marker 
of  levothyroxine substitution, in second-
ary hypothyroidism TSH cannot be used 
for monitoring; only fT4 levels are infor-
mative.

vv The treatment strategies for hypogonado-
tropic hypogonadism are detailed in the 
next chapter on Kallmann syndrome.

�Back to Our Patient

12 months after the transsphenoidal opera-
tion, the control MRI didn’t show any 
residual tumor (.  Fig. 6.4).

As the patient was deficient in more 
than three pituitary hormones, the defi-
ciency for GH could be established based on 
the low IGF-1 level without a stimulation 
test. Human recombinant GH treatment 
was introduced in a dose of 0.3 mg sc. daily.
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?? How should GH replacement be initiated?

vv Due to the common side effect of  GH 
associated with fluid retention, initially 
low dose (0.2–0.3 mg) GH replacement is 
preferred. Younger patients and women 
(especially receiving oral estrogens) require 
higher doses. Serum IGF-1 should be 
monitored every 3 months to establish the 
optimal dose.

?? Is there an order in which hormone replace-
ment therapy should be introduced?

vv Yes, if  glucocorticoid deficiency exists, 
treatment should be initiated with gluco-
corticoid replacement, followed by levo-
thyroxine replacement and finally sex 
hormones. It is very important not to give 
levothyroxine before hydrocortisone 
administration, since thyroid hormones 
accelerate steroid hormone metabolism 
and thereby could precipitate an adrenal 
crisis.

vv Growth hormone replacement therapy can 
be initiated only in a patient with stable, 
well-treated hypopituitarism, as a final 
step of  the complex treatment protocol.

?? Is there any contraindication to GH treat-
ment?

vv Yes, the GH replacement is contraindi-
cated in active malignancies, diabetic reti-
nopathy, benign intracranial 
hydrocephalus, and growing residual pitu-
itary tumors.

?? Do patients need life-long care?

vv Patients who suffer from hypopituitarism 
require continued follow-up visits  – ini-
tially every 3  months  – and with stable, 
well-controlled conditions in 6 months or 
in yearly intervals.

Tips

This chapter on hypopituitarism is one of 
the most comprehensive chapters in this 
book. The reader is advised to read the 
chapter on non-functioning pituitary ade-
noma (7  Chap. 4), the following chapter 
on Kallmann syndrome (7  Chap. 7), 
hypophysitis (7  Chap. 8), and diabetes 
insipidus (7  Chap. 9). As the symptoms of 
primary and secondary insufficiencies over-
lap, it is also helpful to read the chapters on 

a b

.      . Fig. 6.4  No residual tumor 12 months after the operation on T1-weighted MRI (coronal a and sagittal 
b slice)
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hypothyroidism and Hashimoto’s thyroid-
itis (7  Chap. 11), Addison’s disease, and 
polyendocrine autoimmune syndrome type 
2 (7  Chap. 31). The issues of glucocorti-
coid replacement are discussed in detail in 
the chapter on Addison’s disease. The treat-
ment of hypogonadotropic hypogonadism 
is discussed in the next chapter on Kall-
mann syndrome.

Take-Home Messages
55 Hypopituitarism is a rare condition 

characterized by the complete or partial 
absence of one, or more, or all of the 
hormones in the anterior lobe of pitu-
itary gland that is sometimes associated 
with the absence of hormones of the 
posterior lobe, as well.

55 The clinical manifestations of the dis-
ease are greatly dependent on the etiol-
ogy and severity of the hormone 
deficiency, age of the patient, and dura-
tion of disease.

55 The treatment and prognosis of hypopi-
tuitarism depend on the extent of hypo-
function and the causes of the disease.

55 The treatment is based on well-
structured hormone replacement ther-
apy, which  – in most cases  – requires 
lifelong follow-up.
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Opening
In this chapter, the reader will get acquainted 
with the clinical features, diagnosis, and 
treatment of Kallmann syndrome, a con-
genital form of hypogonadotropic hypogo-
nadism.

Definition of the Disease

Kallmann syndrome is a rare form of 
congenital isolated GnRH (gonadotropin-
releasing hormone) deficiency character-
ized by low serum gonadotropin levels 
and LH (luteinizing hormone) and FSH 
(follicle-stimulating hormone) levels and 
by consequent sex steroid deficiency. It 
occurs as in 10  in 100,000 boys and 2  in 
100,000 girls.

The classic form is characterized by 
hypogonadotropic hypogonadism (lack of 
sexual maturity and absence of  secondary 
sexual characteristics) with hyposmia or 
anosmia (decreased or absent smell) which 
is caused by failed migration of  GnRH 
neurons from the olfactory placode into 
the brain (hypothalamus) during 
embryonic life.

?? What is the diagnosis of Kallmann syndrome 
based on?

vv For the diagnosis of  Kallmann syndrome, 
clinical, hormonal, genetic, and imaging 
techniques can be used. Clinically, a lack 
of  adolescence and signs of  hypogonadism 
together with hyposmia/anosmia can raise 
suspicion.

vv The patient had undescended testis and 
unilateral renal agenesis, already diagnosed 
in infancy. His puberty was delayed, and 
during this period, hyposmia was 
diagnosed.

vv All these clinical features are typical in 
Kallmann syndrome.

vv The clinical symptoms in boys are lack of 
adolescence, absent facial and pubic hair 
growth, small testicles and penis, delayed 
growth spurt, eunuchoid body habitus 
(disproportionally long arms when 
compared to height), and decreased muscle 
mass.

vv In girls, the development of  breasts is 
delayed, and delayed growth spurt, 
undergrown axillary and pubic hair, and 
primary amenorrhea can be observed.

?? What is the difference between primary and 
secondary/tertiary hypogonadism?

vv Primary hypogonadism is caused by a 
disease of the testicles (or ovaries in 
females), and therefore gonadotropins are 
elevated due to the feedback regulation of 
the “hypothalamic-pituitary-gonadal axis. 
Primary hypogonadism is therefore 
hypergonadotropic. On the other hand, 
secondary/tertiary hypogonadism is 
caused  by pituitary or hypothalamic 
malfunctioning, respectively, and thus 
gonadotropins are low (hypogonadotropic). 
(Similar distinctions are valid for primary 
and secondary adrenal insufficiency and 
hypothyroidism, as well.)

�Case Presentation

A 19-year-old man was admitted to our 
adult endocrinological consultation. His 
medical history included an orchidopexy 
due to undescended testis when he was half-
year old. Unilateral renal agenesis was also 
detected by abdominal ultrasonography.

The diagnosis of central/hypogonado-
tropic hypogonadism was confirmed at the 
age of 13. The other pituitary hormone 
tests were normal.

An olfactory function test confirmed 
hyposmia.

Pituitary MRI was normal, without any 
defects of the olfactory tract.
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?? Which hormone tests can be performed for 
evaluating Kallman syndrome?

vv As GnRH is not measurable, serum 
concentration of  the gonadotropins (LH 
and FSH) and sex steroids are used for the 
diagnosis. Low LH and FSH, in men with 
low testosterone levels and in women with 
low estradiol and progesterone levels, are 
observed.

vv The hormone results in our case were LH, 
0.4  IU/L (normal range, 1.7–8.6); FSH, 
0.1  IU/L (normal range, 1.5–12.4); and 
total testosterone, 1.26  ng/mL (normal 
range, 2.8–8).

?? Is it worth doing a genetic assessment?

vv Mutations in more than 20 genes have been 
associated with Kallmann syndrome. The 
first responsible gene found was KAL1 that 
is associated with an X-linked pattern of 
inheritance, and its mutations occur 
especially in men with unilateral renal 
agenesis and mirror movements – bimanual 
synkinesis. FGR1 (KAL2) mutations are 
inherited as autosomal dominant traits 
and are associated with midline facial 
abnormalities cleft lip or palate, dental 
agenesis, and short metacarpals and/or 
metatarsals.

vv In our case, the genetic testing confirmed a 
KAL1 mutation.

?? Is imaging helpful in the diagnosis?

vv Radiographic imaging of  the 
hypothalamus-pituitary region using MRI 
scans is recommended to explore any 
anatomical structural abnormalities (e.g., 
absence of  olfactory structures), but the 
radiographic appearance of  the 
hypothalamic-pituitary region is typically 
normal.

?? Are there other forms of hypogonadotropic 
hypogonadism apart from Kallmann syn-
drome?

vv Kallmann syndrome is the isolated 
hypogonadotropic hypogonadism form 
accompanied by anosmia or hyposmia.

vv Very similar signs and symptoms can be 
recognized in other forms of  congenital 
isolated hypogonadotropic hypogonadism, 
but no smell dysfunction is detected in 
these. These congenital forms can be 
associated with mutations in the following 
genes: GNRH1, KISS1, KISS1R (GPR54), 
TAC3, TACR3, etc.

?? How to treat hypogonadotropic hypogonad-
ism?

vv In both sexes, the aim of  the treatment is 
to induce puberty and later to maintain 
the normal sexual hormone levels, 
which  sustain the secondary sexual 
characteristics.

vv For male patients, the goal of  testosterone 
replacement therapies is to return serum 
testosterone levels into the physiological 
range. (.  Table 7.1).

.      . Table 7.1  Medical treatment for puberty 
induction in boys, and maintenance treatment in 
male patients

T enanthate Initial dose 50 mg i.m. monthly  
increasing every 6–12 months up 
to 250 mg/month

Gonadotropin hCG 2 × 250 IU s.c. per week, 
increasing dose every 6 months 
up to 2–3 × 500 IU/weekly

rFSH or hMG 75 IU/s.c. 2–3 
times weekly

T enanthate 250 mg i.m. every 2–4 weeks

T 
undecanoate

1000 mg i.m. every 8–14 weeks

T gel 50–75 mg/day transdermally

T testosterone, hCG human chorionic gonadotro-
pin, hMG human menopausal gonadotropin, 
rFSH recombinant human follicle-stimulating 
hormone

Kallmann Syndrome (Hypogonadotropic Hypogonadism)
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vv In our patient, testosterone replacement 
therapy by depot testosterone undecanoate 
every 12 weeks was introduced, and it resulted 
in the growth of the penis and development 
of secondary sexual characteristics 
(.  Fig. 7.1).

vv We can choose the daily transdermal form, 
which mimics the physiological secretion 
of  testosterone, or the long-acting depot 
injection form, which can be more 
convenient for some patients.

vv For females, hormone replacement 
includes the usage of  estrogen and 
progesterone. Firstly, estrogen is given in 
transdermal gel or tablet form, to maximize 
breast development, and then a 
combination of  estrogen and cyclical 
progesterone is used to maintain the 
menstrual cycles and secondary sexual 
characteristics (.  Table 7.2).

?? Will patients treated with sexual steroids be 
fertile?

vv No. Sexual steroids are only able to restore 
secondary sexual characteristics, but 
fertility will not be restored as 
gonadotropins are needed for the induction 
and maintenance of  germ cell production. 
.  Figure  7.1 shows that the patient’s 
testes remained small despite testosterone 
administration.

?? How to restore fertility in hypogonadotropic 
hypogonadism?

vv Fertility can be restored by adding GnRH 
or gonadotropins depending on the level 
of  defect (hypothalamic or pituitary). 
GnRH can be given, if  the pituitary is 
normally functioning. GnRH is usually 
given episodically by a pump mimicking 
its physiological release.

vv Gonadotropins can be given both to 
patients having dysfunctions in the 
hypothalamus or in the pituitary. For 
gonadotropin replacement, human 
chorionic gonadotropin (hCG) is usually 
given instead of  LH. hMG is human 
menopausal gonadotropin that includes 
both FSH and LH bioactivity at an 
approximately 1:1 ratio.

vv Using gonadotropin therapy (hCG+hMG 
or recombinant FSH) fertility can be 
induced.

vv In our patient, hCG+hMG was used for 
12  months, and it resulted in normal 
testosterone level. However, despite the 

.      . Fig. 7.1  Due to testosterone replacement, the penis 
size became normal, virilization was accomplished, but 
the size of  testes remained small, about 4–6 ml

.      . Table 7.2  Medical treatment of  puberty 
induction and hypogonadism in female patients

17ß-Estradiol 
tablet

Initial dose 5 μg/kg daily 
increasing every 6–12 months 
up to 1–2 mg

17ß-Estradiol 
patch

Initial dose 0.05–0.07 μg/kg 
increasing every 6–12 months 
up to 50–100 μg/day

Progesterone 
tablet

Supplement after breast 
development 100–200 mg/day 
during 14 days in every month
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gonadotropin treatment, azoospermia was 
sustained.

vv At present, no treatments are available for 
the lack of  sense of  smell, mirror 
movements of  the hands, or the unilateral 
renal agenesis.

?? Do patients need a life-long hormone re-
placement?

vv Kallmann syndrome usually means a 
lifelong hormone replacement treatment 
for male patients, but for females only 
until the expected time of  menopause.

vv In about 10–15% of  patients, a recovery of 
their hormonal system may occur, but the 
reasons are unclear.

?? Does Kallmann syndrome affect the life ex-
pectancy of patients?

vv Kallmann syndrome is not associated with 
decreased life expectancy, but can be 
accompanied with osteopenia or osteopo-
rosis.

Tips

The reader is advised to read the preceding 
chapter on hypopituitarism (7  Chap. 6) 
and also the chapters dealing with primary 
hypogonadism, where the end organs (ova-
ries and testicles) of the hypothalamic-pitu-
itary-gonadal axes are dysfunctioning 
(Turner syndrome (7  Chap. 40), primary 
ovarian insufficiency (7  Chap. 41), and 
Klinefelter syndrome (7  Chap. 42)).

Take-Home Messages
55 Kallmann syndrome is an isolated form 

of hypogonadotropic hypogonadism 
with hyposmia/anosmia (dysfunction 
of sense of smell)

55 Kallmann syndrome is a rare congenital 
disease with various inheritance 
patterns

55 The illness can be associated with minor 
anomalies such as midline facial defects, 
renal agenesis, short metacarpus, and 
synkinesia

55 Lifetime sexual hormone replacement 
therapy is indicated for male patients, 
whereas in women it is proposed until 
the expected time of menopause.
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Opening
In this chapter, the reader will get acquainted 
with the clinical features, diagnostic challenges, 
and management strategies in patients with 

hypophysitis  – an inflammatory disease 
affecting the pituitary gland.

Definition of the Disease

Hypophysitis is an inflammatory condition of 
the pituitary gland and its stalk of autoimmune 
etiology leading to pituitary dysfunction and 
mass effects. Hypophysitis can occur as a 
primary condition or secondary to systemic 
or local lesions, such as Rathke’s cleft cyst, 
craniopharyngioma, or germinoma. Therefore, 
hypophysitis is a heterogeneous disease.

Primary lymphocytic hypophysitis is 
caused by an autoimmune reaction directed 
against the pituitary gland, which becomes 
pathologically infiltrated by lymphocytes. It is 
associated with familial or personal history of 
autoimmune disease. It occurs predominantly 
in females who are between 30 and 40 years of 
age. The incidence is estimated to be ~1 in nine 
million/year. In about 11% of women, it occurs 
during pregnancy or in the postpartum period.

Xanthogranulomatous hypophysitis (XGH) 
can present as a separate entity (developing 
spontaneously) or as a secondary reaction to 
local process in the sellar region, e.g., following 

rupture of Rathke’s cleft cyst with subsequent 
inflammation due to the leak of cystic contents 
or secondary to hemorrhage (apoplexy) of a 
pituitary adenoma. The typical histopathologi-
cal findings are cholesterol clefts, hemosiderin 
deposits, multinucleated giant cells, and small 
epithelial clusters. Radical surgery is the treatment 
of choice. Granulomatous (sarcoidosis, Wegener 
granulomatosis) and necrotizing hypophysitis 
are rare forms.

Hypophysitis secondary to IgG4-related 
fibro-inflammatory condition with multiple 
organs affected and drug-induced hypophysitis 
(adverse effect of novel monoclonal antibodies 
targeting immune check points such as cytotoxic 
T-lymphocyte-associated protein 4 (CTLA4) 
and programmed cell death protein-1 (PD1) 
and its ligand (PD-L1)) have renewed interest in 
pituitary inflammation.

Since hypophysitis is rare, limited 
experience is available and practice guidance 
on optimal management is still lacking.

�Case Report 1: A 14-Year-Old Adolescent with a Pituitary Lesion

�Clinical Signs and Symptoms

A previously healthy 14-year-old adolescent 
girl presented with a 2-week history of severe 
headache, blurred vision, and diplopia. She 
also reported amenorrhea. Her past history 
was uneventful, except for a mild respiratory 
viral infection 1  month prior to the onset of 
headache. She had positive family history for 
autoimmune disease (mother had Sjogren’s 
syndrome). Physical examination revealed sixth 
cranial nerve palsy.

�Investigation

Initial blood cell count and sedimentation 
rate were normal. A complete immunological 
workup, including thyroid auto-antibodies, was 
negative, except for ANA (antinuclear anti-
body) positivity (nucleoplasma homogeneous 
positive 1:640). Serum IgG4 level was normal. 
Lumbar puncture showed clear cerebrospinal 
fluid (CSF) without cellular presence (malig-
nant cells or leukocytes), normal protein level, 
and normal tumor markers such as αFP (alpha 
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fetoprotein) and βhCG (human choriogonado-
tropin β) levels. Tests for tuberculosis and sar-
coidosis were negative.

A cerebral magnetic resonance imaging 
(MRI) scan revealed an intrasellar and supra-
sellar lesion with dural tail and tongue-like 

extension to the infundibulum and with edema-
tous optic chiasm (.  Fig. 8.1a–c).

Two weeks after the beginning of the initial 
symptoms (headache, blurred vision, and diplo-
pia), the patient felt unwell again. She complained 
of severe tiredness, dizziness, malaise, nausea, and 

.      . Fig. 8.1  Sellar MRI scan. a Coronal T1WI scan 
at presentation showing symmetrically enlarged 
pituitary gland with suprasellar extension and 
thickened pituitary stalk. b Sagittal T1WI scan at 
presentation showing presellar dural tail (arrow) 
and tongue-like extension to the infundibulum (hol-
low arrow). c Coronal T2WI scan at presentation 

showing edema of  the optic chiasm (arrow). d Coro-
nal T1WI scan after 8 weeks of  glucocorticoid ther-
apy showing regression of  the pituitary mass and 
normal pituitary stalk. e Sagittal T1WI scan after 
8  weeks of  glucocorticoid therapy. f, g Coronal 
T2WI scan after 8 weeks of  glucocorticoid therapy

Hypophysitis
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vomiting. Baseline hormonal evaluation revealed 
multiple anterior pituitary hormone deficiencies 
with hyperprolactinemia (.  Table 8.1). Posterior 
pituitary function was normal.

The patient was started on replacement 
doses of oral hydrocortisone and L-thyroxine.

.      . Table 8.1  Results of  endocrine testing at baseline and during treatment

Hormone Baseline On prednisone Off prednisone Reference 
range1 month 2 months 3 months 1 month

FT4 (pmol/L) 8.8 15.6 19.2 17.8 12–22

TSH (mIU/L) 0.5 1.28 3.33 1.87 0.3–5.5

Cortisol (nmol/L) 221 111 209 425 131–642

FSH (IU/L) 0.5 6.4 4.7 6.7 3.5–12.5

LH (IU/L) 0.1 4.32 2.01 2.79 2.4–12.6

Estradiol (pmol/L) 88 99 128 88 77–921

PRL (mIU/L) 1487 541 715 513 102–496

IGF-1 (ng/ml) 244 208–444

Normal values for FSH, LH, and estradiol for follicular phase

?? Which of these signs and symptoms could 
raise the suspicion for hypophysitis?

vv Headache and visual disturbances due to 
compression of optic chiasma are the most 
prevalent presenting symptoms in patients 
with hypophysitis and are described in up 
to 50% of cases. Other signs and symptoms 
which could raise the suspicion for 
hypophysitis include cranial nerve palsies 
and polydipsia/polyuria (in patients with 
infundibulo-neurohypophysitis).

?? What kind of hormonal alterations can be 
seen in patients with lymphocytic hypophy-
sitis?

vv The most common pituitary hormone 
abnormalities in patients with lymphocytic 
hypophysitis include ACTH deficiency 
(in about half  of cases), followed by TSH 
and FSH/LH deficiency (in about 40% of 
cases), growth hormone deficiency (in up 

to 30% of cases), and hyperprolactinemia 
(in 25% of patients). Hyperprolactinemia 
may be related to stalk compression. 
A deficiency of the hormone arginine 
vasopressin (AVP) is presenting hormone 
abnormality in patients with infundibulo-
neurohypophysitis.

?? What additional investigations would you 
perform?

vv Brain 18F-fluorodeoxyglucose positron 
emission tomography-computed tomography 
(18F-FDG PET-CT) scan is a diagnostic 
method for distinguishing between 
benign and malignant lesions. It reflects 
the degree of glucose utilization by the 
pathological processes (tumor, inflammation, 
etc.).18F-FDG PET-CT is important when 
multisystem disease is suspected such as 
IgG4-related disease and Langerhans cell 
histiocytosis to identify the involved organs 
most suitable for biopsy. In our patient, the 
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finding of increased glucose metabolism in 
mesencephalon, proximal pons, and slightly 
in hypothalamus was interpreted as an 
inflammation affecting the hypothalamic 
region and surrounding brain structures only 
without systemic effects (.  Fig. 8.2).

?? What other diseases can be considered in the 
differential diagnosis of hypophysitis?

vv Other neoplastic, infiltrative, and inflamma-
tory diseases have to be considered in the 
differential diagnosis of hypophysitis, such 
as germinoma, Langerhans cell histiocy-
tosis, and neurosarcoidosis. Other less 
probable differential diagnoses include 
pituitary adenomas, Rathke’s cleft cyst, 
physiological hypertrophy of the pituitary 
in pubertal females, TSH hyperplasia 
associated with severe primary hypothyroid-
ism, and various sellar and parasellar 
tumors (e.g., craniopharyngiomas, gliomas, 
lymphomas, meningiomas, pituicyto-
mas, chordomas, teratomas, dermoids, 
epidermoid, and sellar metastases).

?? Is there a role for pituitary biopsy?

vv Yes, there is a role for pituitary biopsy in order 
to obtain histopathological verification of 
the diagnosis, but sometimes it is not feasible 
because of the patient’s condition. Since 
pituitary biopsy was not obtained, neurosar-
coidosis and Langerhans cell histiocytosis 
remained as differential diagnosis in our 
patient. Germinoma was excluded on the 
basis of normal αFP and βhCG levels in 

serum and CSF.  Multidisciplinary team 
decided to postpone biopsy after a trial 
with corticosteroid therapy, in case of lack 
of response to treatment or a relapse of 
the disease after successful treatment with 
corticosteroids.

?? How would you manage this patient?

vv A short course of  high-dose oral 
glucocorticoids (prednisone 60  mg daily 
during 2  weeks, then 40  mg daily next 
2  weeks, followed by gradual tapering 
of  prednisone dose) was initiated. After 
1  month of  glucocorticoid therapy, 
significant improvement of  her neurologi-
cal status occurred with partial recovery 
of  pituitary function (thyroid function 
recovered with normalization of  prolactin 
level; .  Table 8.1).

zz �Outcome and Follow-Up
Sellar MRI scan at follow-up (after 8 weeks) 
showed regression of the pituitary lesion 
(.  Fig.  8.1d–g). Along with pituitary mass 
shrinkage, there was some residual tissue het-
erogeneity but a thin peripheral dark 
T2-weighted image (WI) hypointense ring 
with no enhancement after gadolinium, prob-
ably related to some fibrosis. The stalk nor-
malized. The patient did not require thyroid 
and adrenal replacement therapy 4  months 
after her hospitalization. She continues to 
present with secondary amenorrhea, although 
her gonadotropin levels suggest recovery of 
the gonadotropic axis.

.      . Fig. 8.2  Brain 18F-FDG PET/CT scan shows increased glucose metabolism in mesencephalon, proximal pons, 
and hypothalamus
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76

8

�Case Report 2: A 42-Year-Old Woman with Relapsing, Corticosteroid Non-responsive Lymphocytic 
Hypophysitis

�Clinical Signs and Symptoms

A 42-year-old woman presented with a 2-year 
history of severe headache, double vision, and 
amenorrhea. According to her clinical and 
radiological findings (MRI scans), she was 
diagnosed with lymphocytic hypophysitis and 
treated with corticosteroids (prednisone 20 mg) 
for 2 years while living abroad. At presentation 
in our hospital she had severe headache, dizzi-
ness with severe signs of iatrogenic Cushing’s 
syndrome, and diplopia due to right sixth cra-

nial nerve palsy. She also had complete obstruc-
tion of the left internal carotid artery, secondary 
to propagation of inflammation to the cavern-
ous sinus and arteritis (primary autoimmune 
vasculitis was excluded). Prednisone therapy 
was tapered and stopped. The patient had sec-
ondary hypocorticism (adrenal insufficiency) 
(was replaced with hydrocortisone 20  mg/day) 
and mild hyperprolactinemia (.  Table 8.2). Her 
MRI scan showed a large pituitary mass with 
right parasellar propagation (.  Fig. 8.3a).

.      . Table 8.2  Hormonal analysis before operation and during the follow-up period

Hormone Before 
OP

3 months 
after OP

1 year 
after OP

2 years after OP, 
1 year after SRS

4 years after OP, 
3 years after SRS

Reference 
range

Therapy PR off PR 20 mg
AZ 50 mg

PR 20 mg
AZ 50 mg

PR 10 mg
AZ 50 mg

PR 7.5 mg
AZ off

FT4 (ng/L) 11.7 11.2 11.6 8.9 5.8 7–18

TSH (mIU/L) 1.14 0.31 4.7 2.0 2.8 0.3–5.5

Cortisol 
(nmol/L)

38.9 156.1 56.9 22 131–642

FSH (IU/L) 3.4 14.9 5.8 14.7 6.5 2.5–15

LH (IU/L) 2.7 3.5 5.7 5.5 1.5 4–20

PRL (mIU/L) 1003 905 1234 648 418

IGF-1 (ng/ml) 177 104 98.5 119 101–267

Reproduced with permission and modifications from Pekic et al. [11]
Abbreviations: OP operation, SRS stereotactic radiosurgery, PR prednisone, AZ azathioprine
Normal values for FSH, LH, and estradiol for follicular phase

nn Learning Points
55 This case highlights the rare cause of 

hypopituitarism with severe neurological 
impairments due to a pituitary lesion with 
a differential diagnosis of lymphocytic 
hypophysitis in the pediatric age group.

55 The diagnosis in our patient was based on 
hormonal findings and the radiological 
aspect of the lesion (MRI) despite the lack 
of histopathology.

55 Despite diagnostic uncertainty, high-dose 
glucocorticoid treatment in our patient 
was successful leading to clinical and 
radiological improvement.

55 The favorable evolution of our patient 
with near-normal hormone recovery on 
corticosteroid treatment is in favor of 
lymphocytic hypophysitis, although the 
final diagnosis remains unclear.
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?? How would you treat this patient in whom 
corticosteroid therapy was ineffective?

vv (a)	 Pituitary Surgery

vv The patient was referred to the 
neurosurgeon for decompression and biopsy. 

Histopathologic analysis revealed infiltration 
of the pituitary with lymphocytes, plasma 
cells, rare eosinophils, and macrophages 
(.  Fig. 8.4a). Most of the lymphocytes were 
of T-cell origin (CD3+) (.  Fig. 8.4b). Two 
months after the surgery, MRI scan showed 
a normal pituitary gland (.  Fig. 8.3b), and 

.      . Fig. 8.3  Magnetic resonance imaging of  the sel-
lar region, coronal (left) and sagittal (right): a before 
the transsphenoidal decompression; b 2  months 
after the operation; c 3 months after the operation; 
d 1  year after the operation when the patient was 
referred for stereotactic radiosurgery (SRS); e 

2 years after the operation and 1 year after SRS; f 
3 years after the operation and 2 years after SRS; g 
3.5  years after the operation and 26  months after 
SRS; h 4.5 years after the operation and 40 months 
after SRS. (Reproduced with permission from Pekic 
et al. [11])
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the patient was symptom free. Three months 
after surgery, the patient suffered from 
severe headache and diplopia again and 
MRI scan showed enlarged pituitary gland 
(.  Fig. 8.3c).

vv Surgery is indicated when there is 
significant mass effect and to exclude 
the diagnosis of  tumor. Acute phase of 
hypophysitis with severe headache, cranial 
nerve palsies, visual field defects are 
indications for surgical decompression. It 
quickly controls the mass effect, headache, 
diplopia, and visual impairment, but 
the rate of  recurrence after surgery is 
reported to be up to 25% and some 
patients may develop hypopituitarism and 
diabetes insipidus. Surgery also provides 
a histological specimen, and histological 
diagnosis helps with guidance for 
management.

vv Histological assessment is important 
for confirmation and classification 
of  hypophysitis. Histology identifies 
inflammatory cells (CD3-T cells, 
CD20-B cells, CD138-plasma cells, 
CD68-macrophages), histiocytes, 
granulomas, and xanthomas.

	 (b)	 Other Immunosuppressive Therapies

vv Hypophysitis (headache and diplopia) 
reappeared 6  months after surgery. The 
patient was treated with stress doses 

of  corticosteroids (methylprednisolone 
120  mg intravenous for 3  days, switched 
to prednisone 80  mg orally, with gradual 
tapering of  the prednisone dose). When 
the dose of  prednisone was reduced to 
10  mg daily, her headache and diplopia 
reappeared. We added azathioprine (50 mg 
daily) to prednisone (20 mg daily).

vv In cases with progressive, recurrent 
disease or resistance, other immunosup-
pressive agents or radiotherapy has been 
considered. Azathioprine is the most 
commonly used immunosuppressive agent, 
as well as methotrexate, mycophenolate, 
and biological therapy with monoclonal 
antibodies (e.g., rituximab and infliximab).

	 (c)	� Gamma Knife Stereotactic 
Radiosurgery

vv Six months after combination therapy, 
our patient was referred to Gamma Knife 
stereotactic radiosurgery (SRS). The 
whole intrasellar area (1.5  ml in volume, 
.  Fig.  8.3d) was shot with three 8-mm 
collimators. The prescribed dose was 
15  Gy to the margin (50%). Azathioprine 
was stopped after 26  months of therapy, 
while prednisone continued at a dose of 
10  mg daily. Two years after stereotactic 
radiosurgery, the dose of prednisone was 
reduced to 7.5  mg daily and pituitary 
MRI scan showed no residual pituitary 
lesion (.  Fig.  8.3e–h). During 3  years 

.      . Fig. 8.4  a Fragment of  anterior pituitary gland with 
residual islands of  preserved acini, separated by dense 
inflammatory infiltration, composed predominantly of 
lymphocytes (hematoxylin and eosin, ×200). b Most 

lymphocytes are of  T-cell origin (immunohistochemis-
try, CD3+, ×400). (Reproduced with permission from 
Pekic et al. [11])
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of follow-up, she developed secondary 
hypogonadism and hypothyroidism and was 
replaced with L-thyroxine (.  Table  8.2). 
Her prolactin level normalized.

?? Which patients are candidates for stereotac-
tic radiosurgery?

vv There are only few case reports on 
the use of  SRS for the treatment of 
hypophysitis. Stereotactic radiosurgery 
(SRS) is a radiation therapy modality that 

allows precise delivery of  high dose of 
irradiation to well-defined small targets 
using single fraction or multi-fractions 
SRS (two to five fractions). Delivery 
systems used for SRS include the cobalt-50 
system Gamma Knife, the CyberKnife 
Robotic Radiosurgery System, or a 
modified conventional radiotherapy 
machine (LINAC). Radiation-induced 
hypopituitarism is the most frequent side 
effect of  SRS occurring within the first 
5 years following radiosurgery.

�Case Report 3: A  Patient with  Acromegaly with  a  New Cystic Sellar Lesion 10  Years After Initial 
Diagnosis

�Patient History

A 37-year-old female presented in the year 
2005 with amenorrhea and galactorrhoea, 
2  years after her second delivery. She started 
noticing changes in appearance suggestive of 
acromegaly, accompanied by headache, edema, 
and elevated blood pressure 3 years before the 
diagnosis of acromegaly.

�Investigation and Treatment of Acromegaly

Acromegaly was diagnosed based on clinical 
features (7  Chap. 3), elevated IGF-1 (723 ng/
ml (2.5 ULN)), and growth hormone (GH) 
with hyperprolactinemia (PRL levels 5500 
mIU/l). A mixed GH + PRL secreting pituitary 

tumor was diagnosed. MRI scan disclosed a 
pituitary tumor 20 mm in diameter with infra 
and left parasellar extension.

Primary medical treatment was offered 
with dopamine agonist (cabergoline) plus 
long-acting somatostatin analogue (SSA) 
resulting in normalization of  menstrual 
cycles, loss of  galactorrhea, normalization 
of  PRL levels, with significant reduction of 
IGF-1 (1.2 ULN) and GH levels (.  Fig. 8.5). 
It also reduced tumor mass by half  (11 mm) 
(.  Fig. 8.6).

Our patient was well controlled both clini-
cally and biochemically and she refused pitu-
itary surgery.

.      . Fig. 8.5  IGF-1 values during follow-up of  primary medical treatment for acromegaly with dopamine 
agonist and somatostatin analogue before pituitary surgery in 2015
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zz �Follow-Up

Ten years after the initial diagnosis of acromeg-
aly, our patient experienced new and severe type 
of headache. Pituitary MRI revealed a cystic 
mass in the sella, with different localization and 
MRI characteristics compared to previous ade-
noma (.  Fig.  8.7). This round cystic lesion 
showed strong peripheral contrast enhancement.

Postoperative Follow-Up: After surgery, 
IGF-1 levels were still mildly elevated 
(454 ng/ml (1.8 ULN)) and SSA was reintro-
duced leading to complete normalization of 
IGF-1 and GH levels. As a consequence of 
pituitary surgery, the patient developed cen-
tral hypothyroidism and diabetes insipidus. 
She was replaced with L-thyroxine and des-
mopressin.

Xanthomatous hypophysitis is very rare 
(3%). There is a female preponderance (female 
to male ratio 3:1), with mean age of presenta-
tion in the fourth decade of life. It is usually a 

round cystic lesion with firm fibrous capsule 
and liquid yellow content. Histopathology 
confirmed the diagnosis of xanthomatous 
hypophysitis with lipid-rich macrophages 
(foamy histiocytes), plasma cells, and small 
lymphocytes without granuloma formation. 
Fibrosis of the capsule was prominent.

Secondary etiology is more common and 
usually associated with the preexisting pitu-
itary lesions (adenoma, Rathke’s cleft cyst, 
craniopharyngioma). Subclinical pituitary 
apoplexy may trigger inflammatory response 
to necrotic tissue. Nearly 32% of hypophysitis 
present on MRI as cystic lesions.

We have presented an unusual case of xan-
thomatous hypophysitis developing sub-
acutely with new type of headache after a 
decade of successful medical treatment of 
acromegaly. A new cystic pituitary lesion was 
detected on MRI, and after pituitary surgery 
xanthomatous hypophysitis was confirmed.

.      . Fig. 8.6  Pituitary MRI TW1 coronal sections 
with contrast enhancement during follow-up of 
medical treatment for acromegaly (monthly soma-

tostatin analogue and dopamine agonist) in 2007, 
2009, 2010, and 2014. Small tumor remnant is 
reported just below the left cavernous sinus
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.      . Fig. 8.7  Pituitary MRI TW1 with contrast coronal a, c and sagittal sections b, d before surgery for the cystic 
lesion in 2015 a, b and after pituitary surgery in 2015 c, d showing that the lesion was completely resected
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?? What is the next step in diagnosis and man-
agement?

vv Surgery was the next step in the 
management of  our patient. The 
cystic lesion was removed by pituitary 
transsphenoidal surgery.

vv Intraoperative findings revealed the 
well-defined round firm cystic brownish 
formation, very tightly attached to the 

pituitary, filled with yellow liquid, which 
was completely resected. No pituitary 
adenoma was found.

vv Histopathology report was consistent with 
xanthomatous hypophysitis. Lipid-rich 
macrophages were dominant to some 
plasma cells and small lymphocytes in the 
inflammatory infiltrate (.  Fig.  8.8). No 
tumor tissue of  pituitary adenoma was 
identified, only normal pituitary acini.

nn Learning Points
55 Xanthomatous hypophysitis is rare and 

usually of  secondary etiology, more com-
mon in middle-aged women.

55 It can present with mass effect symptoms 
(e.g., headache and visual disturbances) 
and/or pituitary dysfunction (e.g., hyperp-
rolactinemia, hypopituitarism, and diabe-
tes insipidus).

55 Surgery may relieve compressive symptoms, 
but pituitary function may be affected and 
should be followed up.

55 MRI features of cystic pituitary lesion, 

with rim contrast enhancement, is challeng-
ing with differential diagnosis of hypophy-
sitis from a sellar abscess.

55 Histopathology confirmed xanthoma-
tous hypophysitis by demonstrating large 
number of lipid-rich macrophages (foamy 
histiocytes) without granuloma formation 
and some plasma cells and small lympho-
cytes. Fibrosis may also be prominent, as 
well as liquid content of the cystic lesions 
rich in cholesterol crystals.

.      . Fig. 8.8  a Immunohistochemistry showing pancyto-
keratin AE1/AE3 positive acini of anterior pituitary sep-
arated by inflammatory cells. b Inflammatory infiltrate is 

predominantly composed of lipid-rich macrophages 
(CD68), c T lymphocytes CD3 positive, and d rare B lym-
phocytes CD20 positive
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?? Which pituitary disorder do you suspect and 
why?

vv The differential diagnosis is broad (sar-
coidosis, histiocytosis, tumor, lymphoma, 
infection, etc.), but in our patient, germi-
noma should be suspected based on the 
fact that the most common cause of pitu-
itary stalk thickening and diabetes insipi-
dus in pediatric age is neoplastic process. 

She was referred to neurosurgery for tran-
scranial pituitary biopsy. Histopathology 
report revealed lymphocytic hypophysi-
tis. In addition to diabetes insipidus, she 
developed anterior hypopituitarism. Based 
on the massive lymphocytic infiltration of 
the pituitary stalk-infundibulum (thicken-
ing) and diabetes insipidus in a young girl, 
we suspected a neoplastic process (germi-
noma).

�Case Report 4: A 12- Year-Old Girl with Diabetes Insipidus and Pituitary Stalk Thickening

�Clinical Signs and Symptoms

A 12-year-old girl was referred to us for fur-
ther endocrine evaluation and management. 
At the age of 8 years, she was diagnosed with 
central diabetes insipidus thought to be conse-
quence of traumatic brain injury. She had serial 
yearly MRI scans at the request of pediatric 
endocrinologist. At the age of 12 years, MRI 
showed a sellar and suprasellar lesion mark-

edly enhanced after gadolinium injection, with 
thickening of the pituitary stalk (.  Fig. 8.9).

On examination, she was of normal height 
and weight and no pubertal development was 
observed.

�Investigations

Routine biochemistry was normal. Serum 
tumor markers αFP and βHCG were negative.

.      . Fig. 8.9  Pituitary MRI TW1 sagittal a and coronal sections b showed sellar and suprasellar lesion mark-
edly enhanced after gadolinium injection, with thickening of  the pituitary stalk
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?? How would you treat this patient?

vv Our patient was treated with radiation 
therapy. She received a dose of  30  Gy. 
Six months after radiation therapy, 

MRI showed resolution of  hypophysitis. 
Hypopituitarism and diabetes insipidus 
persisted. At present, she is 28 years old, is 
in remission for germinoma, and is seeking 
fertility.

nn Learning Points
55 The case shows the difficulties in establishing 

the correct diagnosis of a lesion in the 
sellar/suprasellar (stalk thickening) region.

55 Pituitary stalk thickening in pediatric age 
is mostly attributed to neoplastic process 
(germinoma).

55 Hormonal dysfunctions (diabetes insipidus) 
precede MRI findings.

55 This case report emphasizes the role of 
serial MRI scanning in young patients 

diagnosed with central diabetes insipidus 
(follow-up at 3- to 6-month intervals first 
year and then yearly).

55 Lymphocytic hypophysitis and germinoma 
share similar clinical presentation and 
radiological features.

55 Germinomas are highly immunogenic 
tumors which present with marked diffuse 
lymphocytic infiltration.

�Case Report 5: Iatrogenic Hypophysitis in  a  Cancer Patient Treated with  Immune Checkpoint 
Inhibitors

A 57-year-old man visits the hospital for 
his fourth injection of immunotherapy for a 
metastatic melanoma (splenic and pulmonary 
metastases). He should receive ipilimumab 
(anti-CTLA-4) 3 mg/kg, but he reported head-
ache, despite analgesic treatment, asthenia, 
nausea, and dizziness. He denied increased 
thirst or increased urination. At physical 

examination, he had a blood pressure of 
85/45  mmHg and had difficulty with walk-
ing because of dizziness and muscle aches. 
Biochemical evaluation showed borderline 
hyponatremia (135  mmol/L), with no inflam-
matory syndrome. The ipilimumab injection 
was canceled as the patient was vomiting.

?? What is the diagnosis and how would you 
manage this patient?

vv In the setting of  clinical symptoms, 
hypotension and borderline hyponatremia, 
ACTH deficiency and hypophysitis were 
suspected. Hormonal evaluation was 
assessed and pituitary MRI was performed. 
The patient immediately received 
intravenous hydrocortisone (100  mg) 
treatment without waiting for cortisol 
values or imaging results. Hormonal 
results on administration showed low 
cortisol level (25 nmol/L) with low ACTH 
(5 pg/ml); and low TSH (0.1 mIU/l) with 
low fT4 (6 pmol/L) and with low prolactin 

level (0.5  ng/ml). Gonadotropin axis 
showed low testosterone (500 pg/ml) with 
low LH and FSH (0.1 IU/L and 0.2 UI/L, 
respectively). The patient reported low 
libido and erectile dysfunction, but this 
could also be attributed to the oncologic 
disease.

vv The pituitary MRI scan showed a moderate 
enlargement of  the pituitary gland, with 
heterogeneous contrast enhancement of 
this convex pituitary (.  Fig. 8.10a, b).

vv Rapidly after intravenous hydrocortisone, 
the patient felt better with normalization 
of  blood pressure. As symptoms such as 
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nausea and vomiting quickly resolved, 
the patient was immediately switched to 
oral replacement doses of  hydrocortisone. 
High-dose glucocorticoids were not given 
as the degree of  pituitary enlargement was 
mild to moderate and there was no optic 
chiasm compression.

vv Immunotherapy treatment was continued 
after few days of  delay in order to allow the 
patient to recover from his weakness. He 
remained on daily hydrocortisone 30  mg 
treatment (3 intakes of  10  mg per day) 

and received hydrocortisone education for 
adaptation to stress.

vv Testing for recovery of  pituitary function 
was performed every 3  weeks and results 
showed a rapid increase in testosterone 
and prolactin levels, with complete 
normalization after 2 months. Thyrotropin 
axis was stable and spontaneously 
improved at 6 weeks evaluation. However, 
ACTH deficiency did not recover. Low 
baseline cortisol levels (<10  nmol/L) and 
very low ACTH (<3  pg/mL) persisted 

.      . Fig. 8.10  Pituitary MRI of  immunotherapy-
induced hypophysitis: a day 3, coronal plane post-gado-
linium T1-weighted images; b day 3, sagittal plane of 
gadolinium T1-weighted images; c 3 months of  follow-

up, coronal plane post-gadolinium T1-weighted images; 
d 3 months of  follow-up, sagittal plane of  gadolinium 
T1-weighted images
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when evaluated at 3  months and after 
3 years interval.

vv A pituitary MRI was performed to check 
the pituitary evolution (and definitively 
rule out, in this context, the differential 
diagnosis of  pituitary metastasis). It 
showed a major decrease of  pituitary 
volume, with an aspect of  empty sella 
turcica (.  Fig.  8.10c, d). At the end of 
follow-up, 3  years later, pituitary MRI 
remained unchanged from the 3-month 
assessment.

?? What should we learn from this case report? 
Key points About immunotherapy-induced 
hypophysitis

55 Hypophysitis is a common adverse 
event in patients receiving immuno-
therapy, especially CTLA-4 inhibitor 
(ipilimumab) alone or in combination 
with PD-1 inhibitors (pembrolizumab or 
nivolumab) or PD-L1 inhibitors (atezoli-
zumab and durvalumab).

55 The most common presenting symptoms 
are headache, fatigue, asthenia, nausea, 
and hypotension. Gonadotropin, thy-
rotropin, and corticotropin deficiencies 
are common while diabetes insipidus 
and visual disturbances are rare.

55 MRI usually shows mild to moder-
ate enlargement of the pituitary gland 
in acute phase, and with resolution of 
hypophysitis, reduced pituitary volume 
or empty sella is observed. This evolu-
tion allows to rule out the differential 
diagnosis of brain metastases.

55 In case of corticotropin deficiency, 
glucocorticoid treatment is an emer-
gency. Systemic high-dose glucocorti-
coid treatment is not necessary unless 
the patient is experiencing compressive 
symptoms (impaired vision due to mass 
effect on optic chiasm).

55 After a short delay until the patient is 
clinically stable, continuation of immu-
notherapy is recommended.

55 Testing for recovery of pituitary func-

tion can be performed at 3–6  months 
interval, but corticotropin deficiency 
remains in most cases and requires 
treatment with replacement doses of 
glucocorticoids.

Acknowledgments  This study was sup-
ported by a grant from the Ministry of Science 
of Republic of Serbia (Project 175033).

Tips

The reader is advised to read the follow-
ing chapters: Hypopituitarism (7  Chap. 6), 
Acromegaly (7  Chap. 2), and Non-
functioning pituitary adenoma (7  Chap. 4).

Take Home Messages
55 Hypophysitis is a rare primary (idio-

pathic) or secondary inflammation of 
the pituitary gland, affecting adenohy-
pophysis, infundibulo-neurohypophysis, 
or both (panhypophysitis).

55 Hypophysitis can present with mass 
effect symptoms (headache, visual dis-
turbances, cranial nerve palsies) and/or 
pituitary dysfunction (hypopituitarism, 
hyperprolactinemia, diabetes insipidus).

55 The diagnosis of hypophysitis is based 
on clinical, hormonal, and radiological 
(MRI) data.

55 Magnetic resonance imaging is impor-
tant in differential diagnosis of hypoph-
ysitis from other neoplastic, infiltrative, 
or inflammatory diseases.

55 Biopsy and histopathology confirm the 
diagnosis and type of hypophysitis.

55 Glucocorticoids are drugs of choice for 
patients with severe compressive signs 
and symptoms.

55 Surgery may relieve compressive symp-
toms in patients who do not respond to 
glucocorticoids.

	 S. Pekic et al.



87 8

Suggested Reading

	1.	 Albarel F, Castinetti F, Brue T. Management of endo-
crine disease: immune check point inhibitors-induced 
hypophysitis. Eur J Endocrinol. 2019;181(3):R107–18. 
https://doi.org/10.1530/EJE-19-0169.

	2.	 Castinetti F, Albarel F, Archambeaud F, Bertherat 
J, Bouillet B, Buffier P, Briet C, Cariou B, Caron P, 
Chabre O, Chanson P, Cortet C, Do Cao C, Drui D, 
Haissaguerre M, Hescot S, Illouz F, Kuhn E, Lahlou 
N, Merlen E, Raverot V, Smati S, Verges B, Borson-
Chazot F.  French Endocrine Society Guidance on 
endocrine side effects of  immunotherapy. Endocr 
Relat Cancer. 2019;26(2):G1–G18. https://doi.
org/10.1530/ERC-18-0320.

	3.	 Gutenberg A, Bell JJ, Lupi I, Tzou SC, Landek-
Salgado MA, Kimura H, Su J, Karaviti LP, Salvatori 
R, Caturegli P.  Pituitary and systemic autoimmu-
nity in a case of  intrasellar germinoma. Pituitary. 
2011;14(4):388–94. https://doi.org/10.1007/s11102-
009-0187-x.

	4.	 Honegger J, Buchfelder M, Schlaffer S, Droste M, 
Werner S, Strasburger C, Störmann S, Schopohl J, 
Kacheva S, Deutschbein T, Stalla G, Flitsch J, 
Milian M, Petersenn S, Elbelt U, Pituitary Working 
Group of  the German Society of  Endocrinology. 
Treatment of  primary hypophysitis in Germany. J 
Clin Endocrinol Metab. 2015;100(9):3460–9. 
https://doi.org/10.1210/jc.2015-2146.

	5.	 Honegger J, Schlaffer S, Menzel C, Droste M, Werner 
S, Elbelt U, Strasburger C, Störmann S, Küppers A, 
Streetz-van der Werf C, Deutschbein T, Stieg M, 
Rotermund R, Milian M, Petersenn S, Pituitary 
Working Group of the German Society of 
Endocrinology. Diagnosis of primary hypophysitis in 
Germany. J Clin Endocrinol Metab. 
2015;100(10):3841–9. https://doi.org/10.1210/jc.2015-
2152.

	6.	 Kleinschmidt-DeMasters BK, Lillehei KO, 
Hankinson TC. Review of  xanthomatous lesions of 
the sella. Brain Pathol. 2017;27(3):377–95. https://
doi.org/10.1111/bpa.12498.

	7.	 Li G, ZHang C, Sun Y, Mu Q, Huang H. 
Xanthogranulomatous pituitary adenoma: a case 
report and literature review. Mol Clin Oncol. 2018; 

8(3):445–8. https://doi.org/10.3892/mco.2018.1547.
	8.	 Nagi S.  Primary hypophysitis. In: Bonneville JF, 

Bonneville F, Cattin F, Nagi S, editors. MRI of  the 
pituitary gland. Cham: Springer; 2016. p. 283–91.

	9.	 Nakata Y, Sato N, Masumoto T, Mori H, Akai H, 
Nobusawa H, Adachi Y, Oba H, Ohtomo 
K.  Parasellar T2 dark sign on MR imaging in 
patients with lymphocytic hypophysitis. Am J 
Neuroradiol. 2010;31(10):1944–50. https://doi.
org/10.3174/ajnr.A2201.

	10.	 Nishioka H, Shibuya M, Ohtsuka K, Ikeda Y, 
Haraoka J. Endocrinological and MRI features of 
pituitary adenomas with marked xanthogranuloma-
tous reaction. Neuroradiology. 2010;52(11):997–
1002. https://doi.org/10.1007/s00234-010-0675-8.

	11.	 Pekic S, Bogosavljevic V, Peker S, Doknic M, Miljic 
D, Stojanovic M, Skender Gazibara M, Manojlovic 
Gacic E, Popovic V. Lymphocytic hypophysitis suc-
cessfully treated with stereotactic radiosurgery: case 
report and review of  the literature. J Neurol Surg A 
Cent Eur Neurosurg. 2018;79(1):77–85. https://doi.
org/10.1055/s-0037-1604079.

	12.	 Prete A, Salvatori R.  Hypophysitis. In: Feingold 
KR, Anawalt B, Boyce A, Chrousos G, Dungan K, 
Grossman A, Hershman JM, Kaltsas G, Koch C, 
Kopp P, Korbonits M, McLachlan R, Morley JE, 
New M, Perreault L, Purnell J, Rebar R, Singer F, 
Trence DL, Vinik A, Wilson DP, editors. Endotext 
[Internet]. South Dartmouth: MDText.com, Inc.; 
2000. -.2018 Aug 15.

	13.	 Ved R, Logier N, Leach P, Davies JS, Hayhurst 
C.  Pituitary xanthogranulomas: clinical features, 
radiological appearance and post-operative out-
comes. Pituitary. 2018;21(3):256–65. https://doi.
org/10.1007/s11102-017-0859-x.

	14.	 Zhou X, Zhu H, Yao Y, Lian X, Feng F, Wang L, 
Liu S, Deng K, You H, Yang H, Lu L. Etiological 
spectrum and pattern of  change in pituitary stalk 
thickening: experience in 321 patients. J Clin 
Endocrinol Metab. 2019;104(8):3419–27. https://
doi.org/10.1210/jc.2018-02297.

Hypophysitis

https://doi.org/10.1530/EJE-19-0169
https://doi.org/10.1530/ERC-18-0320
https://doi.org/10.1530/ERC-18-0320
https://doi.org/10.1007/s11102-009-0187-x
https://doi.org/10.1007/s11102-009-0187-x
https://doi.org/10.1210/jc.2015-2146
https://doi.org/10.1210/jc.2015-2152
https://doi.org/10.1210/jc.2015-2152
https://doi.org/10.1111/bpa.12498
https://doi.org/10.1111/bpa.12498
https://doi.org/10.3892/mco.2018.1547
https://doi.org/10.3174/ajnr.A2201
https://doi.org/10.3174/ajnr.A2201
https://doi.org/10.1007/s00234-010-0675-8
https://doi.org/10.1055/s-0037-1604079
https://doi.org/10.1055/s-0037-1604079
https://doi.org/10.1007/s11102-017-0859-x
https://doi.org/10.1007/s11102-017-0859-x
https://doi.org/10.1210/jc.2018-02297
https://doi.org/10.1210/jc.2018-02297


89

© Springer Nature Switzerland AG 2021
P. Igaz (ed.), Practical Clinical Endocrinology, https://doi.org/10.1007/978-3-030-62011-0_9

Diabetes Insipidus
Eleonora Seelig and Jonas Rutishauser

Contents

�Suggested Reading – 98

9

https://doi.org/10.1007/978-3-030-62011-0_9#DOI
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-62011-0_9&domain=pdf


90

9

Opening
This chapter will discuss basic aspects of 
fluid homeostasis, focusing on the clinical 
features and differential diagnosis of 
diabetes insipidus.

Definition of the Disease

The term diabetes insipidus (DI, “tasteless 
water flow”) refers to the production of 
large amounts of  diluted urine. Defects in 
the antidiuretic mechanism cause water 
diuresis in DI, as opposed to the solute 
diuresis seen, e.g., in uncontrolled diabetes 
mellitus (“sweet water flow”).

�Case Presentation

A 57-year-old male patient presented with a 
history of several years with increased thirst 
and production of massive amounts of urine, 
presently measured to be 12 liters in 24 hours. 
He needed to void and drink every 1–2 hours, 
causing fragmentation of his sleep and con-
sequent exhaustion. Six years earlier, type 2 
diabetes mellitus had been diagnosed. The 
patient was on treatment with metformin, 
dapagliflozin, insulin degludec, dulaglutide, 
aspirin, and lisinopril. It had been suggested 
to him that his symptoms probably originated 
from his diabetes mellitus and the treatment 
with dapagliflozin, an inhibitor of the renal 
sodium-glucose cotransporter (SGLT) 2, which 
causes glucosuria and slight volume deple-
tion and can consequently lead to increased 
thirst. He consulted his family physician, who 
ordered a magnetic resonance tomography of 
the hypothalamic-pituitary region. No supra-
sellar mass was seen, but a thickened pituitary 
stalk and an abnormal appearance of the pos-
terior pituitary were noted, with a lack of the 
characteristic neurohypophyseal “bright spot.” 
The patient’s glycated hemoglobin was 7.3%, a 
random serum sodium value was 142 mmol/L 
(normal, 135–145), and, as expected, glucos-
uria was present in urinalysis.

The patient was asked to refrain from 
drinking overnight. On the following morning, 

after 13 hours of thirsting, serum sodium was 
144  mmol/L, glucose 11.6  mmol/L (normal 
below 5.5), serum osmolality 309  mOsm/kg, 
and spot urine osmolality 349 mOsm/kg (nor-
mal, above ~2.5-fold serum osmolality). The 
concomitant serum copeptin concentration 
was 1.8 pM.

A diagnosis of pituitary diabetes insipidus 
was made. Although the current 24-hour urine 
production was high (114 ml/kg), it could not 
be concluded with certainty whether a partial 
form was present, which was suggested by the 
urine osmolality slightly exceeding that in the 
serum, because the interpretation of the rele-
vant values was hampered by the hyperglyce-
mia and iatrogenic glucosuria, respectively.

The patient was started on 10  μg of the 
synthetic vasopressin analog desmopressin 
intranasally. He reported an immediate relief  
of his symptoms, a reduction of the 24-hour 
urine quantity to 3–4 liters, and a complete 
cessation of his nocturia. Regarding the altera-
tion of the pituitary abnormality on magnetic 
resonance imaging (MRI), the differential 
diagnosis included lymphocytic infundibulo-
neurohypophysitis, sarcoidosis, neoplastic dis-
ease, or a congenital anomaly. A conservative 
wait-and-see strategy was advised. 8  months 
later, the patient died unexpectedly while at 
work.
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?? What are the signs and symptoms of DI?

vv In untreated DI, the production of large 
amounts of urine, polyuria, is the main 
sign, and excessive thirst, polydipsia, is the 
cardinal symptom (hence the term “poly-
uria-polydipsia syndrome”). As seen in our 
case description, patients typically void 
often also during the night, leading to frag-
mented sleep and daytime sleepiness. It is 
important to realize that an intact thirst 
mechanism is necessary to maintain fluid 
equilibrium. Thus, in some rare instances 
where DI results from damage also affect-
ing the hypothalamic “thirst center,” such 
as postoperative states after removal of 
midline lesions, patients may not sense 
thirst (adipsia) and are in danger of rapid, 
potentially fatal dehydration. Chronic 
dehydration in children with congenital DI 
results in cognitive deficits and/or failure to 
thrive. While DI per se is not dangerous as 
long as there is unrestricted access to fluids, 
insufficiently controlled polyuria over pro-
longed periods of time may result in dila-
tion of the descending urinary tract. This 
can cause vesicoureteral reflux, facilitating 
recurrent urinary tract infections.

?? Which other diseases may mimic DI?

vv As patients may not be aware of the distinc-
tion between polyuria and pollakisuria (fre-
quent small voids), the presence of urinary 
tract infection should be evaluated by med-
ical history and urinalysis. Glucosuria caus-
ing solute diuresis in uncontrolled diabetes 
mellitus should always be sought. As evi-
denced by our case description, glucosuria 
is induced by SGLT-2 inhibitors, which can 

complicate the interpretation of urinary 
volume and osmolality values. Solute diure-
sis may also be caused by the excretion of 
electrolytes, e.g., after administration of 
large quantities of intravenous saline, by 
mannitol, or by urea.

?? What causes DI?

vv The antidiuretic hormone arginine vaso-
pressin (AVP) regulates the reabsorption of 
free water in the kidney. It is synthesized as 
a prohormone in specialized cells of the 
supraoptic and paraventricular nuclei of 
the hypothalamus (.  Fig. 9.1). Pro-AVP is 
sorted into neurosecretory granules and 
transported along axons extending to the 
posterior pituitary, where the granules are 
stored in the cytoplasm. During transport, 
the prohormone is processed to the AVP 
nonapeptide, the carrier protein neurophy-
sin II (NPII), and a C-terminal glycopep-
tide called copeptin (.  Fig. 9.2). The main 
physiological stimuli for granule fusion 
with the plasma membrane and the co-
secretion of AVP, NPII, and copeptin into 
the systemic circulation are hyperosmolal-
ity and hypovolemia. Unspecific stimuli 
include pain, situations of stress (e.g., acute 
illness or an operation), or nausea. AVP 
exerts its antidiuretic effect by binding to 
the renal type 2 receptor (arginine vasopres-
sin receptor 2, AVPR2), which is expressed 
at the basolateral membrane of collecting 
duct cells. AVP binding activates a signal 
cascade resulting in the insertion of aqua-
porin-2 “water channel” proteins into the 
apical cell membrane, allowing the influx of 
H

2O molecules from the luminal side into 
the cells and on to the interstitial space 

.      . Fig. 9.1  Schematic representation of  the vasopres-
sin precursor hormone. Amino acid (aa) residues are 
indicated with the single letter code. The preprohor-
mone consists of  the signal peptide (21 aa; gray), the 
nonapeptide vasopressin (pink), a 93-aa carrier protein, 

neurophysin II (green), and the C-terminal glycopeptide 
of  39 aa (blue). Red dots represent cysteine residues, red 
lines intramolecular disulfide bridges. The precursor 
contains one N-linked glycosylation site, indicated by 
the black diamond
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through other aquaporin channels located 
at the basolateral membrane. This urine-
concentrating mechanism is very sensitive 
and also very dynamic due to the short 
half-life of AVP, allowing rapid responses 
to changes in blood volume and osmolality. 
(It is interesting to note that AVP is one of 
the most potent vasoconstricting molecules, 
but this effect is mediated by another recep-
tor, AVPR1. Due to the many other vaso-
constrictor substances in the body, the 
absence of AVP, however, is not manifested 
by defects in vasoconstriction.)

vv There is a broad differential diagnosis of 
DI (.  Table 9.1), which may be caused by 

one of four basic pathomechanisms. In cen-
tral or pituitary (neurohypophyseal) DI, 
synthesis and secretion of AVP is decreased 
or absent, most often due to a local destruc-
tive or infiltrating process. Nephrogenic DI, 
on the other hand, results from impaired 
response of the kidney to AVP.  In adults, 
nephrogenic DI is usually acquired and 
often reversible, e.g., as a consequence of 
tubular ischemia or transient conditions 
that alter the sensitivity of the AVPR2, 
such as electrolyte disorders (hypokalemia, 
hypercalcemia) or certain drugs. Idiopathic 
and genetic forms occur in both pituitary 
and renal DI.

vv In gestational DI, circulating AVP levels are 
decreased due to the degradation by a pla-
cental vasopressinase. Polyuria and poly-
dipsia may manifest in the absence of other 
disorders, but preexisting subclinical DI 
may also be unmasked during pregnancy, 
prompting a first diagnosis of underlying 
pituitary or nephrogenic DI.  The fourth 
type of DI is primary polydipsia, which is 
caused by physiologically suppressed AVP 
secretion owing to habitual intake of large 
quantities of fluid. This may occur in the 
context of psychiatric illness (psychogenic 
DI) or due to increased thirst sensation 
(dipsogenic DI).

?? How do we diagnose DI?

vv After a detailed medical history, the first 
diagnostic step is always to confirm the 
presence of hypotonic polyuria. This is par-
ticularly important, since patients tend to 
misjudge the amount of urine they void. 
They should therefore be instructed on how 
to correctly collect a 24-hour urine sample 
and ideally also quantify their p.o. liquid 
intake. Various definitions of polyuria 
exist. In adults, it is generally defined as the 
production of >45–50  ml urine/kg body 
weight in 24  hours under ad libitum fluid 
supply. If  this is the case solute diuresis is 
excluded, and the 24-hour urine osmolality 
is <300  mOsm/kg, the diagnosis is con-
firmed. The next step is to differentiate 
which of the DI types is present. In this 

.      . Fig. 9.2  Synthesis, axonal transport, and regulated 
secretion of  AVP. A schematic of  a magnocellular neu-
ron with the nucleus (N), endoplasmic reticulum (ER; 
blue), and Golgi apparatus (red) is shown. The prepro-
hormone is synthesized into the ER lumen, where the 
signal sequence is cleaved, the precursor folds, and gly-
cosylation occurs. After transport through the Golgi 
apparatus, the prohormone self-aggregates in the trans-
Golgi network and forms secretory granules (red dots), 
which are transported along axons extending to the pos-
terior pituitary. During this transport, proteolytic pro-
cessing occurs, yielding AVP, NPII, and copeptin. The 
granules are stored within the nerve endings and fuse 
with the plasma membrane after an electrical trigger 
precipitated by an appropriate stimulus (e.g., hyperos-
molality). This leads to secretion of  the three proteins 
into neighboring capillaries (C)
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respect, it is important to realize that the 
picture is not always black and white. As 
indicated in our case presentation, partial 
forms of both central and nephrogenic 
forms exist. These patients can concentrate 
their urine to a certain degree (typically to 
less than ~2.5-fold the concomitant serum 
osmolality), but not enough to preclude 
polyuria. To complicate things further, 
chronic polyuria hampers even the healthy 
kidney’s capacity to concentrate the urine, 
because prolonged high fluid throughput 
reduces the corticomedullary osmogradient 
needed for maximum AVP-driven water 
reabsorption (so-called washout phenome-
non).

?? What is the classical test to diagnose DI?

vv Depending on the patient’s history (e.g., 
polyuria following pituitary surgery; DI 
manifesting de novo in pregnancy; DI in 
children), it may be unnecessary or even 
dangerous to perform formal testing. In 
pituitary and renal DI, random plasma 
sodium concentrations tend to be high, 
whereas borderline hyponatremia is 
expected in primary polydipsia. These val-
ues are of course insufficient for a reliable 
diagnosis, and a standard test is often 
needed.

vv The idea is to stimulate the antidiuretic sys-
tem by inducing a hyperosmolar state and 
to assess the renal response to this stimulus 
by measuring urine output and osmolality. 
Traditionally, the indirect water deprivation 

.      . Table 9.1  Differential diagnosis of  diabetes insipidus

DI type Underlying causes

Pituitary/
neurohypophyseal

Head trauma, operations
Neoplastic disease (e.g., malignant metastases, germinoma, craniopharyngioma, 
pituitary adenoma)
Infections
Ischemia (e.g., Sheehan’s syndrome)
Hemorrhage
Autoimmune disease (e.g., neurohypophysitis, lupus erythematosus)
Granulomatous disorders (sarcoidosis, histiocytosis)
Congenital malformations
Brain edema (e.g., brain death)
Hereditary
Idiopathic

Renal Ischemic tubulopathy (e.g., tubular necrosis; sickle cell crisis)
Drug-induced (e.g., lithium; aminoglycosides, cisplatin)
Electrolyte disorders: hypokalemia, hypercalcemia
Post-obstructive (transient tubular damage)
Infiltrating disorders (e.g., amyloidosis, sarcoidosis)
Malignancy
Hereditary
Idiopathic

Gestational Increased AVP degradation by placental vasopressinase

Primary polydipsia Increased thirst in somatic illness (dipsogenic; e.g., meningitis, sarcoidosis, multiple 
sclerosis)
Excessive habitual drinking in mental illness (psychogenic; e.g., schizophrenia, 
obsessive-compulsive disorder)
Increased fluid intake in healthy individuals (lifestyle habit, e.g., in 
health-conscious persons)
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test, with or without infusion of hyper-
tonic saline, has been performed. Body 
weight, urine excretion, and plasma and 
urine osmolalities are measured every hour 
throughout the test. All fluids are refrained 
until a plasma osmolality of ≥300 mOsm/kg 
or sodium concentration of ≥150 mmol/L 
is reached (exact cutoffs vary in different 
protocols); if  necessary, hypertonic saline 
is infused to reach these values. Failure to 
concentrate the urine above 300 mOsm/kg 
despite adequate osmotic stimulation con-
firms a severe defect in antidiuresis.

?? How can we differentiate between pituitary 
and nephrogenic DI?

vv Synthetic AVP is injected at the end of the 
test, and the effect on urine volume and 
osmolality are again measured. If  urine 
osmolality increases by at least 50% after 
synthetic AVP administration, the diagno-
sis of pituitary DI can be established.

?? Is direct testing using AVP measurements 
useful in the diagnosis of DI?

vv The interpretation of the indirect test may be 
difficult, not least because there is large over-
lap of urine osmolalites between partial DI 
forms and primary polydipsia. AVP mea-
surements have therefore been advocated to 
increase diagnostic accuracy. However, pre-
analytic requirements are cumbersome, and 
reliable AVP assays, such as published radio-
immunoassays used by specialized research 
laboratories, are not readily available. More-
over, AVP concentrations also show overlap 
in patients with primary polydipsia and par-
tial pituitary or renal DI. For these reasons, 
AVP measurements have not been intro-
duced into clinical routine in most hospitals 
and outpatient clinics.

?? What are promising novel diagnostic ap-
proaches?

vv As opposed to AVP, copeptin is stable ex vivo 
and can be readily measured in serum or 
plasma samples with a commercially available 

enzyme-linked immunosorbent assay. Since 
copeptin is stoichiometrically co-secreted 
with AVP, its concentration in the blood 
serves as useful surrogate marker for circulat-
ing AVP.  Consequently, recent publications 
have established copeptin-based diagnostic 
procedures. High baseline serum/plasma lev-
els (>21.4 pmol/L) are diagnostic for renal DI, 
making further stimulatory tests unnecessary. 
In differentiating central DI from primary 
polydipsia, strenuous thirsting can be avoided 
if hyperosmolality is induced by intravenous 
infusion of hypertonic saline; copeptin levels 
are >4.9 pmol/L in primary polydipsia, but lie 
below this value in central DI, yielding a high 
diagnostic accuracy. Even more elegantly 
perhaps, the antidiuretic system can be stimu-
lated using the arginine infusion test, which 
is traditionally applied for evaluation of the 
growth hormone reserve. Using specific base-
line and stimulated copeptin cutoff values, 
the various forms of DI can be distinguished, 
again with high accuracy.

vv A detailed overview over the various stimu-
lation tests in the diagnosis of DI is given in 
the references by Timper et al. [10], Fenske 
et al. [6], and Winzeler et al. [11].

?? Stimulation tests are elaborate – is there no 
easier way to a diagnosis?

vv Plasma samples for measuring baseline 
copeptin plasma concentrations can be 
obtained during outpatient visits. Of the 
abovementioned stimulatory tests, the argi-
nine infusion test might prove to be feasible 
for office use. Procedures involving hyperos-
molality are potentially dangerous, usually 
necessitating hourly blood sampling and 
patient monitoring in a hospital-based set-
ting. In selected adult patients without ran-
dom hypernatremia, as was the case in our 
patient described above, but with a random 
copeptin concentration of <21.4 pmol/L, an 
overnight thirst test might be undertaken. 
The patient refrains from drinking after 
22–24 hours until the office visit early next 
morning. No urine collection is needed; 
the first morning urine portion is voided 

	 E. Seelig and J. Rutishauser



95 9

at home. In the office, serum or plasma 
sodium and osmolality are measured, along 
with the osmolality in the simultaneously 
obtained second urine portion. It is impor-
tant to collect this portion shortly after the 
first void at home, since concomitant serum 
or plasma and urine osmolalities are needed 
for correct interpretation. Provided ade-
quate stimulation (as evidenced by serum/
plasma osmolality >300  mOsm/kg and/
or sodium concentration >150  mmol/L), 
a urine osmolality below ~2.5-fold that 
in plasma or serum confirms a defect in 
antidiuresis. The serum/plasma copeptin 
concentration can then be used to differen-
tiate between primary polydipsia and cen-
tral DI. It should be stressed, however, that 
this overnight testing is not without risk 
of dehydration and hyperosmolality; it is 
not indicated in children. Also, in the case 
of partial antidiuretic failure, an adequate 
stimulus may not be achieved, making 
subsequent formal testing necessary. Con-
sidering these caveats and constraints, the 
overnight thirst test should certainly not be 
the diagnostic standard.

?? What is the role of imaging in diagnosing 
neurohypophyseal DI?

vv In most healthy subjects, the posterior 
pituitary appears as a hyperintense struc-
ture on native T1-weighted MRÌ. The sig-
nal is believed to result from neurovesicles 
stored in the endings of  vasopressinergic 
neurons. Typically, but not universally, this 
so-called “bright spot” is lacking in 
patients with pituitary DI (.  Fig.  9.3). 
Notably, however, its prevalence decreases 
with age in normal individuals. Thus, 
absence of  the “bright spot” may be a use-
ful aspect in the workup of  polyuria/poly-
dipsia, but it is neither sensitive nor specific 
enough to base the diagnosis of  central DI 
on this finding alone.

vv Apart from revealing imaging character-
istics of  the neurohypophysis, MRI of  the 
hypothalamus/pituitary region is per-
formed to identify potential causes of  cen-
tral DI, e.g., suprasellar or sellar masses or 

thickening of  the infundibulum, as in lym-
phocytic infundibulo-neurohypophysitis 
and other disorders.

?? What are general aspects in the treatment of 
DI?

vv It is important to make the correct differen-
tial diagnosis in polyuria/polydipsia syn-
drome, because treatment strategies in 
terms of fluid management are converse in 
pituitary and nephrogenic DI (ample fluids 
must be available) as opposed to primary 
polydipsia (fluid restriction should be pur-
sued). Choosing the correct treatment path 
is essential to avoid situations of severe de- 
or hyperhydration, which may be danger-
ous for the patient. Whether DI is complete 
or partial, i.e., whether the urine concen-
trating mechanism is completely abolished 
or remains partially intact, does not change 
the general therapeutic strategy. Theoreti-
cally, pharmacological therapy is not man-
datory as long as ad libitum access to fluids 
is granted. However, daily urine volume 
may reach up to ~20 liters in severe forms 
of DI, necessitating drug treatment, partic-
ularly if  DI onset is sudden, such as after 
brain trauma damaging the pituitary gland.

.      . Fig. 9.3  Sagittal T1-weighted native magnetic reso-
nance image of a 28-year-old female with familial neuro-
hypophyseal diabetes insipidus. A small “bright spot” is 
clearly present (white arrow), despite clinical symptoms 
and a genetic cause confirmed by mutational analysis
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?? How should renal DI be treated?

vv In many instances, renal DI is functional 
and transient in nature, and treatment 
focuses primarily on fluid replacement and 
management of electrolyte disturbances. If  
it is possible to eliminate underlying causes, 
polyuria will subside spontaneously, which 
may take weeks in the case of tubulopathy 
due to ischemic or toxic impact. If  persist-
ing DI is present, the situation is more chal-
lenging, since – unlike in pituitary DI – there 
is no specific replacement therapy available. 
The basic strategy consists of adequate 
fluid supply on the one hand and the 
attempt to reduce fluid loss on the other. A 
thiazide diuretic may be administered, 
which seems counterintuitive but will result 
in mild chronic dehydration and thus reduc-
tion of the glomerular filtration rate (GFR) 
and at the same time maximal stimulation 
of the potentially remaining antidiuretic 
capacity. Nonsteroidal anti-inflammatory 
drugs, e.g., indomethacin, increase epithe-
lial water permeability, resulting in an AVP-
synergistic effect. They also cause 
vasoconstriction in the vas afferens of the 
glomerulum, thereby reducing the GFR 
and promoting salt and water reabsorption 
in distal segments of the nephron. Obvi-
ously, these pharmacologic approaches do 
not represent a causative treatment, and the 
renal function must be closely monitored. 
Lithium-induced nephrogenic DI, in which 
the abundance of aquaporin-2 molecules is 
decreased, is treated with hydrochlorothia-
zide and amiloride, taking advantage of the 
apparent amiloride-mediated inhibition of 
lithium influx into collecting duct cells 
through epithelial sodium channels.

vv In the case of inherited (X-linked) nephro-
genic DI due to the retention of mutated 
AVPR2 molecules in the endoplasmic retic-
ulum (ER), cell-permeable AVP antagonists 
have been used as pharmacological chaper-
ones in cell culture and small clinical studies, 
promoting ER escape and insertion of the 
receptor in the basolateral cell membrane. 
Although promising, this approach has not 
been introduced into clinical routine.

?? What is the treatment for pituitary DI?

vv The synthetic AVP analog 1-desamino-8-D-
arginine-vasopressin (DDAVP; desmopres-
sin) is the drug of choice. DDAVP is 
available as nasal spray or drops, regular 
tablets, or sublingual “melt” tablets. The 
injectable formulation is used for diagnostic 
purpose in the water deprivation/hyper-
tonic saline test, as described above. As 
compared to the physiological AVP mole-
cule, DDAVP has much less vasoconstrictor 
effects and an extended half-life of ~2–5 to 
4.5 hours. In autosomal dominant neurohy-
pophyseal DI, symptoms manifest subtly 
and develop gradually over months to years 
before finally severe disease is present. 
There have been reports on patients with 
this form of DI who have grown accus-
tomed to polyuria and therefore do not 
receive regular treatment, using DDVP 
only if  indicated for social reasons.

?? What are treatment options for primary 
polydipsia?

vv Since urinary output capacity depends on 
urinary solute excretion, a well-balanced 
nutrition is important to avoid potentially 
harmful hyponatremia. Fluid restriction is 
the causative therapy in primary polydip-
sia, which is obviously difficult to achieve 
due to the nature of the disorder. Underly-
ing diseases promoting dipsogenic DI by 
affecting the hypothalamic thirst mecha-
nism should be treated. Drugs such as pro-
pranolol or bupropion have been suggested 
to reduce polydipsia, but there is little high-
quality evidence on treatment options in 
psychogenic DI. Tolvaptan, a non-peptide 
AVPR2 antagonist (also evaluated in the 
treatment of vasopressin overproduction; 
see next chapter), has been reported to cor-
rect hyponatremia in schizophrenic 
patients, but there are no large trials avail-
able to warrant routine use of this treat-
ment. Antipsychotic drugs may reduce the 
urge to drink resulting from schizophrenia 
or obsessive-compulsive disorder; on the 
other hand, common anticholinergic side 
effects of antipsychotic substances include 
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dryness of the mouth, which increases the 
thirst sensation. In these cases, regular 
moistening should be pursued.

?? What are the caveats and complications in 
the management of DI?

vv As mentioned above, a critical point is the 
correct distinction between primary poly-
dipsia and the other forms of DI, in which 
fluid restriction would be detrimental. 
Patients with psychogenic polydipsia and 
attacks of binge drinking are in danger of 
water intoxication and the central nervous 
complications of acute hyponatremia 
(altered mental state, seizures, coma, even 
death). Acute illnesses with extensive loss 
of fluids (diarrhea, vomiting, febrile states) 
and high ambient temperatures can lead to 
dehydration and hypernatremia if  liquid 
intake does not match the deficit and if, in 
case of central DI, DDAVP doses are not 
adjusted accordingly. Patients in whom the 
thirst mechanism is damaged are especially 
prone to hypo- and hypernatremic compli-
cations. If  thirst perception is intact, we 
advise patients to drink in accordance with 
thirst sensation, rather than ahead, in order 
to avoid water intoxication. Infants with 
neonatal DI are especially endangered for 
acute, potentially lethal dehydration, par-
ticularly if  there is no initial suspicion of 
DI because of absent family history.

?? What do we know about genetic forms of 
DI?

vv There are several monogenic types of 
hereditary DI, all of which are quite rare. 
The most common among them is X-linked 
nephrogenic DI due to mutations in the 
gene encoding AVPR2, but mutations in 
the aquaporin-2 gene with autosomal reces-
sive or dominant transmission have very 
rarely been described. Hereditary central 
DI is caused by mutations in the AVP gene 
and is most commonly inherited in an auto-
somal dominant fashion; recessive disease 
is exceedingly rare. A genetic basis for DI 
should be considered in every child or 
young adult in whom signs and symptoms 

occur without evident cause. This is true 
even in patients without a family history, 
because mutations can occur de novo. 
Genetic testing is always advised if  a hered-
itary cause is possible, as well as in siblings 
of affected patients.

vv Genetically determined DDAVP-respon-
sive DI may also be a component of a dis-
order called Wolfram syndrome or 
DIDMOAD (diabetes insipidus, diabetes 
mellitus, optic atrophy, deafness), a com-
plex, progressive neurodegenerative disease 
resulting from mutations in the wolframin 
(WFS-1) gene. Recently, mutations in the 
gene encoding proprotein convertase sub-
tilisin/kexin type 1 (PCSK1) have been 
identified in children with diarrhea and 
various endocrine disorders, among them 
DDAVP-sensitive DI.

vv A more in-depth overview over the genetic 
forms of DI is given in the references by 
Christensen et  al. [5], Bichet and Bocken-
hauer [2], and Spiess et al. [9].

Tips

The reader is advised to read the chapter 
on hypopituitarism (7  Chap. 6) and the 
subsequent chapter on the syndrome of 
antidiuretic hormone overproduction and 
management of  hyponatremia.

Take-Home Messages
55 There are four basic forms of diabetes 

insipidus: pituitary (central) DI due to 
inadequate production and release of 
AVP; nephrogenic DI due to impaired 
sensitivity of the kidney to the antidi-
uretic action of AVP; primary polydipsia, 
in which AVP secretion is physiologically 
suppressed by excessive fluid intake; and 
gestational DI, resulting from enzymatic 
degradation of AVP by placental vaso-
pressinase.
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55 The presence of hypotonic polyuria 
(24-hour urine production >45–50  ml/
kg body weight; urine osmolality 
<300 mOsm/kg) proves a severe defect 
in antidiuresis.

55 Formal stimulatory tests by water 
deprivation and/or hypertonic saline 
infusion should be performed in a hos-
pital setting; in selected patients, an 
overnight thirst test may be warranted.

55 The diagnosis or exclusion of primary 
polyuria is important, since water depri-
vation should be pursued, which would 
be contraindicated and potentially dan-
gerous in pituitary or nephrogenic DI.

55 Nephrogenic and pituitary DI can be 
differentiated from primary polydipsia 
by measuring baseline and stimulated 
plasma or serum copeptin levels, respec-
tively.

55 Pituitary DI is treated with the syn-
thetic AVP analog DDAVP. Therapy of 
persisting nephrogenic DI is more chal-
lenging; drugs used in this setting 
include nonsteroidal anti-inflammatory 
agents, thiazide diuretics, and amiloride.

55 Hereditary forms of DI should be con-
sidered in symptomatic infants and 
young adults, even in the absence of a 
family history. Untreated neonatal 
nephrogenic DI can lead to rapid, 
potentially lethal dehydration.

55 If  hereditary DI is considered possible 
or likely, genetic testing should be per-
formed.

Suggested Reading

	1.	 Adams NC, Farrell TP, O’Shea A, O’Hare A, 
Thornton J, Power S, Brennan P, Looby 
S.  Neuroimaging of  central diabetes insipidus—
when, how and findings. Neuroradiol. 2018;60:995–
1012. https://doi.org/10.1007/s00234-018-2072-7.

	2.	 Bichet DG, Bockenhauer D. Genetic forms of  neph-
rogenic diabetes insipidus (NDI): vasopressin recep-
tor defect (X-linked) and aquaporin defect 
(autosomal recessive and dominant). Best Pract Res 
Clin Endocrinol Metab. 2016;30:263–76. https://doi.
org/10.1016/j.beem.2016.02.010.

	3.	 Bockenhauer D, Bichet DG. Pathophysiology, diag-
nosis and management of  nephrogenic diabetes 
insipidus. Nat Rev Nephrol. 2015;11:576–88. https://
doi.org/10.1038/nrneph.2015.89.

	4.	 Christ-Crain M, Bichet DG, Fenske WK, Goldman 
MB, Rittig S, Verbalis JG, Verkman AS.  Diabetes 
insipidus. Nat Rev Dis Primers. 2019;5(1):54. 
https://doi.org/10.1038/s41572-019-0103-2.

	5.	 Christensen JH, Rittig S., Weiss RE, Refetoff  
S. Chapter 5 Diabetes insipidus (2016) In: Weiss RE, 
Refetoff  S. Genetic diagnosis of endocrine disorders, 
2nd edition, Elsevier. Saint Louis, 93–101. doi: 
https://doi.org/10.1016/B978-0-12-800892-8.00005-1

	6.	 Fenske W, Refardt J, Chifu I, Schnyder I, Winzeler 
B, Drummond J, Ribeiro-Oliveria A Jr, Drescher T, 
Bilz S, Vogt DR, Malzahn U, Kroiss M, Christ E, 
Henzen C, Fischli S, Tönjes A, Mueller B, Schopohl 
J, Flitsch J, Brabant G, Fassnacht M, Christ-Crain 
M. A copeptin-based approach in the diagnosis of 
diabetes insipidus. N Engl J Med. 2018;379:428–39. 
https://doi.org/10.1056/NEJMoa1803760.

	7.	 Robertson GL. Diabetes insipidus: differential diag-
nosis and management. Best Pract Res Clin 
Endocrinol Metab. 2016;30:205–18. https://doi.
org/10.1016/j.beem.2016.02.007.

	8.	 Sailer CO, Winzeler B, Christ-Crain M.  Primary 
polydipsia in the medical and psychiatric patient: 
characteristics, complications and therapy. Swiss 
Med Wkly. 2017;147:w14514. https://doi.
org/10.4414/smw.2017.14514.

	9.	 Spiess M, Beuret N, Rutishauser J. Genetic forms of 
neurohypophyseal diabetes insipidus. Best Pract Res 
Clin Endocrinol Metab. 2020. in press.

	10.	 Timper K, Fenske W, Kühn F, Frech N, Arici B, 
Rutishauser J, Kopp P, Allolio B, Stettler C, Müller 
B, Katan M, Christ-Crain M. Diagnostic accuracy of 
copeptin in the differential diagnosis of the polyuria-
polydipsia syndrome: a prospective multicenter study. 
J Clin Endocrinol Metab. 2015;100:2268–74. https://
doi.org/10.1210/jc.2014-4507.

	11.	 Winzeler B, Cesana-Nigro N, Refardt J, Vogt DR, 
Imber C, Morin B, Popovic M, Steinmetz M, Sailer 
CO, Szinnai G, Chifu I, Fassnacht M, Christ-
Crain M.  Arginine-stimulated copeptin measure-
ments in the differential diagnosis of  diabetes 
insipidus: a prospective diagnostic study. Lancet. 
2019;394:587–95. https://doi.org/10.1016/S0140-
6736(19)31255-3.

	 E. Seelig and J. Rutishauser

https://doi.org/10.1007/s00234-018-2072-7
https://doi.org/10.1016/j.beem.2016.02.010
https://doi.org/10.1016/j.beem.2016.02.010
https://doi.org/10.1038/nrneph.2015.89
https://doi.org/10.1038/nrneph.2015.89
https://doi.org/10.1038/s41572-019-0103-2
https://doi.org/10.1016/B978-0-12-800892-8.00005-1
https://doi.org/10.1056/NEJMoa1803760
https://doi.org/10.1016/j.beem.2016.02.007
https://doi.org/10.1016/j.beem.2016.02.007
https://doi.org/10.4414/smw.2017.14514
https://doi.org/10.4414/smw.2017.14514
https://doi.org/10.1210/jc.2014-4507
https://doi.org/10.1210/jc.2014-4507
https://doi.org/10.1016/S0140-6736(19)31255-3
https://doi.org/10.1016/S0140-6736(19)31255-3


99

© Springer Nature Switzerland AG 2021
P. Igaz (ed.), Practical Clinical Endocrinology, https://doi.org/10.1007/978-3-030-62011-0_10

Syndrome of Inappropriate 
Antidiuretic Hormone 
Secretion (SIADH, SIAD) 
and the Clinical 
Management 
of Hyponatremia
Ivica Lazúrová

Contents

�Suggested Reading – 110

10

https://doi.org/10.1007/978-3-030-62011-0_10#DOI
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-62011-0_10&domain=pdf


100

10

Opening
Oversecretion of antidiuretic hormone 
(ADH, vasopressin) is a common cause of 
hyponatremia in both hospitalized and 
ambulatory patients. In the physiological 
setting, antidiuretic hormone is produced 
by the hypothalamus and released by the 

posterior pituitary. However, ADH can also 
be secreted by tumors as a paraneoplastic 
endocrine syndrome, or can be increased 
due to various pathologic processes and use 
of drugs. This chapter discusses hyponatre-
mia, its clinical management, and the syn-
drome of inappropriate ADH secretion.

�Case Report

A 55-year-old man, smoker, was admitted to 
our Department of Internal Medicine because 
of unconsciousness. His previous medical 
history included hypertension and primary 
hypothyroidism (7  Chap. 11) treated with levo-
thyroxine in the dose of 50 μg daily. On physi-
cal examination, the patient was eupneic with 
typical dry and pale skin. Physical examination 
of the heart and lung did not reveal pathology, 
heart rate was 76/min, and blood pressure was 

150/100 mmHg. Liver and spleen were not pal-
pable and no leg edemas were detected.

Laboratory investigations demonstrated pro-
found hyponatremia (121  mmol/L) and mild 
hypokalemia (3.5  mmol/L). Plasma osmolality 
(POsm) was decreased (257  mOsm/kg), while 
urine osmolality (Uosm 356 mOsm/kg) and urine 
sodium (61 mmol/L) were higher. The serum level 
of TSH was increased, reflecting insufficient levo-
thyroxine substitution (TSH 28.9 mIU/L).

Definition of the Disease

Hyponatremia, defined as serum sodium 
concentration (SNa+) < 135 mmol/L, is the most 
common electrolyte abnormality in clinical 
practice. Its prevalence reported in hospitalized 
patients ranges between 6% and 42%, depending 
on age and underlying disease. Hyponatremia is 
present in 15–20% of emergency admissions to 
hospital and occurs in up to 20% of critically ill 

patients. This electrolyte disturbance can lead to 
a wide spectrum of symptoms and is associated 
with substantial morbidity, mortality, and length 
of hospital stay.

Since serum sodium is the main determi-
nant of plasma osmolality, hyponatremia usu-
ally indicates hypoosmolality and hypoosmotic 
state.

?? How can we determine serum or plasma os-
molality?

vv Sodium, the most abundant electrolyte in 
the extracellular space, is the major factor 
of  plasma osmolality. Under physiological 
conditions, the osmolality of  body fluid is 
maintained within narrow limits in each 
individual by osmotically regulated vaso-
pressin (AVP) secretion and thirst. 
Although plasma osmolality (POsm) may 
vary among individual subjects, the range 
in the general population at normal hydra-
tion is between 280 and 295 mOsm/kg H

2O. 

POsm can be measured, or alternatively it 
can be indirectly calculated from the con-
centrations of  sodium, glucose, and blood 
urea nitrogen:

vv POsm (mOsm/kg) = 2Na+ + 2 K+ + glucose 
+ urea (all in mmol/L)

vv The terms hyponatremia and hypoosmolal-
ity are usually synonymous as the sodium 
and its accompanying anions represent the 
main effective plasma solutes. However, 
there are some situations in which hypona-
tremia does not reflect true hypoosmolality.
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1.	 Pseudohyponatremia, which is defined 
as spuriously low SNa+ due to the pres-
ence of increased plasma lipid and/or 
increased plasma proteins. Despite 
hyponatremia, the increased levels of 
lipids or proteins do not change the 
total number of solute particles in solu-
tion, and therefore directly measured 
plasma osmolality will not be signifi-
cantly changed.

2.	 The second situation occurs in cases 
with high concentration of effective sol-
utes other than Na+. This is commonly 
seen in patients with hyperglycemia and 
represents a frequent cause of hypona-
tremia in hospitalized subjects.

?? How is hyponatremia classified?

vv There are several aspects on how to classify 
hyponatremia. In clinical practice, the clas-
sification based on volume status is most 
commonly used for the differential diagno-
sis of hyponatremic states (.  Table 10.1).

vv Based on biochemical severity, hyponatre-
mia can be classified into:
(a)	 Mild hyponatremia (SNa+ between 130 

and 135 mmol/L)
(b)	Moderate hyponatremia (SNa+ between 

125 and 129 mmol/L)
(c)	 Profound hyponatremia (SNa+  <  125 

mmol/L)

vv Based on time course, hyponatremia can be 
classified as acute and chronic, with the 
cutoff  time duration of  48 h. If  the hypo-

natremia cannot be classified, it is consid-
ered chronic, unless there is clinical or 
anamnestic evidence of  the contrary.

vv According to the clinical practice guide-
line, drugs and conditions associated with 
acute hyponatremia include postoperative 
phase, polydipsia, exercise, recent thiazide 
prescription, colonoscopy preparation, 
intravenous administration of  cyclophos-
phamide, oxytocin, and recently started 
desmopressin or terlipressin therapy [11].

?? What are the major characteristics of the 
syndrome of inappropriate arginine vaso-
pressin (antidiuretic hormone) secretion 
(SIADH)?

vv The syndrome of  inappropriate antidi-
uretic hormone secretion (SIADH) is the 
most common cause of  hyponatremia in 
inpatients. It is defined by an inappropri-
ate release of  ADH/AVP or an increased 
renal response to this hormone. According 
to the fact that not all the affected patients 
show elevated circulating levels of  AVP, 
the term “syndrome of inappropriate antid-
iuresis” (SIAD) was proposed as being 
more accurate. From the clinical view-
point, the most important clinical abnor-
mality in SIAD is serum hypoosmolality.

vv The secretion of  vasopressin is influenced 
by various osmotic and non-osmotic stim-
uli. Under physiological conditions, the 
effective osmotic pressure in plasma, 
expressed as serum or plasma osmolality, 

.      . Table 10.1  Classification of  hyponatremia based on volume status

Hypovolemic hyponatremia Euvolemic 
hyponatremia

Hypervolemic 
hyponatremia

Renal solute losses:
diuretics, CSWS, mineralocorticoid deficiency,
salt-wasting nephropathy
Extrarenal solute losses:
vomiting, diarrhea, skin losses, burns, acute 
pancreatitis

SIADH
Glucocorticoid 
deficiency
Hypothyroidism

Congestive heart failure
Liver cirrhosis
Nephrotic syndrome
Malnutrition
Renal failure

CSWS cerebral salt-wasting syndrome
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represents the most important stimulus for 
AVP release. The threshold for vasopressin 
release cessation corresponds to a plasma 
osmolality <275  mOsm/kg, while for 
POsm 284 mOsm/kg or higher, AVP con-
centration rises linearly. AVP receptors are 
so sensitive that 1% osmotic variations are 
sufficient to result in significant modifica-
tions in the hormonal secretion.

vv SIAD is a disorder of  sodium and water 
balance characterized by hypotonic hypo-
natremia and impaired urinary dilution in 
the absence of  renal disease. The patho-
physiological basis of  SIAD is an absolute 
increase in body water resulting in hypoos-
molality. SIAD is the most common cause 
of  hypoosmolality among all hypoosmolar 
patients with a prevalence of  20–40%.

?? What was the cause of hyponatremia in the 
case presented?

vv The criteria for the diagnosis of  SIAD are 
shown in the .  Table  10.2. The patient 
fulfilled all essential criteria for SIAD, 
except for hypothyroidism that was not 
optimally substituted. To exclude other 
causes of  SIAD, imaging methods were 
performed during the hospital stay. Chest 
X-ray, abdominal ultrasound, and CT of 
the brain did not detect any pathological 
changes. We considered hypothyroidism as 
a cause of  hyponatremia; thus we increased 
the dose of  levothyroxine to 100 ug daily. 
Correction of  hyponatremia with hyper-
tonic saline has led to a rapid improve-
ment of  his consciousness.

vv Two months later patient was admitted to 
our department because of severe hypona-
tremia again with typical neurological 
symptoms  – nausea, headache, and sei-
zures.

vv Laboratory evaluation revealed profound 
hyponatremia (108.9 mmol/L), mild hypo-
kalemia (3.5  mmol/L), serum hypoosmo-
lality (221 mOsm/kg), and higher urinary 
osmolality (364 mOsm/kg). TSH level was 

in normal range (2.8 mIU/L). The patient 
fulfilled criteria for SIAD; however, this 
time hypothyroidism could be ruled out as 
a cause of  hyponatremia.

?? Is Edema a feature of SIAD?

vv In patients with SIAD, there is no expan-
sion of  the extracellular fluid volume 
(ECFV) and no edemas because water 
retention leads to suppression of  aldoste-
rone and increased atrial natriuretic pep-
tide secretion resulting in urine solute 
excretion. The patient did not present leg 
edemas or fluid in the third space (ascites, 
hydrothorax, or hydropericardium) either. 
Moreover, he was well hydrated without 
clinical features of  dehydration. Hence we 
considered hyponatremia as euvolemic, 
fulfilling the criteria for SIAD.

?? What kind of examinations should be done 
to explore the cause of SIAD?

.      . Table 10.2  Diagnostic criteria for SIAD

Essential criteria Supplemental criteria

Effective serum 
osmolality 
<275 mOsm/kg

Serum uric acid 
<0.24 mmol/L

Urinary osmolality 
>100 mOsm/kg

Serum urea 
<3.6 mmol/L

Clinical euvolemia (no 
edemas, no 
dehydration)

Failure to correct 
hyponatremia after 
isotonic saline (0.9%) 
infusion

Urine sodium 
concentration 
>40 mmol/L

Fractional sodium 
excretion >0.5%

Absence of adrenal, 
thyroid, pituitary, or 
renal insufficiency

Fractional urea 
excretion >55%

No recent use of 
diuretics

Fractional uric acid 
excretion >12%

Correction of 
hyponatremia through 
fluid restriction

Based on Esposito et al. [1]
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vv After correction of hyponatremia, we started 
to differentiate the cause of SIAD. A signifi-
cant proportion of SIAD is paraneoplastic, 
and the tumors are most often found in the 
lung. Therefore, despite normal chest X-ray, 
a lung CT was indicated, and nonspecific 
noduli in the subpleural region were detected. 
Hence, we performed an 18FDG-PET scan 
that showed a tumor of the right lung spread-
ing to the mediastinum and that was associ-
ated with mediastinal lymphadenopathy and 
metastases to bones. Histological evaluation 
of the tumor removed by thoracic surgery 
confirmed a neuroendocrine carcinoma of 
the lung, type small cell carcinoma (SCLC).

?? What are the most common etiologies of 
SIAD?

vv The most important causes of  SIAD are 
listed in the 7  Box 10.1. They can be 
divided into five major groups, i.e., para-
neoplastic, brain and pulmonary diseases, 
drug related hyponatremia and other 
causes. These causes may be associated 
both with acute or chronic hyponatremia.

vv The neuroendocrine carcinoma of  the 
lung was postulated to be responsible for 
the severe hyponatremia in our patient.

?? What are the clinical manifestations and 
symptoms of hyponatremia and SIAD?

vv Clinical manifestations of  SIAD are 
related to hyponatremia and hypoosmolal-
ity that are associated with brain edema 
because of  the decreased plasma osmolal-
ity. Clinical manifestations include non-
neurological and neurological symptoms 
with a wide individual variability. The 
severity of  symptoms depends on the 
duration and degree of  hyponatremia.

vv Mild hyponatremia is usually asymptom-
atic.

vv Moderate hyponatremia is commonly pre-
sented with tiredness, headache, nausea, 
vomiting, confusion, muscle weakness, or 
cramping.

vv Severe hyponatremia is usually manifested 
by vomiting, somnolence, seizures, or 
coma.

vv Recent studies showed that also mild and 
chronic hyponatremia is never truly asymp-
tomatic and it can be associated with mem-
ory disturbances, chronic headache, muscle 
weakness, or depression. Moreover, studies 
have demonstrated a higher risk of falls, 
osteoporosis, and bone fractures in patients 
with chronic hyponatremia along with 
higher mortality. Correction of hyponatre-
mia and improvement of serum sodium was 
significantly associated with a reduced risk 
of mortality.

?? How is the differential diagnosis of hypona-
tremia performed?

vv The differential diagnosis of  hyponatre-
mia is difficult, and no classification can be 
100% accurate in every situation. The cur-
rent guidelines emphasize that classifica-
tion should always occur along with the 
clinical condition and the possibility of 
combined causes of  hyponatremia should 
be kept in mind.

vv In the first step of  differential diagnosis, 
we should exclude non-hypotonic hypona-
tremia that is seen in the vast majority of 
cases with hyperglycemic hyponatremia. 
Lower serum sodium concentration with a 
decreased POsm (<275 mOsm/kg) always 
reflects hypotonic hyponatremia. In case 
of  hypotonic hyponatremia, the current 
guidelines recommend measuring urine 
osmolality (UOsm). If  UOsm is lower 
than 100  mOsm/kg, we should consider 
excess of  water intake as a cause of  the 
hypotonic hyponatremia. If  UOsm is 
>100, guidelines recommend interpreting 
the urine sodium concentration (UNa+) 
on a spot urine sample taken simultane-
ously with a blood sample.

vv If  UNa+ is ≤30 mmol/L, low effective cir-
culating volume as a cause of  hyponatre-
mia should be considered. If  
UNa+  >  30  mmol/L, we should assess 
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extracellular fluid status and use of  diuret-
ics for further differentiation. In clinical 
practice, considering primary or second-
ary adrenal insufficiency as an underlying 
cause of  the hypotonic hyponatremia is 
very important, especially in states with 
hyperkalemia (.  Figs. 10.1 and 10.2).

?? Should plasma AVP be determined for the 
diagnosis of SIAD?

vv The current guidelines do not recommend 
measurement of AVP in plasma for con-
firming the diagnosis of  SIAD. AVP is very 
difficult to measure mainly due to preana-
lytical and analytical problems. However, 
copeptin as the C-terminal fragment of the 

pre-pro-vasopressin highly reflects AVP 
concentrations. The main stimuli for 
copeptin are similar to AVP, and the pep-
tide is considered as a stable surrogate 
marker for AVP concentrations in humans. 
According to a large prospective study with 
copeptin measurements, clearly elevated 
copeptin levels indicated hypovolemic 
hyponatremia (specificity 90%, sensitivity 
23%), whereas low levels pointed to pri-
mary polydipsia (specificity 91%, sensitiv-
ity 58%). Unfortunately, serum copeptin 
concentration was not helpful to differenti-
ate between SIAD and other causes of 
hyponatremia. Therefore, the broad use of 
copeptin as diagnostic marker in hypona-
tremia cannot be recommended, yet.

Tumors (paraneoplastic syndromes)
55 Lung/mediastinal neoplasia (lung can-

cer (most often small cell carcinoma), 
mesothelioma, thymus tumor)

55 Other tumors (gastrointestinal, e.g., 
stomach, duodenum, pancreas, head 
and neck cancer, prostate, ureter, 
breast, uterus cancer, leukemia)

Lung disorders
55 Infections (acute pneumonia (bacterial 

or viral), tuberculosis, aspergillosis)
55 Noninfectious causes (acute respira-

tory failure, bronchial asthma/chronic 
obstructive pulmonary disease)

Disturbances of the central nervous system
55 Masses and bleedings (brain tumors, 

abscess, subdural hematoma, subarach-
noid hemorrhage, hydrocephalus)

55 Inflammation (infectious (meningitis, 
encephalitis), autoimmune (systemic 
lupus erythematosus, multiple sclerosis))

55 Degenerative/demyelinate diseases
55 Other CNS-related causes (acute inter-

mittent porphyria, head trauma, psy-
chosis, pituitary adenomectomya)

Drug-related SIAD
55 Arginine vasopressin and its analogues
55 Thiazide and thiazide-like diuretics
55 Chlorpropamide
55 Antipsychotics – risperidone, haloperi-

dol, chlorpromazine, olanzapine, etc
55 Antidepressants  – citalopram, escital-

opram, amitriptyline, etc.
55 Anticonvulsants  – carbamazepine, 

phenytoin, valproate, etc.
55 Cytotoxic agents – vincristine, vinblas-

tine, cyclophosphamide
55 Pain medication  – morphin, dulox-

etine, pregabalin, tramadol, oxyco-
done

55 Nonsteroidal anti-inflammatory drugs
55 Oxytocin
55 Nicotine
55 Proton-pump inhibitors, amiodarone

Other causes
55 Acquired immunodeficiency syndrome, 

prolonged exercise

aSIAD after pituitary adenomectomy is 
usually transient

Box 10.1  The Most Important Causes of SIAD (based on Robinson and Verbalis [9])
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?? What are the other major causes of hypona-
tremia to be considered?

vv In differential diagnosis, thiazide-induced 
hyponatremia, salt-wasting syndromes, glu-
cocorticoid deficiency, and mineralocorti-
coid-responsive hyponatremia in the elderly 
should be considered.

vv Thiazide-Induced Hyponatremia (TIH)

vv Since the demonstration of  their antihy-
pertensive effect, thiazides have been 
widely used in the management of  hyper-
tension. However, despite the clinical suc-
cess of  these diuretics, they can cause 
significant side effects, including hypona-

.      . Fig. 10.1  Algorithm for the differential diagnosis of  hyponatremia
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tremia. TIH has been reported with many 
types of  thiazide (hydrochlorothiazide) 
and thiazide-like diuretics (indapamide, 
chlorthalidone). The reported prevalence 
is relatively high (from 14% to 38%) and 
increases with age, which is an indepen-
dent risk factor for development of  TIH.

vv The risk factors for the development of 
TIH include age (>70 years), female gender, 
lower BMI, type 2 diabetes mellitus and 

other comorbidities (cardiovascular, pul-
monary, psychiatric diseases associated with 
polydipsia, etc.), increased water intake, 
as well as concomitant administration of 
other drugs interfering with water homeo-
stasis (spironolactone, amiloride, selective 
serotonin reuptake inhibitors, nonsteroidal 
anti-inflammatory drugs, benzodiazepines, 
proton-pump inhibitors). Hypokalemia 
and/or lower baseline serum sodium con-
centration significantly increases the risk for 

.      . Fig. 10.2  Algorithm for the differential diagnosis and management of  euvolemic hyponatremia
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TIH development. Also, genetic predispo-
sition is supported by recent genome-wide 
association studies (GWAS).

?? How should the differential diagnosis of TIH 
be done?

vv Similarly to other types of  hyponatremia, 
laboratory investigation should be initi-
ated with the measurement of  plasma 
osmolality (POsm). It is crucial to differ-
entiate non-hypotonic hyponatremia from 
the true hypotonic hyponatremia. When 
the latter has been confirmed, serum urea, 
creatinine, potassium, uric acid, as well as 
TSH and cortisol levels should be deter-
mined. Moreover, urine sodium, potas-
sium, urea, creatinine, and uric acid should 
also be measured in a spot urine sample, 
and subsequently fractional excretion 
(FE) should be calculated.

vv The diagnosis of  TIH is supported by the 
following findings:

55 Coexistent hypokalemia with FE of 
S-K+ > 13%

55 Low FE of  uric acid (<12%) is usually 
observed in TIH, whereas FE  >12% 
indicates SIAD

55 UNa+  >30  mmol/L may also indicate 
TIH.

vv Salt-Wasting Syndromes

vv The cerebral and renal salt-wasting syn-
dromes (SWS) require special attention for 
diagnosis. They are characterized by hypo-
natremia and ECFV depletion, caused by 
an abnormal renal sodium excretion 
mainly in patients with intracranial dis-
ease, such as subarachnoid hemorrhage or 
other lesions. Both SWS and SIAD pres-
ent with hyponatremia, concentrated 
urine, and increased natriuresis, but SWS 
is characterized by ECFV depletion. 
Differences between SIAD and cerebral 
salt-wasting syndrome (CSWS) are pre-
sented in .  Table 10.3.

vv In case of  diagnostic uncertainty, correc-
tion of  hyponatremia with the infusion of 
2 liters of  0.9% saline over a period of 
24–48 h, suggests a diagnosis of  hypovole-
mic hyponatremia.

vv Mineralocorticoid-Responsive Hyponatre-
mia of the Elderly (MRHE)

vv MRHE is characterized by mild hypovole-
mic hyponatremia due to renal sodium 
losses in elderly subjects. Age-related 
decreased sodium reabsorption at proximal 
renal tubules and hyporesponsiveness of 
the renin-angiotensin-aldosterone system 
(RAAS) may cause persistently increased 
urinary sodium excretion. Decreased 
sodium retention leads to volume depletion 
resulting in elevation of plasma antidiuretic 
hormone. The recommended treatment of 
MRHE is administration of mineralocorti-
coid (fludrocortisone acetate), but not 
water restriction, which can worsen hypo-
natremia.

vv Primary and Secondary Adrenocortical 
Insufficiency

.      . Table 10.3  Differences between SIAD and 
the cerebral salt-wasting syndrome (CSWS)

SIAD CSWS

Blood pressure N N/
hypotension

CVP N Decreased

UV N/low High

UNa+ >30 mmol/L >40 mmol/L

Serum urea 
concentration

N/decreased N/increased

Serum uric acid Decreased Decreased

Based on Spasovski et al. [11]
Abbreviations: CVP central venous pressure, UV 
urine volume, UNa+ urine sodium concentration, 
N normal
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vv Slightly decreased ECV is usually observed 
in patients with primary or secondary adre-
nocortical insufficiency, which can mimic 
features of SIAD.  ACTH or cortisol defi-
ciency should be ruled out before establish-
ing the diagnosis of SIAD. Glucocorticoid 
replacement therapy normalizes free water 
excretion and subsequently serum sodium 
concentration.

?? How should the patient with hyponatremia 
be treated?

?? How should hyponatremia be managed de-
pending on its etiology?

vv Despite its high incidence and potential 
risk, the management of  SIAD is often 
insufficient and poor. Factors which 
should be taken into consideration before 
making a treatment decision for hypotonic 
hyponatremia treatment include the sever-
ity and duration of  hyponatremia, the 
patient’s neurological symptomatology, 
and extracellular fluid volume status.

vv Hypervolemic hyponatremia is usually 
chronic and patients are well-adapted. If  
the ECFV is expanded, the treatment of 
the underlying cause should precede the 
correction of  serum sodium level. Fluid 
restriction is considered to be the first step 

in the management of  the patient. The 
current guidelines do not recommend 
prompt correction of  serum sodium in 
mild or moderate hyponatremia and rec-
ommend against demeclocycline or vaso-
pressin receptor antagonists.

vv The aim of  the treatment of  hypovolemic 
hyponatremia is to restore extracellular 
fluid volume with intravenous infusion of 
isotonic (0.9%) saline. Normal saline is 
usually used to suppress the hypovolemic 
stimulus for ADH.  It should be reserved 
for mild symptomatic patients and for 
those cases where it is difficult to differen-
tiate between hypovolemic and euvolemic 
status. In case of  hemodynamic instability, 
the need for rapid fluid resuscitation 
exceeds the risk of  a rapid increase in 
serum sodium concentration.

vv Treatment of Euvolemic Hyponatremia 
(SIAD)

vv Acute euvolemic hyponatremia with severe or 
moderately severe symptoms requires 
administration of hypertonic saline solution 
(3% NaCl, 150  mL or 1–2  mL/kg body 
weight) over 20 min. Serum sodium concen-
tration should be checked after 1, 6, and 
12 h. If seizures or coma are present, infu-
sion can be increased up to 4 mL/kg for a 
limited period. The clinical practice guide-
line suggests aiming at a 5  mmol/L/24  h 
increase in serum sodium. The SNa+ should 
not rise at a rate exceeding 10 mmol/L dur-
ing the first 24 h and an additional 8 mmol/L 
during the following 24 h. If hypokalemia is 
present, its correction will contribute to an 
increase in serum sodium concentration. 
Treatment with a single intravenous infusion 
of 150 mL 3% NaCl is recommended also in 
hyponatremic patients without severe or 
moderately severe symptoms.

vv In addition, all medications and other fac-
tors that can provoke or contribute to the 
hyponatremia should be discontinued, and 
the diagnostic assessment should be 
started immediately.

�Case Presentation Continued

During the first hospital stay, it was decided 
to increase the dose of levothyroxine simulta-
neously with an immediate active correction 
of hyponatremia. The patient received two 
boluses of 3% saline solution intravenously 
over 20 min, and after 6 h, his serum sodium 
concentration raised from 121  mmol/L to 
128 mmol/L. This led to a marked improve-
ment in his neurological symptoms. Subse-
quently, the patient received one bolus of 
hypertonic saline on the second and the third 
days of hospitalization resulting in normal-
ization of serum sodium concentration and 
neurological status as well.
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vv Furosemide has been reported as an addi-
tive treatment for SIAD that could be 
effective in the initial phase because of  its 
ability of  increasing free water excretion. 
However, the clinical practice guidelines 
do not include it in the recommendations.

vv Chronic asymptomatic hyponatremia  – 
arbitrarily defined as more than 48  h in 
duration  – represents less risk regarding 
complications, but can also be related to 
demyelination after rapid correction. 
These patients should be treated with 
slower-acting options, such as fluid restric-
tion or vasopressin receptor antagonists.

vv Chronic symptomatic hyponatremia similarly 
to the acute should be treated promptly, but 
the rise in serum sodium should not exceed 
10 mmol/L in the first 24 h and 18 mmol/L in 
the first 48 h.

?? How should chronic hyponatremia be treated 
in the long-term?

vv The treatment of  chronic SIAD entails a 
choice among several options and regi-
mens. All drugs and factors known to be 
associated with SIAD should be discontin-
ued. Cause-specific treatment is recom-
mended by the clinical practice guideline.

vv Fluid restriction of  800–1000  mL/24  h is 
the mainstay of  treatment for mild to 
moderate SIAD.

vv Urea in the dose of  0.25–0.50 g/kg is effec-
tive in increasing free water clearance, and 
it is useful especially in young children 
affected by SIAD.

vv Other options include demeclocycline and 
lithium (that induce nephrogenous diabetes 
insipidus and thereby could be helpful 
against AVP overproduction); however, 
because of their side effects (especially 
nephrotoxicity), the clinical practice guide-
lines recommend against their use in the 
treatment of chronic hyponatremia in 
SIAD.

vv The use of  salt tablets in the treatment of 
euvolemic hyponatremia was associated 
with a small but significant improvement 
in serum sodium compared with patients 
who did not receive such therapy.

vv Non-peptide vasopressin receptor antago-
nists known as vaptans or aquaretics block 
V2 receptors of  AVP and decrease aqua-
porin 2 at renal collecting ducts resulting 
in urinary free water excretion. The patient 
presented received tolvaptan along with 
chemotherapy for the neuroendocrine car-
cinoma, and his SNa+ was well-controlled 
by this treatment protocol. However due 
to their side effect profile (polyuria, weak-
ness, dehydration, and hepatotoxicity) and 
cost, their use in the treatment SIAD is 
still limited and not included in the general 
recommendations for the treatment of 
hyponatremia.

?? What is the danger of correcting hyponatre-
mia too rapidly?

vv Osmotic demyelination syndrome (ODS), 
consisting of  central pontine myelinolysis 
and extrapontine myelinolysis, is associ-
ated with the rapid correction of  hypona-
tremia and can be fatal. The susceptibility 
to demyelination after correction of 
sodium concentration is influenced by the 
severity and duration of  preexisting hypo-
natremia. Severe and long hyponatremia is 
an important risk factor for ODS.  Other 
risk factors are chronic alcoholism, mal-
nutrition, and hypokalemia. The onset of 
symptoms is usually seen 1–14 days after 
sodium correction.

?? What are the clinical features of osmotic de-
myelination syndrome?

vv Clinical features are various and include 
symptoms of  pontine or extrapontine 
lesions, such as dysphagia, dysarthria, 
ataxia, or even coma. Although the pres-
ence of  demyelinating areas on magnetic 
resonance imaging strongly supports a 
diagnosis of  ODS, scans often fail to dem-
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onstrate typical changes in the initial 
phase, and therefore MR should be 
repeated within 2–3 weeks.

vv The treatment of  ODS is primarily aimed 
at prevention. Recent studies have shown 
that desmopressin has been safe and effec-
tive in preventing ODS. The administration 
of desmopressin with hypertonic saline was 
associated with a lower incidence of 
sodium overcorrection. The clinical prac-
tice guideline recommends urgent interven-
tion for re-lowering serum sodium if  it 
increases by more than 10 mmol/L during 
the first 24  h. Administration of desmo-
pressin is recommended in a dose of  1–2 μg 
intravenously or subcutaneously every 8 h. 
Discontinuing the ongoing active treat-
ment of  hyponatremia is also necessary.

Tips

The reader is advised to read the previous 
chapter on diabetes insipidus (7  Chap. 9) 
and the part on neuroendocrine tumors 
and paraneoplastic endocrine syndromes.

Take-Home Messages
55 Hyponatremia is defined as serum 

sodium concentration <130  mmol/L, 
and it is the most common electrolyte 
abnormality in clinical practice.

55 Syndrome of inappropriate antidiuresis 
(SIAD) is the most common cause of 
euvolemic hyponatremia

55 SIAD is characterized by hypotonic 
hyponatremia and impaired urinary 
dilution in the absence of renal disease

55 Clinical manifestations of SIAD are 
related to hypoosmolality resulting in 
brain edema and include non-neurolog-
ical and neurological symptoms

55 Treatment of  acute euvolemic hypo-
natremia with severe or moderately 
severe symptoms requires administra-

tion of  hypertonic saline (3%). We 
should avoid overcorrection of  serum 
sodium because of  the risk of  pontine 
and extrapontine myelinolysis.

55 Restriction of water intake is consid-
ered the first treatment option in the 
management of chronic hyponatremia
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Diseases of the 
Thyroid
The thyroid gland produces thyroxine (T4) and its active form 
triiodothyronine (T3), which are involved in the regulation of several 
important homeostatic mechanisms including the regulation of 
development and metabolism and effects on the heart and bones. 
Both the overproduction and deficiency for thyroid hormones is 
related to serious morbidities. Hypothyroidism (mostly caused by 
Hashimoto’s thyroiditis) (7  Chap. 11) is the second most common 
endocrine disease after diabetes mellitus. Graves’ disease 
(hyperthyroidism, 7  Chap. 12) and its complications such as 
endocrine orbitopathy (7  Chap. 13) and thyroid storm (7  Chap. 14) 
are presented in separate chapters. Thyroid nodule and multinodular 
goiter that are among the most common endocrine diseases are 
discussed in 7  Chap. 15. Differentiated thyroid cancer and its 
complex management is the focus of 7  Chap. 18, whereas 7  Chap. 
19 presents medullary thyroid cancer that originates from calcitonin-
producing C-cells of the thyroid. Individual chapters are dedicated 
to inflammatory conditions of the thyroid (thyroiditis) with major 
clinical relevance such as subacute thyroiditis (7  Chap. 16), 
amiodarone-induced thyroiditis (7  Chap. 17), and postpartum 
thyroiditis (7  Chap. 21). A rare, but very interesting disease, thyroid 
hormone resistance along with its differential diagnosis from 
secondary hyperthyroidism (pituitary thyroid stimulating hormone 
overproduction) is discussed in 7  Chap. 20.
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Opening
In this chapter, one of the most frequent endocrine 
disorders will be discussed. Hypothyroidism  – 
overt or subclinical  – is the second common-
est endocrine disease after diabetes mellitus. 
Hypothyroidism is the consequence of insuffi-
cient thyroid hormone production and action. It 
can be primary, secondary, and tertiary hypothy-

roidism, but primary hypothyroidism is the most 
common form.

Having read this chapter, the reader will be 
able to differentiate subclinical and overt, 
primary, and secondary forms of hypothyroidism 
and get information on the examination 
protocols and therapy follow-up possibilities.

Definition of the Disease

Insufficient thyroid hormone production or 
action leads to subclinical or overt hypo-
thyroidism. If  the thyroid is the primar-
ily affected organ that is unable to produce 
enough hormone, then it is called primary 
hypothyroidism, which is the most common 
form. If  pituitary TSH (thyroid-stimulating 
hormone) secretion is insufficient, then it is 
the secondary form of  hypothyroidism. In very 
rare cases, the hypothalamic TRH (TSH-
releasing hormone) secretion is defective, and 
this form is the tertiary hypothyroidism.

Hypothyroidism is overt, when the serum 
concentration of  free T

3 (triiodothyronine) or 
of  free T4 (L-thyroxine) is under the reference 
range with symptoms. In primary hypothy-
roidism, the thyroid gland is unable to pro-
duce enough thyroid hormones (mainly T4); 
that is why TSH – as a consequence of  nega-
tive feedback mechanism – will be elevated. If  
TSH is over the normal reference range, but 
free T4 concentration is still in the reference 
range, that is the so-called “subclinical” hypo-
thyroidism. Here TSH acts as a booster on the 
thyroid gland to produce more thyroid hor-
mones.

In case of  pituitary insufficiency (hypo-
pituitarism, 7  Chap. 6), TSH production is 
low, and it is accompanied by low free T4. This 
is the typical appearance of  secondary hypo-
thyroidism. The same is typical for hypotha-
lamic tertiary hypothyroidism. .  Figure 11.1 
shows the negative feedback mechanism that 
regulates the hypothalamic-pituitary-thyroid 
axis.

In the tissues, T4 is converted to T3 by 
deiodinase enzymes (DIO1 and DIO3). T3 is 

the main active hormone that has several ef-
fects on a wide variety of cells in almost ev-
ery organ. Thyroid hormones can influence 
the metabolism, function, and proliferation 
of cells via genomical and non-genomical 
mechanism.

Mortality and morbidity are increased by 
overt hypothyroidism. Subclinical hypothy-
roidism might increase the cardiovascular mor-
tality in patients under 70 years; however, this 
risk elevation seems to disappear over 70 years.

Epidemiology: The frequency of  hypothy-
roidism depends on the iodine availability 
(iodine-rich or iodine-deficient soil/nutri-
tion). The incidence and prevalence of  hypo-
thyroidism, especially that of  subclinical hy-
pothyroidism, are increasing with age. Overt 
hypothyroidism has an average prevalence of 
0,5–2%, while its subclinical form is found in 
about 4–10% of  the population. The frequen-
cy of  congenital hypothyroidism is 1:4000. 
The different causes of  hypothyroidism are 
presented in .  Table 11.1.

Thyroid dysfunction is more frequent in 
females (female-male ratio is about 10:1).

Hashimoto’s thyroiditis is an autoimmune 
thyroid disease (AITD). Hakaru Hashimoto 
described the disease in 1912. Its original 
name was struma lymphomatosa, because 
histological examination revealed diffuse 
lymphocytic infiltration with germinal cen-
ters, fibrosis, parenchymal atrophy, and de-
generated thyroid epithelial cells. In the mid-
dle of  the 1950s, Dr. Rose and Witebsky 
showed that immunization of  thyroid extracts 
can evoke similar pathological changes in rab-
bit thyroid, that seen in Hashimoto’s thyroid-
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.      . Fig. 11.1  Schematic representation of  the hypotha-
lamic-pituitary-thyroid axis

.      . Table 11.1  Causes of  hypothyroidism

Congenital 
hypothyroidism

Definitive: thyroid dysgenesis, 
hormone synthesis defect
Transitional: iodine deficiency 
of the mother, blocker TRAb 
in the mother serum, 
thyrostatic medication

Primary 
hypothyroidism

Thyroiditis – lymphocytic 
autoimmune 
thyroiditis – Hashimoto’s 
thyroiditis
Postpartum thyroiditis, silent 
thyroiditis

Posttherapeutic 
reasons:

Thyroid resection
131Iodine ablation therapy
Neck External beam therapy

Medication Thyrostatic drugs, lithium, 
increased concentration of 
iodine, amiodarone, 
interferon, mitotane

Environmental 
factors

Long-lasting iodine deficiency

Central 
hypothyroidism

Pituitary (secondary)
Hypothalamic (tertiary)

TRAb TSH receptor antibody

itis. At the same time, the first antibody was 
purified, as anti-thyroglobulin. Later, the oth-
er main antibody against thyroid peroxidase 
was detected.
Hashimoto’s thyroiditis is an organ-specific 
autoimmune thyroid disorder with typical 
structural alterations and the presence of 
thyroid-specific autoantibodies. The autoim-

mune process, which destroys the organ, can 
evoke functional changes, mainly hypothy-
roidism. The etiological background is com-
plex, including genetic susceptibility, epigene-
tic effects, and various environmental triggers 
(iodine, infection, stress, pregnancy). There 
are two main forms that share the same patho-
physiology: goitrous and atrophic.

Hypothyroidism and Hashimoto’s Thyroiditis
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?? Which pieces of information are important 
regarding thyroid dysfunction?

vv Positive family history is a common hall-
mark. In female relatives, the higher inci-
dence of  thyroid disease is well-known. 
Typical symptoms of  hypothyroidism are 
mentioned as weight gain, sexual dysfunc-
tion (irregular menses, infertility), fatigue, 
memory problems, and skin cutaneous 
manifestations of  low thyroid hormone 
availability (.  Fig. 11.2). Galactorrhea is 
an uncommon, but potential, symptom of 
severe hypothyroidism. .  Table 11.2 pres-
ents the typical symptoms.

?? What is myxedema?

vv Myxedema, the non-pitting edema of  the 
skin and soft tissues, is a characteristic fea-

ture of  hypothyroidism, and it is a classical 
alternative name for the disease. 
Myxedema is related to the accumulation 
of  glycosaminoglycans retaining water.

?? What are the essential initial diagnostic 
steps?

vv Laboratory Examinations

vv In general, in patients with intact pituitary 
function, TSH alone is enough to evaluate 
thyroid functioning. Many laboratories set 
an automatic process, and if  TSH turns 
out to be above the reference range, fT4 
will be automatic measured. Measuring 
fT3 in case of  hypothyroidism is not essen-
tial. Total T4 or thyroid-binding globulin is 
not needed.

vv Since the patient has a special complaint, 
i.e., galactorrhea, prolactin measurement 
is also recommended.

vv Prolactin can be elevated in overt, primary 
hypothyroidism. Prolactin secretion is neg-
atively influenced by dopamine and posi-
tively by TRH.  In case of  primary hypo-
thyroidism, via the decreased negative 
feedback in the thyroid-hypothalamus-
pituitary axis, TRH will be increased that 
stimulates prolactin secretion. Increased 
prolactin induces galactorrhea and sup-
presses the gonadotropin (LH/FSH secre-
tion), thus disturbing the menstrual cycle.

vv Autoimmune Markers

vv As the most frequent cause of primary hy-
pothyroidism is autoimmune lymphocytic 
thyroiditis (Hashimoto’s thyroiditis), 
screening for autoimmune origin is recom-
mended. Thyroid peroxidase autoantibody 
(aTPO) is a sensitive marker for it. As a 
second line, anti-thyroglobulin antibody 
(aTG) can be also measured; however it 
has a lower sensitivity. Marked positivity of 
aTPO strengthens the autoimmune root. 
However, slightly increased aTPO does not 
have enough sensitivity for diagnosis.

�Case Presentation

A 34-year-old female patient was admitted 
to the endocrine outpatient clinic. Her pre-
vious medical history was largely negative. 
Family history was positive for goiter 
(mother, grandmother). She complained 
about irregular menses, unsuccessful preg-
nancy (one spontaneous abortion 
10  months before, thereafter no conceiv-
ing), weight gain (+15 kg/6 months), sleepi-
ness (sleep up to 10 hours/day), fatigue, leg 
edema, overall dry skin, increased hair loss, 
and new hoarseness. Furthermore, she 
mentioned that her memory has declined, 
and she was not able to fulfill her job 
requirements.

Physical examination revealed a pro-
portional obesity, BMI, 31  kg/m2; body 
weight, 89  kg; body height, 169  cm; and 
waist circumference, 91  cm. At inspection 
dry skin, palpable pretibial slight edema, 
and sparse eyebrow were noted. The thy-
roid was enlarged, slightly stuffed, but no 
nodule was palpable. On pressure a small 
amount of galactorrhea (breast milk in 
non-lactating women) appeared from the 
nipples: RR, 155/100 mmHg; pulse, 65/min.
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vv It is important to note that 10% of  the fe-
male population is positive for aTPO, and 
not all of  them have Hashimoto’s thyroid-
itis. Positivity for aTPO without clinical 
symptoms is a predisposition for future 
thyroid disease. The prevalence of  aTPO 
in a region is influenced by the iodine sup-
ply. .  Table  11.3 presents the hormone 
and aTPO findings of  the patient.

vv General Laboratory Parameters

a b

.      . Fig. 11.2  Patient’s face with overt hypothyroidism 
before a and after treatment b. Note the swollen facial 
appearance (puffiness), round shape, and periorbital 

edema before treatment. The lateral part of  the eyebrow 
is scarce (Hertoghe sign). (Courtesy of  Prof. Peter Igaz, 
2nd Department of  Internal Medicine, Semmelweis 
University, Budapest)

.      . Table 11.2  Typical symptoms and signs of 
hypothyroidism

Fatigue Muscle weakness

General slowing 
down

Increased need of sleep/
sleepiness

Weight gain Cold intolerance

Dry skin, broken 
nails

Non-pitting edema 
(myxedema)

Swollen face Hoarseness

Hair loss Lateral fall out of eyebrow 
(Hertoghe sign)

Lack of interest Bad mood, depression

Memory 
disturbance

Irregular menstruation cycle

Infertility Abortion

Libido reduction Impotence

Bradycardia Hypertensiona

Constipation

aBlood pressure can be elevated due to increased 
total peripheral resistance; however normal, or 
reduced, blood pressure can also occur in hypo-
thyroidism

.      . Table 11.3  Laboratory results of  the patient

Lab 
parameter

Result Unit Reference 
range

Free T4 
(fT4)

8.17 pmol/L 9.00–23.20

TSH 55.238 mIU/L 0.350–4.940

Prolactin 41.02 ng/mL 1.39–24.20

aTPO 3062.83 IU/mL <5.60

aTG 315.4 IU/mL 0–115

Hypothyroidism and Hashimoto’s Thyroiditis
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vv In overt hypothyroidism, elevated choles-
terol, and CK (creatine kinase), moreover, 
normocytic anemia is often present. De-
creased glomerular filtration rate (GFR) 
and sometimes slightly decreased serum 
sodium level are notable. All of  these pa-
rameters are reversible after the correction 
of  thyroid function.

vv Radiology Studies

vv Neck Ultrasound

vv Hashimoto’s thyroiditis has typical ultra-
sound features. Typically, the thyroid is 
enlarged (total volume > 18 ml) with pres-
ence of  marked hypoechoic micronodules 
with surrounding echogenic septations. 
Vascularization on color Doppler is often 
increased. Prominent reactive central 
lymph nodes in level VI are frequently seen 
(.  Fig.  11.3). In later stages of  the dis-
ease, however, a small, firm, atrophic gland 
is often observed.

vv Is thyroid scintigraphy (99mTechnetium 
pertechnetate), CT, or MRI useful in the 
diagnosis of  hypothyroidism?

vv None of  these imaging modalities are use-
ful or necessary for the diagnosis of  hypo-
thyroidism. Thyroid scintigraphy is indi-

cated in primary thyroid diseases with low 
TSH values for the differentiation of  hy-
perthyroidism.

?? What kinds of additional tests are needed?

vv Type 1 diabetes mellitus, atrophic gastritis, 
vitiligo, primary adrenal insufficiency, and 
celiac disease as part of  autoimmune poly-
endocrine syndromes (mostly type 2, 
7  Chap. 31) have increased prevalence in 
patients with Hashimoto’s thyroiditis.

vv In case of  an autoimmune thyroiditis, 
screening for celiac disease is recommend-
ed. Other, organ-specific autoimmune 
diseases can be screened upon clinical sus-
picion.

?? Do we need fine needle aspiration cytology 
for diagnosis?

vv Just to ensure the diagnosis of  Hashimoto’s 
thyroiditis, fine needle aspiration cytology 
(FNAC) is not needed. If  the typical ultra-
sound alteration is visible and there is a 
marked aTPO positivity, the cytology 
would not give any further useful informa-
tion for diagnosis. In case of  an unambig-
uous clinical picture (e.g., aTPO is nega-
tive but ultrasound is typical), an 
ultrasound-guided FNAC can be done 

.      . Fig. 11.3  Ultrasound imaging of  the case: many hypoechoic microareas (2–4 mm) with surrounding echogenic 
septations, also called a giraffe pattern
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from the hypoechoic structures of  the 
gland that usually shows extreme lympho-
cytic infiltration, Hürthle cells/oncocytes 
with reduced colloid, or giant cells 
(.  Fig.  11.4). To further divide the thy-
roiditis into its subtypes (see below), occa-
sionally FNAC can help. In nodular thy-
roid disease with a suspicion for 
malignancy, FNAC must be done.

?? Is it essential to differentiate the subtypes of 
Hashimoto’s thyroiditis?

vv Hashimoto’s thyroiditis is the group name 
of  chronic lymphocytic thyroiditis. There 
are some subtypes of  this thyroiditis. All 
subtypes can occur with dysfunction from 
subclinical to overt hypothyroidism and 
transient thyrotoxicosis. To differentiate 
the subtypes, the clinical picture and the 
ultrasound features or occasionally FNAC 
can help.

vv The following subtypes of  Hashimoto’s 
thyroiditis have been established:

55 The most common is the classic variant 
with a strong female predominance 
(12:1) that is mostly diagnosed between 
40 and 60  years of age. Patients can 
have normal thyroid functions at diag-
nosis, but hypothyroidism can also be 
observed.

55 The fibrous variant is observed in less 
than 10% of cases and usually in women 
of 60–70 years of age (female-male ratio 
is about 10:1). Patients are usually hypo-
thyroid at diagnosis. Severe fibrosis is a 
characteristic feature of this subtype.

55 The most recently described very rare 
IgG4-related variant is associated with 
a rather rapid progress and subclinical 
hypothyroidism often despite levothy-
roxine substitution. The female-male 
ratio is only 3:1.

vv These first three forms are all character-
ized by fibrosis that is the most severe in 
the fibrous variant. Beside the IgG4-
related variant, the fibrous variant is also 
related to IgG4. Riedel’s thyroiditis (short-
ly discussed in the chapter on subacute 
thyroiditis (7  Chap. 16)) is also an IgG4-
related disease, but it extends over the thy-
roid capsule and infiltrates the surround-
ing neck structures.

55 Juvenile thyroiditis is observed under 
18  years of age, and patients can be 
both euthyroid and hypothyroid (sub-
clinical or overt) or rarely hyperthyroid 
at presentation.

55 Hashitoxicosis refers to a rare form 
characterized by immune-mediated thy-
rotoxicosis resembling Graves’ disease 
that can last for several months (see 
later).

55 Silent thyroiditis is most commonly 
observed after delivery, i.e., postpartum 
thyroiditis that can thus be categorized 
as a form of Hashimoto’s thyroiditis 
(presented in detail in 7  Chap. 21).

vv All these forms are characterized by 
hypoechogenicity on ultrasound, but nod-
ular lesions are also seen in the fibrous 
variant.

vv Many cases are obvious (e.g., postpartum, 
juvenile) by the clinical presentation. In 
individual cases one needs to clarify the 
subtype of  Hashimoto’s thyroiditis, and 
FNAC can give further information.

.      . Fig. 11.4  Cytological appearance of  Hashimoto’s 
thyroiditis of  FNA. (Courtesy of  Eszter Székely, MD, 
2nd Department of  Pathology, Semmelweis University, 
Budapest)

Hypothyroidism and Hashimoto’s Thyroiditis



122

11

?? What is the goal of the therapy?

vv There is no available therapeutic possibili-
ty that can prevent the irreversible destruc-
tion of  the gland or restore the original 
tissue structure and function. The aim of 
the therapy is to restore the patient’s nor-
mal condition, abolish his/her symptoms, 
and maintain the thyroid hormonal needs 
for long term.

?? What kind of therapeutic possibilities are 
available?

vv Although it is an autoimmune disease, 
there were many studies that failed to show 
any improvement of  the gland’s structure 
or function upon immunosuppressive 
therapy. Thus, the initiation of  local or 
systematic corticosteroids (or any other 
immunosuppressive drugs) has no indica-
tion in the treatment of  Hashimoto’s thy-
roiditis (except of  IgG4-related thyroid-
itis).

vv Hormone replacement therapy is the 
choice. According to international guide-
lines, levothyroxine (T

4) substitution is rec-
ommended. This substitution therapy 
maintains the patient’s hormone needs 
with long-term safety. Since the deiodinase 
function is not disturbed in primary hypo-
thyroidism, T4 can be converted to T3 in 
the peripheral tissues.

vv Other replacement therapy options as 
solely T3 substitution or combined T4 + T3 
drug or even desiccated thyroid extract are 
not recommended as first-line therapy. In 
very rare, selected cases, when levothyrox-
ine therapy fails to adjust the hormone 
supply and/or the patient continues to re-
port symptoms associated with hypothy-
roidism, one might try to launch these al-
ternative replacement possibilities.

?? When should levothyroxine be taken? 

vv The absorption of  the T4 drug in the intes-
tine is sensitive. Levothyroxine should be 
taken early morning, after waking up, 

30 minutes before breakfast/coffee or con-
suming juice, smoking, etc. An alternative 
option can be to take it 2–3 hours after the 
meal.

?? Is there any effect of additional micronutri-
ents or vitamin supplementation?

vv In Hashimoto’s thyroiditis, the supplemen-
tation of  iodine might provoke intensifica-
tion of  the local inflammation in the thy-
roid, so it is to avoid. Since the initiation 
of  the worldwide iodization program, the 
main sources of  iodine in the Western diet 
are iodized salt used in processed food and 
products with naturally high iodine con-
centrations such as milk, dairy products, 
and seafood. Extra supplementation of  io-
dine (multivitamins, algae) is not recom-
mended.

vv Selenium is a micronutrient that has some 
favorable effects to decrease the aTPO lev-
el without apparent improvements in the 
clinical course of  the disease. Moreover, 
the supplementation of  selenium during 
pregnancy can reduce the risk of  postpar-
tum thyroiditis in women with aTPO posi-
tivity. Supplementation in organic form 
seems to be more effective (selenomethio-
nine). The recommended daily dose is be-
tween 55 and 75 μg; however some experts 
advise to use a higher amount (up to 
200 μg).

vv There are many studies that showed an as-
sociation between low vitamin D status 
and the pathogenesis of  autoimmune thy-
roid disease. However, very few good stud-
ies are available to evaluate the effect of 
vitamin D supplementation on the clinical 
course of  Hashimoto’s thyroiditis. The 
correction of  vitamin D deficiency is rec-
ommended.

vv Moreover, there is no convincing scientific 
evidence about the beneficial effect of  glu-
ten- or lactose-free diet.

?? What are the main treatment and follow-up 
aspects?
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vv To evaluate the success of  the substitution, 
one needs to check the patient’s condition, 
whether the symptoms diminished or abol-
ished. For laboratory test in case of  pri-
mary hypothyroidism, TSH alone is 
enough.

vv The target TSH level should be set indi-
vidually. The TSH target in young patients 
should be around 2,5 mIU/L and also in 
those women who plan pregnancy. The 
TSH in middle-aged people should be in 
the reference range, while in elderly pa-
tients, the TSH can be adjusted to be a lit-
tle bit higher, but less than 8–10 mIU/L.

vv Controlling the level of  aTPO has no addi-
tive value. Upon levothyroxine supplemen-
tation, controlling of  free hormones does 
not have any additional information, since 
levothyroxine is measured in the fT

4 level.

vv After initiating or modifying the levothy-
roxine supplementation, at least 4  weeks 
should be waited for the next TSH control. 
If  the TSH target level is achieved and the 
patient is in a stable condition, the control 
of TSH is recommended every 6–12 months.

?? Is there a risk for malignancy in Hashimoto’s 
thyroiditis?

vv Patients with Hashimoto’s thyroiditis have 
an increased risk for papillary thyroid can-
cer, and rarely intrathyroidal lymphoma 
can appear. Therefore, ultrasound scan ev-
ery 2–3 years is recommended. If  a nodule 
is detected, it should be evaluated for can-
cer risk according to the actual guidelines 
(TI-RADS, size, ultrasound features, 
FNAC).

?? Should everybody be treated?

vv Every patient with overt hypothyroidism 
should be treated!

vv Patients, who have aTPO positivity and/or 
ultrasound features for thyroiditis but no 
functional deviation of  the thyroid, can be 

observed. One might advise the supple-
mentation of  selenium in these cases.

vv Decision for treatment in patients with 
subclinical hypothyroidism can be made 
individually. Elderly (over 70  years) pa-
tients with TSH level under 8–10 mIU/L 
without any pronounced symptoms can 
also be observed.

vv Patients under 70  years with subclinical 
hypothyroidism without any cardiovascu-
lar disease can be checked without launch-
ing medication. However, in patients (un-
der 70 years) with cardiovascular disease, 
the restoration of  the thyroid function can 
give additional value, since subclinical hy-
pothyroidism under 70 years increases the 
risk for cardiovascular disease.

vv Young female patients with subclinical 
dysfunction planning pregnancy should be 
also treated, where the goal TSH level is 
around 2,5–3 mIU/L.

?? How should the therapy with levothyroxine 
be initiated?

vv The initiation of  levothyroxine supple-
mentation in many cases should be gradu-
al. Most of  overt hypothyroidism lasts for 
many weeks and months before diagnosis, 
so the body has adapted to the low T

4 cir-
cumstances (receptor upregulation). If  a 
huge amount of  T4 would be given to a pa-
tient with overt hypothyroidism, it can de-
teriorate his clinical state. Starting with 
50 μg/day, which can be increased after a 
week or two by 25 or 50 μg, is recommend-
ed. The overall daily levothyroxine needs is 
around 1,5 μg/bodyweight. After thyroid-
ectomy the total amount of  levothyroxine 
needs can be substituted. In elderly pa-
tients with severe cardiovascular diseases, 
tiny amounts of  levothyroxine, such as 
12,5 or 25 μg starting dose/day, are recom-
mended.

?? Is dopamine agonist treatment due to the hy-
perprolactinemia warranted?

Hypothyroidism and Hashimoto’s Thyroiditis
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vv Dopamine agonist therapy is not needed, 
if  the reason of  hyperprolactinemia is due 
to primary hypothyroidism. Prolactin will 
spontaneously reduce a few weeks after 
initiation of  levothyroxine treatment.

?? Can Hashimoto’s thyroiditis begin with 
hyperthyroidism?

vv In several cases the active immunological 
process (T-cell-mediated cell destruction, 
antibody-mediated inflammation) de-
stroys the structure of  the thyroid gland, 
and the preformed thyroid hormones 
stored in the colloid unregulated flow out 
in the circulation. Such an uncontrolled 
increase of  blood T4 concentration can in-
duce a transient thyrotoxicosis with mod-
est clinical symptoms. This kind of  thyro-
toxicosis lasts for a few weeks or months 
and then turns into subclinical or overt 
hypothyroidism. Since it is a destructive 
thyrotoxicosis, starting a thyrostatic medi-
cation is not recommended, and a symp-
tom-orientated therapy (usually beta-
blocker) is enough. Thyroid scintigraphy 
in such a destructive thyroiditis shows no 
uptake.

vv On the other hand, hashitoxicosis, a rare 
form of  Hashimoto’s thyroiditis, is an im-
mune-mediated thyrotoxicosis that is very 
difficult or impossible to differentiate from 
Graves’ disease (7  Chap. 12). In contrast 
with the other forms of  Hashimoto’s thy-
roiditis, isotope uptake on thyroid scintig-
raphy is increased in this case.

?? What is Hashimoto encephalopathy?

vv It is a rare type of  corticosteroid-
responsive encephalopathy associated with 
positive antithyroid antibodies. Hashimoto 
encephalopathy is an exclusion diagnosis, 
if  no other reason can be found in patients 
with positive aTPO and/or thyroiditis. 
Studies revealed a potential autoantibody, 
anti-α-enolase, that is associated with the 
disease. There is no direct evidence linking 
thyroid dysfunction or antithyroid anti-

bodies with clinical features of  this en-
cephalopathy.

?? What is the most severe complication of hy-
pothyroidism?

vv Very rarely, hypothyroid coma (or myx-
edema coma) can develop in untreated pa-
tients with hypothyroidism, most often fol-
lowing a precipitating event (e.g., infection, 
gastrointestinal hemorrhage, burns, trau-
ma, surgical intervention, drugs (narcot-
ics, tranquilizers, amiodarone, lithium car-
bonate)). Hypothyroid coma is associated 
with an altered mental status (coma in the 
most severe cases), hypothermia (core 
temperature usually <35.5 °C), severe bra-
dycardia, meteorism, and even paralytic 
ileus. Hypoventilation and hypoglycemia 
are also often present. Diastolic blood 
pressure may be increased in the beginning 
(due to increased peripheral vascular resis-
tance), but later hypotension can develop. 
In severe hypothyroidism, pericardial effu-
sion can develop that might even lead to 
pericardial tamponade. Low voltage on 
ECG can be a sign of  pericardial fluid. If  
it is not recognized and thus left untreated, 
the mortality of  hypothyroid coma is high.

vv The mainstay of  treatment is levothyrox-
ine administered mostly via the intrave-
nous route (100–500 μg i.v. on the first day 
and then 75–100 μg daily till oral adminis-
tration is possible). Parenteral hydrocorti-
sone (e.g., 3 × 100 mg/24 h in infusions) is 
also needed until concomitant adrenal in-
sufficiency is ruled out, since hypothyroid-
ism can be associated with adrenal insuffi-
ciency in the context of  autoimmune 
polyendocrine syndrome type 2. 
(Secondary hypothyroidism can also be as-
sociated with secondary adrenal insuffi-
ciency due to hypopituitarism (7  Chap. 
6).) Antibiotics can also be given.

?? What would you think of a thyroid hormone 
constellation involving low or normal TSH 
and low T4 and T3 levels in a critically ill 
patient?
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vv In critically ill patients (e.g., treated in in-
tensive care units) of  miscellaneous causes 
(starvation, renal or liver insufficiency, 
heart failure, infections), such a constella-
tion can occur without an underlying dis-
ease of  the thyroid. This syndrome is 
called non-thyroidal illness (previously 
termed as euthyroid sick syndrome or low 
T3 (or low T3–T4) syndrome) and is in 
part associated with the increased metabo-
lism of  thyroid hormones resulting in an 
increased level of  inactive reverse T3 (rT3). 
However, the hormone alterations can be 
quite variable. Drugs used in intensive care 
(e.g., high-dose glucocorticoids and pres-
sor amines (dopamine, dobutamine)) can 
affect the thyroid; moreover, they can 
make the interpretation of  thyroid hor-
mone results difficult. Non-thyroidal ill-
ness usually does not need specific treat-
ment, and there is no evidence that thyroid 
hormone replacement would be beneficial. 
The syndrome might even represent an 
adaptive mechanism protecting against 
catabolic processes. The hormonal con-
stellation actually corresponds to that of 
secondary hypothyroidism, and novel data 
show that a transient secondary hypothy-
roidism might also play a role. It is advised 
that thyroid function tests should only be 
performed in those cases of  critically ill 
patients, where the suspicion for thyroid 
disease is strong.

Tips

The reader is advised to read the chapters 
on thyroid nodule and multinodular goiter 
(7  Chap. 15) and Graves’ disease (7  Chap. 
12) and the chapter on Addison’s disease 
and autoimmune polyendocrine syndrome 
type 2 (7  Chap. 31). Other forms of 
thyroiditis are discussed in 7  Chaps. 16 
and 17 (subacute thyroiditis and 
amiodarone-induced thyroiditis).

Take-Home Messages
55 Hypothyroidism is a common endocrine 

disease.
55 In case of primary thyroid insufficiency, 

TSH will be increased, and fT4 can be 
still in the reference range (subclinical 
form) or decreased (overt form).

55 The most common etiology is the 
chronic lymphocytic thyroiditis, called 
Hashimoto’s thyroiditis.

55 The hallmarks of Hashimoto’s 
thyroiditis are the increased serum 
aTPO and the typical ultrasound 
features of the thyroid.

55 Overt hypothyroidism is needed to 
treat, whereas decision for treatment in 
case of subclinical form should be made 
individually.

55 The choice of treatment is levothyroxine 
monotherapy for substitution.

�Case Presentation Summary

The female patient has a chronic lympho-
cytic thyroiditis, since aTPO is markedly 
positive and ultrasound features show dif-
fuse hypoechogenicity. Overt hypothyroid-
ism is detected, so the initiation of 
levothyroxine is essential. Dopamine ago-
nist therapy due to hyperprolactinemia is 
not required, and prolactin should be con-
trolled after euthyroidism is achieved.

The starting dose of levothyroxine can be 
50 μg/day for a week and then change to 75 μg/

day. After 4–6  weeks of medication, TSH 
should be controlled. If  TSH is still above the 
target level (in this case around 2.5–3 mIU/L), 
further dose escalation is required.

Although, hypertension is revealed, no 
antihypertensive medication is needed at the 
beginning, since the improvement of thyroid 
function can improve blood pressure.

All the symptoms mentioned by the patients 
can disappear in a few weeks/months upon 
levothyroxine supplementation.
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Opening
In this chapter, one of the most interesting 
thyroid disorders will be discussed. Graves’ 
disease is an autoimmune thyroiditis with a 
bright spectrum of clinical appearance. Typical 
manifestations include thyrotoxicosis/

hyperthyroidism, goiter, and ophthalmopathy 
(endocrine orbitopathy: EO) in 25% of patients. 
Having read this chapter, the reader will be able 
to distinguish the potential causes of 
thyrotoxicosis and able to manage it.

Definition of the Disease

Graves’s disease has alternative names: 
Morbus Basedow or Graves-Basedow disease.
It is an organ-specific autoimmune thyroid-
itis, but in 25% it can come along with extra-
thyroidal, mainly eye manifestations. The 
disease evokes functional disturbances, i.e., 
primary hyperthyroidism. In areas with suf-
ficient iodine intake, Graves’s disease is the 
most common cause of  thyrotoxicosis with a 
prevalence of  0.5%. There is a female domi-
nance, and young and middle-age women are 
typically affected. Genetic and environmental 
factors (smoking, stress, heavy weight loss, 
pregnancy, iodine intake excess) contribute 
together to the development of  disease. As an 
autoimmune disease, loss of  immune tolerance 
and the appearance of  antibodies against the 

TSH receptor (TRAb: TSH receptor antibod-
ies) are responsible for the hyperthyroidism. 
The binding of  TRAb to the TSH receptor on 
the surface of  thyroid follicular cells leads to 
a continuous and uncontrolled stimulation of 
hormone synthesis and release of  T

4 (L-thy-
roxine) and/or T3 (triiodothyronine) into the 
blood stream. Furthermore, the continuous 
activation of the TSH receptor induces hyper-
trophy of the tissue, resulting in goiter as the 
clinical consequence.

In contrast to primary hyperthyroidism 
that is caused by a disease of the thyroid gland, 
secondary hyperthyroidism is caused by the 
overproduction of TSH by a pituitary 
adenoma. TSH-secreting adenoma, however, is 
very rare with an incidence of 1–2/million/year.

�Case Presentation

A 25-year-old lady was admitted to the endo-
crine outpatient clinic with the following symp-
toms lasting for 2 months: 5 kg unintentional 
weight loss, fatigue, sleep disturbances, tremor 
in the hands, increased appetite, irritability, 
increased stool frequency, hair loss, palpitation, 
excess sweating, epiphora (excessive tearing), 
and pain and redness in eyes. Her previous his-
tory was unremarkable, but her family history 
was positive for thyroid disease (mother and 
grandmother). The patient did not take any 
medication but took multivitamin tablets on a 
daily basis. Her menstrual cycle became irregu-
lar in the last months. She was never pregnant 
but planned it in the upcoming years.

Physical examination revealed a skinny 
young, female patient with a BMI of 20 kg/m2 
(body weight, 55 kg; height, 165 cm). Her skin 
was wet and warm. Her hands showed a fine 
tremor. Blood pressure was 164/78 mmHg with 
a regular pulse of 124/min. There was a quiet 
systolic heart murmur over the chest and also a 
quiet murmur over the thyroid. Increased bowel 
movements were heard. The thyroid was 
enlarged, but no nodule was palpable. By exam-
ining her eyes, eyelid retraction, exophthalmos, 
and chemosis were detectable. The patient was 
restless but orientated with no focal neurologi-
cal symptoms.
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?? Which pieces of information are important 
regarding thyroid dysfunction?

vv Female relatives had thyroid disease, which 
is a common hallmark. The patient had 
the typical symptoms of  hyperthyroidism 
as weight loss, irregular menses, increased 
stool frequency, hair loss, restless-
irritability, tremor in hands, goiter, accel-
erated blood circulation, and signs of 
endocrine orbitopathy. .  Table 12.1 pres-
ents the typical symptoms and signs in 
Graves’ disease.

vv The typical features for Graves’ disease 
had a classical phrase  – “The Merseburg 
triad”: palpitation, goiter, and exophthal-
mos (endocrine orbitopathy). The name is 
related to the German physician, Carl 
Adolph von Basedow, who worked in 

Merseburg and was one of  the first to 
describe the syndrome. Robert James 
Graves, a physician in Dublin, and Hillier 
Parry from England had similar cases 
reported earlier.

vv Additional important pieces of  informa-
tion can be the ingredients of  multivitamin 
that was taken by the patients. Many mul-
tivitamins contain iodine. Excess intake of 
iodine can be a trigger factor for patients 
having risk for autoimmune thyroiditis.

vv Physical examination revealed heart mur-
mur over the thyroid. Hyperthyroidism 
increases the workload of  the heart, and 
tachycardia generates a functional heart 
murmur. Furthermore, systolic hyperten-
sion with tachycardia is typical for hyper-
thyroidism. Murmur over the thyroid 
originated from the increased blood flow 
in the thyroid.

vv Eye symptoms are discussed in “ophthal-
mological examination” part in more 
detail and in the chapter “Endocrine 
Orbitopathy” (7  Chap. 14).

?? What are the essential initial diagnostic 
steps?

vv Laboratory Examinations

vv In general, screening for TSH alone is 
enough to evaluate thyroid functioning. 
Many laboratories set an automatic pro-
cess, and if  TSH turns out to be under the 
reference range, fT4 and fT3 will be auto-
matically measured.

vv If  TSH is suppressed (<0.1 mIU/L) and 
the free thyroid hormones (fT4 and/or fT3) 
are above their reference range, that is 
overt primary hyperthyroidism. The terms 
hyperthyroidism and thyrotoxicosis are 
most often used synonymously. In very 
strict terminology, however, hyperthyroid-
ism refers to thyroid hormone overproduc-
tion, whereas thyrotoxicosis comprises the 
clinical symptoms and manifestations.

.      . Table 12.1  Physical signs and symptoms of 
Graves’ disease

Symptoms Physical signs

Weight loss Tachycardia, atrial 
fibrillation

Increased stool 
frequency

Systolic hypertension

Thirst and polyuria Cardiac failure

Heat intolerance, 
increased sweating

Warm, wet skin, hair loss

Menstrual 
disturbances in 
women

Palmar erythema, 
onycholysis

Tiredness, fatigue Diffuse goiter – thyroid 
bruit

Anxiety, sleep 
disturbances, 
nervousness

Exophthalmos – 
proptosis (endocrine 
orbitopathy)

Eye symptoms Periorbital edema, 
chemosis

Palpitation Acropachy

Tremor Fine tremor, hyperreflexia

Pretibial myxedema

Graves’ Disease and Hyperthyroidism



130

12

vv In contrast, in the very rare secondary 
hyperthyroidism caused by a TSH-
producing pituitary adenoma, TSH is nor-
mal or elevated, and free thyroid hormones 
are high, as well.

?? What is subclinical primary hyperthy­
roidism?

vv If  TSH is under its reference range, but the 
peripheral hormones are still in their refer-
ence range, this situation is called subclini-
cal primary hyperthyroidism. According 
to the European guideline from ETA 
(European Thyroid Association), subclini-
cal hyperthyroidism has two grades. Grade 
1 has low but detectable TSH, meaning 
biochemically a TSH between 0.1 and 
0.39  mIU/L, whereas Grade 2 has sup-
pressed serum TSH <0.1 mIU/L.

vv Nota bene: In case of  low TSH with nor-
mal peripheral thyroid hormones, please 
evaluate the possibility of  secondary hypo-
thyroidism in the context of  hypopituita-
rism (read 7  Chap. 6).

?? What can be the cause of hyperthyroidism?

vv If  primary hyperthyroidism is detected, 
the following possible causes should be fig-
ured out:

55 Graves’ disease
55 Toxic goiter (single or multinodu-

lar)
55 Initial phase of Hashimoto thyroid-

itis
55 Initial phase of other forms of thy-

roiditis (postpartum/de Quervain 
(subacute))

55 Drug-induced hyperthyroidism 
(e.g., amiodarone)

55 Excess iodine (vitamin, algae, CT 
contrast agent)

55 Overdose of levothyroxine (facti-
tious thyrotoxicosis)

55 Struma ovarii (thyroid tissue in the 
ovary in a form of a monodermal 
teratoma, usually associated with a 
mild hyperthyroidism)

55 Advanced clinical stage in meta-
static differentiated thyroid cancer

55 First trimester of pregnancy (hCG-
induced form)

?? What are the main differences between 
the symptoms of Graves’ disease and toxic 
goiter?

vv Graves’ disease and toxic goiter (see 
7  Chap. 15 on thyroid nodule and multi-
nodular goiter, as well) represent the main 
causes of  primary hyperthyroidism. The 
symptoms related to the metabolic actions 
of  thyroid hormone overproduction are 
the same; the only major difference is the 
lack of  autoimmune-related phenomena 
(most importantly endocrine orbitopathy) 
in toxic goiter.

?? What kind of examinations can be used for 
differential diagnosis?

vv Since Graves’ disease is an autoimmune 
form of  hyperthyroidism, detection of 
autoimmune markers is helpful. Beside 
laboratory investigations, radiology stud-
ies are also needed.

?? What are the autoimmune markers of 
Graves’ disease?

vv Measurement of  thyrotropin (TSH) recep-
tor autoantibodies (TRAb) has a 99% sen-
sitivity and specificity for Graves’s diseases. 
Thyroid peroxidase autoantibody (aTPO) 
can be also positive in many cases, which 
can occasionally make the differential 
diagnosis between initial phase of 
Hashimoto thyroiditis and Graves’s dis-
eases difficult. However, high concentra-
tion of  TRAb and a typical clinical 
appearance favor the diagnosis of  Graves’ 
disease.

vv There is no need to measure thyroglobulin 
or its antibody.

vv TRAb is a mixture of  blocking and stimu-
lating autoantibodies for the TSH recep-
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tor. It would be helpful, if  we could 
distinguish between the blocking and stim-
ulating antibodies, but it is not yet avail-
able in the clinical settings.

vv In other forms of  hyperthyroidism, espe-
cially in toxic nodular goiter (that is more 
common in iodine-deficient regions), anti-
body detection is negative.

?? What are the features of general laboratory 
parameters?

vv Mild low white blood cell concentration is 
common in untreated Graves’ disease; this 
is the classical Kocher blood picture: leu-
kopenia, neutropenia (relative hypopoly-
nucleosis), and relative lymphocytosis. 
Alkaline phosphate (ALP) can be higher 
that is not a sign of  hepatic injury, but 
rather a consequence of  the accelerated 
bone turnover in Graves’ disease. 
Hyperglycemia can be present.

?? Is thyroid scintigraphy (99mTechnetium 
pertechnetate) useful in the diagnosis of hy­
perthyroidism?

vv Yes, the indication of  thyroid scintigraphy 
is the differential diagnosis of  primary 
hyperthyroidism. In Graves’ disease, 
homogeneously increased uptake is detect-
able (.  Fig. 12.1). In toxic nodular goiter, 
there is a patchy uptake or single “hot” 

nodule surrounded with low uptake areas 
(see 7  Chap. 15/7  Fig. 15.5 on thyroid 
nodule and multinodular goiter, as well). 
In other forms of  hyperthyroidism, low or 
no uptake is detectable (e.g., different 
forms thyroiditis, exogenous levothyroxine 
(factitious thyrotoxicosis), ectopic thyroid 
tissue).

vv What is the role of  the neck ultrasound in 
hyperthyroidism?

vv Ultrasound of  the thyroid can be helpful, 
but alone it does not have the sensitive 
power for diagnosis. The thyroid gland is 
often enlarged (female  >18  ml, 
male  >25  ml), and the echotexture is 
mainly heterogeneous. The most typical 
feature is the diffuse hypervascularity; one 
might call it “thyroid inferno” pattern on 
color Doppler. .  Figure 12.2 shows typi-
cal ultrasound pictures of  Graves’ disease.

vv Alongside the typical morphological fea-
tures of  Graves’ disease, nodules can be 
also detected in thyroid ultrasound. Then 
the question arises if  whether the nodule is 
functional active, acting as a toxic nodule 
or not. In such cases the scintigraphy can 
give the answer. Exact collation of  the thy-
roid ultrasound and scan pictures can rule 
out the functional activity of  the nodule.

?? Do we need other additional examinations 
for diagnosis?

vv For the diagnosis of  Graves’ disease, either 
TRAb or thyroid scintigraphy is enough. 
If  TRAb is markedly positive, there is no 
need for scintigraphy. Inversely, if  scintig-
raphy shows a homogenous increase 
uptake, TRAb is not necessary for 
diagnosis.

?? Do we need to perform fine needle aspiration 
cytology from Graves’ thyroiditis?

vv Generally, FNAC is not needed for diag-
nosis. However, if  a nodule is detected in 
Graves’ disease, the evaluation for malig-
nancy should be made. There is a higher 

.      . Fig. 12.1  Homogenous, increased uptake of  the thy-
roid on 99mtechnetium pertechnetate thyroid scintigra-
phy: Graves’ disease. (With permission of  the Chair of 
Nuclear Medicine, Semmelweis University)
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risk of  differentiated thyroid cancer in 
nodules of  Graves’ disease. In suspicious 
cases, fine needle biopsy is needed for 
cytology.

?? What other examinations are needed after 
confirmation of Graves’ disease?

vv Ophthalmological Examination

vv Graves’ disease has extrathyroidal manifes-
tations including the endocrine orbitopa-
thy (EO, synonyms: GO (Graves’ 
ophtalmopathy), thyroid eye disease) that 
is observed in up to 30% of patients 
(detailed in 7  Chap. 14).

vv Orbital involvement is a consequence of 
the autoimmune process in Graves’ disease. 
The clinical presentation of  ophthalmopa-
thy ranges from mild to sight-threatening 
severity. Risk factors for the EO are 
smoking, rapid changing of  thyroid func-
tion (fluctual hyper-hypothyroidism), and 
mechanical irritation (sunshine, wind). In 
the majority of  patients, the eye problems 
develop in parallel with the onset of  thy-
roid disease.

vv TRAb evokes an inflammation of  the 
extraocular muscles and orbital adipose, 
connective tissue. The muscle and adipose 
tissue are expanded. The increase in vol-
ume of  the orbital adipose and muscle tis-

sue influences the severity of  the 
orbitopathy. Muscle dysfunction (mostly 
the inferior rectus muscle) leads to diplo-
pia and limitation of  eye movements. In 
severe cases, the intraorbital pressure can 
injure the optical nerve and the blood sup-
ply of  the orbita.

vv In mild disease, patients have eyelid retrac-
tion, mostly upper eyelid retraction 
(Dalrymple’s sign). Graefe’s sign is the lag-
ging of  the upper eyelid on downward 
rotation of  the eye, whereas lagophthal-
mos is the incapacity of  closing the eyelids 
while incomplete and infrequent blinking 
is called Stellwag’s sign. Möbius sign is the 
lack of  convergence. These are the classi-
cal eye signs of  Graves’ disease that are 
reversible, but the symptoms of  endocrine 
orbitopathy as detailed in 7  Chap. 14 are 
more severe and often irreversible.

vv Due to eyelid retraction and lagophthal-
mos, the cornea becomes dry and presents 
with chemosis, epithelial erosions, and con-
junctivitis. Symptoms include irritation, 
photophobia, tearing, and blurred vision.

vv In moderately active disease, muscle dys-
functions appear with diplopia. The intra-
ocular pressure can be increased. In severe 
forms of  EO, progressive exophthalmos 
and myopathy restrict eye movements, and 
the optic nerve can be compressed. The 

.      . Fig. 12.2  Ultrasound pictures of  Graves’ disease: the so called thyroid inferno is seen. The main echotexture is 
mostly decreased, inhomogeneous with extremely increased diffuse hypervascularity on color Doppler
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clinical appearance can be the loss of 
visual acuity, visual field defect, or total 
visual loss (.  Fig. 12.3).

vv In case of  eye symptoms or signs of  EO, a 
thorough ophthalmological examination 
and regular follow-up are warranted. 
7  Chapter 14 is dedicated to endocrine 
orbitopathy in detail.

?? What kinds of skin alterations can be seen in 
Graves’ disease?

vv In very rare cases, thyroid dermopathy can 
be detected. Usually it comes along with 
severe orbitopathy. The typical localiza-
tion of  dermopathy is the pretibial region 
(pretibial myxedema, a non-pitting edema 
similar to that observed in hypothyroid-
ism). Acropachy is clubbing of  the fingers 
and toes. In such cases dermatological 
examination is advised.

?? What about cardiac alterations?

vv Severe hyperthyroidism provokes systolic 
hypertension, tachycardia, and in elderly 
patients often atrial fibrillation. Congestive 
cardiac failure can be a consequence of 
thyrotoxicosis. Therefore, a cardiac exami-
nation and regular follow-up with ECG 
and echocardiography are often needed.

?? What kinds of additional tests are needed?

vv Type 1 diabetes mellitus, atrophic gastritis, 
vitiligo, primary adrenal insufficiency, and 

celiac disease as part of  autoimmune poly-
endocrine syndromes (mostly type 2, 
7  Chap. 31) have increased prevalence in 
patients with Graves’ thyroiditis.

vv In case of  an autoimmune thyroiditis, 
screening for celiac disease is recom-
mended. Other organ-specific autoim-
mune disease can be screened upon clinical 
suspicion.

?? What is Marine-Lenhart syndrome?

vv Marine-Lenhart syndrome is the coexis-
tence of  Graves’ disease with a functional 
active toxic nodule of  the thyroid. Primary 
hyperthyroidism has then two sources at 
the same time.

?? What is the goal of the therapy?

vv Spontaneous remission occurs in a small 
proportion of  patients, and long-term 
remission is also known. Long-term 
untreated hyperthyroidism impairs heart 
function, provokes osteoporosis, and can 
reduce life expectancy. Therefore, therapy 
of  Graves’ hyperthyroidism is absolutely 
recommended.

vv The aim of  the therapy is to restore the 
patient’s normal condition, abolish his/her 
symptoms, and reach and maintain euthy-
roid state.

vv If  the patient smokes, it is essential to give 
it up.

?? What kinds of therapeutic possibilities are 
available?

vv There are several therapeutic options 
available to treat Graves’ hyperthyroidism. 
Medical therapy consists antithyroid 
drugs, beta-blockers, selenium, and in 
selected cases lithium carbonate. Ablative 
therapy possibilities are the radioiodine 
and near-total thyroidectomy.

vv In Europe, the first-line treatment is the 
antithyroid drug therapy for 12–18 months. 

.      . Fig. 12.3  A severe form of  Graves’ endocrine orbi-
topathy with chemosis (extensive conjunctival swelling 
and edema)
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Available drugs are methimazole (thiam-
azole), propylthiouracyl (PTU), and car-
bimazole. These drugs inhibit thyroid 
peroxidase function, thus blocking thyroid 
hormone production. As a first choice, 
methimazole/carbimazole is preferred in 
Europe. The goal of  the antithyroid drug 
treatment is to restore and maintain the 
euthyroid state. In the beginning of  the 
therapy, higher doses are often needed 
(methimazole 30–60  mg/day, propylthio-
uracil 300–400 mg/day), and later on, the 
daily dose can be reduced. In the first 
months of  treatment, the concentrations 
of  free hormones decrease, but TSH can 
be longer suppressed. There is an intention 
to maintain the free hormone level in their 
upper range with no clinical symptoms. 
After a while, TSH starts to increase. In 
case of  moderate or severe ophthalmopa-
thy, it is recommended to avoid the hypo-
thyroid function or waving between 
hyper- and hypothyroid state. The dose 
reduction of  antithyroid drug is an easily 
feasible method. Previously the “block 
and replace” method was also frequently 
used. In this treatment algorithm, the 
higher dose of  antithyroid drug remains 
unchanged, but in the presence of  hypo-
thyroid hormone levels, levothyroxine was 
initiated. The combined therapy with anti-
thyroid drug and levothyroxine is nowa-
days rarely used, and it is contraindicated 
in pregnancy.

vv Long-term remission occurs in 30–40% of 
patients after 12–18  months of  medical 
therapy. If  Graves’ disease recurs, the effi-
cacy of  repeated medical treatment is as 
low as 15–20%.

vv Additional therapy with lithium carbonate 
has a minor role in the treatment, and it is 
given mostly in cases if  antithyroid drugs 
are contraindicated due to severe side 
effects.

vv Selenium might reduce the risk of  EO.

vv The nonselective beta-blocker propranolol 
reduces the tachycardia and on the other 

hand inhibits the peripheral conversion of 
T

4 to T3. It is therefore especially useful in 
the beginning of  symptoms. Anxiolytic 
drugs in low doses can also be given.

?? What kinds of side effects require attention 
in medical treatment?

vv Antithyroid drugs have almost the same 
side effect profile. Granulocytopenia can 
be severe, and it presents in 0.2–0.3% of 
patients mainly in the first 3  months of 
treatment. Hepatotoxicity frequency is less 
than 0.1%, and ANCA-associated vasculi-
tis is also a rare consequence of  the ther-
apy. Allergically skin reaction is also 
known.

vv In case of  a severe side effect associated 
with an antithyroid drug treatment, 
switching to another is not recommended.

vv Regular checkup of  blood count or liver 
function has no additive value according 
to available consensus opinion but can be 
occasionally checked in the beginning of 
the therapy. It is important to educate the 
patients of  the signs and symptoms of 
agranulocytosis (fever, fatigue, sore throat, 
mouth ulceration, bleeding gums) and to 
stop the drug and seek urgent medical 
advice with these symptoms.

vv Methimazole/carbimazole should be taken 
once a day (independently of  the required 
daily dose), whereas propylthiouracil 
should be divided into three times a day!

?? What are the indications of ablative 
therapy?

vv Ablative treatment consists of  radioiodine 
(131I) or surgical thyroidectomy. The goal 
of  the ablative therapy is to permanently 
eliminate thyroid hyperfunction.

vv Radioiodine cumulates in thyroid cells, 
and the radiation irreversibly destroys the 
thyroid tissue. The adequate surgical inter-
vention nowadays is the near-total thy-
roidectomy in case of  Graves’ disease. 
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Previously, subtotal thyroidectomy was 
performed, but the recurrence of  hyper-
thyroidism was high.

vv The consequence of  ablative therapy is 
hypothyroidism in 80% of  radioiodine and 
almost 100% after thyroidectomy. After 
successful ablative treatment, levothyrox-
ine should be given lifelong for patients 
presenting with overt hypothyroidism.

vv The indications for ablative treatment are 
presented in 7  Box 12.1.

?? Which ablative therapy option should be cho­
sen?

vv Physicians need to explain the benefits and 
risks of  both ablative treatments for their 
patients.

vv Surgical removal of  the thyroid is recom-
mended in large goiter, multinodular goi-
ter, for women wishing to be pregnant 
shortly after therapy, and for those who 
fear the radiation exposure. Patients with 
moderate or severe form of  endocrine 
orbitopathy have better ocular outcome 
after thyroidectomy.

vv Before surgery, the restoration of  thyroid 
function with antithyroid drugs is needed. 
Subclinical hyperthyroidism or euthyroid 
state is optimal for thyroidectomy. In many 
centers, preoperative treatment with inor-

ganic iodine is a practice to decrease the 
thyroid blood flow, vascularity, and intra-
operative bleeding.

vv Radioiodine treatment is an elegant form 
of  ablative treatment. In North America, 
radioiodine treatment remains the first-
line option for Graves’ disease. The effect 
of  radioiodine treatment is detectable after 
a few weeks. For successful treatment, 
patients need to have high iodine uptake 
capacity, which requires the termination 
of  antithyroid drug treatment 7–10  days 
before therapy. Two options are available 
for treatment. Many clinicians use fixed 
doses of  131I, whereas others calculate the 
needed activity before treatment. 
Radioiodine is not associated with 
increased risk of  cancer, but recent studies 
question this statement. Radioiodine can 
provoke or worsen the endocrine orbitopa-
thy. In mild or moderate cases, pretreat-
ment with corticosteroid drug is advisable. 
After ablation of  the thyroid, the function 
should be regularly monitored, and if  
hypothyroidism develops, levothyroxine 
substitution is required.

?? What are the special considerations in the 
treatment of pregnant women?

vv Pregnancy softens the natural course of 
Graves’ disease, and signs and symptoms 
often improve. The background of  this 
natural amelioration is the change in the 
immunological response. On the other 
hand, after delivery (postpartum), a 
rebound of  the immune system can lead to 
the exacerbation of  Graves’ disease.

vv If hyperthyroidism is detected in a pregnant 
woman, beside the known causes mentioned 
above, another differential diagnostic cause 
should be evaluated: i.e., gestational tran-
sient thyrotoxicosis (most often observed 
between the 6th and 15th weeks of preg-
nancy). It is the consequence of elevated 
hCG (human chorionic gonadotropin) con-
centration in the blood. hCG can bind to 
the TSH receptor and acts as thyrotropin. 

Box 12.1  Indications for  Ablative 
Treatment in Graves’ Disease

55 If  severe side effect occurred during 
antithyroid drug treatment

55 In case of recurrent Graves’ disease 
after 12–18 months of antithyroid drug 
treatment

55 If  the patient does not want to take the 
antithyroid drug

55 If  medical treatment fails to restore 
euthyroid state

Graves’ Disease and Hyperthyroidism
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The severe form of gestational thyrotoxico-
sis is called hyperemesis gravidarum. The 
symptoms spontaneously resolve as serum 
concentration of hCG decreases.

vv Patients with Graves’ disease wishing to be 
pregnant should stabilize the thyroid func-
tion before conception. If  medical treat-
ment is needed, propylthiouracil is the 
choice in the first trimester. In the second 
or third trimester, both methimazole and 
propylthiouracil can be given. The target 
value of  free hormones should be in their 
upper normal range. Hypothyroidism 
should be avoided.

vv The usage of  “block and replace” therapy 
is absolutely contraindicated in pregnancy.

vv Radioiodine therapy and diagnostic scin-
tigraphy are also prohibited during preg-
nancy.

vv An additional guideline recommendation 
is that pregnancy should be kept off  for 
6–12  months after radioiodine therapy. 
More details on thyroid diseases in preg-
nancy are presented in 7  Chap. 21.

?? What are the indications for treatment in 
subclinical hyperthyroidism and how treat­
ment should be performed?

vv The treatment of  subclinical hyperthyroid-
ism should be evaluated individually. 

According to the recent ETA guideline, 
treatment of  Grade 2 subclinical hyperthy-
roidism (TSH  <  0.1 mIU/L) is recom-
mended in patients over 65  years. 
Treatment of  symptomatic and asymp-
tomatic patients older than 65 years with 
Grade 1 subclinical hyperthyroidism 
(0.1 < TSH < 0.39 mIU/L) and increased 
cardiovascular risks may be considered. 
Young patients (aged  <  65  years) with 
Grade 1 subclinical hyperthyroidism can 
be observed, whereas Grade 2 subclinical 
hyperthyroidism treatment depends on the 
clinical picture. The treatment of  subclini-
cal hyperthyroidism is similar to that of 
overt hyperthyroidism.

?? Are the treatment options for hyperthyroid­
ism associated with toxic nodules or hyper­
functioning multinodular goiter different 
from that of Graves’ hyperthyroidism?

vv Yes. A hyperfunctioning nodule or goiter 
cannot be healed by antithyroid drugs. 
Administration of  antithyroid drugs can 
certainly normalize thyroid hormone lev-
els, but after stopping these, hyperthyroid-
ism invariably returns. Only ablative 
therapies, i.e., radioiodine, and surgery 
can be used for the definitive treatment of 
hyperfunctioning nodules. However, anti-
thyroid drugs are needed in the prepara-
tion for surgery to make the patient 
euthyroid before the intervention.

�Case Presentation Continued

The young female patient had Graves’ disease. 
TRAb was positive, and ultrasound showed the 
typical signs for thyroiditis, whereas scintigra-
phy revealed a diffusely increased Tc uptake in 
the thyroid bed. Therefore, an antithyroid drug 
30 mg methimazole/day and 3 × 20 mg pro-
pranolol therapy were launched.

Three weeks after therapy initiation, the 
patient observed urticariform rashes on her 
skin. Propranolol was stopped, but nothing 
had changed. So methimazole was stopped for 

a few days, and the skin rash then disappeared. 
Methimazole was changed to propylthioura-
cil as a second-line antithyroid drug. For her 
mild eye symptoms, eye drops, pentoxifylline 
3 × 400 mg, and 150 mg selenium were given.

Peripheral hormones returned to the refer-
ence range after a few months of treatment, 
and the patient’s symptoms significantly 
improved. TSH remained suppressed. After 
18 months of treatment, the patient had a long-
term euthyroid state, so antithyroid drug treat-
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Tips

The reader is advised to read the chapter on 
thyroid nodule and multinodular goiter 
(7  Chap. 15), the next two chapters on 
thyroid storm and endocrine orbitopathy 
(7  Chaps. 13 and 14), and the chapter on 
thyroid diseases in pregnancy (7  Chap. 21). 
Thyroiditis can also be associated with 
transient forms of hyperthyroidism; 
therefore, 7  Chap. 16 on subacute (de 
Quervain’s) thyroiditis can be interesting to 
the reader. Amiodarone-induced thyroiditis 
can cause severe hyperthyroidism, as well 
(7  Chap. 17).

Take-Home Messages
55 Graves’ disease is an autoimmune 

thyroiditis with hyperthyroidism.
55 TRAb is the autoimmune marker of the 

disease.
55 Thyroid scintigraphy shows a diffusely 

increased isotope uptake in the thyroid 
gland.

55 Overt hyperthyroidism is needed to 
treat, whereas decision for treatment in 
case of subclinical form should be made 
individually.

ment was stopped. Regular checkups 
continued, and TSH showed an euthyroid state; 
however, TRAb remained positive, and ultra-
sound showed discrete thyroiditis signs.

The laboratory results of the patient are 
presented in .  Table 12.2.

Two years after the antithyroid drug was 
stopped, the patient was admitted again to the 
endocrine unit with the same signs of hyperthy-
roidism as before. Laboratory results confirmed 
the recurrence of Graves’ disease (2019.04. 

TSH, < 0.01 mIU/L; fT4, 22  pmol/L; fT3, 
8.4 pmol/).

We discussed the possible alternative treat-
ment options with the patient and agreed upon 
an ablative therapy. Since the thyroid size was 
not enlarged, and there was no nodule in the 
thyroid, radioiodine treatment was the choice. 
480 MBq doses of 131I radioiodine therapy was 
given. Three months after the treatment, overt 
hypothyroidism was developed, and levothy-
roxine substitution was launched.

.      . Table 12.2  Laboratory results of  the patient in the course of  disease

Date of blood sampling TSH (mIU/l)
normal: 0.4–4.5

fT4 (pmol/L)
normal:12–22

fT3 (pmol/L)
normal:3–7

TRAb IU/L
normal:<1

09.2015 0.02 mIU/L 28 pmol/L 11.1 pmol/L 24.9 IU/L

01.2016 0.05 mIU/L 21 pmol/L 8.7 pmol/L

02.2016 0.08 mIU/L 18 pmol/L 5.4 pmol/L

05.2016 0.05 mIU/L 20 pmol/L 5.8 pmol/L

07.2016 0.00 mIU/L 36 pmol/L 33 pmol/L 1.2 IU/L,

08.2016 0.01 mIU/L 13.7 pmol/L 7.3 pmol/L

10.2016 <0.01 mIU/L 8.40 pmol/L 5.80 pmol/L

04.2017 1.5 mIU/L 10 pmol/L, 6.4 pmol/L

11.2017 3.5 mIU/L 11.2 pmol/L 5.5 pmol/L 5.3 IU/L

07.2018 1.4 mIU/L 12.3 pmol/L 5.8 pmol/L

10.2018 1.01 mIU/L
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55 The choice of treatment is first-line 
medical therapy with antithyroid drugs 
and beta-blockers.

55 Ablative therapy options are 
radioiodine or near-total thyroidectomy.

55 The most common extrathyroidal man-
ifestation is the endocrine orbitopathy 
with various severities.

55 Pregnant women need special 
considerations with Graves’ disease.
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�Case Presentation

A 38-year-old woman presented to an out-
patient clinic with the following symptoms: 
orthopnoea and increasing peripheral 
oedema, tachycardia, high frequency atrial 
fibrillation and biventricular heart failure. 
Further questioning revealed a 6-month 
history of weight loss, heat intolerance, 
diarrhoea, palpitations and nervousness. 
Two typical symptoms were also recorded: 
orbitopathy and soft tissue inflammation 
which included caruncular oedema, chemo-
sis, conjunctival redness, lid redness 
(.  Fig. 13.1) and goitre.

.      . Fig. 13.1  The patient’s eyes showing severe 
endocrine orbitopathy with soft tissue inflamma-
tion including caruncular oedema, chemosis, 
conjunctival redness and lid redness

Opening
In this chapter, the reader will get information 
about the clinical features, diagnosis and 
treatment of thyroid storm, which is a severe, 
life-threatening form of hyperthyroidism. The 

differential diagnosis of hyperthyroidism and 
other thyroid disorders are discussed in 
different chapters.

Definition of the Disease

Thyroid storm is a severe, life-threatening 
health disorder that is associated with under-
treated or untreated hyperthyroidism. Without 
immediate, aggressive medical intervention, 
thyroid storm is often fatal. During thyroid 
storm, the patient’s heart rate, blood pressure 

and body temperature can increase to danger-
ously high levels that cause atrial fibrillation 
and other malignant arrhythmias. According 
to the severity of  disease, mild to serious neu-
rological symptoms can develop, but the most 
probable cause of  death is cardiac failure.

?? What kind of disease is the most probable 
based on these symptoms?

vv The patient presented typical symptoms of 
hyperthyroidism; moreover the presence 
of  orbitopathy would suggest Graves’ 
disease.

vv She had a positive family history for auto-
immune thyroid disease. Half a year before 
the current presentation, hyperthyroidism 
has been detected by an endocrine outpa-
tient clinic, and anti-thyroid drug was sug-
gested, but the patient did not follow the 
recommended therapy. The patient now 
showed signs of a high-frequency atrial 
fibrillation (132 beats per minute) and tachy-
pnoea (21 breaths per minute). Furthermore, 
the patient’s body temperature was mildly 
elevated (between 37.0  °C and 37.2  °C). 
Laboratory testing showed a hormonal 
panel typical for hyperthyroidism:

55 Thyroid-stimulating hormone (TSH) 
<0.1 mIU/L (normal, 0.42 to 4.32 
mIU/L)

55 Free thyroxine (fT4) 87.2  pmol/l 
(normal, 11.5–22.7 pmol/l)

55 Free triiodothyronine (fT3) 27.6 
pmol/l (normal 2.8–6.5 pmol/l)
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vv Bedside ultrasound revealed hypervascu-
larity and a hypoechoic pattern of  the thy-
roid gland (.  Fig. 13.2). As expected, the 
patient also had an elevated thyroid recep-
tor antibody (TRAb) concentration of 
18  IU/L (normal, 0–2.0  IU/L), thus con-
firming the diagnosis of  Graves’ disease 
(7  Chap. 12).

?? What are the aetiological factors of thyroid 
storm?

vv Thyroid storm, a synonym of  thyrotoxic 
crisis, is an uncommon condition due to an 
extreme form of  thyrotoxicosis. The dis-
ease is rare; however, mortality rates may 
reach 10–20%. The most common cause of 
thyroid storm is Graves’ hyperthyroidism, 
but it can be associated with several other 
medical conditions as well.

vv In most cases, there is an underlying aetiol-
ogy of hyperthyroidism (like in the cited 
case – a half  year history of un- or under-
treated thyrotoxicosis), but the transition to 
thyroid storm usually requires a second 
trigger impulse. Usually these are infection, 
trauma or neck surgery, pregnancy or post-
partum period, myocardial infarction and 
diabetic ketoacidosis. Large amounts of 
exogenous iodine (such as use of iodinated 
contrast agents or long-term administra-
tion of amiodarone) or prolonged exposure 
to thermal water with high iodine content 
(for several days) can provoke thyroiditis or 
hyperthyroidism. Discontinuation of anti-
thyroid treatment or poor patient adher-

.      . Fig. 13.2  Ultrasound images showing hypervascu-
larity and a hypoechoic pattern of  the thyroid gland

�Case Continued

Chest X-ray demonstrated cardiomegaly and 
pulmonary congestion. An echocardiogram 
showed a significantly dilated left ventricle with 
an ejection fraction of 10 to 20 percent. The 
patient was given 40 mg furosemide two times a 
day (with potassium substitution) and started 
on beta-adrenergic blockade by 40  mg pro-
pranolol three times a day. As thyrostatic treat-
ment, 10 mg methimazole three times a day was 
started, and 32  mg methylprednisolone once 
per day was also given.

Despite the above treatment, the patient’s 
status worsened; the Burch-Wartofsky Point 
Scale (BWPS) (see below) was above 45, so it 
was highly suggestive for thyroid storm, and 
therefore rapid and aggressive multimodal 
management in an Intensive Care Unit was 
started. The patient’s most critical symptom 
was cardiac failure. The treatment included 
high-dosage thiamazole (20  mg three times a 
day) and 80 mg of parenteral methylpredniso-
lone administered every 8 hours. One day later, 

Lugol’s (iodine) solution was started (ten drops 
orally in every 8 hours) to decrease the thyroid 
hormone release. The multidisciplinary medical 
care team suggested plasmapheresis and imme-
diate total thyroidectomy. Endocrinologists 
and endocrine surgeons collaborated to per-
form a total thyroidectomy. Pathological exam-
ination revealed small multinodular goitre and 
follicular hyperplasia consistent with Graves’ 
disease. Following total thyroidectomy, the 
patient improved, and 3 days after the opera-
tion, thyroid hormone replacement therapy was 
initiated. This resulted in gradual improvement 
in the ejection fraction (from 10% to 40%), but 
the patient’s cardiac function remained subop-
timal for an additional year.

This case is a typical course of the disease, 
but in more severe cases, for example, in respi-
ratory insufficiency or hypotension intra-aortic 
balloon pump placement, intubation with arti-
ficial ventilation may be necessary.

Thyroid Storm
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ence to treatment is associated with 
worsening of thyrotoxicosis. New biologi-
cal treatments (such as interleukin-2 and 
α-interferon, etc.) have been published to 
generate hyperthyroidism and thyroid 
storm, too.

?? What are the symptoms of thyroid storm?

vv The symptoms of  a thyroid storm are not 
simple exaggerations of  the typical mani-
festation of  severe hyperthyroidism. 
Thyrotoxic crisis, in addition to the pre-
sentation of  known hyperthyroidism 
symptoms, can progress into systemic 
decompensation leading to multiple organ 
failure and death. The scoring system rec-
ommended by Burch and Wartofsky 
(.  Table  13.1) describes the typical signs 
of  organ dysfunction and failure, as 
defined in thyroid storm (thyrotoxic crisis).

vv Even though the patient in the presented 
case had only mildly elevated body temper-
ature, fever is a typical finding in thyroid 
storm. Therefore, the diagnosis of  thyroid 
storm should always be considered in 
febrile patients with known thyrotoxicosis.

vv Fever and persistent sweating generate 
increased water, sodium, calcium, magne-
sium and potassium loss leading to com-
plications like dehydration and electrolyte 
imbalance. Tachyarrhythmias and consec-
utive cardiac decompensation are com-
mon and usually of  atrial origin. 
Ventricular arrhythmias can also occur 
with the deterioration of  the potassium or 
magnesium and other ion homeostasis. 
Cardiac failure manifested as peripheral 
oedema in our patient and even pulmo-
nary congestion is not uncommon when 
the symptoms are severe. Depending on 
the fT4 and fT3 levels and the duration of 
the untreated or undertreated period, the 
neurological dysfunction may be consider-
able, manifesting itself  in delirium, agita-
tion or psychosis. As a consequence of  the 
presence of  cardiac failure or a direct 
effect of  the increased thyroid hormone 
level itself, liver dysfunction with or with-

out jaundice may also be present. 
Diarrhoea is a known effect of  hyperthy-
roidism, and it is not different from what is 
seen in other hyperthyroid situations. 
Long-term thyrotoxicosis can be associ-
ated with a reduced adrenocortical reserve. 
Moreover, autoimmune hyperthyroidism 
can rarely be associated with Addison’s 
disease (primary adrenal insufficiency) as 
parts of  the autoimmune polyendocrine 
syndrome type 2 (7  Chap. 31).

?? What are the main diagnostic steps of thy-
roid storm?

vv Elevated serum thyroid hormone levels 
(fT3 and fT4) with suppressed TSH levels 
confirm the diagnosis of  hyperthyroidism. 
The diagnosis of  thyrotoxic crisis is based 
upon suspicious but nonspecific clinical 
symptoms, and the previously mentioned 
Burch-Wartofsky scores (.  Table 13.1). If  
the diagnosis of  thyroid storm is highly 
suspected based on the clinical presenta-
tion and medical history, waiting for the 
results of  laboratory tests to confirm the 
diagnosis may lead to delayed and thus 
less efficacious life-saving treatment. 
Furthermore, highly increased thyroid 
hormone levels can be observed without 
severe clinical features; therefore the diag-
nosis should be set up by clinical signs 
alone such as physiological parameters 
(thermoregulatory disorder (fever), car-
diac failure and arrhythmia, central ner-
vous system dysfunction, etc.). In most 
cases, thyroid storm occurs with an under-
lying predisposition to thyrotoxicosis; 
therefore it is important to look for possi-
ble precipitating factors such as infection, 
iodine exposure, pregnancy and previous 
thyroid disease in anamnestic data 
(.  Fig. 13.3).

?? What is the treatment algorithm for thyroid 
storm?

vv After the diagnosis of  thyroid storm, the 
patient should be managed immediately in 
an Acute Medical Unit or Intensive Care 
Unit. The boundary between severe thyro-
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toxicosis and thyroid storm is narrow; 
therefore close monitoring of  vital param-
eters is crucial.

vv Rescue care includes cooling intervention 
against increased body temperature with 
antipyretics, but salicylates (e.g. aspirin) 
should be avoided as they facilitate the 
displacement of  thyroid hormone 
from  thyroid-binding globulin (TBG); 
therefore acetaminophen (paracetamol) is 
preferable.

vv Maintaining the physiological fluid-elec-
trolyte homeostasis can help in avoiding 
cardiac arrhythmia. Tachyarrhythmias can 
be associated with haemodynamic insta-
bility and should be managed carefully 
either with drugs (anti-arrhythmic) or 
direct coupled (DC) cardioversion.

vv Ventilatory support should be provided 
when necessary, either with non-invasive 
positive-pressure ventilation (NIPPV) or 
invasive ventilation. Severe agitation is a 
frequent symptom in thyroid storm, which 
endangers the adequate treatment; there-
fore sedative drugs such as haloperidol, or 
a benzodiazepine (e.g. clonazepam), 
should be given carefully, taking into 

account the possible respiratory depressive 
side effects of  these agents.

vv As hyperthyroidism results in negative 
energy balance, nutritional support focus-
ing on thiamine and other vitamin supple-
ments is also recommended. Continuous 
blood glucose monitoring is suggested 
because liver glycogen stores are used up 
by thyroid hormones. Beyond the above-
mentioned adjuvant treatment and sup-
ports, targeted therapy is needed with a 
focus on decreasing thyroid hormone syn-
thesis and release and peripheral action of 
circulating thyroid hormone.

vv The suggested therapeutic approach is the 
same as in severe thyrotoxicosis, but with a 
strong focus on higher dosage and fre-
quency of  medical treatment and on a 
more holistic adjuvant treatment 
(.  Table 13.2). We can block the thyroid 
hormone effect at five levels:
	1.	 Block thyroid hormone synthesis (by 

anti-thyroid drugs).
	2.	 Block hormone release (by iodine).
	3.	 Block the active peripheral hormone 

synthesis, the T4 into T3 conversion 
(by propranolol, propylthiouracil 
[PTU], corticosteroids).

.      . Fig. 13.3  Algorithm for diagnostic steps in thyroid storm
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	4.	 Block the most important cardiac 
symptoms (tachycardia/tachyarrhyth-
mia) by beta-blocker drugs.

	5.	 In some sources, treatment for blocking 
the enterohepatic circulation (i.e. cho-
lestyramine) is also proposed.

vv Thionamide drugs should be administered 
without any delay. Thionamides inhibit 
the coupling of  iodothyronines and there-
fore reduce the synthesis of  the thyroid 
hormone. All inhibit the function of  the 

thyroid peroxidase enzyme, reducing 
organification and oxidation of  iodide. 
Either PTU or carbimazole (or methima-
zole) can be used. Carbimazole is not an 
active drug; it has to be decarboxylated to 
methimazole in the liver. PTU has a more 
rapid onset of  action and inhibits periph-
eral deiodinase enzyme (results in a lower 
conversion of  T4 into T3), but it has a 
higher liver toxicity potential than other 
thionamides. Thionamides can be admin-
istered orally or via a nasogastric (NG) 

.      . Table 13.2  Drug treatment options in thyroid storm

Medication Dose Mechanism and effects

Propylthiouracil (PTU) 600 mg loading dose, followed by 
200–250 mg PO every 4–6 hours

Inhibition of hormone synthesis
Peripheral de-iodination

Methimazole/carbimazole 20–30 mg PO every 4–6 hours Inhibition of hormone synthesis

With regard to severe liver toxicity with high-dose PTU, methimazole (or carbimazole) is the preferable 
thionamide. Consecutive liver function and blood count control suggested

Lugol’s solution 5–10 drops PO every 6–8 h Inhibition of hormone release

Administer at least 1–6 hours (or even 1 day) after initiation of thionamide

Propranolol 1–2 mg/min IV every 15 min up to 
max 10 mg or
40–80 mg PO every 4–6 h

Inhibition of peripheral 
conversion of T4 into T3

Metoprolol 1–2 mg/min IV every 15 min up to 
max 10 mg or
50–100 mg PO every 6 h

Inhibition of peripheral 
conversion of T4 into T3

Hydrocortisone 100 mg IV every 6 h Inhibition of peripheral 
conversion of T4 into T3

Dexamethasone 2 mg IV every 6 h Inhibition of peripheral 
conversion of T4 into T3

Improve the secondary adrenal insufficiency and autoimmune thyroiditis if  exists

Acetaminophen (paracetamol) 500–1000 mg PO every 6 h Decrease body temperature

It can worsen hepatic dysfunction

Lithium carbonate 300 mg PO every 8 hours Inhibits thyroid hormone release 
from the gland

Potassium perchlorate 1 g PO od Inhibits iodide transport into 
the thyrocyte

Cholestyramine 4 g PO every 6–12 hours Reduces the reabsorption of 
thyroid hormone from the 
enterohepatic circulation

Based on Carroll and Matfin [3], see reference
PO oral, IV intravenous, od once daily

Thyroid Storm
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tube (or even rectally) in unconscious 
patients with a loading dose of  600 mg fol-
lowed by a dose of  200–250  mg every 
4–6  hours for PTU or 20–30  mg every 
4–6  hours for carbimazole (or methima-
zole). Consecutive control of  liver func-
tion and full blood count (focusing on 
neutropenia) is highly recommended as 
abnormalities of  the liver are the most fre-
quent side effect of  high-dose thionamides.

vv Beta receptor-blockers (BB) should be 
administered without any delay (unless 
contraindicated, e.g. severe bronchial 
asthma, chronic obstructive pulmonary 
disease). Propranolol, as a non-cardiac 
specific BB, is a first-line therapy, because 
it has proven effect on inhibition of  T4 
into T3 conversion. In some countries, 
propranolol is accessible for intravenous 
(IV) use also. IV propranolol at a dose of 
1–2  mg/min can be administered every 
15  minutes up to the maximum dose of 
10 mg, followed by 40–80 mg orally every 
4–6 hours. In the absence of  IV proprano-
lol, metoprolol can be used as an effective 
BB (a dose of  1–2 mg/min can be adminis-
tered every 15 minutes up to the maximum 
dose of  10  mg under continuous ECG 
monitoring). Alternatively, calcium chan-
nel blockers such as short-acting vera-
pamil can be used at a dose of  40 mg 
orally every 6–8 hours or 5–10 mg (0.075–
0.15 mg/kg) by IV, but BBs are highly 
preferable. If  anticoagulation is required 
for atrial fibrillation, patients experienc-
ing thyroid storm react very sensitively to 
warfarin administration; therefore in these 
situations, low-molecular-weight heparins 
(e.g. nadroparin, enoxaparin) are recom-
mended.

vv Iodine is an effective suppressor of  thyroid 
hormone release (Wolff-Chaikoff  effect), 
but it should be administered at least 
1–6  hours after thionamide to prevent 
unwanted tyrosine residue iodination and 
accumulation of  thyroid hormone stores. 
In our practice, we use it 1–2 days after the 
initial treatment. The effect lasts for up to 
2  weeks, therefore unsuitable as a long-

term therapy. Iodine administration might 
worsen the symptoms after 2 weeks; there-
fore definitive treatment (total thyroidec-
tomy) must be done after iodine therapy. 
The iodine treatment usually means 
Lugol’s solution in the endocrine practice, 
given 5–10 drops orally every 6–8 hours.

vv Corticosteroids inhibit peripheral conver-
sion of  T4 into T3, and as adrenal insuffi-
ciency might also occur in thyrotoxic crisis, 
administration of  these drugs may improve 
the outcomes. Dexamethasone 2  mg IV 
every 6 hours can be used, or hydrocorti-
sone 100 mg 6 hourly should be given IV 
or IM. The doses should be tapered gradu-
ally as the symptoms of  thyroid storm 
improve.

zz Adjuvant Medical Treatments
Potassium perchlorate competitively inhibits 
iodide transport into the thyrocyte, but mainly 
it is particularly useful in amiodarone-induced 
thyrotoxicosis. A suggested dose is 1 g daily and 
is advised to be combined with a thionamide.

Lithium carbonate can be an alternative 
treatment at a dose of 300–500  mg every 
8 hours, if  there is a contraindication to thion-
amide therapy (e.g. neutropenia during for-
mer administration of a thionamide or 
allergy), but continuous serum lithium levels 
should be monitored to avoid exceeding the 
normal range. Lithium inhibits thyroid hor-
mone release and reduces iodination of tyro-
sine residues.

Cholestyramine 4 g orally two to four times 
per day reduces the reabsorption of metabo-
lized thyroid hormone from the enterohepatic 
circulation; therefore it diminishes the active 
hormone level.

?? What is the definitive treatment of thyroid 
storm?

vv Our experience is that the definitive total 
thyroidectomy cannot be avoided in thy-
roid storm, because in most cases, the dis-
ease is refractory to any of  the 
abovementioned treatment options, or the 
patient’s medical condition worsens. As 
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the thyrotoxic crisis can facilitate the 
appearance of  malignant arrhythmias dur-
ing anaesthesia, plasmapheresis for 
removal of  the thyroid hormone is highly 
recommended to prepare the patient for 
surgery. As mentioned in our case, plasma-
pheresis needs to be repeated at least 2–3 
times as only a small fraction of  thyroid 
hormones can be removed during a ses-
sion. The minimal aim of  plasmapheresis 
to reach the upper limit of  normal range 
of  T4 and the surgery should be organized 
immediately after the last plasmapheresis 
session.

Tips

The reader is advised to read the preceding 
chapter on Graves’ disease (7  Chap. 12) 
and the chapter on Addison’s disease 
(7  Chap. 31).

Take-Home Messages
55 Thyroid storm is a rare but severe endo-

crine disorder, and immediate diagnosis 
of this dangerous status can be life-
saving.

55 A multimodal treatment approach to 
patients with thyroid storm is recom-
mended, including anti-thyroid drug 
therapy, glucocorticoid administration, 
beta-adrenergic blockade, cooling blan-
kets, volume resuscitation, nutritional 
support, respiratory care and monitor-
ing in an Intensive Care Unit.

55 The anti-thyroid drug therapy targets to 
block thyroid hormones at all possible 

levels: the thyroid hormone synthesis, 
the release of thyroid hormone from 
thyroid stores and the peripheral effects 
of thyroid hormone excess.

55 The medical therapy can stabilize the 
status, but a definitive resolution—such 
as surgery—should be pursued.
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Opening
In this chapter, the reader will get acquainted 
with the clinical features, diagnosis and 
management of endocrine orbitopathy (EO). 

EO is an autoimmune disease of the orbits, 
which accompanies Graves’ disease in up to 
30% of the cases.

Definition of the Disease

Endocrine orbitopathy (synonyms: Graves’ 
ophthalmopathy, endocrine ophthalmopa-
thy, thyroid eye disease) is an autoimmune 
inflammation of  the orbital tissues. EO 
usually manifests contemporaneously with 
Graves’ hyperthyroidism; however, in the 
minority of  cases, EO may precede or fol-
low it by several months. Rarely, EO may be 
associated with Hashimoto thyroiditis. The 
major characteristics of  the orbital process 
are immune cell infiltration, local cytokine 
production, fibroblast proliferation and 
connective tissue matrix expansion. These, 

combined with swelling and dysfunction of 
the external eye muscles, cause proptosis, 
diplopia, lagophthalmos (incomplete clo-
sure of  the eyelids) and consequent exposure 
and inflammation of  the conjunctival and 
corneal surface. The most severe cases pres-
ent with chemosis (extensive swelling and 
oedema of  the conjunctiva). Rarely, com-
pression of  the optic nerve by enlarged rec-
tus muscles may result in rapid deterioration 
of  visual acuity ending in permanent sight 
loss. Exposure and dryness of  the corneal 
surface may lead to corneal ulceration.

�Case Presentation

A 35-year-old woman was referred to our 
endocrine clinic for bilateral proptosis, upper 
lid swelling, diplopia and redness of the eyes 
(.  Fig. 14.1). She was diagnosed with Graves’ 
hyperthyroidism 3  months earlier by her pri-
mary care physician, with elevated FT4 and 
FT3 and suppressed TSH levels. By palpation 
and ultrasound, a mildly enlarged, non-nodu-
lar thyroid gland was detected. The diagnosis 
was supported by the high level of TSH recep-
tor antibody (TRAb) in her sera. By the pri-
mary care physician, eye signs of Graves’ 
hyperthyroidism were seen, but no complaints 
or signs suggestive of EO were present. Her 
thyroid hormone levels gradually decreased on 
medical treatment (thiamazole 30 mg/day) and 
were only mildly elevated on presentation at 
our endocrine clinic.

.      . Fig. 14.1  Endocrine orbitopathy. Exophthal-
mos (right, 23  mm; left 21  mm; upper normal 
18  mm), upper eyelid oedema and lid retraction. 
Double vision was present in right and left lateral 
gaze. In the referral letter, conjunctival redness was 
also reported, which disappeared after artificial 
tears were prescribed
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?? How can we confirm the diagnosis of EO? 
What other diseases may resemble EO?

vv In patients with current or recent Graves’ 
hyperthyroidism, the presence of  the char-
acteristic eye signs confirms the diagno-
sis of  EO (7  Box 14.1). Ophthalmology 
consultation at this stage and later during 
follow-up is essential. In less than 5% of 
the cases, when EO is the presenting dis-
ease and no thyroid dysfunction can be 
found, the diagnosis may be challenging. 
The majority of  these patients have detect-
able TRAb in their sera. More than two 
thirds of  EO cases are clinically symmet-
ric, and in more than 90% of  seemingly 
one-sided disease, some characteristics of 
EO are present in the contralateral side 
by MR (.  Fig.  14.2). Imaging may be 
required to rule out other possible causes 
of  proptosis. Orbital tumour is detectable 
by CT or MR, as are other rare diseases 
of  the region. IgG4-related disease of  the 
orbits may resemble EO by imaging; it can 
be confirmed by the several-fold increase 
in serum IgG4 level.

?? How can we, and why is it important to, de-
tect EO at an early stage of the orbital auto-
immune process?

vv Signs of  EO need to be looked for at each 
follow-up visit of  patients with Graves’ dis-
ease. Eye discomfort, conjunctival redness 
and pain behind one or both eyes are early 
signs. The earlier we diagnose the orbital 
process, the better the chances are to slow 
or stop progression by specific treatment.

?? What is the difference between the eye signs 
of Graves’ hyperthyroidism and signs of EO?

vv The classical eye signs of Graves’ dis-
ease (Graefe’s, Stellwag’s, Möbius’ and 
Dalrymple’s) are fully reversible with the 
restoration of euthyroidism. EO signs and 
symptoms (7  Box 14.1) are not, as EO fol-
lows a completely different disease course, 
which may continue for months or years after 
successful treatment of hyperthyroidism.

?? Is EO always symmetric?

vv Usually, as in the present case, signs and 
symptoms are of  comparable severity on 
both sides. Sometimes, a marked asym-
metry is detectable; however, the immune 
process is present in both orbits, and treat-
ment measures, e.g. irradiation, should 
target both orbits. Variations in orbital 
anatomy may account for side differences 
in some patients.

.      . Fig. 14.2  MR coronal T1 image. In both orbits, the 
inferior and medial rectus muscles are enlarged, which is 
a frequent finding in EO

Box 14.1 Signs of Endocrine Orbitopathy
55 Lid aperture (‘widely open eyes’) – mea-

sured in primary gaze with distant fixa-
tion (mm)

55 Soft tissue inflammation  – swelling or 
redness in the anterior segment (eyelid, 
conjunctiva)

55 Exophthalmos – by Hertel’s exophthal-
mometry; increasing or side difference 
(mm)

55 Diplopia  – intermittent or permanent; 
all directions or in certain directions of 
gaze

55 Impaired vision
–– corneal involvement – keratopathy, 

corneal ulcer
–– optic neuropathy  – decreased VEP 

(visual evoked potential), decreased 
CFF (critical fusion frequency), visual 
filed defect, decreasing visual acuity
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?? Does clinical severity (as deemed by the cri-
teria shown in 7  Box 14.2) reflect the activ-
ity of the orbital autoimmune process?

vv Unfortunately, it does not. The start and 
peak of  the autoimmune process precede 
the clinical manifestation of  EO. Together 
with clinical severity, disease activity also 
has to be estimated, because immune sup-
pressive treatments are ineffective in the 
absence of  immune activity, while their 
side effects remain the same. The easiest 
approach for activity estimation is the clin-
ical activity score (CAS; .  Table 14.1). In 
case of  doubt, oedema (water content) 
of  the eye muscles may be measured by 
MR or orbital inflammation detected by 
nuclear techniques (labelled somatostatin 
analogues or diethylenetriaminepentaace-
tic acid SPECT).

?? What are the predisposing factors to EO, 
and can we modify them?

vv The most important predisposing factor is 
smoking. Immediate and complete aban-
donment of  smoking has comparable ben-
eficial effect to intravenous glucocorticoids 
(see below). Over- or undertreated hyper-
thyroidism worsens the orbital process; 
subclinical hyperthyroidism is considered 
to be the less harmful thyroid functional 
state for active EO by many.

?? The patient we are discussing is on thiam-
azole. How would alternative treatment 
choices of hyperthyroidism interfere with her 
orbital disease?

vv Medical treatment with thiamazole or other 
anti-thyroid medication (7  Chap.  12) is 
a good choice. As any degree of hypothy-
roidism may severely impact EO, addition 
of levothyroxine to thiamazole, as a block-
and-replace regime, may help to avoid 
hypothyroidism while sustaining a full thy-

.      . Table 14.1  Assessment of  the activity of  the 
disease in endocrine orbitopathy: the Clinical 
Activity Score (CAS) according to the European 
Thyroid Association and the European Group on 
Graves’ Orbitopathy

Spontaneous retrobulbar pain Yes/No

Pain on attempted upward or 
downward gaze

Yes/No

Redness of eyelids Yes/No

Redness of conjunctiva Yes/No

Swelling of caruncle or plica Yes/No

Swelling of eyelids Yes/No

Swelling of conjunctiva (chemosis) Yes/No

The number of  signs from the above list present is 
the CAS of  the given (right or left) orbit. EO is 
considered active if  CAS ≥3 in one or both eyes 
(orbits). Although removed from this list during 
the last update, new-onset diplopia with recent-
onset Graves’ disease as well as increase of  pro-
ptosis ≥2 mm in 3 months may also be considered 
signs of  disease activityBox 14.2 Disease Severity in Endocrine 

Orbitopathy
No EO

Normal eyes
Eye signs of Graves’ hyperthyroidism, 

with or without redness of the conjunctiva

Mild EO
One or more of the following:
Minor lid retraction (<2 mm)
Mild soft tissue involvement
Exophthalmos <3  mm (above normal 

for race and gender)
No or intermittent diplopia
Corneal signs responsive to lubricants

Moderate to severe EO
Two or more of the following:
Lid retraction ≥2 mm
Moderate or severe soft-tissue 

involvement
Exophthalmos ≥3  mm (above normal 

for race and gender)
Permanent diplopia (any severity)

Sight-threatening EO
Corneal ulcer
Optic neuropathy
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roid blocking effect. In the present case, 
when both FT4 and FT3 tend to arrive in 
the reference range, thiamazole may be sup-
plemented with 50 to 75 ug levothyroxine, 
instead of reducing thiamazole dose.

vv In active EO, radioiodine is not an option 
for the treatment of hyperthyroidism. 
Radioiodine has unfavourable effect on the 
orbital process. In inactive EO, radioiodine 
may be used with co-administration of a 
preventive course of oral corticosteroid; 
this way, activation or worsening of EO 
may be avoided. The typical 4 weeks’ regime 
used at our institution starts on day 3 after 
131I therapy: methylprednisolone 32  mg 
for 4 days, followed by 32 mg on alternate 
days for 8 days, 16 mg on alternate days for 
8 days, and then 8 mg on alternate days for 
8 days. Early introduction of levothyroxine 
replacement is a must, as hypothyroidism, 
even subclinical, rapidly worsens EO.

vv Total or near thyroidectomy would be an 
appropriate choice from the point of  EO, 
resulting in excellent orbital outcome 
1 year after surgery. This improvement is 
not present with less than total thyroid 
surgeries.

?? In addition to quitting smoking, what other 
specific treatments are required for our pa-
tient?

vv The treatment is based on disease severity 
and disease activity. EO in the early stage at 
presentation is usually active; her CAS was 
4/7 on both sides, i.e. the disease was active 
(.  Table  14.1). Severity was moderate to 
severe on the scale (7  Box 14.2): permanent 
diplopia was present in lateral gaze; Hertel 
exophthalmometry was: right 23  mm, left 
21  mm measured at 102  mm (the normal 
value in this population is below 18  mm 
both sides). As a first approach, selenium 
200 μg per day and pentoxifylline 2x400 mg 
per day could be tried combined with the 
abandonment of smoking. However, due to 
clear disease activity and a substantial drop 
in her quality of life, corticosteroid was 

administered: methylprednisolone venous 
infusion once a week 500  mg for 6  weeks 
and 250  mg weekly for another 6  weeks. 
Alternative choices would have been oral 
corticosteroid on alternate days (less effec-
tive, more side effects) or 20  Gy orbital 
irradiation (usually second line choice with 
or without steroids). In addition to the cat-
egories listed in 7  Box 14.2, quality of life 
is a major factor in classifying severity: in 
the mild EO group, the effect of the disease 
on daily life is insufficient to justify immu-
nosuppressive or surgical treatment, while 
complaints having a sufficient impact on 
daily life justify the risks of immunosup-
pression (in active disease) or surgical inter-
vention (in inactive EO).

?? What are the options if corticosteroids fail?

vv A second run of  corticosteroids, usually 
combined with irradiation (see above), 
may be tried. However, 8000 mg of  meth-
ylprednisolone in any 12  months’ period 
should not be exceeded due to the risk of 
acute liver failure. Anti-CD20 monoclonal 
antibody can be used in severe, relapsing 
cases. The IGF-1 receptor antibody tepro-
tumumab may be chosen for the most 
severe cases; it is the most effective modal-
ity in reducing proptosis. The latter two 
treatments are best performed in special-
ized thyroid eye clinics.

vv Progressive loss of  visual acuity is a sign 
of  optic neuropathy, usually caused by 
direct optic nerve compression in the 
orbital apex by the muscles. If  medical 
treatment fails to achieve the improvement 
of  visual acuity, orbital decompression sur-
gery is required with no delay. Depending 
on the experience of  the surgeon, lateral 
or medial bony wall removal is equally 
effective; in addition to saving the sight 
of  the patient, all clinical signs and symp-
toms improve immediately after surgery. 
Corneal ulcer, another sight-threatening 
condition, is treated with combined sys-
temic and local measures and may require 
decompression surgery.
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?? Can we use local treatments?

vv The exposed corneal and conjunctival sur-
face is large due to the widely open eyes, 
and tear production may be reduced due to 
lacrimal gland autoimmunity. Protection of 
the cornea and conjunctiva can be achieved 
by frequent application of artificial tears 
during daytime and protective ointments at 
night. In patients who are unable to close 
their eyelids while asleep due to proptosis 
or lid retraction, special ophthalmological 
measures may be required. Glasses against 
sun or wind exposure also help to reduce 
tear evaporation.

?? What are the treatment options in the late, 
inactive phase of the disease?

vv In moderate to severe EO, proptosis 
improves with the above treatments in the 
active phase of the disease, but orbital anat-
omy nearly never returns to normal. Lid 
retraction and diplopia may persist due to 
scar formation at the previous inflammation 
sites. Eye lid surgery, diplopia correction 
surgery or, if  severe exophthalmos persists, 
elective bony orbital decompression can be 
performed in the late stage, usually years 
after disease onset. The prerequisite of any 
elective orbital surgical intervention is that 
CAS does not show disease activity. Two 
identical objective diplopia tests results, with 
at least 6  months between them, e.g. two 
identical Hess charts, may guarantee that 
the early good result of diplopia surgery will 
not disappear with further scar formation.

?? Our patient is young and based on her ID 
photos used to have a beautiful facial appear-
ance. She has worked at a front desk until 
recently. Now she has received a desk in the 
back office. Will the signs of EO disappear 
with treatment?

vv Except for mild cases, complete cure of  the 
eye signs is rare. Residual signs may be cor-
rected by surgery (see above). After medi-
cal treatment of  hyperthyroidism, relapse 
of  Graves’ disease may be accompanied by 
flare-up of  EO.

Tips

The reader is advised to read the chapter 
on Graves’ disease (7  Chap. 12) before 
reading this chapter.

Take-Home Messages
55 In Graves’ hyperthyroidism, it is crucial 

to look for signs of endocrine orbi-
topathy, as the success of its treatment 
is dependent on timely introduction of 
therapy.

55 If  euthyroid endocrine orbitopathy is 
suspected, TRAb measurement and 
orbital imaging may facilitate the diag-
nosis.

55 During the treatment of hyperthy
roidism, any level of hypothyroidism 
may worsen the signs of endocrine orbi-
topathy.

55 Radioiodine therapy should be avoided 
in patients with active endocrine orbito
pathy.

55 In moderate to severe cases, the stan-
dard effective treatment is a 12  weeks’ 
course of methylprednisolone in weekly 
infusions.

55 Progressive loss of visual acuity prompts 
immediate intervention; if  high-dose 
steroids are ineffective, orbital decom-
pression surgery is required.
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Opening
This chapter discusses the diagnosis of thyroid 
nodule and multinodular goiter and the 
treatment of benign forms. Thyroid nodules are 

one of the most common endocrine disorders; 
they are mostly benign; however, the diagnosis 
of malignancy is a crucial issue.

Definition of the Disease

Thyroid nodule (TN) is one of  the most 
common endocrine abnormalities: Palpable 
nodules are found in 4–7% of  the normal 
population, while discrete lesions can be 
found in almost every adult. Less than 1% of 
the thyroid lesions can be life-threatening due 
to their malignant potential. The evaluation 
of  TNs became quite simple as TSH deter-
mination, thyroid ultrasound (US), and fine 
needle aspiration cytology (FNA) are enough 

for a complete diagnosis in most cases. One of 
the main issues is that the US and the FNA 
are both highly dependent on the examiner, 
and in contrast to cardiology, US is usually 
performed not by a specialist of  the field but 
by a radiologist. TNs cannot be treated with 
drugs; therefore, the basic question regarding 
a patient with thyroid nodule is whether to 
operate or not. Recently, nonsurgical meth-
ods are getting increasingly available.

�Case Presentations

�Case Study 1

Clinical presentation  A 48-year-old woman 
was referred for an evaluation of a thyroid 
nodule which was discovered on an US screen-
ing. The patient was told that she had a very 
suspicious nodule which was described as a 
TIRADS 5 lesion (see later). The patient was 
frightened by the information, and since she 
had got an appointment for a thyroid examina-
tion only 3  weeks later, she sought help from 
her doctor’s acquaintances. Thyroid scintig-
raphy, cervical MRI, and even FDG-PET-CT 
scan were performed within these 3  weeks at 
her own expense. Only reactive-type lymph 
nodes and nonspecific PET positivity were 
found in the right thyroid lobe.

Palpation  exhibited no abnormality.

Hormonal evaluation  showed normal thyroid 
functioning (TSH 1.76 mIU/L).

Ultrasonography  The thyroid was echonor-
mal and there were numerous cystic areas in 
both lobes. They were less than 1 cm in maxi-

mal diameter and contained intranodular 
hyperechogenic granules. The latter were bright 
and, except for two, presented with the charac-
teristic dorsal narrowing tail of comet-tail arti-
fact (see .  Fig.  15.1). FNA was performed 
from two of the lesions, and the cytology 
resulted in benign cystic-colloid lesions in both 
locations.

We told her that the possibility of a carci-
noma can be excluded and even these lesions 
cannot be treated as abnormal. However, she 
visited another thyroidologist too, who did not 
perform US himself. He told the patient that 
the risk of carcinoma is minimal but if  she can-
not bear the existing uncertainty about the 
diagnosis, it would be better to undergo sur-
gery. A right lobectomy was performed as a 
result. An intact thyroid with several cystically 
dilated macrofollicles was described on histo-
pathology.

�Case Study 2

Clinical presentation  A 71-year-old woman 
was referred for an aspiration cytology of a 
“large” nodule before a planned thyroid surgery. 
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The patient had been aware of her goiter for 
more than 35 years. She did not notice increase 
in size or have any other complaints.

Hormonal evaluation  indicated euthyroidism 
(TSH 1.98 mIU/L).

Ultrasound  showed an echonormal nodule 
which presented cystic degeneration and a halo 
sign. The dimensions of the nodule were 
19 × 14 × 40 mm (5.6 mL) while the halo was 
23x16x45 mm (8.7 mL) (see .  Fig. 15.2).

Aspiration cytology  revealed a benign cystic-
colloid goiter.

We decided to continue monitoring of the 
lesion in agreement with the patient.

�Case study 3

Clinical presentation  A 71-year-old woman 
was referred for a repeated aspiration cytology 
of a nodule detected by screening. The first 

cytology performed in another institute resulted 
in Bethesda III, AUS category (see later).

Palpation  exhibited no abnormality.

Laboratory test appeared to be  TSH 0.86 
mIU/L.

Ultrasonography  The thyroid was partly 
echonormal and partly minimally hypoechoic. 
There were several more hypoechogenic lesions 
in both lobes. The largest one in the right lobe 
had irregular margins and presented clusters of 
microcalcifications, taller-than-wide shape (see 
.  Fig. 15.3).

Cytology  showed suspicion of papillary carci-
noma.

Right lobectomy was performed and the 
intranodular frozen section showed a benign 
lesion. On final histopathology, benign hyper-
plastic nodules were described.

.      . Fig. 15.1  A normal thyroid. The thyroid is echo-
normal and is not enlarged. There are several cystic 
areas within the lobe; these are <1  cm in maximal 
diameter and present comet-tail artifacts  – colloid 
crystals (arrows). The presence of  this figure is a very 
specific sign of  a benign lesion, however, is not rarely 
misinterpreted as microcalcification

.      . Fig. 15.2  A typical benign thyroid nodule. The 
nodule is isoechoic (echonormal) and presents halo 
sign and central-type cystic degeneration. The size 
of  the whole lobe and not the nodule is the decisive 
factor as to whether a goiter can cause compres-
sion in the neck structures. Although the lesion was 
relatively large, the volume of  the lobe was only 
8.7 mL which does not mean enlargement
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?? How to define a thyroid nodule?

vv As many methods of  examination exist, 
the nodular goiter is defined in so many 
different ways. Traditionally, palpation 
was the basis of  the diagnosis. Recently, 
a TN is determined by US.  The issue is 
that every thyroid disorder, not only TN, 
appears in the form of  discrete lesions, 
e.g., the most common US sign of  autoim-
mune thyroiditis is the presence of  discrete 
lesions which involve more than 90% of 
Hashimoto thyroiditis patients.

If  the nodule was defined as a discrete 
US lesion, most adult humans would be 
labeled as nodular goiter patients. In order 
to avoid psychological harm and unneces-
sary cost, we need to separate lesions that 
are histologically nodules from those that 
are not, or we have to determine which 
lesion needs further investigation and 
which one does not.

Although there is no consensus among 
experts on how to do this, most protocols 
determine a maximum diameter of  discrete 

lesions. We do not use the term nodule or 
do not perform further diagnostic tests 
below that size. The size limit is 10 mm for 
those lesions which do not present suspi-
cious signs and 5 mm for those which do.

?? What are the typical clinical signs of an en-
larged thyroid?

vv A persistent problem with swallowing when 
consuming solid food is the most reliable 
and common sign for an enlarged thyroid 
gland. The cartilaginous-walled trachea is 
harder to compress with the goiter than 
the muscular-walled esophagus. Therefore, 
it is less likely that an enlarged thyroid 
would cause dyspnea without a swallow-
ing problem. Tracheal X-ray examination 
is of  great help in uncertain cases. Deeper 
voice is experienced in a thyroid gland of  a 
significant size, as well. Palsy of  the recur-
rent nerve confirmed by a laryngeal exami-
nation in any case raises the suspicion of 
thyroid cancer. In contrast to the former 
symptoms, the most frequent neck com-
plaint, the “lump in the throat feeling,” 
is usually not caused by a thyroid disease. 
This is caused by an increase blood sup-
ply in the thyroid due to physical or mental 
issues, which is experienced by a 10–15% 
of  the population.

?? What are the goals of the evaluation in thy-
roid nodules?

vv There are basically two purposes of  the 
examination of  a patient. On one hand, it 
is to decide who is in need of  surgery (or 
other definitive therapy), and, on the other 
hand, it is to determine what needs to be 
done for patients who do not require sur-
gery.

?? How to evaluate a patient with a suspected 
nodular goiter?

vv .  Figure  15.4 summarizes the algorithm 
of  an evaluation. In more than 95% of  the 
newly diagnosed patients, TN, all TSH, 
US, and FNA are enough to get the diag-
nosis and to determine further steps. We 

.      . Fig. 15.3  Suspicious ultrasound characteristics 
in thyroid nodules. The nodule presents all possible 
suspicious ultrasound characteristics: being deeply 
hypoechoic (1), having microcalcifications (2), hav-
ing lobulated borders (3), and displaying taller-than-
wide shape (4), i.e., the depth of the nodule (4a) 
exceeds the width of the lesion (4b). The capsule is 
discontinuous (5) which is one feature of a possible 
extrathyroidal spread
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have to add the fact though that this is true 
only under ideal conditions, i.e., when the 
US is performed by the clinician and FNA 
is available whenever necessary and FNA 
is performed by an experienced cytopa-
thologist. Practice shows that if  the clini-
cian does not perform the US himself  or 
there is a problem with FNA, often other, 
otherwise unnecessary examinations will 
be requested. We have summarized those 
conditions in .  Table  15.1 in which we 
require other diagnostic tests.

?? What are the major features of thyroid ultra-
sound examination?

vv US is the basis of  the diagnosis of  TN and 
guides further diagnostic steps. Thyroid 
US is able to detect discrete lesions smaller 
than 1 mm in maximal diameter. This sen-
sitivity clearly exceeds all other imaging 
studies and had inevitably led to a poor 
specificity regarding not only malignant 
tumors but even the diagnosis of  patho-
logical nodules. We have no objective tools 

to separate discrete lesions which are not 
pathological nodules from those that are.

Thyroid US has a crucial role in all three 
indications of  surgery. In autonomously 
functioning adenomas, the role of  US is to 
detect the nodule. US is the only diagnostic 
test which is able to measure both the size 
of  the nodule and often more importantly 
the size of  the nodular lobe. Therefore, US 
has a decisive role in the surgical indica-
tion of  goiters causing compression signs. 
Measuring the nodule(s) and the thyroid 
lobes is the basis for the follow-up of  those 
patients who do not require operation at an 
actual examination but can be candidates 
for surgery later in their lifetime, if  their 
thyroids grow. An US report that does not 
include the three diameters of  the nodule(s) 
and diameters of  the thyroid lobes is not 
suitable for this purpose.

There is a well-established role of US in 
guiding FNA, and it is expected that sam-
pling should be US-guided. While in the last 
decade of the twentieth century, the guid-
ing principle was to recognize all malignant 

.      . Fig. 15.4  Algorithm of  the evaluation of  nodular 
goiter patients. *Suspicion is based either on palpation 
or on clinical signs suggesting goiter or on previous 
imaging study. **Suspicious ultrasound characteristics 
involve (deep) hypoechogenicity, microcalcifications, 

irregular borders, taller-than-wide shape, pathological 
adenopathy, and suspicion of  extrathyroidal spread. 
Average distribution of  patients on first thyroid exami-
nation: 3–5% (1), 20–30% (2), 70–80% (3)
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thyroid lesions, the trends in the last decade, 
the principle has been changing, with an 
increasing effort to avoid FNA for benign 
thyroid lesions. Although there are quite a 
few features that can be used to find a statis-
tically significant difference in the US pre-
sentation of benign and malignant nodules 
(see .  Figs.  15.1, 15.2, and 15.3), several 
things are always worth considering. Firstly, 
these characteristics have a great role in 
papillary thyroid cancers but fail in the rec-
ognition of follicular carcinomas. The latter 
is more prevalent in iodine-deficient coun-
tries compared with iodine-replete areas. 
Secondly, there is no biological standard 
regarding the most suspicious characteris-
tics, and therefore the interobserver agree-
ment ranges only from fair to moderate in 
the judgment of these features.

In order to come to a conclusion based 
on these features, it inevitably leads to 
some of  the malignancies not being recog-

nized. We can minimize the risk to over-
look clinically relevant malignancies, but 
the risk will be never zero, especially in the 
case of  follicular carcinomas. There is no 
universal cost-benefit calculation; this var-
ies greatly from country to country. The 
published guidelines reflect the economical 
and healthcare conditions of  rich coun-
tries which, additionally, are iodine-replete 
countries. Finally, while we make a tremen-
dous effort to reduce cytological demand, 
it may be even more important to reduce 
the rate of  unnecessary US examinations.

A rationally composed US report 
has great importance (see 7  Box 15.1). 
Archiving the video taken during the US 
examination can be a significant help in 
terms of  both a surgery and the compari-
son required for subsequent examinations 
and quality assurance. Capturing some 
images for these roles cannot fulfill these 
requirements.

.      . Table 15.1  Diagnostic tests to evaluate a patient with thyroid nodule

When to perform? How often is 
performed at first 
examination?

Ultrasound Always 100%

TSH Always 100%

Aspiration cytology

  �Solid nodules >2 cm Always 70–80%

  �Nodules >1 cm presenting suspicious 
ultrasound characteristics

Always

  �Nodules between 0.5 and 1.0 cm presenting 
suspicious ultrasound characteristics

Should be considered

  �Nodules without suspicious signs between 1 
and 2 cm

Can be considered

Scintigraphy Thyroid nodule >1 cm and low TSH 3–5%

Neck and upper mediastinal CT The lower pole of the thyroid cannot 
be visualized on ultrasound

1%

Tracheal X-ray Suspicion of tracheal compression 1–3%

Serum calcitonin For the slightest suspicion of 
medullary carcinoma

< 1%
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Box 15.1 Essential Elements of Thyroid 
Ultrasound Report
The thyroid gland as a whole

55 Three diameters of the lobes
55 Basic echo structure
55 Substernal spread if  present

Discrete lesions >1  cm and if  present 
suspicious characteristics >0.5 cm

55 Three diameters
55 Location within the thyroid
55 Basic echo structure
55 Suspicious characteristics if  present

Lymph nodes in the neck should be 
evaluated if  the thyroid has suspicious 
lesions.

?? What is the TIRADS classification?

vv Thyroid imaging reporting and data sys-
tems have been published by all impor-
tant thyroid associations in the last several 
years. They categorize thyroid nodules 
based on the risk of  malignancy and serve 
both for comparison of  results among dif-
ferent evaluation groups and for indica-
tion on FNA (see 7  Box 15.2).

Box 15.2 Some Considerations about the 
TIRADS Systems

55 There are at least ten different systems 
including those of respected thyroid 
associations. There are small but sig-
nificant differences among them  – the 
systems are not interchangeable.

55 The categorization is based on the com-
position (solid or cystic) and the pres-
ence or lack of suspicious ultrasound 
signs: The higher the category (score), 
the greater the likelihood of malignancy.

55 The individual TIRADS is very good 
basis to compare the results of different 
evaluation groups.

55 All TIRADS have a proposition on 
cytology based on the TIRADS score 
and on the size of the lesion. TIRADS 

score would influence our decision on 
cytology for nodules between 1 and 2 
(2.5) cm. In smaller or larger nodules, 
the size alone decides the FNA indica-
tion.

55 Regarding the suggestion on FNA indi-
cation, currently we do not have enough 
data to follow up these proposals in 
every patient.

55 TIRADS is an excellent tool to recog-
nize papillary and medullary carcino-
mas >1 cm.

55 However, endocrinologists are not uni-
versally convinced to completely stop 
recognizing and thus treating subcenti-
meter thyroid carcinomas as TIRADS 
suggest.

55 Moreover, by using the TIRADS for 
FNA indication, about half  of follicu-
lar cancers would only be recognized 
when they grow larger than 2 cm.

?? What is the role of aspiration cytology?

vv FNA is the key to distinguish between 
benign and malignant thyroid lesions. For 
indication of FNA, see .  Table 15.1. This 
is a test that is easy to perform and also an 
inconvenience for the patient by being a 
blood test. On the other hand, the thyroid 
gland is one of the most difficult organs 
because general cytological signs suggest-
ing the presence of a tumor (e.g., atypia, 
pleomorphism) are much less useful in the 
thyroid gland than in other organs because 
hormonal influences and thyroiditis might 
have greater impact on the presentation 
of thyroid cells than malignant transfor-
mation. As the main limitation, FNA is 
not able to discriminate between the most 
frequent thyroid tumor, the follicular ade-
noma, and its malignant counterpart, the 
follicular carcinoma.

As a consequence of the abovemen-
tioned obstacles, with a very good sensitivity 
(95–98%), the specificity and positive predic-
tive value of the method is around 60% for a 
highly experienced thyroid cytopathologist.
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?? What kind of classification systems are used 
for cytology?

vv Although the Bethesda system became 
very popular in the last 15  years, older 
and more established reporting systems 
can also be used (see .  Table  15.2). The 
former has the advantage first of  all 
for less experienced cytopathologists, 
because with the introduction of  category 
III (atypia or follicular proliferation of 
unknown significance), we are not forced 
to make decisions beyond our capabilities 
and/or beyond the limitations of  the tech-
nique for certain patterns. Irrespectively 
of  the reporting system used, the cytologi-
cal finding should be expected to be clear 
and suitable for deciding what to do next. 
While the Bethesda system seems to lead 
to a better communication among cyto-
pathologists and clinicians, paradoxically, 
the introduction of  Bethesda system has 
further strengthened a traditional and 
occasionally not very efficient approach: 
Members of  the evaluation teams com-
municate only after they have concluded 
their reports. This is in striking contrast 
with the histopathology: A histopatholo-
gist is aware of  all clinical and radiological 
findings, which may have influenced her/

his pathological report. Such approach in 
cytology, i.e., the consideration of US fea-
tures after the FNA diagnosis, might have 
an even more influential role.

?? When to perform thyroid scintigraphy?

vv The role and therefore the use of  scin-
tigraphy have substantially decreased by 
introducing FNA and US in the evalua-
tion. Thyroid scintigraphy (99mTechnetium 
(Tc) pertechnetate or 123I) must be per-
formed in patients who would be candi-
dates for radioiodine therapy, i.e., in those 
with undetectable TSH level and nodule 
>1  cm otherwise not requiring surgery 
(.  Fig. 15.5). Thyroid scintigraphy might 
have a role in the case of  euthyroid patients 
in whom FNA raises the suspicion of  a fol-
licular tumor: By detecting autonomously 
functioning adenoma, the patient can 
avoid surgery. These are those situations in 
which scintigraphy influenced the decision 
if  all other circumstances of  the evaluation 
are ideal – including the provision of  regu-
lar follow-up examinations, as well.

?? How can molecular biology be used in the 
evaluation of patients with thyroid nod-
ules?

.      . Table 15.2  Comparison of  cytological reporting systems

Cytological pattern Bethesda system Traditional system UK Royal College of 
Pathologists

Nondiagnostic I. Nondiagnostic Nondiagnostic Nondiagnostic

Benign II. Benign Benign Benign

Some borderline 
patterns

III. Atypia or follicular lesion of 
unknown significance

Suspicion of 
malignancy

(Suspicion of) 
follicular neoplasm

Suspicion of other 
thyroid cancer

(Suspicion of) 
follicular neoplasm

IV. (Suspicion of) follicular 
neoplasm

(Suspicion of) 
follicular neoplasm

Suspicion of other 
thyroid cancer

V. Suspicion of other thyroid 
cancer

Suspicion of other 
thyroid cancer

Malignant VI. Malignant Malignant Malignant
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vv While these techniques have a constantly 
increasing role in the prognosis of malignant 
thyroid tumors, currently they have limited 
role in the diagnosis and differential diag-
nostics of TN. One of the major concerns 
in the evaluation of TN is the lack of pre-
operative tools in discrimination of benign 
and malignant follicular tumors. The issue 
is much more complex as there is a signifi-
cant difference in the histological separation 
of follicular adenoma and follicular carci-
noma even among highly experienced physi-

cians. Novel molecular techniques including 
mutation analysis of genes involved in thy-
roid cancer pathogenesis (e.g., RAS, BRAF, 
PTEN, TERT, RET/PTC), molecular 
classification based on mRNA (messen-
ger RNA) expression (transcriptome), and 
microRNA expression analysis show prom-
ising results in the differentiation of benign 
and malignant thyroid tumors.

?? What are the basic considerations about thy-
roid surgery?

a b

c d

.      . Fig. 15.5  Thyroid scintigraphy (99mTc pertechne-
tate) imaging of  thyroid nodules. a, normal thyroid; b, a 
hot nodule in the right lobe, with the rest of  the thyroid 
suppressed (toxic adenoma); c, a cold nodule in the right 
lobe; and d, multiple nodules in the right lobe. The rele-
vance of  cold nodules (decreased isotope uptake) has 

been greatly reduced nowadays, as malignancy is judged 
primarily by ultrasound and cytology and cold nodules 
are frequent in iodine-poor areas. Courtesy of  Zsolt 
Varga MD, Chair of  Nuclear Medicine, Medical Imag-
ing Centre, Semmelweis University 

Thyroid Nodule and Multinodular Goiter



166

15

vv The accepted methods of  surgery are 
(near) total lobectomy or (near) total thy-
roidectomy. The traditional subtotal resec-
tion is not accepted as the risk of  having 
to operate on the same lobe again in the 
event of  a recurrent nodule must be ruled 
out. In the case of  an experienced thyroid 
surgeon, the risk of  both permanent recur-
rent nerve damage and permanent hypo-
parathyroidism is less than 1% after the 
first surgical procedures, and it is ten times 
higher if  the patient has to have repeated 
surgery on the same lobe.

?? What are the indications for surgery or non-
surgical treatment?

vv The indications of  a definitive treatment 
are enlisted in .  Table 15.3. These states 
in detail are the following:

	 (i)	 Low TSH level

It is quite clear that persistently undetect-
able TSH levels, i.e., subclinical (normal 
FT4/FT3 levels with undetectable TSH) 
or overt (elevated FT4 and/or FT3 levels) 
hyperthyroidism, are cardiological risk fac-
tors and therefore require definitive ther-
apy. There is a gray zone when the TSH is 
detectable but below the lower limit. This 
can coexist with nonautonomously func-
tioning nodules in a person with either 
an otherwise healthy thyroid gland or an 
autoimmune thyroid disease. Subsequent 
follow-up examinations in these borderline 
cases will decide what to do exactly.

	 (ii)	 Surgical indication based on the 
results of FNA

There is no doubt that a patient with suspi-
cious (Bethesda V) or malignant (Bethesda 
VI) FNA report requires surgical inter-
vention. The issue is the follicular prolif-
eration, categorized either as Bethesda III 
(follicular lesion) or Bethesda IV (follicular 
tumor or suspicion of  follicular tumor). In 
these patients we have to consider other 
factors as well, including the size and the 
US presentation of  the lesion and the 
affected lobe and also the age and wish 
of  the patient. Hopefully, molecular tech-
niques will add some new insights to this 
issue in the near future.

It is very important that there is no 
worldwide uniform cancer incidence in 
these two categories. These incidences have 
to be determined in each evaluation group. 
In such cases, regular US and FNA moni-
toring of  the patient may be considered 
instead of  surgery.

	 (iii)	Compression caused by enlarge-
ment of the thyroid gland

While there is little probability for uncer-
tainty in the case of  low TSH and suspi-
cious FNA, the third reason for surgery 
can be determined with much more uncer-
tainty. From a practical point of  view, it 
is very important that it is not the size 
of  the nodule but the size of  the nodular 
lobe that determines whether the nodule 
causes any compression symptoms (see 

.      . Table 15.3  Indications of  definitive therapy 
in thyroid nodules

Preferred 
therapy

Absolute indications

  �Autonomously functioning 
adenoma with a TSH <0.1 
mIU/L

Radioiodine

  �Suspicious or malignant 
cytology

Surgery

  �Compression sign caused by 
the goiter

Surgery

Relative indications

Follicular tumor <2 cm without 
cytological atypia and without 
any suspicious clinical or 
ultrasound findings

Surgery

  �Relapsing thyroid cyst 
>2–2.5 cm

Ethanol 
sclerotherapy

Clinical suspicion of 
malignancy by experienced 
thyroidologist

Surgery

Wish of the patient Surgery
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.  Fig. 15.2). There is a close relationship 
between thyroid size and body weight, and 
the location of  the thyroid has also a great 
influence. The lower the thyroid gland, the 
smaller the enlargement can cause com-
pression and vice versa. It is clear that 
the patient’s age significantly influences 
the decision, as well. The prognosis and 
therefore our proposal are different in a 
significant but not yet surgical case at age 
20 and age 80. We also need to mention 
the important fact that a neck complaint 
of  compression may not be caused by a 
(thyroid) disease.

?? What kind of other indications for definitive 
therapy can be established?

vv The patient’s wish is the most important 
that has to be taken into account when the 
reasons above do not apply to the case. If  
the nodule is visible and esthetically dis-
turbs the patient, it must be accepted that 
the patient wants to have surgery. A signifi-
cant proportion of  patients have difficulty 
tolerating the awareness that there is a so-
called abnormal, albeit invisible, lesion in 
their thyroid gland. In that case, it needs to 
be explained even more thoroughly to the 
patient that the risk of  having surgery is 
clearly greater than if  it is not done.

Similarly, it is not uncommon for a phy-
sician experienced in the thyroid gland to 
believe that a tumor may exist despite a neg-
ative FNA finding. This happens in two sce-
narios. One is when there is data suggesting 
the possibility of  a tumor: a suspicious pal-
pation finding, vocal cord paralysis unex-
plained by other reasons, a rapid growth of 
a solid nodule, and a nodule that appears 
particularly suspicious on an US.

The other situation is encountered when 
FNA is repeatedly nondiagnostic for a solid 
nodule. 5–10% of  all cytological examina-
tions fall into this category even for highly 
experienced teams.

A special situation is for benign cysts 
that recur even in the case of  repeated aspi-
ration, which can be treated by alcohol 
treatment with very good results. However, 

it must be taken into account that alcoholic 
treatment as well as surgery in the case of 
cysts that do not cause complaints and do 
not exceed 2–2.5  cm can rarely be profes-
sionally justified.

?? What is the role of radioiodine treatment in 
the management of thyroid nodules?

vv Radioiodine therapy (RAI)  is the preferred 
treatment of  autonomously functioning 
autonomous adenomas either solitary or 
multifocal when the patient became clini-
cally or subclinically hyperthyroid. RAI 
of  euthyroid patients is not justified except 
for large autonomous adenomas because 
such patients frequently remain euthyroid 
even for their entire lifetime. The gray zone 
is the subnormal TSH, i.e., when TSH is 
detectable but it is below the normal range: 
RAI should be considered if  the thyroid 
worsens the patient’s cardiac status. Large-
dose RAI is also used for decreasing large, 
nontoxic multinodular goiters when sur-
gery is contraindicated.

??  About nonsurgical therapies and their role in 
the treatment of thyroid nodule

vv Percutaneous ethanol sclerotherapy, ther-
mal ablation with radiofrequency or laser, 
microwave ablation, and high-intensity 
focused US are the possible alternatives 
for surgery. In contrast with other alter-
natives, ethanol sclerotherapy is very 
cheap and easy-to-perform and is the only 
modality in which we have gained long-
term (>10  years) follow-up data on the 
efficiency. It has a well-established role in 
recurrent thyroid cysts. Any of  the non-
surgical methods might have great role in 
special circumstances by decreasing the 
size of  a benign nodule at least temporar-
ily. Patients with high risk of  anesthesia or 
surgical complications (recurrent nodules) 
and pregnant women are the main candi-
dates. We have to consider in other patients 
that the risk of  thyroid surgery is very low, 
and surgery is much more efficient than 
any of  the alternatives. Moreover, it is not 
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justified to treat a patient without surgical 
indication with nonsurgical interventions.

?? What to do in patients who do not need de-
finitive treatment?

vv Because TN nodule cannot be treated 
with drugs, the fundamental question is 
whether any of  the conditions described 
in detail earlier will develop that will 
require surgery later in the patient’s life-
time. This is almost always due to the 
growth of  the lobe containing nodule(s). 
Repeated US and TSH in 1 to 3  years is 
the usual approach in euthyroid patients. 
The smaller the nodule, the longer the 
interval of  follow-up examination. We did 
not anticipate that a benign nodule is able 
to become malignant; however, we have to 
consider the 5–10% false negative rate of 
FNA. Therefore, in nodules which increase 
by more than 30% in volume, FNA should 
be repeated. The bases of  the follow-up are 
the size of  the nodular lobe and that of  the 
nodule(s). That is why it is crucial to give 
the three diameters of  them at the first and 
subsequent US examinations.

Tips

The reader is advised to read the chapters 
on hypothyroidism and Hashimoto’s 
thyroiditis (7  Chap. 11), Graves’ disease 
(7  Chap. 12), and differentiated thyroid 
cancer (7  Chap. 18).

�Conclusions
55 Those who have the possibility of a 

nodular goiter should be examined on 
the basis of palpation, neck complaints, 
or patient history. US screening is not 
justified as a starting point as that 
would inevitably place an unmanage-
able burden on the examination system 
and as case study 1 proves it: US screen-
ing occasionally leads to unnecessary 
surgeries.

55 The US examiner has a pivotal role in 
managing patients with TN. It is in the 
interest of the patient and the evalua-
tion system to ensure a complete exami-
nation with as little load and appearance 
as possible. The key to this is for the 
clinician to perform both the US exami-
nation and the US-guided sampling. It 
must be ensured that the cytological 
analysis is performed by a cytologist 
experienced in thyroid cases.

55 The most common cause of surgery is 
not the size of a nodule but the enlarge-
ment of the lobe containing the nodule 
(see case study 2). Accordingly, there is 
no more important data in the US 
report than the size of the lobes.

55 Thyroid diseases, including more than 
80% of thyroid carcinomas, only excep-
tionally shorten life expectancy or lead 
to a permanent decrease in quality of 
life. A thyroidologist is aware of these 
facts but the patients are not. One of 
the most important duties of the endo-
crinologist is to inform patients about 
the very good news.
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Opening
In this chapter, a relatively rare thyroid disorder 
will be discussed. Subacute thyroiditis is a 
transient inflammation of the gland caused by 
a “mimicry” mechanism after a viral infection. 
Typical symptoms, ultrasound features and 
the clinical course can aid in the diagnosis. 
The thyroiditis comes along with a functional 

disorder, thyrotoxicosis in the beginning and 
later on transient or definite subclinical/overt 
hypothyroidism or full recovery. Supportive 
medication and transient immunosuppressive 
therapy are the treatment options.

Having read this chapter, the reader will be 
able to diagnose and treat subacute thyroiditis.

Definition of the Disease

de Quervain’s subacute thyroiditis is a sub-
type of  the thyroid inflammatory diseases. 
It has some synonyms, as subacute (granu-
lomatous) thyroiditis and giant cell thyroid-
itis. This is a typically painful, self-limited 
thyroiditis associated with various thyroid 
functions. In the beginning, the inflamma-
tion destroys the structure of  one part of  the 
thyroid gland with uncontrolled increase of 
blood fT4 concentration resulting in a tran-
sient thyrotoxicosis. Restoration of  the struc-
ture is associated with the underproduction 
of  thyroid hormones clinically appearing as 
subclinical or overt hypothyroidism.

Aetiology: Subacute thyroiditis typically 
occurs a few weeks after an upper respiratory 
track viral infection or sore throat. There is a 
higher incidence in the late spring-early sum-
mer and autumn seasons. Some epidemio-

logical studies showed an association between 
subacute thyroiditis and some enteroviruses, 
such as echovirus and Coxsackie A and B virus.

The thyroid inflammation is thought to 
be the result of  cytolytic T-cell recognition of 
viral or similar antigens (virus-like particles: 
mimicry) present in follicular epithelium. The 
follicles are often infiltrated, resulting in dis-
rupted basement membrane and rupture of 
the follicles. This leads to the uncontrolled 
outflow of  prepared and stored hormones 
(mainly fT4) into the circulation resulting in a 
transient thyrotoxicosis.

Epidemiology: The typical appearance 
is between the ages of  40 and 50. de Quer-
vain’s thyroiditis is more frequent in females 
(female/male ratio is about 4:1). According to 
data from the United States, its incidence can 
be around 12/100,000/year.

�Case Report

A 43-year-old female patient was admitted to 
the emergency department because of intoler-
able neck pain. Her previous medical history 
was negative. No thyroid disease was known. 
She complained about increasing pain in her 
neck radiating to the jaw-ears. The neck pain 
became worse by swallowing or turning the 
head in the last 10 days. A few days prior, she 
was subfebrile. Her further complaints were 
palpitation, irritability, muscle weakness and 
sleep disturbance. With patient’s recent history, 

she mentioned she has had a sore throat for a 
month ago, and a local antiseptic has been 
given by her general practitioner.

Physical examination revealed a goitre of 
the thyroid, which was very painful upon exam-
ination and even more painful by soft pressure 
on the thyroid. No nodule in the thyroid was 
palpable; some minor, tender lymph nodes 
were detectable in the neck area. Body tempera-
ture was 36.9 °C, blood pressure 148/90 mmHg, 
pulse 108/min and sO2 99%.
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?? Which pieces of information are important?

vv Pain in the neck area, palpable lymph 
nodes and subfebrility are obvious signs 
of  an inflammatory process in the affected 
region. Palpitation, irritability and sleep 
disturbance can refer to mild thyrotoxico-
sis.

?? What are the necessary examinations?

vv A full HEENT (head, eyes, ears, nose and 
throat) examination is needed to rule out 
any other causes of  neck pain.

Laboratory testing to detect the inflam-
mation severity and examine thyroid func-
tion is also needed.

Ultrasound of  the neck is very impor-
tant, which can support the diagnosis.

In non-obvious cases, fine-needle aspi-
ration cytology can secure the diagnosis.

?? What kind of laboratory tests are needed?

vv To detect the inflammation, erythrocyte 
sedimentation rate, C-reactive protein and 
blood count are enough. For thyroid func-
tion evaluation, TSH and fT4 (and fT3) are 
mandatory. In many cases, the elevation of 
serum thyroglobulin is a typical marker for 
destruction of  the gland. Autoantibodies, 
such as aTPO (anti-thyroid peroxidase) 
or aTG (anti-thyroglobulin) and TRab 
(thyroid receptor antibody), are usually 
normal. A slight and transient increase 

of  aTPO during the disease course can 
be detected, but this is not related to 
Hashimoto’s thyroiditis.

zz Our patient’s initial laboratory results

ESR: 72 mm/h (normal 1–20),

CRP: 26 mg/L (normal <5),

TSH: 0,138 mU/L (normal 0.4–4.5),

fT4: 16,4 pmol/L (normal12–22)

Thyroglobulin 456.4 ng/mL (normal 3–80)

?? What are the typical features of de Quervain 
thyroiditis by imaging?

vv Thyroid ultrasound
The typical sonographic appearance 

is poorly defined, usually hypoechogenic 
regions are seen with decreased vascularity 
in the affected area. Often it appears in one 
lobe in the beginning, and during the dis-
ease course, it can change sides and appear 
in the other lobe as well. The rest of  the 
thyroid remains unchanged (.  Fig.  16.1). 
During the examination, the pressure of 
the ultrasound probe on the thyroid region 
is often painful for the patient.

There is an improvement of  the 
hypoechogenic region after treatment. 
However, in the long term, a size reduction 
of  the thyroid gland is often observed.

Nuclear medicine

.      . Fig. 16.1  Typical ultrasound features of  subacute (de Quervain’s) thyroiditis: areas with decreased echogenecity 
and vascularity with poorly defined borders

Subacute (de Quervain’s) Thyroiditis
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Due to the destruction of  the thyroid tis-
sue, the typical occurrence is a low uptake 
on the thyroid scintigraphy (99mTc) scan.

?? What is the role of fine-needle aspiration bi-
opsy (FNAB)?

vv If  the diagnosis is not obvious, or the ultra-
sound features are ambiguous, aspiration 
cytology from the hypoechogenic region 
is recommended. On the smear, mainly 
follicular epithelial cells with degenerative 
changes arranged as honeycomb fragments, 
mixed inflammatory cells (lymphocytes, 
macrophages) and multinucleated giant 
cells are detectable (.  Fig. 16.2).

?? What is the typical disease course?

vv de Quervain’s thyroiditis is a self-limited 
inflammatory disease of the thyroid. It 
has some phases over a period of weeks 
to months. At the beginning, excessive 
neck pain and mild thyrotoxicosis are the 
leading symptoms. Thereafter, the pain 
eases and the hyperthyroidism is followed 
by a transient euthyroid phase. After this, 
the local symptoms completely disappear, 
but a transition to hypothyroid function is 

observed. In many cases, a complete remis-
sion is expected with euthyroid function, 
but in several patients, chronic hypothyroid-
ism remains as a long-term consequence.

?? What are the treatment options?

vv There are two key points in the treat-
ment of  de Quervain’s thyroiditis. One is 
the anti-inflammatory treatment, and the 
other is the support of  the dysfunction.

As an anti-inflammatory medication, 
high-dose salicylates or other NSAIDs 
(non-steroidal anti-inflammatory drugs) 
can be used for patients with mild or 
moderate disease. In advanced cases, the 
transient use of  corticosteroids is recom-
mended. Starting dose can be 20–24  mg 
methylprednisolone or 25–30 mg predniso-
lone a day, tapered over 3–4 weeks. In any 
of  these treatment options, gastric ulcer 
prevention is warranted (H2-blocker or 
PPI). A marked improvement in neck pain 
is observed 1–2 days after initial treatment.

Thyrotoxicosis phase does not need 
anti-thyroid drugs, but in case of  symp-
toms of  palpitation, tachycardia or agita-
tion, a beta-blocker, such as propranolol, 
can be started (dose 3x20 mg/day).

In the hypothyroid phase, one might 
need levothyroxine treatment, but observa-
tion in subclinical or mild form of  hypo-
thyroidism is also accepted.

If  overt hypothyroidism lasts sustained, 
ultrasound shows marked reduction of  the 
thyroid size with diffuse hypoechogenic 
appearance, long-term levothyroxine sub-
stitution is required.

?? Would thyrostatic drugs be anyway effective 
in de Quervain’s thyroiditis?

vv As the transient thyrotoxicosis in de 
Quervain’s thyroiditis is due to the destruc-
tion of  the thyroid tissue, drugs inhibiting 
thyroid biosynthesis would be ineffective.

.      . Fig. 16.2  Typical cytological appearance of  de 
Quervain’s thyroiditis on a smear of  FNA (Courtesy of 
Eszter Szekely MD, 2nd Department of  Pathology, 
Semmelweis University, Budapest)
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?? What is the prognosis of subacute de 
Quervain’s thyroiditis?

vv It is a self-limited disease returning to 
euthyroid state in a few months. Recurrence 
is uncommon (2%), while long-term hypo-
thyroidism is expected in 5–10%.

?? What kinds of other diseases should be ruled 
out?

vv As differential diagnosis, there are sev-
eral diseases with neck pain, while thy-
rotoxicosis has limited reasons, shown in 
.  Table 16.2.

?? What kinds of other forms of thyroiditis are 
known?

vv Acute suppurative thyroiditis (infec-
tious thyroiditis) is rare, but severe, and 
is caused by the bacterial infection of 
the thyroid leading to abscess formation. 
Intensive neck pain and mass, fever and 
tenderness can be seen. Ultrasound and 
FNAC are needed for differential diagno-
sis. Treatment with antibiotics and often 
drainage are needed.

Chronic forms of  thyroiditis include 
Hashimoto’s thyroiditis presented in 
7  Chap. 11, amiodarone-induced thyroid-
itis (7  Chap. 17) and Riedel’s thyroiditis.

�Follow-Up of the Case Presentation

The patient’s clinical presentation, laboratory 
and ultrasound results gave an obvious diagno-
sis of de Quervain’s thyroiditis. For treatment, 
acetylsalicylic acid 4x500 mg/day and propran-
olol 3x20  mg were given. After 1  week, the 
patient still complained of severe neck pain; 
therefore the medication was turned to methyl-
prednisolone 24  mg, and acetylsalicylic acid 
was stopped. After 3  days of glucocorticoid 
administration, the patient reported a signifi-

cant improvement of symptoms. Propranolol 
could be stopped in 2 weeks. Tapering the cor-
ticosteroid was made over 5 weeks.

Changes of laboratory values during fol-
low-up are presented in .  Table 16.1.

As seen in the laboratory results, a transient 
hypothyroidism occurred, but the symptoms 
were mild, and therefore no levothyroxine ther-
apy was given. A complete remission was 
detected after 8 months from disease onset.

.      . Table 16.1  Laboratory values during the disease course

Date ESR 
(normal 
1–20 mm/h)

CRP (normal 
<5 mg/L)

TSH (normal 
0.4–4.5 mIU/l)

fT4 
(12–
22 pmol/L)

Thyroglobulin 
(normal 
3–80 ng/mL)

Beginning 72 mm/h 26 mg/L 0.138 mIU/L 16.4 pmol/L

1 month 
later

68 mm/h 7,8 mg/L 0.007 mIU/L 25 pmol/L 238.7 ng/mL

3 months 
later

6 mm/h 1 mg/L 0.016 mIU/L 10.6 pmol/L 67.2 ng/mL

6 months 
later

11 mm/h 3 mg/L 16.4 mIU/L 11.3 pmol/L

9 months 
later

13 mm/h 2 mg/l 3.9 mIU/L 16 pmol/L

ESR erythrocyte sedimentation rate

Subacute (de Quervain’s) Thyroiditis
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Riedel’s thyroiditis is a rare fibroinflam-
matory disease (incidence about 1/100,000/
year) characterized by an invasive fibro-
sis of  the thyroid that can be linked to 
fibrosis in other organs. It belongs to the 
group of  IgG4-related diseases (intersti-
tial pneumonia, autoimmune pancreatitis, 
orbital pseudotumor). Riedel’s thyroiditis 
eventually results in an enlarged hard and 
firm thyroid, which can cause compression 
symptoms (e.g. dysphagia). Patients are 
mostly euthyroid, but hypothyroidism can 
also be observed, and if  the parathyroid 
glands are infiltrated, hypoparathyroidism 
might also develop. Whereas the fibrotic 
and IgG4-related forms of  Hashimoto’s 
thyroiditis (7  Chap. 11) are always con-
fined to the thyroid gland, Riedel’s thy-
roiditis usually spreads beyond the thyroid 
capsule. Surgery is needed in patients with 
compression symptoms, but it is usually 
difficult, and the rate of  complications 
can be high due to the extensive fibrosis. 
Immunosuppressive treatment with gluco-
corticoids is mostly used, but trials with 
tamoxifen and rituximab (anti-CD20 anti-
body) have also been reported.

Pregnancy-related postpartum thyroid-
itis is a form of  Hashimoto’s thyroiditis 
(7  Chap. 11) discussed in 7  Chap. 21.

Tips

The reader is advised to read the chapters 
on thyroid nodule and multinodular goitre 
(7  Chap. 15), hypothyroidism and 
Hashimoto’s thyroiditis (7  Chap. 11) and 
Graves’ disease (7  Chap. 12). Postpartum 
thyroiditis is discussed in 7  Chap. 21.

Take-Home Messages
55 de Quervain’s subacute thyroiditis is a 

self-limited, inflammatory thyroid dis-
order with functional changes from 
mild thyrotoxicosis to transient hypo-
thyroidism.

55 The most typical appearance is the 
severe neck pain at the disease onset.

55 Besides the clinical symptoms, labora-
tory and ultrasound findings are essen-
tial for the diagnosis.

55 In mild cases, non-steroidal anti-
inflammatory drugs (NSAIDs) and, in 
severe cases, transient corticosteroid 
medication are recommended.

55 Thyrotoxicosis does not need anti-
thyroid drugs, but overt hypothyroidism 
can be substituted with levothyroxine.
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Opening
In this chapter, the reader will get acquainted 
with amiodarone-induced thyroid dysfunction, 

a side effect which may manifest itself  as either 
hypothyroidism or, less often, hyperthyroidism.

Definition of the Disease

Amiodarone, a class III antiarrhythmic agent, 
is frequently used in the treatment and preven-
tion of life-threatening, and long-term sup-
pression of other, cardiac arrhythmias. Due 
to its high iodine content, it may cause either 
hypothyroidism (in 10% of those patients who 
are on continuous daily treatment) or, less fre-
quently, hyperthyroidism. The mechanism is 
the induction of new onset, or worsening of 
preexisting thyroiditis. Amiodarone-induced 
hypothyroidism is easily corrected by daily 

levothyroxine intake. The treatment of ami-
odarone-induced hyperthyroidism is often a 
challenge, especially in those patients in whom 
amiodarone cannot be stopped because it 
is the only effective measure to prevent their 
life-threatening arrhythmias. The majority of 
amiodarone-induced hyperthyroidism cases 
are Type 1, the course of which is reminiscent 
of Graves’ hyperthyroidism. Type 2 is rather 
self-limiting, resembling thyroiditis.

�Case Presentation

A 58-year-old man has been on amiodarone for 
more than 8 months because of paroxysmal 
atrial fibrillation. Since then, the weekly 1 to 5 
paroxysms have not returned, and regular sinus 
rhythm was repeatedly confirmed on 24 hours 
ECG monitoring. The amiodarone daily dose 
was one 200 mg tablet. In spite of good appe-
tite, he lost 6 kg weight in the last 2 months and 
experienced heat intolerance. Heart rate was 
68/min. The thyroid was mildly enlarged, non-

nodular by palpation. In the tests ordered, the 
only remarkable values were the thyroid func-
tion tests: TSH 0.001 (normal 0.3–4.2 mIU/L), 
FT4 >100 (normal 12–22 pmol/L), and FT3 12 
(normal 2.4–6.3 pmol/L). No anti-thyroid per-
oxidase, no anti-thyroglobulin, and no TSH 
receptor antibodies were present in the sera. On 
ultrasound, a normal-sized thyroid was seen, 
with normal echogenicity and mildly increased 
blood flow. No nodules.

?? Are there additional tests to perform?

vv In a patient on amiodarone, in the absence 
of nodules, new-onset hyperthyroidism is 
amiodarone-induced. The next step is to 
decide whether Type 1 or Type 2 amioda-
rone hyperthyroidism is present. This is of 
paramount importance, as both the treat-
ment and the prognosis are different (see 
below). The easiest way to make this dis-
tinction is ultrasound; in Type 2, the thy-
roid tissue is hypoechogenic (.  Table 17.1). 
Interleukin-6 (IL-6) is normal or mildly 
elevated in Type 1 but high in Type 2; this 

is a test which has become readily avail-
able with a short turnaround time in many 
laboratories during the COVID-19 era. 
Further, nuclear imaging with methoxyiso-
butylisonitrile (MIBI) may help to differen-
tiate between the two types. 99mTc imaging, 
which is often used in thyroid diseases, is 
impeded by the iodine exposure, and there 
is no uptake by the thyroid.

In our case, Type 1 amiodarone hyper-
thyroidism was suspected based on the lack 
of  hypoechogenicity on ultrasound and 
confirmed by the normal IL-6 level in the 
serum.

	 E. V. Nagy and M. Bodor
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?? Why is it important to identify the type of 
amiodarone hyperthyroidism? How is treat-
ment different in the two types?

vv The course of Type 1 amiodarone hyper-
thyroidism resembles Graves’ hyperthyroid-
ism, while Type 2 is rather reminiscent of 
destructive thyroiditis. Treatment options 
and prognosis are different. In Type 1, there 
is no chance to control hyperthyroidism 
without the cessation of amiodarone treat-
ment. Continuation or cessation has to be 
a shared decision with the cardiologist. As 
our patient had Type 1 amiodarone hyper-
thyroidism, amiodarone was stopped, and 
thiamazole (a thionamide-type anti-thyroid 
drug) in relatively high doses, i.e., 60 mg/day 
was started. Occasionally, potassium per-
chlorate (an inhibitor of iodine transport) 
up to 2000 mg/day has to be added, but was 
not required in our patient. Of note, there 
is a protracted response to thiamazole, and 
it takes 3 months or more until euthyroid-
ism is achieved; thiamazole can be stopped 
after another 3 months.

?? What are the treatment choices, if, due to 
life-threatening arrhythmias, amiodarone 
cannot be stopped?

vv In amiodarone-dependent patients, thy-
roidectomy may be required. This is 
especially cumbersome as both the heart 
disease and hyperthyroidism increase the 
risk during surgery. Radioiodine is ineffec-
tive as the thyroid is filled with iodine and 
the uptake is low. In preparation for sur-
gery, plasmapheresis may be considered.

?? The hormone results suggested very severe 
hyperthyroidism while signs and symptoms 
were rather mild. How is it possible?

vv This is typical with amiodarone hyperthy-
roidism: high hormone levels are accom-
panied with scanty signs. While serum 
hormone levels are high, there is only mild 
tissue-level hyperthyroidism due to the 
blocking effect of the amiodarone molecule 
both on the conversion of T4 to T3 and, 
at the thyroid hormone receptor, a conse-
quence of the structure homology between 
thyroid hormones and amiodarone.

?? What would be the treatment if our patient 
had Type 2 amiodarone hyperthyroidism?

vv Type 2 responds well to a short course of 
oral corticosteroids, typically methylpred-

.      . Table 17.1  The two types of  amiodarone-induced hyperthyroidism

Type 1 Type 2

Clinical presentation Resembles Graves’ hyperthyroidism Resembles thyroiditis (painless)

Pathogenesis Increased hormone synthesis Uncontrolled hormone release due 
to destruction

Interleukin-6 Normal or mildly elevated High

Hypoechogenicity on 
ultrasound

Absent Present

Color Doppler ultrasound Increased flow Normal or decreased flow

MIBIa accumulation Present Absent

Treatment Thionamides with or without 
potassium perchlorate

Glucocorticoids

aMIBI 99mTc-labeled methoxyisobutylisonitrile

Amiodarone-Induced Thyroiditis
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nisolone 32 mg per day, tapered over 6–8 
weeks. Amiodarone may be continued, or 
reinstituted if  has been stopped.

?? What happens if a patient in whom amio-
darone treatment has been abandoned has to 
receive amiodarone again for unforeseen life-
threatening arrhythmias?

vv In Type 1, recurrence of  hyperthyroidism 
is usual. Amiodarone should be avoided 
or treatment kept at a minimum length. 
Preventive thyroidectomy may be required 
if  amiodarone cannot be stopped. In Type 
2, no recurrence can be expected and ami-
odarone may be re-initiated.

?? Can thiamazole and steroid be used com-
bined, if, for some reason, it cannot be de-
cided if the amiodarone hyperthyroidism is 
Type 1 or Type 2?

vv Yes, although it is not suggested

?? How is amiodarone hypothyroidism man-
aged?

vv Up to 10% of  patients regularly tak-
ing amiodarone develop amiodarone-
induced hypothyroidism, which is 
reversible with the cessation of  treat-
ment. However, cessation is not required 
as daily levothyroxine supplementation, 
according to the management of  hypo-
thyroidism described in 7  Chap. 11, can 
sustain euthyroidism.

Tips

The reader is advised to read the pre-
ceding chapters on hypothyroidism and 
Hashimoto thyroiditis (7  Chap. 11) and 
Graves’ disease (7  Chap. 12).

Take-Home Messages
55 Amiodarone may induce hyperthyroid-

ism or, more frequently, hypothyroidism.
55 In patients on amiodarone, the TSH 

level needs to be checked at least once 
in every 3 months, even in the absence 
of clinical signs of thyroid dysfunction.

55 The treatment of hyperthyroidism is 
different in Type 1 and Type 2 amioda-
rone-induced hyperthyroidism.

55 Type 1 and Type 2 amiodarone-induced 
hyperthyroidism should be distin-
guished by ultrasound features and 
serum interleukin-6 levels.

55 Type 1 amiodarone-induced hyperthy-
roidism resembles Graves’ disease and 
is primarily treated by anti-thyroid 
drugs, whereas Type 2 is reminiscent of 
a destructive thyroiditis and is treated 
with glucocorticoids.

55 Amiodarone-induced hypothyroidism 
requires levothyroxine treatment; the 
patient may continue on amiodarone.
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Opening
In this chapter, differentiated thyroid cancer 
(DTC) is discussed focusing on the advanced-
stage disease with emphasis on pitfalls in the 

risk classification, diagnostic workup, follow-
up, and treatment.

Definition of the Disease

DTC contains the heterogeneous group of 
papillary thyroid cancer (PTC), follicular 
thyroid cancer (FTC), and Hurthle cell thy-
roid cancer whose malignant potentials are 
distributed in a wide range. The incidence of 
DTC increases worldwide but varies consid-
erably in different regions, ranging between 
1.2 and 2.6/100,000 individuals in men and 
2.0 and 3.8/100,000 in women. This increased 
incidence is mainly attributed to the more 
common detection of  early-stage DTC. TNM 
(tumors, nodes, metastases) staging, risk clas-
sification, indications of  radioiodine (RAI) 
treatment, evaluation of  response to therapy, 
and TSH target ranges have been recently 
changed. The current (eighth edition) TNM 
classification system for differentiated thyroid 

cancer is shown in .  Table  18.1. The prog-
nosis of  early-stage disease is excellent, and 
the current American Thyroid Association 
(ATA) guidelines suggest less radical treat-
ment and follow-up in these cases. How-
ever, 7–10% of  DTC cases develop distant 
metastases, and two-thirds of  these patients 
become RAI-refractory. The management of 
RAI-refractory patients has markedly devel-
oped currently with the availability of  new 
treatment modalities. Despite these advances, 
there are uncertainties in the following fields: 
follow-up of  patients with anti-thyroglobulin 
antibody (TgAb) positivity, the optimal imag-
ing workup, definition of  progressive disease, 
and initiation and cessation of  targeted ther-
apy in RAI-refractory metastatic DTC.

.      . Table 18.1  TNM classification system for differentiated thyroid cancer (eighth edition)

Tx Primary tumor cannot be assessed

T0 No evidence of primary tumor

T1 Tumor size maximum 2 cm, limited to the thyroid

T1a Tumor size maximum 1 cm, limited to the thyroid

T1b Tumor size >1 cm up to a maximum of 2 cm, limited to the thyroid

T2 Tumor size >2 cm up to 4 cm, limited to the thyroid

T3 Tumor size >4 cm, limited to the thyroid, or any tumor with macroscopic extrathyroidal extension 
(musculus sternohyoideus, musculus sternothyroideus, musculus omohyoideus)

T3a Tumor size >4 cm, limited to the thyroid

T3b Any tumor with macroscopic extrathyroidal extension (m. sternohyoideus, m. sternothyroideus, m. 
omohyoideus)

T4a Any tumor size with extrathyroidal extension beyond the thyroid capsule and invasion of 
subcutaneous soft tissue, larynx, trachea, esophagus, and/or recurrent laryngeal nerve

T4b Any tumor size with invasion of prevertebral fascia, mediastinal vessels, or carotid artery

Nx Regional lymph nodes cannot be assessed

N0 No regional lymph node metastases
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�Case Presentation

In 2006, near total thyroidectomy was done in a 
62-year-old female patient because fine-needle 
aspiration biopsy diagnosed PTC in the right 
lobe. Histology confirmed PTC (17 mm, mini-
mal extrathyroidal extension (pT3  in AJCC/
TNM seventh, pT1  in TNM eighth edition) 
without lymph node involvement. The patient 
was TgAb-positive (704  IU/ml, normal range 
<40  IU/ml, Elecsys® TG II assay, Roche). 
She received 2.5  GBq RAI treatment; post-
therapeutic scintigraphy revealed only a rem-
nant thyroid tissue. No decrease in the TgAb 
titer was found in the next 2 years – in 2008, 
rhTSH (recombinant human TSH)-stimulated 
RAI treatment was performed (3.7  GBq); no 
pathological RAI accumulation on SPECT-CT 
but multiple uncertain CT lesions in the cal-
varia were found; PET-CT was negative. The 
patient was treated by suppressive dose of levo-

thyroxine and underwent regular follow-up vis-
its. No change in the TgAb titer and negative 
US results were found until September 2015. In 
September 2015, a further rise of TgAb titer was 
measured (.  Fig. 18.1), and neck US showed a 
15 mm pathological lymph node in neck region 
VI and an 8 mm in right region III–IV; FNAB 
confirmed metastasis of papillary cancer. In 
Nov 2015, percutaneous ethanol sclerotherapy 
(PEI) of the metastatic lymph node in region 
VI was done. Till February 2016, the size of 
the treated lymph node decreased to 11 mm, its 
vascularization disappeared, and no progres-
sion in other lymph nodes was observed. In 
July 2016, chest CT detected multiple pulmo-
nary macronodular metastases and a 45  mm 
mass in the mediastinum. RAI therapy was 
performed with 3.7 GBq; SPECT-CT detected 
low RAI accumulation in the mediastinal mass 

N1 Regional lymph node metastases

N1a Lymph node metastases unilateral in level VI or upper mediastinum

N1b Metastases in other unilateral, bilateral, or contralateral cervical lymph nodes (level I, II, III, IV, and 
V) or retropharyngeal

Mx Distant metastases not assessed

M0 No distant metastases

M1 Distant metastases

Patient age <55 years

Stage I Any T Any N M0

Stage II Any T Any N M1

Patient age 55 years or older

Stage I T1a, T1b, T2 N0 M0

Stage II T3 N0 M0

T1, T2, T3 N1 M0

Stage III T4a Any N M0

Stage IV/A T4b Any N M0

Stage IV/B Any T Any N M1

.      . Table 18.1  (continued)
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and no uptake in the pulmonary metastases 
(.  Fig. 18.2). PET-CT demonstrated intensive 
FDG uptake in the metastases (.  Fig.  18.2). 
No tumor of other origin was found. Sorafenib 
treatment was started, but due to severe side 
effects (erythema, skin ulcers, hand-foot syn-
drome, alopecia, bad general condition), the 
patient finally refused this therapy. TSH sup-

pression was maintained. In October 2019, she 
was still in good general condition, but chest 
CT detected a >20% increase in the diameter 
of one pulmonary metastasis, but all other 
lesions were stable, and the mediastinal mass 
decreased in size (from 45 to 27  mm). Slow 
progression was established, and the patient 
repeatedly refused systemic therapy.

.      . Fig. 18.1  Changes in 
the TgAb titers during 
follow-up of  the 
presented case. The 
measurements were done 
by Elecsys® anti-TG 
assay, Roche (normal 
value <40 IU/ml). The 
time of  diagnosis of 
lymph node and 
pulmonary metastases is 
shown by arrows (met 
metastasis)
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?? What are the main symptoms of DTC?

vv DTC is usually a palpable and painless 
mass discovered incidentally during physi-
cal examination or by the patient itself; 
the majority of  patients is asymptomatic. 
Large tumors may cause cervical discom-
fort, dysphagia, or hoarseness (due to 
palsy of  the recurrent laryngeal nerve). 
The differential diagnosis of  thyroid nod-
ules is discussed elsewhere (7  Chap. 15). 
Cervical lymph node metastases may be 
the first symptoms, especially in young 
patients with PTC.  The presence of  dis-
tant metastases is uncommon at the time 
of  diagnosis; it may occur in FTC and 
poorly differentiated thyroid cancer; the 
typical locations of  distant metastases are 
the lungs and the bones.

?? Are there differences in the clinical behavior 
of papillary and follicular thyroid cancer?

vv The ratio of  PTC/FTC is influenced by the 
iodine supply; FTC is more common in 
iodine-deficient countries. FTC may rep-
resent 30% of  DTC in case of  iodine defi-
ciency, while its occurrence is only 6–12% 
of  DTC in iodine-sufficient regions. PTC 
is usually not encompassed by a capsule, it 
may be multifocal, and the primary meta-
static sites are the cervical lymph nodes. 
The development of  distant metastases is 
<5% at the time of  diagnosis. The typical 
FTC is a solid, solitary, and encapsulated 
tumor, and the presence of  lymph node 
metastases is rarer than in PTC. Its prog-
nosis is worse due to the more common 
distant metastases; however, if  the tumor 
size is <2  cm, the presence of  distant 
metastasis is exceptional.

?? What are the features of the Hurthle cell 
thyroid cancer?

vv Hurthle cell cancer has a more aggressive 
clinical course. Hurthle cells or oncocytes 
look differently than the follicular cells. 
They are bigger with a pink-staining cyto-
plasm. The major difference in the bio-
logical behavior of  Hurthle-cell cancer 

compared to other types of  DTC is that it 
cannot accumulate radioiodine due to the 
lack of  expression of  functional sodium-
iodide symporter (NIS).

?? What are the therapeutic options for DTC?

vv The first-line treatment of  DTC is sur-
gery. The extent of  surgery depends on 
the stage of  disease. In case of  tumors 
<1  cm without extrathyroidal extension 
and lymph node involvement, lobectomy 
is preferred. Based on the excellent prog-
nosis of  early-stage DTC, the ATA guide-
line suggested lobectomy or near total/
total thyroidectomy in case of  1–4  cm 
tumors (pT1b, pT2). Near total/total thy-
roidectomy is recommended if  the primary 
tumor is ≥4  cm, extrathyroidal extension 
is detected, and lymph node or distant 
metastases are diagnosed. Therapeutic 
regional lymph node dissection should be 
performed in cases with clinical evidence 
of  central or lateral nodal metastases. 
Prophylactic central compartment lymph 
node dissection should be considered if  
the primary tumor is advanced (pT3 or 
pT4) or if  the lateral neck lymph nodes are 
affected.

The purpose of  radioiodine (RAI) treat-
ment after thyroidectomy may be (i) the abla-
tion of  residual normal thyroid tissue; (ii) 
adjuvant therapy of  subclinical micrometa-
static disease; or (iii) treatment of  clinically 
apparent residual or metastatic thyroid cancer. 
The risk of  recurrence or persistent disease 
determines whether RAI treatment is required 
or not. RAI is routinely administered after 
total thyroidectomy in high-risk patients and 
in selected intermediate-risk patients; accord-
ing to the ATA guideline, RAI therapy for rem-
nant ablation is not routinely recommended in 
low-risk disease.

The third mainstay of  treatment is the 
replacement of  thyroid hormone.

?? How is RAI treatment performed?

vv RAI therapy is applied 4–6  weeks after 
near total/total thyroidectomy. It cannot 
be used if  the surgical procedure was only 
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lobectomy. No disadvantage was found if  
the therapy was postponed up to half  a 
year. Elevated TSH during RAI therapy 
is essential as TSH stimulates the RAI 
uptake. The preparation of  patients should 
be done by levothyroxine withdrawal 
(thus inducing primary hypothyroidism) 
or by recombinant human TSH (rhTSH) 
stimulation, as at least 30 mIU/L TSH is 
required for effective treatment. The effect 
of  RAI treatment is markedly decreased 
by iodine contamination; therefore CT 
with contrast material should be avoided 
before the administration of  RAI.  For 
remnant ablation, 1.1  GBq RAI (131I) is 
recommended. Adjuvant therapy is per-
formed by 3.7 GBq. The curative/palliative 
activity for residual or metastatic disease 
is 3.7–7.4 GBq. RAI treatment should be 
repeated in 6–12 months’ time.

Whole-body scintigraphy and supplemen-
tary SPECT-CT images 3–6  days after RAI 
therapy are really useful for correct staging and 
risk stratification.

?? What is the role of TSH suppression in DTC 
management, and how should this be per-
formed?

vv The target TSH range during levothyrox-
ine therapy is determined based on the 
risk for recurrence. Low-risk patients after 
lobectomy may not need any therapy. Low-
risk cases after thyroidectomy (w/wo RAI) 
without detectable thyroglobulin (Tg) 
are treated targeting normal TSH (0.5–2 
mIU/L). The target TSH range in low-risk 
patients with detectable Tg and interme-
diate-risk cases is 0.1–0.5 mIU/L. Patients 
with high risk or persisting disease 
require suppressive dose of  levothyroxine 
(TSH < 0.1 mIU/L). Suppression of  TSH 
may decrease the risk for recurrence and 
disease-specific mortality. The tailoring of 
TSH target range according to the extent 
of  disease is important as maintenance of 
subclinical hyperthyroidism is also danger-
ous, since it increases the cardiovascular 
mortality. During long-term follow-up, the 
target TSH ranges should be adjusted to 
the response to therapy.

?? Which tumor marker can be used to follow 
up patients with DTC? How reliable is it?

vv The most important tumor marker of  DTC 
during follow-up to estimate the therapeu-
tic response and to detect the relapse of 
the disease is thyroglobulin (Tg). The cur-
rently used second-generation Tg assays 
have good diagnostic accuracy. Previous 
methods had lower sensitivity, and stimu-
lated Tg was routinely used to increase the 
sensitivity. Stimulation should be done by 
levothyroxine withdrawal or by rhTSH. Tg 
values correlate with the tumor mass, and 
the stimulated value is about ten times 
higher than the basal (on-thyroxine) level. 
The major limitation of  Tg is the presence 
of  autoantibodies against it (TgAbs, thy-
roglobulin antibodies). TgAbs are found 
in 20–25% of  DTC patients. TgAbs inter-
fere with the measurement of  Tg making 
it impossible to use as a primary tumor 
marker during follow-up.

?? Can thyroglobulin be used for the diagnosis 
of differentiated thyroid cancer?

vv Tg is a thyroid specific protein involved 
in thyroid hormone storage, but it is not 
specific for cancer as injury to the thyroid 
or inflammation (thyroiditis) can lead to 
thyroglobulin release as well. Tg is there-
fore not suitable for screening or initial 
diagnosis of  DTC, and it is not included 
either in the diagnostic workup of  thy-
roid nodules. On the other hand, Tg can 
be well exploited for the follow-up of  dif-
ferentiated thyroid cancer (see previous 
paragraph).

?? How DTC patients with TgAb positivity can 
be managed?

vv Persisting or rising TgAb levels may indi-
cate the persistence or recurrence of  the 
disease. However, compared to thyroglob-
ulin values, their role in the detection of 
disease burden is not so definitive. TgAb 
titers reflect not only the thyroid cell (and 
tumor cell) volume but the immune reac-
tivity against Tg. RAI treatment itself  can 

Differentiated Thyroid Cancer
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induce temporary elevation of  TgAbs. 
However, in the long run, RAI treatment 
eliminates the remnant thyroid tissue as 
the autoantigen and contributes to the 
disappearance of  TgAbs. The clearance 
of  TgAbs in patients without residual 
disease needs approximately 2–3  years. 
The patterns of  changes in the autoanti-
bodies were influenced by the size of  the 
tumor and by the age (longer time was 
required in younger patients) but could 
be just partially explained by known fac-
tors. However, it is generally accepted that 
patients who became antibody negative or 
show a significant decline in TgAb titers 
have lower recurrence rate compared to 
subjects with persisting or rising TgAbs. 
This is the reason why the 2015 ATA 
guidelines regarded the response to ther-
apy in cases of  rising TgAbs as “biochemi-
cal incomplete.”

?? What kind of imaging can be used to evalu-
ate the extent of disease in DTC patients?

vv The imaging methods are rather com-
plimentary and all have advantages and 
disadvantages. The extent of  diagnostic 
attempts to localize the residual or relaps-
ing disease is not well defined. Neck US 
is the method of  choice during follow-up 
for the evaluation of  response to therapy 
6–12  months after surgery (with or with-
out RAI); it should be carried out by an 
experienced investigator. If  local recur-
rence or pathological lymph nodes larger 
than 8–10 mm are detected, FNAB should 
be done. Diagnostic whole-body scan 
(DxWBS) should be performed to detect 
RAI avid metastases, but its sensitivity is 
low. The sensitivity of  RAI scan can be 
increased by SPECT-CT or by applying 
larger, therapeutic doses (i.e., post-thera-
peutic scintigraphy). The diagnostic per-
formance of  18F-FDG PET-CT was more 
extensively investigated in TgAb-positive 
patients. A recent review and meta-anal-
ysis evaluating 9 studies (515 patients) 
found that 18F-FDG PET or PET-CT 
demonstrated a moderate sensitivity (84%) 
and specificity (78%) for the detection 

of  recurrent and/or metastatic diseases 
in DTC patients with progressively and/
or persistently elevated TgAb levels and 
negative radioiodine WBS. Limitations of 
PET-CT are that the size of  tumor foci may 
be under the detection limit of  the method 
and well-differentiated cancer cells are not 
necessarily FDG-positive. Neck CT with 
contrast material is indicated in case of 
tracheal infiltration. Chest CT can detect 
mediastinal lymph node involvement or 
lung metastases. It is indicated if  Tg is 
increasing and the neck US is negative. 
Neck MRI may have advantage in case of 
small cystic lymph node metastases.

?? What is the risk for recurrence in the pre-
sented case?

vv The prognosis of  differentiated thyroid 
cancer is worse in older age, especially over 
60 years. The age has been a risk factor in 
this case for poor outcome, but otherwise 
she had a small tumor with minimal extra-
thyroidal extension (ETE) and no lymph 
node metastases. The minimal ETE previ-
ously classified the patient to ATA inter-
mediate risk for recurrence (.  Table 18.2) 
and pT3 (in AJCC/TNM seventh edi-
tion). PT3 was evaluated as high risk 
according to the ETA 2006 classification 
(.  Table  18.3). The minimal ETE does 
not change the tumor stage in AJCC/
TNM eighth edition, so this patient would 
be categorized in 2018 as pT1 and low risk 
for recurrence. The minimal ETE was not 
found to increase rates of  either cause-spe-
cific mortality or tumor recurrence. The 
detailed discussion of  incompleteness of 
risk classifications is beyond the scope of 
this work, but this case represents many of 
the current uncertainties.

?? How is the initial response to therapy evalu-
ated?

vv Since no decrease in the TgAb levels 
was observed 2  years after the operation 
and first RAI treatment, her therapeutic 
response is indeterminate (.  Table  18.4), 
and she underwent another course of  RAI 
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therapy. No RAI accumulation could be 
seen on SPECT-CT, but an unidentifiable 
morphological abnormality was found 
in the cranium; to exclude RAI non-avid 
metastases, PET/CT was also performed 
with a negative result. So, no structural 
disease was detected by any available 
imaging methods, even 2  years after the 
operation.

?? How the cervical nodal disease be managed?

?? What is the expected success rate of sur-
gery?

vv The resolution of  detectable structural dis-
ease by surgery is >80%, but a complete 
biochemical response could be achieved 
only in 30–50% of  patients.

?? What is the success rate of RAI?

vv The efficacy of RAI therapy depends on the 
radiosensitivity of the tumor and the radia-
tion dose delivered to cancer cells. Young 
patients with small tumor burden, high 
RAI uptake, lack of FDG uptake, and clas-
sical histological type are better candidates 
for effective RAI treatment. In a recent 
study investigating 357 patients with cervi-
cal lymph node metastases of DTC, suc-
cessful ablation by two doses of RAI was 
achieved in 80.4% of patients. In another 
study, complete remission was found only 
in 28% of patients with a mean cumulative 
dose of 7.9 GBq RAI. The efficacy of RAI 
therapy was higher in patients with small 
metastatic lymph nodes, younger age, and 
lower Tg levels, so younger patients with 
small tumor mass responded better.

?? What is the role of percutaneous ethanol 
sclerotherapy?

vv US-guided percutaneous ethanol sclero-
therapy (PEI) is usually considered in 

.      . Table 18.2  American Thyroid Association’s Risk for Recurrence Classification 2009

Low risk Intermediate risk High risk

No local or distant metastases Microscopic invasion of tumor 
into the perithyroidal soft 
tissues

Macroscopic tumor invasion

All macroscopic tumor has been 
resected

Cervical lymph node 
metastases or 131I uptake 
outside the thyroid bed

Incomplete tumor resection

There is no tumor invasion of 
locoregional tissues or structures

Tumor with aggressive 
histology or vascular invasion

Thyroglobulinemia out of proportion 
to what is seen on the post-treatment 
scan

The tumor does not have 
aggressive histology

Distant metastases

No 131I uptake outside the 
thyroid bed on the first 
post-treatment RAI scan

.      . Table 18.3  European Thyroid Association’s 
Risk for Recurrence Classification 2006

Very low risk Low risk High risk

Unifocal T1 
(≤1 cm) N0M0 and 
no extension 
beyond the thyroid 
capsule

T1 (>1 cm) 
N0M0

Any T3

T2N0M0 Any T4

Multifocal 
T1N0M0

Any T, N1

Any M1

Differentiated Thyroid Cancer
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patients who have severe comorbidities 
and high risk for surgical complications 
after repeated neck explorations or refuse 
surgery. This method was found to be an 
excellent alternative of  surgery in patients 
with a limited number of  cervical lymph 
node metastases from PTC.  In a study 
evaluating 63 patients, 93% of  metastatic 
lymph nodes responded to PEI treatment 
of  which 84% were solved completely, 
without significant side effects. One to 
three treatment sessions were required. 
The PEI was effective in our case; the met-
astatic lymph node decreased in size, and 
vascularization was not detected anymore.

?? What is the definition of RAI-refractory dis-
ease?

vv Few months later, multiple macronodular 
pulmonary metastases and a large medias-
tinal mass were discovered. Moderate level 
of  RAI accumulation in the mediastinal 
mass was found on SPECT-CT after the 
third RAI treatment. However, an inten-
sive FDG accumulation was observed in 
the pulmonary metastases. It was thus 
evaluated as RAI-refractory disease 
(.  Table 18.5).

?? What are the treatment options in RAI-
refractory DTC?

vv The treatment of  RAI-refractory disease 
depends on the rate of  progression. In 

the lack of  a sensitive tumor marker, the 
assessment of  progression is difficult in 
TgAb-positive patients; only the size of 
metastases can be used for this purpose. 
In TgAb-negative patients, the rise of  Tg 
or the short doubling time of  Tg precedes 
the measurable growth of  metastases. The 
presence of  pulmonary metastases was 
unexpected after two negative WBS and a 
previously negative PET-CT. The appear-
ance of  macronodular pulmonary metas-
tases was evaluated as progression of  the 
disease; so a tyrosine kinase inhibitor (TKI) 
therapy was initiated. The patient did not 
tolerate the side effects, and it became 
evident during the next 3 years that there 
is only slow progression. Asymptomatic 
patients with RAI-refractory metastatic 
DTC who are stable or minimally progres-
sive should be followed without additional 
therapy beyond TSH suppression. The 

.      . Table 18.4  Evaluation of  response to therapy (after radioiodine treatment)

Excellent Indeterminate Biochemical incomplete Structural 
incomplete

No clinical, 
biochemical, or 
structural 
evidence of 
disease
(on 
levothyroxine 
Tg <0.2 ng/ml, 
stimulated Tg 
<1 ng/ml)

Nonspecific biochemical findings 
without structural evidence of disease 
(on levothyroxine Tg 0.2–1 ng/ml, 
stimulated Tg 1–10 ng/ml, TgAb 
positivity with stable or declining 
antibody titer)

Abnormal Tg
(on levothyroxine Tg 
>1 ng/ml, stimulated Tg 
>10 ng/ml) or rising TgAb 
levels in the absence of 
localizable disease

Persistent or newly 
identified 
locoregional or 
distant metastases

.      . Table 18.5  Definition of  RAI-refractory 
disease

1. The malignant tissue did not ever concentrate 
RAI

2. The tumor was RAI-avid previously but lost the 
ability to concentrate RAI

3. RAI is concentrated in some lesions but not in 
others

4. Metastatic disease progresses despite significant 
concentration of RAI
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progression is determined according to the 
RECIST criteria: >20% increase of  lon-
gest diameters of  target lesions, develop-
ment of  new metastases, or disease-related 
symptoms may indicate systemic therapies.

?? What are the factors influencing the progno-
sis of patients with distant metastases?

vv Several studies investigated the prognostic 
factors for survival in patients with distant 
metastases of  DTC. It is well-known that 
extrapulmonary distant metastases, the 
size of  tumor foci, and RAI non-avidity 
are predictors of  poor outcome. High 
FDG uptake is associated with less RAI 
uptake and vice versa. The median follow-
up and progression-free survival (PFS) 
times in patients with lung-only distant 
metastases were 9.4 and 6.1 years, respec-
tively. The 10-year PFS rate was 61.1%. 
Patients with macronodular pulmonary 
metastases had a significantly worse out-
come, but even in this group, the 10-year 
PFS rate was 21% (versus 72% in patients 
with micronodular disease).

?? What can we expect from multitargeted ki-
nase inhibitor therapy?

vv If  progression of  distant metastases has 
been established, systemic therapy is indi-
cated. Multitargeted kinase inhibitors 
including sorafenib and lenvatinib have 
been shown to improve PFS; however, they 
have a special side-effect profile which can 
be difficult to tolerate for some patients. 
Sorafenib resulted in 41% improvement 
of  PFS in the phase III DECISION trial. 
The SELECT trial investigating the effi-
cacy of  lenvatinib obtained 18.3  months 
of  PFS compared to 3.6  months on pla-
cebo arm. The majority of  side effects 
are common to different TKIs, such as 
hand-foot skin reaction, diarrhea, hyper-
tension, and anorexia. The adverse events 
are usually mild to moderate and improve 
after dose reduction. The poor tolerabil-
ity of  these TKIs in the approved starting 
dose is reflected by the fact that approxi-
mately 65% of  patients required at least 

one dose reduction in both clinical trials. 
Considering the long PFS of  DTC patient 
with distant metastases, the proper timing 
of  a TKI treatment has a critical impor-
tance. The major clinical trials included 
patients with radiologically proved pro-
gression in the last 12–14  months. Rapid 
increase in size of  metastases (>10  mm), 
symptomatic metastases, large tumor 
mass, high Tg level, and short Tg doubling 
time are indications for TKI treatment. 
Based on phase III trials, the type of  driver 
mutations (BRAF or RAS) is not predic-
tive for outcome. The cessation of  therapy 
is also questionable. The oncologic treat-
ment should be stopped in case of  pro-
gression; the abrupt withdrawal of  the 
inhibitors of  proliferation pathways may 
result in a more rapid growth of  the tumor.

Tips

The chapter “Thyroid Nodule and 
Multinodular Goiter” is suggested to 
be read for a detailed discussion of 
preoperative diagnosis of  DTC (7  Chap. 
15). Medullary thyroid cancer is discussed 
in the next chapter (7  Chap. 19).

Take-Home Messages
55 Differentiated thyroid cancer (DTC) 

generally has an excellent prognosis, 
but locoregional or distant metastasis 
may develop many years after the first 
treatment.

55 Lifelong follow-up investigations are 
required in this disorder.

55 In cases of thyroglobulin antibody 
(TgAb) positivity, thyroglobulin can-
not be used as a tumor marker during 
follow-up, and the change in the TgAb 
titer provides similar but not so accurate 
information about the residual disease.

55 The neck US is part of the routine diag-
nostic workup; residual disease should 
be looked for by other imaging methods 
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(WBS, SPECT-CT, PET-CT) in case of 
rising TgAb titer.

55 The estimation of risk for recurrence 
carries uncertainty.

55 Cervical nodal disease can be solved by 
surgery, radioiodine (RAI) treatment, 
or percutaneous ethanol sclerotherapy.

55 Distant metastases develop in 7–10% 
of DTC cases, and two-thirds of these 
patients become RAI-refractory.

55 The treatment of RAI-refractory dis-
ease depends on the rate of progression.

55 Multitargeted kinase inhibitors includ-
ing sorafenib and lenvatinib have been 
shown to improve progression-free sur-
vival.
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19 ?? What endocrine disorders should be consid-
ered in the differential diagnostics of chronic 
diarrhea?

vv The most frequent endocrine disorders 
that may be associated with these gas-
trointestinal (GI) complaints, such as 

hyperthyroidism, hypoparathyroidism and 
complications of  diabetes mellitus can be 
easily evaluated by routine assessment of 
thyroid stimulating hormone (TSH), gly-
cated hemoglobin (HbA1c), blood glucose, 
and serum calcium levels. In rare cases of 
chronic diarrhea, when the clinical picture 
raises the suspicion, primary adrenal insuf-
ficiency, gastrinoma (Zollinger-Ellison’s 
syndrome) or carcinoid syndrome might 
be investigated. Even more infrequently, 
other duodenopancreatic neuroendocrine 
tumors such as vasoactive intestinal pep-
tide (VIP) producing VIP-oma and glu-
cagonoma might also be associated with 
chronic diarrhea. Carcinoid syndrome 
and gastrinoma are discussed in detail 
in the Part on neuroendocrine tumors 
and paraneoplastic endocrine syndromes 
(7  Chaps. 44 and 48). 7  Box 19.1 sum-
marizes the major endocrine causes of 
chronic diarrhea.

?? What kind of other symptoms may be associ-
ated with MTC?

vv Some patients present flushing, and if  the 
tumor secretes adrenocorticotropic hor-
mone (ACTH), very rarely, ectopic ACTH 
syndrome can be observed (7  Chap. 45).

�Case Presentation

A 57-year-old male patient with no previ-
ous medical history was referred to our 
Endocrine Department with complaints 
including change of stool habit and chronic 
diarrhea. Prior to his requested endocrine 
evaluation, the patient was evaluated in 
detail for gastroenterological causes of his 
complaints, yet no cause of his symptoms 
could be found.

After his admission, a palpable, non-ten-
der mass was found in the enlarged right lobe 
of the thyroid gland as well as 1–2 cm large 
and stony-hard, non-tender lymph nodes on 
both sides in the cervical regions. There were 
no signs of exophthalmos, hyperpigmenta-
tion, flushes, or facial plethora. His blood 
pressure and pulse was normal, and there 
were no further significant abnormal find-
ings on a thorough physical examination.

Opening
In this chapter while following the clinical 
course of a patient diagnosed with medullary 
thyroid cancer (MTC), the reader will be 

acquainted with the basic clinical features, 
diagnosis, and treatment of this rare tumor.

Definition of the Disease

Medullary thyroid cancer (MTC) is a rare 
malignant tumor, accounting for about 3–5% 
of  all thyroid carcinomas. The tumor cells are 
of  neuroendocrine origin, arising from the 
calcitonin-secreting parafollicular C-cells. 
The majority of  MTC cases are sporadic with 
no known environmental risk factors, 
however as much as a quarter of  the cases 
may be genetically determined and caused by 

germ-line-activating mutations in the 
rearranged during transfection (RET) 
proto-oncogene in the context of  the multiple 
endocrine neoplasia type 2 syndrome 
(MEN2). Beside differentiated thyroid cancer 
(papillary and thyroid cancer) and MTC, the 
fourth form of  thyroid cancer is termed 
anaplastic thyroid cancer that has the worst 
prognosis with rapid progression z
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?? Are there alterations in MTC with regard to 
calcium-related parameters?

vv Despite being relevant in the regulation of 
calcium homeostasis in non-mammal ver-
tebrates, calcitonin does not have a major 
role in regulating calcium homeostasis in 
humans. Even significant overproduction 
of  calcitonin cannot be clearly associated 
with serum calcium alterations. On the 
other hand, total thyroidectomy, and 
therefore the loss of  calcitonin-producing 
C-cells, does not affect calcium homeosta-
sis either, provided that the parathyroid 
glands are left intact. On the other hand, 
calcitonin can be used in pharmacological 
doses for the treatment of  severe hypercal-
cemia, but its effect is transient.

?? What tests should be done to investigate the 
palpable structural abnormalities found in 
the thyroid gland and the surrounding cervi-
cal regions in this patient?

vv The best first choice of  thyroid imaging is 
ultrasonography (US). It has a high sensi-
tivity and is specific enough to discover 
lesions suspected to be pathological or 
malignant (see in detail 7  Chap. 15 on 
Thyroid nodule and multinodular goiter). 
In case of  suspicion, US-guided fine-nee-
dle aspiration (FNA) is a quick and easy 
way to gain samples for cytological exami-
nation.

vv The thyroid US in our patient showed a 
single solid hypoechogenic nodule in the 
right lobe with punctate echogenic foci, 
and extra-thyroidal extension. The US fea-
tures of  the nodule defined by the Thyroid 
Imaging, Reporting and Data System 
(TIRADS) indicated a score of  11 imply-
ing that the nodule is highly suspicious for 
malignancy. The left lobe showed no signs 
of  abnormality. The examination also 
revealed multiple bilateral lymphadenopa-
thy with pathological lymph nodes ranging 
from 15 to 40  mm is diameter (see 
.  Fig. 19.1).

vv FNA was performed on the thyroid nod-
ule. The cytological smear showed iso-
lated, round, large polygonal cells 
presenting signs of  malignancy resembling 
MTC.  Immunohistochemistry was posi-
tive for chromogranin A and thyroid tran-
scription factor-1 (TTF1). Later as part of 
a palliative surgical approach, the histo-
logical examination of  a metastatic lymph 
nodule has also been performed, and the 
microscopic images confirming MTC are 
presented from this specimen in 
.  Fig. 19.2.

?? Are there tumor markers for MTC?

vv Calcitonin, the product of  C-cells, and 
carcinoembryonic antigen (CEA) can be 
exploited as tumor markers in MTC.  In 
contrast with other tumors, where tumor 
markers can only be exploited for the 
monitoring of  tumor progression (e.g., 
CEA for colorectal cancer), calcitonin can 
be used in the diagnosis of  MTC, as well, 

�Case Presentation Continued

Even though in the presented case, TSH 
level was normal (1.122 mIU/L) ruling out 
hyperthyroidism, the clinical picture clearly 
pointed to a thyroid pathology.

Box 19.1 Endocrine Causes of  Chronic 
Diarrhea
Common and rare endocrine causes of 
chronic diarrhea

55 Hyperthyroidism
55 Diabetes mellitus
55 Hypoparathyroidism
55 Addison’s disease
55 Hormone-secreting neuroendocrine 

tumors
–– Carcinoid syndrome
–– Gastrinoma
–– VIP-oma
–– Glucagonoma
–– Medullary thyroid cancer
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but this issue is controversial (basal or 
stimulated calcitonin, questions of  false 
positive calcitonin etc. – see later) and cal-
citonin is not universally used as a tumor 
marker in the evaluation of  suspicious thy-
roid nodules.

vv In our patient, serum calcitonin (6250 pg/
mL; normal range 0–19) and CEA 
(1510.0 ng/mL, normal range: 0.0–4.3) lev-
els were highly elevated. After the diagno-
sis was confirmed, the patient was tested 

for germline RET mutations. The test con-
firmed that in this case the MTC had no 
genetic background and should be 
regarded as a sporadic neoplasm.

?? In case of uncertain cytological and tumor 
marker results what additional tests could 
be used to demonstrate that the tumor is 
MTC?

vv In early stage MTC serum calcitonin con-
centration may only be mildly elevated 

a b

c d

.      . Fig. 19.2  Lymph node metastasis of  MTC. a Hematoxylin-eosin staining and CEA immunohistochemistry pre-
senting extranodular spread of  the tumor. b Hematoxylin-eosin staining. c Calcitonin d CEA

a b

.      . Fig. 19.1  Ultrasonographic images of  a right sided MTC a and a pathological hypoechoic lymph node on the 
left side b
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(under 100 pg/mL), and also the cytologi-
cal diagnosis may be indeterminate. 
Under these circumstances, causes that 
may false positively elevate calcitonin lev-
els in the blood (listed in .  Table  19.1) 
should be ruled out. In certain centers, 
pentagastrin (0.5  μg/kg) or calcium 
(2.5  mg Ca/kg)-stimulated calcitonin is 
used to enhance the accuracy of  MTC 
diagnosis. These tests are non-invasive, 
easy to do, and a 5×–10× elevation of 
stimulated calcitonin levels within min-
utes (usually above 200 pg/mL) indicates 
MTC, whereas in other non-MTC causes, 
the calcitonin increase is limited or 
absent.

vv If  false positively elevated calcitonin 
could be ruled out, an US-guided fine-nee-
dle aspiration from the suspected nodule 
or a metastatic lymph node along with 
high calcitonin measured in the needle 
washout fluid is an indicator of  MTC.

.      . Table 19.1  Non-MTC-related causes of 
elevated calcitonin and CEA levels

Calcitonin CEA

Hypercalcemia Gastrointestinal tract 
inflammatory disease

Hypergastrinemia Benign lung disease

Neuroendocrine tumors Non-thyroid 
malignancies (i.e., 
colorectal cancer)

Renal insufficiency Cigarette smoking

Papillary and follicular 
thyroid carcinomas

Heterophilic 
antibodies

Goiter

Chronic autoimmune 
thyroiditis

Heterophilic antibodies 
to calcitonin

Drugs: proton pump 
inhibitors, beta blockers, 
glucocorticoids

�Case Presentation Continued

After the establishment of the diagnosis of 
MTC, further testing was necessary to deter-
mine the stage of the disease. Highly elevated 
tumor markers suggested the presence of dis-
tant metastases, which was confirmed by cross-
sectional imaging. Besides the known MTC in 
the right lobe of the thyroid gland invading the 

surrounding soft tissue, and gross bilateral 
lymphadenopathy in the cervical lesions, distant 
metastases in the mediastinum, pulmonary hila 
and multiple pulmonary metastases in both 
lungs of about 1  cm were found (see 
.  Fig.  19.3). One suspected bone metastasis 
was identified in the manubrium of the sternum.

a b c

.      . Fig. 19.3  Contrast-enhanced CT images in venous phase of  neck a and thorax b, c) demonstrating 
locally invasive MTC with cervical and hilar lymph node metastasis and lung metastasis (yellow arrows)
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?? Are the patient’s GI symptoms caused by 
MTC?

vv Probably yes. Diarrhea is a common com-
plaint in patients with advanced metastatic 
MTC. The exact cause in not well under-
stood, however calcitonin-induced GI 
hypermobility and hypersecretion might 
play a role. The symptoms may be severe, 
causing poor life quality and even cachexia 
due to malabsorption. Besides lifestyle 
modifications such as low fiber diet, and 
avoiding alcohol intake, usually medical 
treatment is needed. First-line treatment 
options include anti-motility agents such 
as loperamide. In more severe cases, tumor 
debulking or chemoembolization of  gross 
distant metastases may help alleviate the 
symptoms.

?? Is routine genetic testing necessary in this 
patient with MTC?

vv Yes. Since 25% MTC patients carry germ-
line mutation in the RET gene causing 
MEN2 syndrome, when the diagnosis of 
MTC has been established, genetic analy-
sis should always be performed. This 
allows detection or even prevention of 
hereditary endocrine tumors in the index 
patient (prophylactic thyroidectomy), and 
first degree relatives, as well. In case of  a 
positive RET mutation, screening for 
pheochromocytoma and primary hyper-
parathyroidism are warranted (see in 
7  Chap. 51 on Multiple Endocrine 
Neoplasia type 2).

?? Are there any curative treatment options in 
this patient’s case?

vv Unfortunately, there aren’t any. The only 
curative method in MTC is total surgical 
resection of  the tumor. Most commonly 
total thyroidectomy and central and lat-
eral compartment lymph node dissection 
is recommended based on the cervical 
extent of  the disease. The surgical plan is 
usually based on imaging (US and CT) 
and serum calcitonin concentrations. 
Calcitonin levels less than 20 pg/ml almost 

rule out the possibility of  lymph node 
metastases. The higher the calcitonin 
value, the more advanced the disease 
might be spreading. Thus in case of  calci-
tonin values between 20 and 500  pg/ml, 
the presence of  metastases should always 
be checked in the ipsi- and contralateral 
central and lateral neck regions in order to 
be prepared for total surgical resection. 
Common side effects of  an extended sur-
gery includes hypoparathyroidism, thus 
patients must be monitored for hypocalce-
mia. The success of  the operation can be 
determined 3  months postoperatively by 
reassessing tumor markers and performing 
imaging.

vv In this case, however, both serum calcito-
nin (6250  pg/mL) and imaging studies 
indicated the systematic spread of  the dis-
ease thus curative resection was not an 
option.

?? What is the prognosis of the patient pre-
sented?

vv The clinical course of  sporadic MTC is 
unpredictable. Some patients may have 
long progression-free disease course; how-
ever, in some cases the progression is rather 
fast. The most important prognostic fac-
tors include age and stage of  the disease at 
the time of  diagnosis. Unfortunately this 
patient had cervical and distant metastases 
at the time the diagnosis was made, mean-
ing that he was in Stage IVC, indicating 
100% mortality caused by MTC and a less 
than 21% 10-year survival (see 
.  Table 19.2).

?? Are there any other prognostic factors in 
MTC? How could the progression of MTC 
be followed?

vv Follow-up of  the tumor burden with 
sequential imaging is one way of  evaluat-
ing disease progression. This can be com-
plemented by controlling serum tumor 
markers over multiple time points (i.e., 
every 3 months) to assess the time at which 
the values of  these markers value double. 
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Doubling times (DTs) of  serum calcitonin 
and CEA values have been shown to pre-
dict aggressiveness and the rate of  disease 
progression as well as overall survival in 
metastatic MTC.  The less time elapses 
between the doubling of  tumor markers, 
the more aggressive tumor is. For example, 
in case of  a DT of  less than 6 months is 
associated with a 10-year survival of  8%, 

whereas in DT-s between 6 and 24 months 
and above, 10-year survival rate increases 
to 37% and 100% respectively.

?? When is palliative intervention indicated in 
MTC?

vv Metastatic MTC is commonly resistant to 
palliative medical, radio-, or surgical ther-
apy. Side effects of  medical treatment and 
complications of  more invasive treatment 
options are commonly significant. On the 
other hand, some patients may have slow 
tumor progression with a good quality of 
life for years. Thus palliative interventions 
are recommended only in patients who 
show signs of  rapidly progressive disease 
or uncontrollable hormonal activity. In 
case of  space-occupying, painful tumor 
mass causing breathing or swallowing dif-
ficulties by compression of  the spinal cord, 
trachea, and the esophagus, palliative sur-
gery or external beam radiation therapy 
(EBRT) may be indicated. Also, symptoms 
of  hormone activity of  the tumor resistant 
to first-line treatment options may indicate 
of  palliative therapy such as chemoembo-
lization of  liver metastases.

?? Is TSH suppression indicated in MTC?

vv No, since the MTC is not a differentiated 
thyroid neoplasm and C-cells do not 
express the TSH receptors, there is no rea-
son to suppress TSH below the normal 
range. However, thyroid hormone replace-
ment is usually needed after total thyroid-
ectomy to maintain euthyroidsm.

.      . Table 19.2  Overall survival and mortality 
rates in MTC based on Tumor Node Metastasis 
(TNM) stage

TNM 10-year 
survival

Mortality 
due to MTC

Stage I T1, N0, M0 100% 0%

Stage 
II

T2, N0, M0 93% 13%

T3, N0, M0

Stage 
III

T1,N1a,M0 71% 56%

T2,N1a,M0

T3,N1a,M0

Stage 
IV A

T4a,N0,M0 21% 100%

T4aN1a,M0

T1,N1b,M0

T2,N1b,M0

T3,N1b,M0

T4aN1b,M0

Stage 
IV B

T4b, any N, 
M0

Stage 
IV C

Any T, any 
N, M1

�Case Presentation Continued

In the presented case, after diagnosis was made, 
the patient’s diarrhea was well controlled using 
anti-motility agents. His disease was stable. He 
was in good condition and was able to work, 
thus there were no indications for palliative 
interventions. The patient was observed with 
tumor markers and CT imaging and bone scin-
tigraphy for 2 years with no signs of significant 

tumor growth. However, in the third year of 
observation, calcitonin DT decreased to 
1.03  years, and growth in primary and meta-
static tumor size, and new bone and intraab-
dominal lymph node metastases were detected 
indicating significant disease progression. The 
majority of the tumor burden was localized in 
the cervical region, causing limited neck and 
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head movement. Interestingly, the patient never 
developed liver metastases which are otherwise 
common in MTC.

In order to stop disease progression 300 mg 
vandetanib was chosen as first-line systemic 
therapy. To prevent pathological fractures due 
to metastases in the hip and lumbar vertebrae, 
iv. bisphosphonates were also administered. 
Vandetanib is a multi-kinase inhibitor, that 
acts on RET, EGFR (epidermal growth factor 
receptor) and VEGFR (vascular endothelial 
growth factor receptor) kinases expressed on 
MTC cells and has shown efficacy in symp-
tomatic or progressive locally advanced or 
metastatic MTC. Even though adverse events 
such as diarrhea, fatigue, rash and folliculitis, 
photosensitization, hypertension, and pro-
longation of  the QT interval are quite fre-
quent during vandetanib treatment, we have 
observed none. Changes of  tumor markers 
during the 10  months of  treatment period 
are presented in .  Fig.  19.4. Vandetanib 
was eventually discontinued due to tumor 
advancement. After failure of  this first-line 
therapy, patient was switched to second-line 

140  mg/day cabozantinib (another tyrosine 
kinase inhibitor targeting RET, VEGFR, and 
hepatocyte growth factor (HGF) receptor), 
which he tolerated well. After 3  months of 
treatment, stable disease has been indicated by 
imaging, and a significant decrease in serum 
calcitonin levels has been observed (presented 
in .  Fig. 19.4). Unfortunately, 6 months after 
beginning cabozantinib treatment, further 
progression was seen, and the patient devel-
oped new cutaneous metastases, and had 
some difficulty swallowing. As a last resource, 
dacarbazin and 5-Fluorouracil based systemic 
chemotherapy has been started and palliative 
surgical intervention was planned, as well. 
Unfortunately, and somewhat unexpectedly on 
the morning of  the planned interventions, the 
patient was found dead 4 years and 5 months 
after the initial diagnosis. He deceased with no 
alarming signs and was seen in good condition 
few hours before. Since autopsy has not been 
performed as requested by the patient’s family, 
the true reason of  death could not be deter-
mined. The most possible cause of  death could 
have been aspiration or cardiac arrest.
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Tips

The reader is advised to read (or repeat) the 
chapters on thyroid nodule and 
multinodular goiter (7  Chap. 15) and 
differentiated thyroid cancer (7  Chap. 18) 
for better understanding of nodular thyroid 
disease as a whole. Moreover, the chapter 
on Multiple Endocrine Neoplasia type 2 
(7  Chap. 51) is worth reading as 25% of 
MTC patients might be affected by MEN2.

Take Home Messages
55 Medullary thyroid cancer (MTC) is a 

rare malignant tumor of the thyroid 
gland, usually discovered at an advanced 
stage and has a poor prognosis.

55 Most cases of MTC-s are sporadic, 
however 25% are caused by mutations 
of the RET gene and show an autosomal 
dominant inheritance.

55 In inherited MTC, pheochromocytoma 
and primary hyperparathyroidism 
should be screened at and after the 
diagnosis regularly.

55 Calcitonin and CEA are specific tumor 
markers of MTC that have relevance in 
estimating tumor burden and also have 
prognostic value.

55 Traditional chemotherapy is usually not 
effective in treating MTC.

55 Tyrosine kinase inhibitors (TKIs) are 
palliative therapeutic options with 
several side effects and are currently 

available with limited eficacy.
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Opening
In this chapter, the reader will get familiar with 
the clinical features and treatment of resistance 
to thyroid hormone syndrome. The differential 

diagnosis of Thyroid-stimulating hormone 
(TSH)-secreting pituitary adenoma is also 
discussed here.

Definition of the Disease

Thyroid hormone resistance to (RTH) is a 
genetic syndrome characterized by impaired 
peripheral sensitivity to thyroid hormone (TH).

The first family affected with RTH, 
described by Refetoff  and collaborators had 
elevated levels of  T4 and T3 with unsuppressed 
serum TSH levels, deaf-mutism and skeletal 
abnormalities as a consequence of  a large 
homozygous deletion of  the THRB gene, 
encoding for the TH receptor beta (TRβ). 
Later, patients harboring heterozygous 
dominant-negative mutations in the THRB 
have been identified.

During the last two decades, the definition 
of  RTH expanded with the identifications of 
an increasing number of  syndromes of 
reduced responsiveness to TH. Defects in the 
TH transporter monocarboxylate transporter 
8 (MCT8) cause the Allan–Herndon–Dudley 
syndrome characterized by severe neurological 
phenotypes and high Free triiodothyronine 
(FT3) levels. Genetic mutations in the 
selenocysteine insertion sequence-binding 
protein 2 (SECISBP2) cause a loss of  function 
of  the deiodinases. The consequence is an 
abnormal metabolism of  TH, characterized 
by high levels of  FT4, low-normal FT3, and a 
slightly increased TSH.  Finally, in 2012, 

mutations in the TH receptor alpha (TRα) 
have been discovered. This latter was named 
RTHα, while the original syndrome described 
by Refetoff  was renamed as RTHβ.

In RTHβ, the insensitivity of  the pituitary 
to TH causes a compensatory increase of  T4 
and T3 to overcome the impaired function of 
a mutant TRβ. The consequence is a central, 
TSH-dependent hyperthyroidism.

The different tissue distribution of  TR 
isoforms is responsible for the phenotype of 
RTHβ patients, who exhibit thyrotoxic 
features in organs where TRα predominates 
(central nervous system, skeletal muscle, 
myocardium, bone, and intestine), and 
manifestations of  hypothyroidism in tissues 
expressing the TRβ (liver, cochlea, and retina).

RTHβ has an autosomal dominant 
inheritance and an estimated prevalence of 
1:20,000–40,000.

This is probably underestimated, since 
most of  the screening programs for congenital 
hypothyroidism are based on the sole TSH 
determination which is typically normal in 
RTHβ. Also, in adults the assessment of 
thyroid function tests is often performed by a 
reflex-TSH strategy, thus free THs are 
measured only when the TSH is abnormal.

�Case Presentation

A 18-year-old man was referred to our Clinic 
for discrepant TH function tests (TFTs) found 
during preoperative investigations for a cardiac 
ablation (TSH 4.5  mIU/ml normal: 0.4–4.3; 
FT4: 45  pmol/l normal: 11.5–24.5, FT3 
10.3 pmol/l normal: 2.9–7.1).

The patient’s physical examination showed 
a small goiter, hyperhidrosis, and tremors in the 

upper limbs. His past history included panic 
disorder treated with paroxetine.

Two years earlier, he was found to have car-
diomegaly and stress-induced tachycardia and 
was excluded from competitive sports. Lately, a 
24-hour Holter monitoring showed an episode 
of supraventricular tachycardia (SVT) at 
160  beats/min. He was scheduled for catheter 
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?? What can be observed from this hormone 
panel and what kind of diseases should be 
considered?

vv The patient had elevated FT4 and FT3 lev-
els with an inappropriately high TSH.

vv This inappropriate secretion of  TSH is the 
hallmark of  central (secondary) hyperthy-
roidism, a rare condition encompassing 
RTHβ and TSH-secreting pituitary adeno-
mas (TSH-oma). TSH-oma is the rarest 
form of  pituitary adenoma (annual inci-
dence of  1–2/million).

vv It is noteworthy that assay interferences 
due to familial dysalbuminemic hyperthy-
roxinaemia, heterophilic antibodies, para-
proteins, anti-T4/anti-T3 autoantibodies, 
and certain drugs cause a similar 
biochemical picture (.  Table  20.1 and 
.  Fig. 20.1).

?? Is it possible to differentiate the possible 
causes of central hyperthyroidism based on 
clinical symptoms?

vv The symptoms of  RTHβ may be mislead-
ing and overlapping with those of  TSH-
oma patients. Although in the latter, the 
sensitivity to TH is conserved, the slow 
progression of  the hyperthyroidism may 
explain the lack of  severe manifestations.

vv There are some clues that might argue for 
RTHβ, particularly the presence of  rela-
tives with recurrence of  central hyperthy-
roidism. In this case, the mother and the 
sister had normal TH function tests 
(TFTs), while the father was unavailable. 

Indeed, 85–90% of  RTHβ cases are famil-
iar, while dominant inheritance of  a TSH-
oma has been exceptionally described in 
two families with Multiple Endocrine 
Neoplasia 1 (MEN1, 7  Chap. 51).

vv Also, the age of  the patient may help the 
diagnosis, as TSH-omas are often diag-
nosed later, usually in the 5th to 6th 
decades of  life and pediatric and juvenile 
cases are very rare.

?? Which tests can be used for the differential 
diagnosis of central hyperthyroidism? Are 
imaging techniques helpful?

vv The diagnostic flow-chart is presented in 
.  Fig. 20.1.
1.	 The first step is the exclusion of assay inter-

ferences in TFTs, an often overlooked 
source of mismanagement. Central hyper-
thyroidism was confirmed in both a one-
step and a two-steps assay platform. TFTs 
should be rechecked in a different labora-
tory, as some methods are more prone to 
interferences than others. In this case, given 
the associated autoimmune thyroid disease 
(AITD) and the increased pertechnetate 
uptake, we also ruled out a possible overes-
timation of TSH levels due to heterophilic 
antibodies and macro-TSH, masking a pri-
mary hyperthyroidism. This eventuality was 
excluded by measuring the TSH after PEG 
(polyethylene glycol)-precipitation (recov-
ery rate of 90%) and by the perfect linearity 
of a dilution experiment. Moreover, anti-
TSH-receptor antibodies were negative. 
(Macro-TSH is a phenomenon similar to 
macroprolactinemia described in the chap-
ter on Prolactinoma (7  Chap. 1)).

ablation which was not performed, following a 
normal electrophysiological study.

Anti-thyroid peroxydase (anti-TPO) anti-
bodies were positive and the thyroid gland 
appeared enlarged (26 ml) and with a heteroge-
neous echotexture by ultrasound (US). Thyroid 

scan showed a diffusely increased pertechnetate 
uptake in both lobes. These features were mis-
interpreted as Graves’ disease and methimazole 
was started. After 1 month, FT4 and FT3 nor-
malized while the TSH rose to 26 mUI/L, and 
the treatment was discontinued.

Thyroid Hormone Resistance
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2.	 Dynamic tests explore the integrity of the 
hypothalamus-pituitary-thyroid axis and are 
based on the assumption that in RTHβ, the 
response to exogenous thyrotropin releasing 
hormone (TRH) is conserved, while the 
reduced sensitivity of the pituitary may be 
overcome by high TH doses. Conversely, in 
TSH-oma the autonomous secretion of 
TSH by the adenoma cannot be regulated by 
TRH nor contra-regulated by TH.

TRH test (i.v. injection of 200  μg of 
TRH with measurement of TSH at baseline 
and after 20′, 30′, 60′ 90′ minutes) causes a 
significant increase in TSH levels in normal 
controls and RTHβ, while no changes in 
TSH-omas are seen. In our patient, the 
TRH test showed a rise of TSH from 2.1 to 
14 mIU/L 20 minutes after TRH injection 

(.  Fig.  20.1). Noteworthy, nearly 20% of 
the TSH-oma may respond paradoxically 
to TRH.

The T3 suppression test requires the 
administration of T3 for 10 days (fixed doses 
of 80–100 μg/day or increasing doses, start-
ing with 50 and doubling every 3 days up to 
200  μg/day). A complete suppression of 
TSH after T3 excludes a TSH-oma, whilst in 
RTHβ an incomplete TSH suppression may 
be occasionally observed. This test can be 
associated with a TRH test on day 10.

T3 suppression test was not performed 
in the case presented as it is contraindicated 
in patients with severe cardiac disorders, 
arrhythmias, and in the elderly given the 
risk of exacerbation of underlying cardiac 
problems.

.      . Fig. 20.1  Diagnostic flow-chart of  central hyperthy-
roidism. A proposed flow-chart for differential diagno-
sis (on the left) and summary of  the patient’s clinical 
data (on the right, in the insert). The green and red 
arrows indicate a result compatible or non-compatible 

with a certain diagnosis, respectively. The red triangles 
represent frequent pitfalls in the diagnostic process. 
Abbreviations in the text. SMS-LAR somatostatin ana-
logue long-acting-release
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In selected patients, the chronic admin-
istration of long-acting-release somatosta-
tin analogues (SSA) every 21–28  days for 
2–3 months may be helpful. TSH, FT4, and 
FT3 levels are measured at baseline, before 
each injection and 28 days after the last one. 
In patients with TSH-oma SSA causes a 
marked decrease or the normalization of 
FT3 and FT4 levels, while RTHβ do not 
respond at all.

3.	 Molecular analysis of  the THRB gene 
revealed a heterozygous pathogenic variant 
(p.L440P) leading to the diagnosis of 
RTHβ. Molecular analysis makes a defini-
tive diagnosis in 80–90% of cases. THRB 
variants are typically distributed in three 
“hot spot” regions of the ligand-binding 
domain. Mutant receptors lose their ability 
to modulate gene expression in target tis-
sues and inhibit the activity of wild type 
receptors (the so-called dominant negative 
effect which explains the dominant inheri-
tance of the disease). In 10–20% of cases 
with a biochemical and clinical phenotype 
of RTHβ, no mutation can be identified in 
the THRB gene and this condition is 
defined as “non-TR – RTH.” The underly-
ing pathogenic mechanism is still unknown.

4.	 Pituitary MRI showed a gland normal in 
size, signal, and dynamic contrast enhance-
ment. However, imaging should be inter-
preted with caution since small pituitary 
lesions are common in the general popula-
tion as well as in RTHβ (20–25% of mag-
netic resonance imaging (MRI) performed 
for other reasons). These lesions are consid-
ered as “pituitary incidentalomas” not 
associated with a hypothalamic-pituitary 
dysfunction. On the contrary, small micro-
TSH-omas may fail to be visualized on 
pituitary MRI. Thyroid scintigraphy is use-
less because TSH-omas and RTHβ have a 
TSH-mediated hyperthyroidism leading to 
increased pertechnetate uptake in both 
conditions.

?? Are there biochemical markers indicative of 
RTHβ?

vv Basal values of  carboxy-terminal telopep-
tide of  type I collagen (ICTP) and Sex 
Hormone Binding Globulin (SHBG) were 
215  ng/L (normal: <580) and 24  nmol/L 
(normal: 10–70), respectively. SHBG and 
ICTP are the most used markers assessing 
the sensitivity to TH of target tissues (liver 
and bone, respectively) and are expected to 
be normal or reduced in RTHβ and 
increased in hyperthyroid patients, includ-
ing TSH-omas. SHBG are increased by 
oral contraceptives. The sensitivity and 
specificity of  these markers improves, when 
assessed during a T3 suppression test.

vv The determination of  alpha subunit of 
glycoprotein hormones (α-GSU) is of  lim-
ited utility since levels may be normal in 
patients with micro-TSH-omas.

?? Which are the main clinical features of pa-
tients with RTHβ at presentation?

vv Most RTHβ patients are asymptomatic or 
complain of  minor symptoms of  thyro-
toxicosis. Common features include tachy-
cardia, hyperhidrosis, anxiety, and 
nervousness, while symptoms of  overt thy-
rotoxicosis as weight loss, fatigue, heat 
intolerance, insomnia, and diarrhea are 
atypical.

vv At clinical assessment, fine tremors of  the 
upper limbs, goiter, and increased heart 
rate (HR) are commonly observed. Body 
temperature and blood pressure are usu-
ally normal.

vv In childhood, a low body mass index 
(BMI) and failure to thrive are often 
observed, while the linear growth is not 
affected.

vv A low BMI due to increased resting energy 
expenditure (REE) is common also in 
adults and depends on muscular hyperthy-
roidism as suggested by the correlation 
between HR and REE.
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vv Osteopenia and osteoporosis can be found 
even in younger patients with RTHβ.

vv Dyslipidemia, insulin resistance, liver ste-
atosis, and a combined conductive and 
sensorineural hearing impairment have 
been also reported.

?? The patient had cardiomegaly and tachycar-
dia. Is this common in RTHβ?

vv RTHβ patients exhibit palpitations and 
tachycardia at rest and older patients have 
an increased risk of  atrial fibrillation. 
Features of  hypothyroidism and hyperthy-
roidism coexist also at the heart level. 
Indeed, some indices (HR, stroke volume, 
diastolic filling, and maximal aortic flow 
velocity) have values intermediate between 
controls and hyperthyroid subjects, while 
other parameters (ejection and shortening 
fractions of  the left ventricle, systolic 
diameter, and left ventricle wall thickness) 
are comparable to those of  controls. 
Conversely, the increased systemic vascu-
lar resistance and increased arterial stiff-
ness found in RTHβ are suggestive of 
hypothyroidism. It is noteworthy that the 
reduced insulin sensitivity, dyslipidemia, 
and liver steatosis are additional contribu-
tors worsening the overall cardiovascular 
risk of  RTHβ.

?? The patient had a mood disorder. Are psychi-
atric manifestations common in RTHβ?

vv The association between mood distur-
bances and RTHβ is not unusual, although 
this anecdotal observation is not sup-
ported by large clinical studies. Some 
RTHβ patients have a slightly reduced IQ, 
while a severe mental retardation is 
uncommon. Nearly 30% of  the school-age 
children may display mild learning dis-
abilities (delayed developmental mile-
stones and impaired verbal or performance 
components). Carriers of  genetic variants 
resulting in a premature stop codon seem 
to have more severe cognitive disabilities. 
Attention deficit hyperactivity disorder 
(ADHD) has been reported in pediatric 

RTHβ patients and is thought to be caused 
by the low IQ more than by RTHβ per se.

?? Which investigations may be useful in the 
follow-up of RTHβ patient?

vv Thyroid US scan should be periodically 
performed to monitor thyroid nodules and 
cytology is needed in case of  growing or 
suspicious thyroid nodules. Although 
some cases of  papillary thyroid cancers are 
reported in RTHβ patients, and mice har-
boring a knock-in dominantly negative 
mutation of  the TRβ (TRβPV/PV) sponta-
neously develop follicular thyroid carci-
noma, it is unclear if  RTHβ increases risk 
of  malignancy.

vv A cardiovascular assessment should be 
regularly performed, and echocardiogra-
phy is indicated at diagnosis, as an 
increased frequency of  valvular heart dis-
ease has been reported by some authors.

vv A 24-hour Holter ECG monitoring is use-
ful when asymptomatic atrial fibrillation is 
suspected, or an ECG diagnosis of  unex-
plained arrhythmic symptoms is war-
ranted.

vv Bone densitometry by dual-energy x-ray 
absorptiometry (DEXA) is indicated as 
osteopenia and osteoporosis are common 
in RTHβ.

vv In patients with AITD a careful monitor-
ing of  TFTs and of  patients’ symptoms is 
required in order to promptly recognize 
and treat acquired thyroid dysfunctions.

?? Are there other forms leading to RTH?

vv Other syndromes associated with resis-
tance to TH can be easily differentiated 
from RTHβ due to the different clinical 
manifestations as shown in .  Table 20.1.

vv RTHα is caused by heterozygous dominant 
negative mutations in the TRα receptor. 
FT4 levels are normal or slightly reduced, 
while FT3 levels are above the upper level 

	 L. Persani and I. Campi



213 20

of normal, resulting in a reduced FT4/FT3 
ratio. These patients exhibit features of 
untreated congenital hypothyroidism in 
tissue expressing the TRα.

vv Genetic defects of  monocarboxylate trans-
porter 8 (MCT8) causes the X-linked men-
tal retardation or Allan-Herndon-Dudley 
syndrome associated with a severe neuro-
logical phenotype. MCT8 is the main 
transporter of  TH into neurons and inacti-
vation of  this transporter results in 
impaired central nervous system (CNS) 
development. Serum FT3 levels are very 
high, whereas FT4 and rT3 concentrations 
are typically reduced. TSH levels are often 
high suggesting T3 insensitivity at hypo-
thalamic-pituitary level. Conversely 
peripheral tissues, expressing other trans-
porters, are thyrotoxic as suggested by the 
high levels of  SHBG, the low levels of  cho-
lesterol and the muscle wasting.

vv Mutations in SECIS-binding protein 2 
(SBP2), a key protein that allows the 
incorporation of  selenium in selenopro-
teins, cause defective function of  the deio-
dinases involved in TH metabolism. This 
defect results in an abnormal pattern of 
TFTs characterized by high free T4, low 
free T3, raised reverse T3, associated with 
normal or slightly elevated TSH levels. 
The phenotype of  the disease is complex, 
because selenoproteins are ubiquitous and 
multifunctional. Affected individuals 
manifest growth retardation, axial muscle 
dystrophy, azoospermia, anemia, lympho-
penia, increased adipose mass, increased 
insulin sensitivity, and high-frequency 
hearing loss.

?? What kind of treatment should be 
proposed?

vv The goal of  the treatment is the relief  of 
the symptoms, as no treatments are avail-
able to correct these molecular defects.

vv Beta receptor blockers (bisoprolol and 
atenolol) well controlled tachycardia in 
our patient but were discontinued because 

of  skin reactions and hypotension. When 
β-blockers are contraindicated or thyro-
toxic symptoms persists, a reduction of 
TH levels may be beneficial. This can’t be 
achieved using antithyroid drugs, because 
the consequent increase of  the TSH causes 
a goiter enlargement and pituitary hyper-
plasia.

vv Conversely, the administration of  the thy-
romimetic triiodothyroacetic acid 
(TRIAC) is the treatment of  choice in 
these cases. TRIAC is also beneficial in 
RTHβ children with ADHD.  TRIAC 
(therapeutic range: 1.4–2.8  mg/day) 
reduces TSH secretion through the feed-
back mechanism and TH synthesis; in 
addition, its effects are weaker than that of 
T3, thus reducing the thyrotoxic manifes-
tations.

vv During treatment TSH and FT4 are mea-
sured for dose adjustment, while FT3 is 
unreliable as TRIAC cross reacts with 
T3 in most of  the assays.

vv In our patient TRIAC improved tachycar-
dia with no adverse events during a two-
year follow-up. Hyperhidrosis persisted 
and required botulinum toxin injections.

vv The management of  osteoporosis should 
be the same as in the general population, 
since it is unclear if  RTHβ increases the 
risk of  fracture. The treatment of  addi-
tional risk factors (such as smoking, vita-
min D deficiency, inadequate calcium 
intake with the diet, and idiopathic hyper-
calciuria) improves bone mineral density 
in most of  the RTHβ patients.

vv TRβ selective agonists are promising drugs 
for RTHβ patients. Resmetirom (presently 
under investigation in a phase 3 study in 
euthyroid patients affected with non-alco-
holic fatty liver disease) might be used in 
the future for treating liver steatosis and 
dyslipidemia in RTHβ. Unfortunately, the 
effects of  this drug are limited to the liver, 
thus is not expected to correct central 
hyperthyroidism at the pituitary level.
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?? The patient has an associated Hashimoto 
thyroiditis. How an acquired primary hypo-
thyroidism can be managed in a patient af-
fected with RTHβ?

vv Supraphysiological doses of  levothyroxine 
are necessary in RTHβ patients being 
hypothyroid because of  an associated 
autoimmune thyroid disease or after thy-
roid ablation for a missed diagnosis of 
RTHβ. Levothyroxine replacement treat-
ment requires a careful monitoring, assess-
ing not only the TSH, but also peripheral 
markers of  TH action.

vv As this patient was on TRIAC, the progres-
sion toward hypothyroidism can be sus-
pected if  increasing doses of  TRIAC are 
needed to maintain the TSH within the 
normal range. In this case TRIAC can be 
discontinued and levothyroxine can be 
started; alternatively TRIAC and levothy-
roxine can be combined if  thyrotoxic symp-
toms persist on levothyroxine monotherapy.

?? Is thyroid surgery indicated in RTHβ 
patients?

vv Thyroid surgery should be reserved to 
patients with malignancies or large goiters 
compressing the airways. Levothyroxine 
treatment often fails to maintain the TSH 
in the preoperative range because of  the 
appearance of  thyrotoxic symptoms, thus 
in patients needing TSH-suppressive treat-
ment (e.g., differentiated thyroid cancer), 
levothyroxine may be combined with 
TRIAC.

vv Lobectomy/subtotal thyroidectomy 
should be avoided, as the goiter commonly 
relapses, with nodular alterations and 
gross asymmetries, requiring additional 
surgery or radioiodine.

Tips

The reader is advised to read the chapter 
on Graves’ disease (hyperthyroidism) 
(7  Chap. 12). Macroprolactinemia that is 
a phenomenon analogous to macro-TSH 
is discussed in the chapter on Prolactinoma 
(7  Chap. 1).

Take Home Messages
55 RTHβ is a rare autosomal dominant 

disease causing central hyperthyroid-
ism.

55 The suspicion for the disease can be 
raised based on the biochemical feature 
of inappropriate secretion of TSH, but 
a genetic diagnosis is needed to confirm 
the disease.

55 Patients are often asymptomatic or 
may exhibit variable symptoms of thy-
rotoxicosis in tissues mainly expressing 
the TRα as the heart (increased heart 
rate), skeletal muscle (increased rest-
ing energy expenditure), and the bone 
(osteopenia/osteoporosis).

55 A correct differential diagnosis between 
RTHβ and TSH-oma is mandatory to 
avoid useless and even dangerous treat-
ment such as unnecessary pituitary sur-
gery.

55 Treatment is aimed at controlling thyro-
toxic symptoms.

55 Thyroid surgery is indicated only in case 
of malignancies or large compressive 
goiter.
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Opening
In this chapter the pregnancy-related clinical 
features of  the most common thyroid diseases, 
namely hyper- and hypothyroidism, will be 

discussed along with the most frequent thyroid 
illness after delivery, the postpartum 
thyroiditis.

Definition of the Disease

Gestation resembles hyperthyroidism due to a 
physiological enlargement of the thyroid gland 
and increase in the cardiac output. Due to the 
elevated thyroid binding protein (TBG) level, 
the amount of total blood thyroxine increases; 
however, the free thyroid hormones, the free 
thyroxine index, and TSH levels remain within 
the normal range.

Temporary or permanent impairment in the 
thyroid function resulting in hyperthyroidism 
affects 2–3% of all pregnancies. The most 
common form is the transient gestational 
thyrotoxicosis (TGT), which does not need 
therapy in most of the cases. The significantly 
increased amount of human chorionic 
gonadotropin (hCG) in the blood can bind to the 
TSH receptor due to a great homology in both 
the hormones and receptors. In TGT, no thyroid-
associated antibodies are present. Typically, 
TGT does not require specific therapy, short time 
β adrenerg receptor blocker administration may 
be considered, and treatment with antithyroid 
medication is very rarely needed.

It is noteworthy that the hCG-induced 
physiological decrease in the serum TSH of 
pregnant women does not need therapy 
(usually observed between the 6th and 15th 
weeks of  pregnancy).

True elevation of  the free thyroid 
hormones T3 and T4 along with suppressed 
TSH complicates 0.1–0.2% of  gestations. 
Overt hyperthyroidism mildly enhances the 
risk of  abortion and is associated with a 
higher risk of  early delivery in 11–25% of 
pregnancies.

The most frequent cause of  gestational 
hyperthyroidism is Graves’ disease (GD), 
where antibodies against the TSH receptor 
are responsible for the maintenance of  the 
thyrotoxicosis. The detailed description and 
treatment of  the disease is discussed in 
7  Chap. 12, and only specific considerations 
in pregnancy are detailed in this section.

The immunological changes during 
pregnancy attenuate the course of GD, and the 
symptoms usually ameliorate after the first 
semester. The clinical diagnosis of the disease 
might be difficult because the regularly 
occurring gestational symptoms might overlap 
with the complaints caused by the mild 
hyperthyroidism.

Other diseases causing hyperthyroidism 
(toxic adenoma, toxic multinodular goiter, 
subacute thyroiditis, hydatidiform mole, and 
iatrogenic hyperthyroidism) are very rare in 
pregnant women.

21.1	 �Hyperthyroidism in Pregnancy

A 32-year old patient treated for Graves’ dis-
ease presented to our endocrinology clinic hav-
ing a 6-week pregnancy confirmed by her 
gynecologist. She was diagnosed with the ill-
ness 5  months ago upon characteristic symp-

toms and high TRab (TSH receptor antibody) 
level. Treatment with methimazole was initi-
ated, and at the time she took 20 mg daily. Her 
heart rate was 66/min. The thyroid was slightly 
enlarged by palpation and no nodules were 

�Case Presentation 1
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?? Are there additional tests to perform?

vv A repeated measurement of  serum TRab 
should be performed since the TSH 
stimulating IgG antibody penetrates the 
placenta through active transport and can 
cause goiter in the fetus as well as neonatal 
thyrotoxicosis. The titer of  the TRab 
usually decreases during gestation, and its 
level should be measured in the first 
trimester and again in the 6th month of 
the pregnancy.

?? Is the treatment adequate?

vv No. Both thyroid peroxidase-blocking 
agents methimazole and propylthiouracil 
are appropriate for the treatment of 
non-pregnant patients with GD; however, 
administration of  methimazole, mostly 
during the first trimester, can lead to 
increased risk of  fetal esophagus atresia, 
growth retardation, and aplasia cutis. 
According to the current guidelines, 
during the first trimester propylthiouracil 
should be preferred, being considered 
reasonably safe in doses of  300 mg daily or 
less. The serum FT4 level should be 
adjusted to the upper-normal level, and 
cessation of  medication can be attempted 
at the end of  the second trimester; however, 
even applied at low doses, newborns might 
develop a detectable goiter in about 10% 
of  cases. The block-replacement therapy is 
contraindicated since it may mask the fetal 
hypothyroidism. The propylthiouracil 
treatment can be continued during the 
second and third trimesters; however, 
switching back to methimazole is also 
permitted. In case of  women with GD who 
are planning to get pregnant, switching to 
propylthiouracil is strongly advised. 

Nevertheless, it is advised that pregnancy 
should not be planned in women with 
poorly controlled hyperthyroidism. If  
euthyroidism is attained on a stable 
therapy, two normal hormonal results in a 
2 month period can be proposed to precede 
pregnancy.

?? Are there any other specific measures to be 
considered?

vv The pregnant GD patient should be 
regularly followed up by a team consisting 
of  an endocrinologist, a gynecologist and, 
if  needed, an ophthalmologist. Although 
endocrine orbitopathy (EO) usually 
ameliorates during gestation due to the 
physiologically suppressed immune 
system, in case of  previously or newly 
detected EO, adequate treatment might be 
initiated (7  Chap. 14).

vv The gynecologist should follow the 
pregnant patient regularly with ultrasound 
and be aware of  possible signs of  fetal 
hyperthyroidism (tachycardia with heart 
rate above 160/min., goiter visible on 
echography that may cause tracheal 
obstruction).

?? Are any other treatment options in gestation-
al hyperthyroidism caused by GD?

vv Radioiodine therapy is strictly contra-
indicated. Total or partial thyroidectomy is an 
option in case of drug allergy or serious 
non-compliance and can be safely carried out 
in the second trimester with a slightly 
increased risk of preterm delivery.

?? Are there any specific considerations in the 
management of the newborn?

present. The thyroid ultrasound performed at 
the time of diagnosis showed mildly enlarged 
thyroid lobes, hypervascularity, and nodules 
were not detected. Recent laboratory findings: 

TSH: 0.9 (normal 0.3–4.2  mIU/L), FT4: 17.2 
(normal 12–22 pmol/L), FT3: 4.1 (normal 2.4–
6.3 pmol/L). She had no complaints other than 
frequently occurring mild morning nausea.

Hyper- and Hypothyroidism in Pregnancy, Postpartum Thyroiditis
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vv The newborns should be meticulously 
observed. Neonates of  mothers being on 
propylthiouracil therapy might need 
levothyroxine supplementation. The TRab 
caused by the mother’s GD can induce 
GD in the infant that may last for up to 
2  weeks and requires transient intensive 
care.

?? Management of the mother’s GD after de-
livery

vv Breast-feeding is not contraindicated 
during propylthiouracil medication (up to 
150 mg/day), which is the preferred therapy 
because it is secreted in a lesser amount 
into the breast milk than methimazole.

Definition of the Disease

The serum TSH is the most sensitive marker 
for the evaluation of  thyroid function. In 
subclinical hypothyroidism, TSH is already 
slightly elevated while the free hormones 
remain within the normal range. Fertility is 
reduced even in the subclinical form, and 
overt hypothyroidism is uncommon in 
pregnancy since most women with this type 
of  thyroid dysfunction often have anovulation. 
The prevalence of  subclinical hypothyroidism 
in developed countries is 2–3%, while clinical 
hypothyroidism occurs in 0.3–0.5% of 
pregnancies. In Europe and the USA, the 
most frequent cause of  thyroid hypofunction 
is autoimmune thyroiditis, but hypothyroidism 
may develop also after thyroid surgery or 
radioiodine therapy. In developing countries, 

iodine deficiency is still responsible for the 
vast majority of  gestational hypothyroidism. 
In this case the clinical presentation is usually 
less symptomatic, but the complications 
might be severe: hypertension, preeclampsia, 
miscarriage, postpartum bleeding, abortion, 
low birth weight, and intellectual cognitive 
deficit may occur. The most important period 
for the intrauterine central nervous system 
development is between 6 and 24 gestational 
weeks, the insufficient maternal thyroid 
hormone levels can cause irreversible brain 
injury. With adequate L-thyroxine substitution 
these consequences can be avoided.

It is of  major importance to optimize 
thyroid function in hypothyroid women 
before pregnancy.

21.2	 �Hypothyroidism in Pregnancy

�Case Presentation 2

A 26-year old woman with freshly recognized 
pregnancy in her sixth gestational week pre-
sented to the endocrinology with a history of 
treated Hashimoto’s hypothyroidism for 
2 years, currently taking daily 75 ug levothyrox-
ine. At the time she was in her sixth gestational 
week. The previous diagnosis was made upon 
clinical hypothyroidism and elevated aTPO 
(anti-thyroid peroxidase antibody) level. The 

last thyroid hormone check-up was done 
2 months ago; at the time TSH was 2.9 (normal 
0.3–4.2 mIU/L). The most recent thyroid ultra-
sound was performed 5  months ago showing 
slightly smaller lobes with two known small 
nodules, being 5 and 7  mm, which did not 
change in size during the previous follow-ups. 
She had no complaints at the time of presenta-
tion.

?? Are there additional tests to perform?

vv Yes. The thyroid function should be 
evaluated as soon as the pregnancy is 

recognized. Also, although in males and 
non-pregnant women, monitoring of 
TSH alone is sufficient for the adjustment 
of  levothyroxine substitution, due to the 
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previously discussed physiological 
changes in serum TBG and the effect of 
hCG, the TSH value per se does not give 
sufficient information, the measurement 
of  the free thyroid hormones are also 
recommended.

vv The thyroid tests performed showed TSH: 
4.1 (normal 0.3–4.2  mIU/L), FT4: 13.2 
(normal 12–22  pmol/L), and FT3: 3.8 
(normal 2.4–6.3 pmol/L).

?? Is the treatment adequate?

vv No. During the treatment of 
hypothyroidism during gestation the 
trimester-specific alterations in thyroid 
physiology and metabolism must also be 
considered. The TSH range for each 
trimester, according to the current 
guidelines, is as follows: 0.1–2.5 mIU/L for 
the first trimester, 0.2–3.0  mIU/L for the 
second trimester, and 0.3–3.0  mIU/L for 
the third trimester. The daily needed 
L-thyroxin dose in non-pregnancy is 
around 1.6  μg/kg which increases during 
gestation to 1.9 μg/kg. During pregnancy, 
the levothyroxine dose should be increased 
by 25–30%.

vv In our patient, the slightly increased TSH 
level is a response to the growing demand 
for maternal levothyroxine. As a result, the 

dose should be increased to 100 μg daily 
levothyroxine administration.

?? Is it needed to measure anti-thyroid peroxi-
dase antibody (aTPO) again and to repeat 
thyroid ultrasound?

vv There is no need to remeasure the aTPO 
level because the result has no effect on the 
therapy. Since there is no evidence that 
thyroid nodules might enlarge during 
pregnancy, there is no need to perform a 
thyroid ultrasound examination.

?? How often should the thyroid status be 
checked?

vv In case of  known hypothyroidism, checking 
the thyroid function immediately after the 
recognition of  gestation and regularly 
every 4–6 weeks until delivery is necessary. 
The TSH should be adjusted according to 
the above detailed recommendations.

?? How should be the mother’s hypothyroidism 
managed after delivery?

vv After delivery, the levothyroxine 
substitution can be decreased to the initial 
dose administered before pregnancy, and 
the routine follow-ups should be performed 
every 6 months. Our patient was advised to 
take again 75 ug levothyroxine daily.

21.3	 �Postpartum Thyroiditis

Definition of the Disease

Postpartum thyroiditis (PPT) is the occurrence 
of  thyroid dysfunction (GD excluded) during 
the first postpartum year in women who were 
euthyroid before pregnancy. PPT has an 
average prevalence of  approximately 5–9% of 
pregnancies, ranging from 1% to 22% 
according to the literature. The rate is lower in 
iodine-depleted regions, while in iodine 
well-supplemented countries more PPT cases 
are noticed. Because of  its autoimmune 
nature, other autoimmune diseases might 
predispose for PPT or may appear later in the 

affected patients. The most significant disease 
as risk factor is type 1 diabetes, in which the 
probability for developing PPT in the future is 
25%. Other autoimmune disorders such as 
Sjögren’s syndrome, systemic lupus 
erythematosus, chronic viral hepatitis, 
multiple sclerosis, and antipituitary antibodies 
positivity were found to be also risk factors for 
developing PPT. Serum positivity for thyroid 
autoantibodies aTPO and thyroglobulin 
antibody (TgAb) during pregnancy represent 
a major risk for the development of  PPT. The 
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aTPO positivity is the best marker to predict 
PPT. 33–50% of antibody-positive pregnant 
women will develop the disease, on the other 
hand, in case of  aTPO negativity the incidence 
is very low. The probability for developing PPT 
in case of  aTPO and/or TgAb during gestation 
is much higher than the risk for other 
complications.

The clinical picture of PPT resembles that 
of subacute thyroiditis (7  Chap. 16); however, 
thyroid tenderness and anterior neck pain are 
absent. The classic form of PPT has three 
phases similar to that of subacute thyroiditis: 
first a transient hyperthyroidism lasting for 
8–24  weeks postpartum is seen, which is 
followed by a stage of hypothyroidism 
(3–12  months postpartum) and finally by a 

euthyroid state usually by the end of the first 
year after delivery. About 25% of women 
present the classical form, but in 25% of cases 
only thyrotoxicosis is present, and one half  of 
the patients develop only isolated 
hypothyroidism. After subsequent pregnancies, 
the disease often returns. In approximately half  
of PPT women hypothyroidism will become 
permanent.

The diagnosis depends on the actual 
phases of  the disease. During the initial phase, 
TSH is suppressed with elevated serum FT4 
and FT3. In this case, differentiation of  PPT 
from GD is important.

A suggested algorithm for the treatment 
and monitoring of  PPT is presented in 
.  Fig. 21.1.

�Case Presentation 3

A 27-year-old woman presented to our endocri-
nology clinic 3 months after her first delivery. 
She complained of heat intolerance, fatigue, 

and palpitations. She was breast-feeding. The 
thyroid was slightly enlarged by palpation, and 
no tenderness nor nodules were present.

?? What laboratory tests should be performed?

vv The most common cause of  the above 
symptoms in our case is PPT. To confirm 
the diagnosis, functional thyroid tests are 
needed. The results were as follows: TSH: 
0.2 (normal 0.3–4.2  mIU/L), FT4: 31.2 
(normal 12–22 pmol/L), FT3: 6.2 (normal 
2.4–6.3  pmol/L). aTPO: 231 (normal 
<16  IU/mL), TRab was negative. Heart 
rate was 98/min. According to the results 
PPT was confirmed.

vv In GD, the TRab level is elevated, and it is 
typically negative in PPT.  An elevated 
T4:T3 ratio suggests the presence of 
PPT. The clinical signs of  GD (goiter and 
orbitopathy) are diagnostic if  present. The 
radioiodine uptake is enhanced in GD and 
decreased in the thyrotoxic phase of  PPT, 
but the use of  radioactive diagnostics in 
breast-feeding patients is contraindicated. 

Due to its short half-life technetium 
scintigraphy (99mTc) can cautiously be 
performed in lactating women if  breast 
milk is discarded for three  days after the 
procedure was done.

vv Thyroid ultrasound is not needed for the 
diagnosis; however, a thyroid echography 
within six months might be beneficial for 
the detection of  unpalpable nodules.

?? Is any treatment necessary?

vv Since the initial phase of PPT is characterized 
by transient hyperthyroidism, and the 
symptoms are typically mild, treatment 
should be initiated only when the patient’s 
complaints are severe. Antithyroid drugs 
(methimazole and propylthiouracil) are 
ineffective because PPT is a destructive 
thyroiditis and the thyroid hormone synthesis 
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.      . Fig. 21.1  Algorithm for the treatment and monitoring of  postpartum thyroiditis
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is absent or diminished. Among β-blockers, 
propranolol or metoprolol are safe for 
breast-feeding women and should be 
administered at the lowest possible dose to 
improve the symptoms. The therapy is 
usually required for only a few weeks and can 
be stopped after the symptoms ameliorate.

vv In the present case 10 mg propranolol was 
initiated two times daily.

?? How often should the thyroid status be 
checked?

vv The thyroid hormones need to be measured 
after 4–8  weeks to screen for the second, 
hypothyroid phase.

vv In our patient, the laboratory tests were 
the following after 4  weeks: TSH: 1.9 
(normal 0.3–4.2  mIU/L), FT4: 18.4 
(normal 12–22 pmol/L), FT3: 4.2 (normal 
2.4–6.3  pmol/L). Heart rate: 64/min. The 
therapy with the β-blocker propranolol 
was stopped accordingly.

vv After an additional 5  weeks the TSH 
became 2.3 (normal 0.3–4.2 mU/L) with a 
concomitant FT4: 15.7 (normal 
12–22  pmol/L) and FT3: 3.9 (normal 
2.4–6.3 pmol/L).

?? Does the hypothyroid phase need treatment?

vv In case of  postpartum women whose 
symptoms are significant, and are breast-
feeding or considering another conception, 
levothyroxine supplementation should be 
started. The thyroid status needs follow-up 
every 4–8 weeks.

?? Once started, how long should the treatment 
be continued?

vv The bottom line is to avoid hypothyroidism 
and maintain normal thyroid hormone 
levels, especially in women who are 
attempting pregnancy. The medication can 
be tapered after the first year postpartum 

to check whether the hypothyroid phase 
was just transient or will persist. The 
decrease in levothyroxine dose should be 
gradual and the thyroid function needs 
monitoring every 6–8 weeks.

?? After cessation of the hypothyroid phase how 
often should the thyroid function be checked?

vv Ten to fifty percent of  women with PPT in 
whom the hypothyroid phase resolves will 
eventually acquire permanent 
hypothyroidism. Hypoechogenicity on 
thyroid ultrasound, multiparity, severe 
hypothyroidism during the second phase, 
high aTPO titers, and history of  abortion 
or higher maternal age are predisposing 
factors. The thyroid hormones should be 
checked annually in women who previously 
developed PPT.

?? Are there any treatments that might prevent 
the development of PPT in euthyroid, thy-
roid antibody positive pregnancy?

vv There is no evidence that either iodine or 
levothyroxine treatment would prevent the 
development of PPT in aTPO or TgAb 
positive pregnant women. The benefit of 
supplementation with selenium was not 
unequivocally confirmed, furthermore, the 
use of selenium was linked to an increased 
risk of type 2 diabetes. Overall, the treatment 
with levothyroxine or iodine in case of 
thyroid antibody positive but euthyroid 
pregnant women is not recommended, nor 
is selenium supplementation.

55 �The reader is advised to read the 
chapters on hypo- and hyperthyroidism 
(7  Chaps. 11 and 12), the chapter on 
endocrine orbitopathy (7  Chap. 14) 
and subacute (de Quervain) thyroiditis 
(7  Chap. 16).

Tips
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Take Home Messages
55 The diseases of the thyroid gland during 

pregnancy and the postpartum period 
are common, affecting 1–20% of 
women.

55 The most common cause of gestational 
hyperthyroidism is Graves’ disease, 
where the elevated TSH receptor anti-
bodies cause thyrotoxicosis.

55 The thyroid peroxidase-blocking pro-
pylthiouracil is safe and advisable for 
the treatment of  hyperthyroidism 
caused by Graves’ disease during the 
first trimester; β-blockers as adjuvant 
therapy may be needed.

55 The most frequent cause of thyroid 
hypofunction during pregnancy in the 
developed countries is autoimmune thy-
roiditis.

55 The demand for levothyroxine in preg-
nancy increases by 25–30%, so in 
treated hypothyroidism the levothyrox-
ine dose should be adjusted accord-
ingly, and after delivery the dose can 
be reduced to the initial regimen.

55 Postpartum thyroiditis affects up to 
one-fifth of women after delivery, 
positive anti-TPO during pregnancy is 
the most important risk marker.

55 The disease typically has a three-phase 
course, and the therapy depends upon 
the time of recognition and severity of 
symptoms; β-blockers or hormone sub-
stitution should be started depending 
on the hyper- or hypothyroid phase, 
respectively.
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Diseases of the 
Parathyroid and 
Metabolic Bone 
Diseases
The parathyroid glands are located in the vicinity of the thyroid, but 
their hormone secretion is not regulated by the pituitary. Parathyroid 
glands secrete parathyroid hormone that is the pivotal regulator of 
calcium homeostasis. Primary hyperparathyroidism due to the 
autonomous overproduction of parathyroid hormone became the 
third most common endocrine abnormality due to the widespread 
introduction of routine serum calcium measurements. In many 
cases, it manifests itself as a mild asymptomatic hypercalcemia; 
however, severe morbidity can also occur (7  Chap. 22). Secondary 
and tertiary hyperparathyroidism is also briefly discussed in 7  Chap. 
22. In contrast, hypoparathyroidism is rare (7  Chap. 23), but the 
resulting hypocalcemia can be associated with major clinical 
relevance. Metabolic bone diseases including osteoporosis (7  Chap. 
24) and osteomalacia (7  Chap. 25) are among the most common 
diseases that affect a significant proportion of the population.
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Opening
In this chapter, the reader will get 
acquainted with the clinical features, 
diagnosis, and treatment of primary 
hyperparathyroidism. Secondary and 
tertiary hyperparathyroidism are also 
briefly discussed. Humoral hypercalcemia 
of malignancy and the treatment of 
hypercalcemia are discussed in a different 
chapter.

Definition of the Disease

Primary hyperparathyroidism (PHPT) is 
related to the autonomous hypersecretion 
of parathyroid hormone (PTH) from one 
or more of the four parathyroid glands. The 
majority of all cases are sporadic; however, 
there are some genetic syndromes in which 
PHPT could occur. Nowadays the vast 
majority of patients are asymptomatic, and 
the classical skeletal and renal symptoms 
of PHPT are rarely seen. The incidence of 
the disease is approximately 25–50/100.000 
person/year with peaks between the age of 
50 and 60  years. Primary hyperparathy-
roidism is the third most common endo-
crine disease following diabetes mellitus 
and hypothyroidism. Women are affected 
2–4 times more commonly than men.

?? What are the investigations needed to deter-
mine the cause of hypercalcemia?

vv Detailed laboratory tests are recommended 
in patients with hypercalcemia. 
Measurement of  serum concentration of 
total and ionized calcium, phosphate, 
parathyroid hormone, 1,25-dihydroxy-
vitamin D, and biochemical markers of 
bone metabolism (osteocalcin and 
β-crosslaps) as well as determining urinary 
calcium excretion are essential to have a 
deeper insight into the calcium homeostasis 
of  a hypercalcemic patient. Drugs which 
could influence serum calcium level (e.g., 
thiazide diuretics and lithium that reduce 
urinary Ca-excretion and thereby can 
increase serum calcium) should be 
discontinued if  possible for the correct 
interpretation of  the laboratory results. It 
is also important to ensure that the patient 
is not restricting dietary calcium. The 
diagnosis of  primary hyperparathyroidism 
can be usually unambiguously established 
based on its characteristic biochemical 
hallmark of  elevated serum calcium levels 
and inappropriately normal or high serum 
parathyroid hormone levels. Serum 
phosphate concentration is usually 
decreased, 1,25-dihydroxy-vitamin D is 
usually moderately low, while serum 
β-crosslaps concentration reflecting to 
bone resorption is typically high. Despite 
high parathyroid hormone concentration, 
hypercalcemia leads to high urinary 
calcium excretion (>8–10  mmol/day). In 
contrast with osteomalacia resulting from 
vitamin D deficiency, serum alkaline 
phosphatase levels are usually normal.

vv The laboratory results of  the patient and 
the normal ranges of  the parameters are 
presented in .  Table 22.1.

?? What kinds of other disorders are important 
to consider in the differential diagnosis of 
PTH-dependent hypercalcemia?

vv Inactivating mutations of  the calcium-
sensing receptor (CaSR) gene lead to 

�Case Presentation

A 48-year-old man was referred to our 
endocrine consultation. His investigations 
started because of recurring left lower 
abdominal pain. Routine laboratory tests 
revealed moderate hypercalcemia therefore 
he was suggested to have endocrine consul-
tation.

He has been treated for hypertension 
for 20 years and a renal stone in the left kid-
ney was treated with extracorporal shock 
wave lithotripsy 5  years before his admis-
sion. Family history included hypertension 
in his father and osteoporosis in her mother. 
His younger sister and his two children are 
known to be healthy.
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pathological resistance to the rising 
ionized calcium concentration in the 
extracellular space manifesting itself  in 
diverse disease states in humans.

vv Familial hypocalciuric hypercalcemia type 
I (FHH1, OMIM: 145980) is caused by 
germline heterozygous, loss-of-function 
CaSR gene mutations on chromosome 
3q21.1 FHH1 is characterized by mild, 
non-progressive hypercalcemia, normal (in 
80% of  cases) or slightly elevated (in 20% 
of  cases) serum parathyroid hormone 
levels and hypocalciuria described by low 
(<0.01) calcium to creatinine clearance 

ratio (CaCrCR). The life-long mild 
hypercalcemia is symptomless in the 
majority of  patients.

vv Although certainly not raising a 
differential diagnostic problem in an adult 
patient, neonatal severe hyperpara-
thyroidism (NSHPT, OMIM: 239200) 
should be mentioned here that is caused by 
homozygous or compound heterozygous 
inactivating mutations of  the CaSR gene. 
The clinical manifestation may be 
life-threatening as severe hypercalcemia 
(>3.5  mmol/L), respiratory distress, 
hypotonia, and spontaneous bone 

.      . Table 22.1  Laboratory results of  the patient and normal ranges of  Ca-related parameters

Laboratory test Reference 
range

Result at 
diagnosis

Result at the 
beginning of 
the operation

Result 
10 minutes after 
tumor resection

Result 
6 months after 
the operation

Serum calcium (mmol/L)
Serum calcium (mg/dL)

2.20–2.65
8.82–10.62

3.17 2.47

Serum ionized calcium 
(mmol/L)
Serum ionized calcium 
(mg/dL)

1.05–1.25
4.21–5.01

1.62 1.20

Serum phosphate
(mmol/L)

0.81–1.45 0.85 0.97

Serum parathyroid 
hormone (pg/mL)
Serum parathyroid 
hormone (pmol/L)

10–85
1.06–9.01

306 368 89 80

Serum albumin
(g/L)

35–52 44.7 43.9

Serum 25-OH-Vitamin 
D
(ng/mL)

30–60 40.4 34.9

Serum creatinine
(μmol/L)

59–104 80 64

Urinary calcium
(mmol/24 h)

2.5–7.5 18.0 6.02

GFR
(mL/min/1.73 m2)

90–120 >90 >90

CaCrCR 0.021 0.007

GFR Estimated Glomerular Filtration Rate, CaCrCR Calcium to creatinine clearance ratio
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fractures could develop in the affected 
neonates. Parathyroidectomy would serve 
as a reasonable therapeutic option.

?? Is it important to consider the CaSR disor-
ders in the diagnosis of PHPT?

vv In clinical practice, FHH should be 
differentiated from mild forms of  primary 
hyperparathyroidism (PHPT) as 
parathyroidectomy indicated for PHPT 
will not improve hypercalcemia in FHH 
patients. The differential diagnosis is 
usually simple by determining calcium: 
creatinine clearance ratio. The calculation 
of  CaCrCR is based on this formula:

55 24-h urinary calcium (mmol/L) × serum 
creatinine (μmol/L)

55 24-h urinary creatinine (μmol/L) × serum 
calcium (mmol/L)

?? What kinds of evaluations are recommended 
in patients diagnosed with PHPT?

vv Nowadays, PHPT is usually discovered 
incidentally as biochemical screening tests 
including serum calcium and phosphate 
measurements became routinely employed. 
Consequently, the vast majority of  newly 
diagnosed patients (80%) have 
asymptomatic hypercalcemia. However, 
patients are recommended to be screened 
for several complications affecting the key 
target organs of  parathyroid hormone 
action: kidney and bone.

vv In patients with PHPT, three-site dual 
energy X-ray absorptiometry should 
routinely be obtained (lumbar spine, hip, 
and one-third distal radius). Interestingly, 
the bone mineral density (BMD) of  the 
distal one-third radius, a site of  cortical 
bone, will typically be low, while BMD in 
lumbar spine and femoral neck could be 
normal. If  clinicians miss the measurement 
of  distal radius, bone loss could remain 
undiagnosed.

vv To assess kidney function, routine serum 
laboratory tests (creatinine, urea nitrogen, 
and glomerular filtration rate) and 24-h 
urine collection are necessary to determine 
calcium excretion. If  hypercalciuria is 
present, stone risk profile analysis with 
commercially available laboratory kits is 
recommended. Abdominal imaging 
(computed tomography [CT] or ultrasound) 
could help to detect nephrocalcinosis and 
asymptomatic nephrolithiasis.

vv Regarding our patient’s results, we 
detected osteopenia at all three measured 
sites; however, t-score value was character-
istically the lowest at the distal 1/3rd of 
non-dominant radius (t-score values were: 
0.00, −0.90, −2.00 on the lumbar spine, 
femoral neck and distal one-third radius, 
respectively). Vertebral fractures have not 
been revealed with vertebral fracture 
assessment. Abdominal ultrasound 
showed bilateral nephrocalcinosis.

?? What are the symptoms related to parathy-
roid hormone excess?

vv Symptoms of  PHPT are usually seen when 
the disease remains undiagnosed for a long 
time or when the pathologically high 
parathyroid hormone excess progresses 
rapidly. The signs and symptoms may 
include the effect of  hypercalcemia itself  
and the impairment of  target organs of 
parathyroid hormone (bone and kidney).

vv Symptoms of  hypercalcemia depend on its 
severity, on the elapsed time from the 
beginning and on the rate of  its 
development. Nephrogenic diabetes 
insipidus presenting with polyuria, 
polydipsia, as well as constipation, nausea, 
vomiting, lack of  appetite, dehydration, 
and altered mental status (depression or 
psychosis) are associated with 
hypercalcemia. On the electrocardiogram, 
a shortening of  the QT-interval on ECG 
may draw attention to hypercalcemia.

	 J. Tőke



233 22

vv Concerning bone metabolism, untreated 
hyperparathyroidism is associated with 
osteoporosis presented with bone pain, 
skeletal deformities, and pathological 
bone fractures. In the past, the very severe 
form of  PHPT associated with severe 
osteoporosis, bone resorption at multiple 
sites, bone pains, and cysts was termed 
Recklinghausen disease (osteitis cystica 
fibrosa generalisata). So-called brown 
tumors arising from osteoclasts could be 
observed on long bones. Nowadays, such 
severe manifestations of  PHPT are very 
rare.

vv The commonest renal manifestation of 
PHPT is renal stones which could be easily 
recognized by its typical symptoms: back 
or lumbar pain and hematuria.

?? How should a patient with asymptomatic 
PHPT be managed?

vv When PHPT is proven to be totally 
symptomless by routine evaluations 
described above, no specified medical 
intervention is needed; however, patients 
should be monitored and followed-up 
regularly. If  one or more results of  medical 
follow-up will meet the criteria of 
parathyroid surgery, the patients should  
be referred to an expert surgeon. The 
recommended medical follow-up 
approaches for patients with asymptomatic 

PHPT and indications for surgery are 
listed in .  Table 22.2.

vv Our patient’s clinical data met more than 
one criterion of  parathyroid surgery: he 
was young at the time of  the diagnosis 
(48  years), he had bilateral 
nephrocalcinosis, moderate hypercalcemia 
(3.17  mmol/L), and severe hypercalciuria 
(18 mmol/24 h).

?? How should a patient with symptomatic 
PHPT be managed?

vv In patients who bear symptoms of 
hypercalcemia or who have sustained renal 
or skeletal impairment (kidney stones and 
osteoporosis), surgery is clearly indicated 
if  there are no medical or other contrain-
dications. Localization of  pathological 
parathyroid tissue is essential before 
parathyroid surgery in order to aide a 
successful operation.

?? Which radiological approach is the most 
sensitive to localize pathological parathyroid 
tissue?

vv Neck ultrasound and 99mTechnetium-
labeled sestamibi scintigraphy/Single 
photon emission computed tomography 
(SPECT)-CT are the two primary imaging 
techniques used for the localization of 
parathyroid tumors. However, it is often 

.      . Table 22.2  Recommended medical follow-up approaches and indications for surgery for patients with 
asymptomatic PHPT

Investigation Frequency Criteria for surgery

Serum calcium Annually >0.25 mmol/L (>1.0 mg/dL) above the upper 
limit of normal

Urinary calcium Annually >10 mmol/24 h (>400 mg/24 h)

GFR Annually <60 mL/min/1.73 m2

Three-site bone densitometry with vertebral 
fracture assessment

Annually t-score < 2.5 at any site, or vertebral fracture

Abdominal imaging Annually Presence of nephrocalcinosis or 
nephrolithiasis

Age at diagnosis <50 years
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very difficult to find the parathyroid 
adenomas as these are usually rather 
small. Moreover, the site of  the tumor can 
even be ectopic.

vv Neck ultrasound of  our patient described 
a 2 cm thyroid nodule without pathological 
hypervascularization or calcification in the 
left thyroid gland. No pathological lymph 
nodes were detected. The lesion was 
referred as a benign thyroid nodule. A 
parathyroid tumor was not seen on neck 
ultrasound.

vv 99mTechnetium-labeled sestamibi scin-
tigraphy/SPECT-CT can detect small or 
ectopic lesions, therefore it is absolutely 
indicated to perform if  the indication of 
surgery has been established. The 99mTech-
netium-labeled sestamibi scintigraphy of 
our patient detected a parathyroid neoplasia 
behind the left clavicule which was referred 
as a parathyroid lesion in the ectopic left 
inferior parathyroid gland. Results of 
planar scintigraphy and SPECT-CT are 
shown in .  Figs.  22.1a and 22.1b, 
respectively.

?? What should be done if the parathyroid tu-
mor cannot be localized by neck ultrasound 
and 99mTechnetium-labeled sestamibi scintig-
raphy/SPECT-CT?

vv Other imaging techniques like computed 
tomography and magnetic resonance 
imaging can be tried, but in patients who 
did not have neck operations before, direct 
referral to an expert surgeon can be 

advised, and the surgeon can usually 
localize the parathyroid lesion during 
bilateral neck exploration.

?? Is it important to assess the dignity of the 
parathyroid neoplasias detected before sur-
gery?

vv Yes, because any suspicion of  malignancy 
(palpable neck mass, hypervascularizated 
neoplasia on ultrasound, and regional 
lymphadenopathy) should guide the 
surgeon to be more aggressive during 
tumor resection. The surgical approach 
should include resection of  any adjacent 
fibroadipose or muscular soft tissues as 
well as removal of  the ipsilateral thyroid 
lobe or uninvolved ipsilateral parathyroid 
glands. Regional lymph node dissection of 
the central neck nodal compartment may 
also be required to achieve R0 resection 
state (microscopically tumor negative 
margins of  the resected tissue).

?? Is there any method to assess whether the 
parathyroid tumor resection was complete?

vv Two laboratory tests could serve as useful 
tools to estimate surgical success. 
Significant decrease (>50%) of  serum 
parathyroid hormone concentration 
during parathyroid surgery indicates that 
the hyperfunctioning parathyroid tissue 
have been removed successfully. The 
physiological background of  this 
phenomenon is that half-life of  parathyroid 
hormone in the circulation is quite short 
(3–5  minutes); therefore confirmation of 

a b

.      . Fig. 22.1  Planar 99mTechnetium-labeled sestamibi scintigraphy a and SPECT-CT b of  our patient detected a 
parathyroid neoplasia in the left inferior parathyroid gland
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decreasing serum PTH levels with a rapid 
assay following removal of  the suspected 
adenoma provides a real-time confirmation 
of  surgical success. Postoperative 
hypocalcemia is also a good sign of  the 
removal of  adequate parathyroid gland. 
Hypercalcemia in primary hyperpara-
thyroidism will cause suppression of 
parathyroid hormone secretion from the 
intact, non-tumorous parathyroid glands. 
After removal of  the hyperfunctioning 
gland, the decreased function of  the 
remaining ones will cause hypocalcemia 
that is not rarely presented with 
paresthesias or even tetany. Therefore, 
serum calcium measurement is mandatory 
the day after the operation. According to 
postoperative laboratory results, calcium 
and vitamin D supplementation may be 
required. Per definition, cure after 
parathyroidectomy is defined as normal 
calcium, phosphate, and parathyroid 
hormone levels lasting a minimum of 
6 months.

vv The intra- and postoperative laboratory 
results of  our patient are also presented in 
.  Table 22.1.

?? What kinds of further considerations are 
needed in PHPT diagnosed in a young indi-
vidual?

vv According to the recent guidelines, young 
patients (under the age of  30 years) and all 
patients with multiple parathyroid tumors 
should be considered to have genetic 
testing. The penetrance of  PHPT is the 
highest in multiple endocrine neoplasia 
type 1 (MEN1). Other familial syndromes 
in which PHPT could occur include 
multiple endocrine neoplasia type 2 
(MEN2), hyperparathyroidism-jaw tumor 
syndrome (HPT-JT), and familial isolated 
hyperparathyroidism (FIHPT).

vv Surprisingly, the histological report of  our 
patient confirmed that the removed tumor 
was surrounded by thymus tissue, which 
was otherwise benign. The in toto removed 
neoplasia itself  was pathologically 

confirmed as a benign parathyroid 
adenoma. Genetic testing to screen 
multiple endocrine neoplasias (MEN1) 
was done despite he was known to have a 
single parathyroid adenoma. No mutation 
was detected with MEN1 gene sequencing.

?? How could we differentiate PHPT from sec-
ondary and tertiary hyperparathyroidism?

vv In some cases when patients are presented 
with bone loss and elevated serum 
parathyroid hormone levels, secondary 
and even tertiary causes of  PTH 
hypersecretion should be considered.

vv The major physiological trigger of  PTH 
secretion is decreased serum ionized 
calcium concentration. Therefore all  
pathological conditions which lead to 
hypocalcemia will consequently cause 
secondary hyperparathyroidism char-
acterized by low-normal serum calcium 
and elevated PTH levels. Chronic renal 
failure, vitamin D deficiency, and diseases 
with malabsorption are the most common 
causes of  secondary hyperparathyroidism. 
Furthermore, chronic overstimulation of 
the parathyroid glands could result in 
parathyroid nodular hyperplasia with 
autonomous secretion of  PTH.  This 
condition is termed tertiary hyperpara-
thyroidism and it is mostly observed in 
chronic renal failure, in most patients on 
chronic hemodialysis. The affected patients 
will exhibit unresponsiveness to medical 
therapy of  secondary hyperpara-
thyroidism, therefore hypercalcemia and 
elevated PTH levels will be measured 
despite cessation of  vitamin D supple-
mentation.

?? Are there medical therapies available for 
patients who refuse or are ineligible for sur-
gery?

vv Bisphosphonates can be given to patients 
with osteoporosis. Cinacalcet, a molecule 
activating the calcium-sensing receptor can 
decrease the secretion of  PTH and thereby 
can be an efficient treatment modality, 
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however, it is mainly given to patients with 
secondary or tertiary hyperparathyroidism 
on chronic hemodialysis.

??  Can vitamin D be given to patients with pri-
mary hyperparathyroidism?

vv Patients with PHPT have usually 
subnormal vitamin D (25-OH-vitamin D) 
levels. After a successful operation, 
deficiency in vitamin D could lead to 
prolonged and severe hypocalcemia. Low 
doses of  vitamin D (e.g., 600–1000  IU/
day) can be given to patients without 
severe hypercalcemia, but careful and 
regular monitoring of  serum and urinary 
calcium parameters is required.

?? How frequent is parathyroid carcinoma and 
when should it be suspected?

vv Malignant tumors of  parathyroid glands 
are representing less than 1% of  all 
parathyroid neoplasias. The disorder is 
usually sporadic, however, a few genetic 
syndromes may include parathyroid 
carcinoma (e.g., hyperparathyroidism-jaw 
tumor syndrome). The signs and symptoms 
are very similar to those of  PHPT; 
therefore, it could be challenging to predict 
the malignancy of  a parathyroid tumor in 
the preoperative settings. On ultrasound, 
the enlarged tumor size, hypervascu-
larization, and regional lymphadenopathy 
may reflect the malignant behavior of  a 
parathyroid neoplasia. The preoperative 
diagnosis or at least establishing a strong 
suspicion is critical as surgical resection of 
the tumor should be more extended in 
parathyroid carcinomas.

Tips

The reader is advised to read the chapter 
on multiple endocrine neoplasia type 1 
(7  Chap. 50) and humoral hypercalcemia 
of  malignancy (7  Chap. 49). The 
treatment of  hypercalcemia is presented in 
the chapter on Humoral hypercalcemia of 
malignancy.

Take Home Messages
55 Primary hyperparathyroidism is a 

common cause of parathyroid 
hormone-dependent hypercalcemia.

55 Due to the widely used serum calcium 
measurement in routine laboratory 
testing, the vast majority of patients is 
diagnosed as an asymptomatic PHPT.

55 Establishing the diagnosis of PHPT is 
based only on laboratory measurements.

55 All patients should be screened for 
target organ involvement of PTH 
action. Therefore, three-site bone 
densitometry and renal imaging should 
be performed after getting the diagnosis 
of PHPT.

55 All asymptomatic patients who met the 
criteria for parathyroid surgery and all 
patients with symptoms of bone and 
kidney failure or signs of hypercalcemia 
should be referred to an expert surgeon.

55 Surgical cure could be easily proven by 
detecting intraoperative serum PTH 
decline and postoperative hypocalcemia.

55 Young patients (<30  years) and those 
who have multiple parathyroid 
neoplasias should be suggested to have 
genetic testing for MEN1 syndrome.
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The clinical features, diagnosis, and treatment of 
hypoparathyroidism will be reviewed in this 
chapter. Hypoparathyroidism is an uncommon 
disorder. The typical laboratory findings of pri-
mary hypoparathyroidism include hypocalcemia 
and hyperphosphatemia in the presence of 
abnormally low or undetectable levels of para-
thyroid hormone (PTH).

The symptoms of hypoparathyroidism are 
quite diverse and related to the low levels of 
calcium in the blood. The severity of the condi-
tion ranges from mild symptoms such as numb-
ness in the fingers, toes, or around the lips to 
severe muscle cramps and muscle spasms 
(tetany).

Definition of the Disease

Hypoparathyroidism is a rare disorder caused 
by parathyroid hormone deficiency. Hypo-
parathyroidism affects females and males in 
equal numbers.

The causes of hypoparathyroidism include 
the abnormal development, or the destruction 
of the parathyroid glands (e.g., during thyroid 
surgery or by an autoimmune process), the 
impairment of PTH action or the altered regu-
lation of PTH production (.  Table 23.1). The 
prevalence of hypoparathyroidism is estimated 
between 23 and 37/100,000. The most com-
mon cause of acquired hypoparathyroidism is 
neck surgery that is responsible for about 75% 
of cases. The second most common acquired 
cause in adults is thought to be autoimmune 
disease that is either limited to the parathy-
roid glands or forms part of a disease involv-
ing multiple endocrine glands (e.g., more than, 
80% of autoimmune polyendocrine syndrome 
type 1 patients have hypoparathyroidism). In 
this case, hypoparathyroidism can be a result 
of autoimmune destruction of the parathyroid 
glands. In addition, autoantibodies that stimu-
late calcium-sensing receptor (CaSR) activ-
ity, even when blood calcium levels are lower 
than normal, can cause the inhibition of PTH 
secretion from the parathyroid. Such CaSR-
activating autoantibodies have been identified 
in patients with idiopathic hypoparathyroidism 
and autoimmune polyendocrine syndrome type 
1 (APS-1). In APS-1, common autoantibody 
targets include parathyroid-expressed NACHT 
leucine-rich-repeat protein 5 (NALP5) and 
cytokines. Treatment with an immunotherapy 
regimen against immune checkpoint inhibi-
tors resulted in a rare case of immune-medi-

ated hypoparathyroidism. Remaining cases 
of acquired hypoparathyroidism are due to 
a variety of infiltrative disorders in which the 
parathyroid glands are affected by iron or cop-
per overload or metastatic disease. Genetic 
disorders are rare causes of hypoparathyroid-
ism that are most often identified in childhood 
(.  Table  23.1). From the hereditary causes 
DiGeorge syndrome (type 1) should be high-
lighted that is a complex developmental abnor-
mality caused by a deletion on chromosome 
22. The triad of parathyroid, thymus hypopla-
sia (T-cell deficiency), and heart development 
abnormalities constitute DiGeorge syndrome.

The clinical characteristics of hypopara-
thyroidism are mainly related to hypocalce-
mia. The severity of symptoms depends on 
the duration and intensity of hypocalcemia. 
Hypoparathyroidism is characterized by many, 
diverse symptoms and signs; however, the 
main manifestation is the direct consequence 
of increased excitability of muscles and nerves 
caused by decreased blood calcium levels. 
Patients most often present with paresthesias, 
cramps, or tetany. However, the disorder could 
also manifest itself  as an acute (sometimes life-
threatening) disorder leading to laryngospasm, 
bronchospasm, seizures or cardiac rhythm 
disturbances, prolonged corrected QT (QTc) 
interval, or T wave abnormalities. Long-term 
hypoparathyroidism is often associated with 
calcification of the basal ganglia (Fahr disease) 
and cataracts. In chronic cases of hypocalce-
mia, symptoms become less specific, ranging 
from asymptomatic states to atypical clinical 
presentations, such as neuropsychiatric mani-
festations (mood disorders and depression).
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.      . Table 23.1  Causes of  hypoparathyroidism

Inheritance Causative gene  
(if hereditary)

Parathyroid gland destruction or damage

Post-surgical hypoparathyroidism
(thyroidectomy, parathyroidectomy, and radical neck dissection)

–

Radiation-induced destruction of parathyroid glands –

Autoimmune hypoparathyroidism –

Autoimmune polyendocrinopathy-candidiasis-ectodermal dystrophy 
syndrome (APECED, APS-1 syndrome)

AR AIRE

Infiltrative diseases:

Iron overload (hemochromatosis) ARa HFE and others

Copper overload (Wilson disease) AR ATP7B

Metastatic disease –

Checkpoint inhibitors therapy –

Disorders of parathyroid hormone secretion

PTH gene mutations AD or AR PTH

Autosomal dominant hypocalcemia type 1 AD CaSR

Autosomal dominant hypocalcemia type 2 AD GNA11

Neonatal hypoparathyroidism due to maternal hypercalcemia –

Hypo- or hypermagnesemia –

Disorders of parathyroid gland formation

Familial isolated hypoparathyroidism AD or AR GCM2
PTH

X-Linked hypoparathyroidism XR SOX3

DiGeorge syndrome type 1
(22q11.2 deletion syndrome)

AD TBX1

DiGeorge syndrome type 2 AD NEBL

CHARGE syndrome AD CHD7
SEMA3E

Sanjad-Sakati syndromea AR TBCE

Kenny-Caffey syndrome type 1b AR TBCE

Kenny-Caffey syndrome type 2b AD FAM111A

(continued)
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Inheritance Causative gene  

(if hereditary)

Hypoparathyroidism, deafness, and renal (HDR) syndrome AD GATA3

Mitochondrial diseases
  �LCHAD MTP
  �Pearson marrow-pancreas syndrome
  �MELAS
  �Kearns-Sayre syndrome

AR HADHA mtDNA
mtDNA
mtDNA

aHereditary hemochromatosis is mostly inherited as an autosomal recessive trait, but mutations in some genes 
(e.g., ferroportin) are inherited in an autosomal dominant manner
bThese rare hereditary syndromes are associated with short stature and bone dysplasia
AD autosomal dominant, AR autosomal recessive, XR X-linked recessive, PTH parathyroid hormone, CaSR 
calcium-sensing receptor, CHARGE Coloboma, Heart defects, choanal Atresia, Retarded growth, Genital 
hypoplasia, Ear anomalies/deafness, LCHAD long-chain L-3 hydroxyacyl-CoA dehydrogenase deficiency, 
MELAS mitochondrial encephalopathy, lactic acidosis, and Stroke-like episodes syndrome, mt mitochon-
drial, DNA deoxyribonucleic acid, MTP Mitochondrial trifunctional protein

�Case Presentation

A previously healthy 42-year-old man con-
sulted his primary care physician because of 
progressive numbness of  the face and the 
hands, but no cause was identified. He also 
experienced fatigue, loss of  concentration, 
and decreased interest in most activities in 
the previous 6 months. Past medical and fam-
ily history was unremarkable. He reported no 
history of  tobacco or alcohol use. His physi-
cal examination was normal. No objective 
motor or sensory deficit was found, and the 
classical Chvostek’s sign was absent.

Blood results indicated hypocalcemia and 
hyperphosphatemia associated with a low para-
thyroid hormone level (.  Table  23.2). His 
serum levels of albumin, 25-hydroxyvitamin D 
(25-OH-D), magnesium, as well as the results 
of liver and kidney function tests, were in the 
normal ranges. Based on these findings, hypo-
parathyroidism was diagnosed.

.      . Table 23.2  Laboratory findings of  the 
patient

Blood 
parameter

Result Normal range

Calcium 1.9 mmol/l
7.62 mg/dL

2.2–2.65 mmol/l
8.6–10.2 mg/dL

Phosphate 1.79 mmol/l
5.54 mg/dL

0.81–
1.45 mmol/l
3.0–4.5 mg/dL

Magnesium 0.98 mmol/l
2.38 mg/dL

0.77–
1.03 mmol/l
1.6–2.6 mg/dL

PTH 2.0 pg/mL
0.21 pmol/L

10–85 pg/mL
1.6–6.9 pmol/L

?? How is hypoparathyroidism diagnosed?

vv The diagnosis should be established on the 
measurement of  albumin-corrected or ion-
ized serum calcium that are below the 
lower limits of  the normal range and low 

or undetectable levels of  PTH. If  the clini-
cal situation warrants, the chemistry panel 
should include phosphate and magnesium, 
25-hydroxyvitamin D, 24-hour urinary cal-
cium excretion, estimated or calculated 
glomerular filtration rate (GFR).

.      . Table 23.1  (continued)
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?? What are the classical Chvostek’s and 
Trousseau’s signs?

vv Chvostek’s sign is elicited by tapping the 
skin over the facial nerve anterior to the 
external auditory meatus. Ipsilateral con-
traction of  the facial muscles occurs in 
individuals with hypocalcemia. A positive 
Chvostek sign is seen in 10–20% of  healthy 
people.

vv Trousseau’s sign is a carpopedal provoked 
by inflating the blood pressure cuff  to a 
level above the systolic pressure for 3 min-
utes. Carpal spasm presents as flexion of 
the wrist and of  the metacarpal phalan-
geal joints, extension of  the interphalan-
geal joints, and adduction of  the thumb. 
Trousseau sign occurs in approximately 
1–4% of  normal subjects. (The Trousseau’s 
sign can be dangerous to provoke, and it is 
therefore not recommended nowadays.)

?? When should we consider a genetic problem 
in the background of symptoms?

vv Genetic disorders typically become appar-
ent in childhood. Monogenic abnormalities 
and chromosomal microdeletions represent 
the major cause of hypoparathyroidism in 
children. Genetic forms of hypoparathy-
roidism mostly occur as a component of 
syndromic disorders (.  Table 23.1).

?? Is a germ-line mutation testing warranted?

vv If  the patient’s presentation suggests a 
genetic basis (e.g., young age, family his-
tory, and multiple autoimmune features), 
germ-line mutation testing and genetic 
counseling should be considered.

?? How should the patient be treated?

vv Treatment of  hypoparathyroidism is aimed 
at reducing symptoms, correcting hypocal-
cemia and hyperphosphatemia without 
causing abnormally high levels of  calcium 
in the blood or in the urine. To avoid long-
term side effects, the goal of  treatment is 
to maintain blood calcium levels near the 

lower end of  the normal range while pre-
venting symptoms of  hypocalcemia.

vv Actual treatment depends on the severity 
of  presenting symptoms and the rate of 
development of  hypocalcemia. Notably, in 
asymptomatic patients with an acute 
decrease in serum corrected calcium levels 
to lower than 1.9  mmol/L (≤7.5  mg/dL), 
serious complications may develop if  left 
untreated.

?? How to treat acute hypoparathyroidism?

vv Acute hypocalcemia requires emergency 
management. The presence of  seizures, 
tetany, laryngospasm, or bronchospasm 
signals a life-threatening condition that 
necessitates the infusion of  10% calcium 
gluconate (approximately 90  mg of  ele-
mental calcium per 10 ml of  solution) over 
a period of  10–20 minutes, often followed 
by a continuous infusion to prevent recur-
rent hypocalcemia while oral therapy 
could be initiated. Calcium gluconate is 
the preferred drug as it can be adminis-
tered via a peripheral vein. Calcium gluco-
nate causes less tissue necrosis in case of 
extravasation than calcium chloride, 
although ECG monitoring is recom-
mended during calcium infusions.

?? How to treat chronic hypoparathyroidism?

vv Chronic hypoparathyroidism is treated 
with oral supplementation of  calcium and 
vitamin D (activated forms: calcitriol and 
alfacalcidol or inactivated forms: cholecal-
ciferol or ergocalciferol). This treatment 
can be supplemented with thiazide diuret-
ics, oral magnesium supplementation, 
phosphate binders, and dietary restriction 
of  phosphates and sodium.

vv Calcium supplementation

vv The usual amount of  calcium is around 
1–2 g per day, split into two or more doses. 
It should be noted that the intestinal 
absorption of  calcium is saturated at 
500  mg; therefore, higher amounts per 

Hypoparathyroidism



244

23
dose should not be prescribed, as it is 
unlikely to be beneficial.

vv The most commonly used calcium salts are 
carbonate and citrate. Calcium carbonate 
(which contains 40% elemental calcium) is 
the less expensive preparation; however, it 
requires an acidic environment for optimal 
absorption. In cases of  achlorhydria (i.e., 
after gastrectomy) or low acidity (i.e., use 
of  proton pump inhibitors), calcium citrate 
is preferred despite a lower content of  ele-
mental calcium (20%) and a higher cost.

vv Vitamin D

vv As the production of  1,25-dihydroxyvita-
min is reduced in hypoparathyroidism, the 
generally preferred treatment of  hypopara-
thyroidism is calcitriol. Calcitriol is pre-
ferred (over non-activated ergocalciferol or 
cholecalciferol) because of  its potency, 
rapid onset of  action, and shorter half-life, 
making it more suitable for chronic treat-
ment. Usually the daily dosage of  calcitriol 
ranges from 0.5 to 2 μg per day.

vv Alfacalcidol (1α-hydroxyvitamin D) is a 
vitamin D analogue that is rapidly acti-
vated in the liver to 1,25-dihydroxyvitamin 
D. The usual daily dosage of  alfacalcidol 
ranges from 0.5 to 3.0 μg.

vv Another alternative for vitamin D supple-
mentation is the use of  vitamin D precur-
sors (ergocalciferol or cholecalciferol). 
Vitamin D precursors have often been 
used in the past when access to calcitriol/
alfacalcidol was restricted.

vv High doses of  vitamin D may are needed to 
treat hypoparathyroidism (.  Table  23.3); 
however, high doses of  vitamin D may have 
unwanted actions at the systemic level. 
Thus, the currently recommended vitamin 
D supplementation is restricted to a daily 
dose of  400–800  IU to patients already 
treated with activated vitamin D analogues, 
in order to ensure an adequate vitamin D 

status. This daily cholecalciferol dose will 
most likely ensure a serum 25-hydroxyvita-
min D (25-OH-D) level above 50  nmol/l 
(>20 ng/ml).

vv Thiazide diuretics

vv Thiazide diuretics can be used to prevent 
and reduce hypercalciuria caused by cal-
cium and vitamin D therapy. Once the 
24-hour urinary calcium level approaches 
250 mg, a thiazide diuretic can be added. 
The hypocalciuric effect of  thiazide 
diuretic is dose-dependent, and treatment 
should preferably be combined with 
sodium restriction.

vv Dietary recommendations limiting hyper-
phosphatemia

vv Hyperphosphatemia may be addressed by 
minimizing the dietary intake of  phos-
phate and, if  needed, with the addition of 
phosphate binders to control or prevent an 
unacceptable calcium–phosphate product.

vv Magnesium supplementation

vv Magnesium plays an important role in cal-
cium homeostasis. Magnesium is known to 
modulate the function of  the parathyroid 
glands. Therefore, persistent hypomagne-
semia must be corrected (250–1000 mg of 
elemental magnesium divided into 2–4 
doses per day).

.      . Table 23.3  Vitamin D metabolites in the 
management of  chronic hypoparathyroidism

Medication Typical dose

Calcitriol (1,25(OH)2D3) 0.25–2.0 μg once or 
twice daily

Alfacalcidol 
(1α-hydroxyvitamin D)

0.5–4 μg once daily

Ergocalciferol or 
cholecalciferol

25,000–200,000 IU 
daily
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?? What can be done if conventional treatment 
is not effective?

vv PTH replacement has been approved for 
the treatment of  hypoparathyroidism in 
adults who have disease refractory to con-
ventional therapy. Many studies have 
shown that hypocalcemia can be ade-
quately managed in most patients by once- 
or twice-daily subcutaneous injections of 
the amino-terminal fragment of  PTH 
known as teriparatide (PTH (1–34)) or 
recombinant human PTH (1–84) (rhPTH).

?? How should the treatment of chronic hypo-
parathyroidism be monitored?

vv In cases of  permanent, chronic hypopara-
thyroidism, regular monitoring is manda-
tory. Routine biochemical monitoring, as 
well as assessment of  symptoms of  hypo-
calcemia and hypercalcemia are recom-
mended at regular time intervals.

vv Laboratory testing includes serum mea-
surements of  calcium, phosphate, magne-
sium, blood urea nitrogen/creatinine, and 
estimated glomerular filtration rate 
(eGFR) every 3–6 months. This should be 
accompanied by measurements of  serum 
25-ΟΗ-D as well as 24-hour urine calcium 
and creatinine every 6–12 months.

vv In case of  changes in therapy, more fre-
quent biochemical monitoring is required 
weekly or every other week.

vv In the case of  nephrolithiasis or nephro-
calcinosis renal ultrasound is indicated at 
the initial evaluation and every 1–5 years 
afterward.

vv Annual measurement of  bone mineral 
density is recommended using dual energy 
X-ray absorptiometry (DXA) for patients 
under treatment with rhPTH (PTH 1–84) 
or teriparatide (PTH 1–34 fragment), 

while for patients receiving conventional 
treatment, osteoporosis guidelines should 
be followed.

vv The follow-up for potential soft tissue cal-
cification requires an annual ophthalmo-
logic examination, and, in the case of 
clinical suspicion, a brain CT scan for the 
detection of  calcifications in the basal 
ganglia.

?? What are treatment options and what are the 
treatment targets for serum calcium in preg-
nancy?

vv Calcium supplements are safe in preg-
nancy, as is the use of  calcitriol and chole-
calciferol. The use of  thiazide diuretics is 
not recommended during pregnancy. The 
safety of  replacement therapy with PTH 
(1–84) and PTH (1–34) has not been evalu-
ated during pregnancy.

vv In pregnancy, serum calcium level is main-
tained in the low-normal reference range.

vv Serum calcium concentrations should be 
measured frequently during pregnancy 
and lactation in women with hypoparathy-
roidism. This should be evaluated every 
3–4 weeks throughout pregnancy. During 
lactation, monitoring should occur every 
4–6 weeks to ensure stability of  maternal 
calcium levels. If  changes in the dose of 
calcium supplementation or calcitriol/cho-
lecalciferol are recommended, repeat the 
serum calcium in 1–2 weeks. Maintain the 
24-hour urinary calcium excretion and 
25-hydroxyvitamin D in the normal refer-
ence range.

?? What is pseudohypoparathyroidism?

vv Pseudohypoparathyroidism is a rare, 
hereditary disorder characterized by 
peripheral resistance (inadequate 
response) to parathyroid hormone. It was 
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described for the first time by Fuller 
Albright and colleagues in 1942. The exact 
prevalence of  pseudohypoparathyroidism 
is unknown, but its prevalence is estimated 
at approximately 0.79 per 100.000. 
Pseudohypoparathyroidism affects more 
females than males. The primary causes of 
pseudohypoparathyroidism are genetic or 
epigenetic mutations in the GNAS gene. 
(The GNAS gene codes for an alpha sub-
unit of  the guanine nucleotide-binding 
protein and is thus involved in the signal 
transduction of  G-proteins.)

vv Its onset usually occurs during childhood 
with clinical manifestations of  hypocalce-
mia and laboratory studies that reveal 
hypocalcemia, hyperphosphatemia, and 
elevated serum PTH concentrations with 
normal renal function. 25-hydroxyvitamin 
D and magnesium levels are normal.

vv Some forms of  the disease are associated 
with a characteristic skeletal phenotype of 
shortened bones in the feet and hands 
(brachymetacarpals, brachymetatarsals—
mostly the fourth fingers are affected), 
short neck, short stature, abnormally 
round face, obesity, dental hypoplasia 
(Albright hereditary osteodystrophy, pseu-
dohypoparathyroidism type 1a). 
Headaches, weakness, lethargy, and cata-
racts may also be present. In pseudopseu-
dohypoparathyroidism (caused by GNAS 
mutations of  the paternal allele), the char-
acteristic phenotypic features of  Albright 
hereditary osteodystrophy are present 
without PTH resistance.

vv The mainstay of treatment for patients with 
permanent active vitamin D supplementa-
tion with or without calcium. Calcitriol 
0.25–1.0 μg per day should be used. Calcium 
carbonate or calcium citrate should be 
given in the form of 2–8  g elemental cal-
cium daily in divided doses to keep calcium 
at the low end of normal. PTH levels 
require monitoring during treatment and 
maintain serum PTH levels in the mid to 
upper normal range if  possible.

Tips

The reader is advised to read the preceding 
chapter on primary hyperparathyroidism 
(7  Chap. 22), and the chapter on Addison’s 
disease and autoimmune polyendocrine 
syndrome type 2 (7  Chap. 31), where the 
autoimmune polyendocrine syndrome 
type 1 is also discussed shortly.

Take Home Messages
55 The major hallmark of hypoparathy-

roidism (a relatively rare disease) is 
hypocalcemia. Its symptoms are conse-
quences of hypocalcemia, such as par-
esthesias, muscle cramps, seizures, and 
laryngospasm.

55 Other manifestations of hypoparathy-
roidism include such divergent symp-
toms as calcification of the basal 
ganglia, cataracts, and neuropsychiatric 
disorders.

55 Hypoparathyroidism is most frequently 
associated with operations on the ante-
rior neck that may result in injury or 
removal of the parathyroid gland. 
Other rare genetic or autoimmune 
causes may be limited to the parathy-
roid gland or be part of a multiglandu-
lar syndrome.

55 The treatment aims to reach and main-
tain serum calcium levels within the 
normal range, potentially in its lower 
part, thus preventing symptoms of 
hypocalcemia and minimize side effects 
of its usual treatment with oral calcium 
and active vitamin D (calcitriol or alfa-
calcidol). A more novel way of treat-
ment is subcutaneous parathyroid 
hormone therapy.

55 Even adequate treatment frequently 
causes hypercalciuria, nephrocalcinosis, 
nephrolithiasis, and renal insufficiency, 
and thus careful and regular monitor-
ing is a necessity to decrease the poten-
tial long-term harms of treatment also 
an important aim of the development 
of novel therapies.
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Opening
Osteoporosis is a metabolic bone disease 
characterized by progressive loss of bone 
mass and qualitative changes in microarchi-
tecture, resulting in high prevalence of fragil-
ity fractures. The disease is most common in 
older ladies, but older men and younger peo-
ple with some chronic diseases or medica-

tions are also involved. Osteoporosis yearly 
causes more than nine million fractures in the 
world, followed by enormous medical and 
social costs, higher mortality, and decreased 
quality of life. However, established meth-
ods for diagnosis and treatment have been 
developed in the last decades, ensuring good 
chance for fracture prevention.

Definition of the Disease

The healthy bone gets over a continuous 
renewal called bone remodeling through the 
whole adult life. This process occurs mainly 
on inner and outer bone surfaces, starting 
with local bone resorption made by osteo-
clasts and continuing in local formation of  an 
equal amount of  new bone produced by osteo-
blasts. The process goes under a strict local 
control by osteocytes ensuring mechanical 
competence of  bone, but local and systemic 
humoral controls also impact by targeting the 
stability of  extracellular calcium concentra-
tion. The main regulators of  remodeling are 
the mechanical loading, estrogens, and para-
thyroid hormone (PTH), however, many more 
regulatory systems (including other hor-
mones, inflammatory cytokines, sympathetic 
nervous system, etc.) exert as modulators. 
Further conditions of  the normal remodeling 
are the normal availability of  calcium, pro-
tein, energy, and calcitriol to the bone tissue, 
along with normal circulation.

Osteoporosis is a disease characterized by 
higher and unbalanced remodeling: increased 
bone resorption is followed by less increased 
or normal or even decreased bone formation, 
resulting in net loss of  bone mass in every 
remodeling sites. High and unbalanced 
remodeling can come from decreased loading 
(osteocytes decrease the amount of  unused 
bone), from menopause or hypogonadism 

(osteoclasts get out of  inhibitory effects of 
estrogens), from excess PTH effect (prevent-
ing hypocalcemia of  any origin, including 
insufficient availability of  calcium and/or cal-
citriol to bone). Effects suppressing bone for-
mation (e.g., high glucocorticoid level) also 
cause imbalance and consequent bone loss. 
Moreover, while the mechanical competence 
of  the healthy bone is based not only on suf-
ficient bone mass but also on the expedient 
microarchitecture, unfortunately the increased 
remodeling removes tissue from every bone 
sites regardless of  the microstructure. Thereby, 
the microstructural damage is added to the 
bone loss resulting in fragility.

In consequence—and independently of 
the origin of  osteoporosis—the pathologic 
process decreases the amount and deterio-
rates the microarchitecture of  bone. The 
weakened bones can break from low level of 
impact that would not normally break a 
healthy bone. The low-trauma fracture 
embodies the clinical presentation of  osteo-
porosis and burdens the patient and the soci-
ety with pain, decreased life quality, 
disability, mortality, and high costs. There-
fore, the management of  osteoporosis targets 
to find patients with osteoporosis and high 
fracture risk, followed by approaches 
strengthening bones and preventing subse-
quent fractures.

	 C. Horvath
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?? Is this case history typical for osteoporosis?

vv This is a very representative osteoporotic 
story. The older age and female sex are the 
strongest risk factors for developing osteo-
porosis. Menopause is also a strong risk 
factor and our patient was living in her sec-
ond decade with estrogen deficiency. The 
former hyperthyroidism increased bone 
resorption and decreased bone mass during 
its active period, however, the recovery of 
the thyroid could not guarantee the com-
plete restoration of bone, particularly 
because of microarchitectural destructions. 
Beyond these risk factors, she suffered three 
fractures due to small traumas: this is the 
most characteristic feature of advanced 
osteoporosis.

?? What bone fractures are typical for 
osteoporosis?

vv Fractures at the wrist, hip, and vertebrae 
are the most common sites of osteoporotic 
fractures. However, after the age of 50 years, 
most sites of fractures are considered char-
acteristic of osteoporosis, like humerus, 
ribs, tibia, pelvis, and femoral but not the 
ankle and skull. Our patient had forearm 
and rib fractures. It is important to clear if  
vertebral fractures have also occurred 
because of chronic low back pain and phys-
ical alterations of the spine. The vast major-
ity of vertebral fractures are silent, being 

discovered as incidental findings by X-ray 
done for other reason. Magnetic resonance 
imaging (MRI) is the best method for tar-
geted search of vertebral fractures; how-
ever, a lateral X-ray of spine can also be 
helpful if  analyzed by an expert radiologist. 
Recently, bone densitometry provides a 
new, quick, cheap, and safe technic (verte-
bral morphometry) to detect compressed 
vertebrae. .  Figure 24.1a shows a grade-1 
fracture of the 11. thoracic vertebra while 
.  Fig.  24.1b shows severe multiple defor-
mities on vertebral morphometry.

?? This patient was barely free of symptoms ex-
cept for a chronic back pain sometimes. Can 
we call osteoporosis a silent disease?

vv Absolutely, but it is more precise to call it a 
“silent killer.” Bone loss and structural 
damage goes without pain through years or 
decades, and the patient doesn’t know 
about her illness. Osteoporosis makes 
symptoms only when bones break, surpris-
ingly due to a simple fall or small trauma 
that previously has not been dangerous. 
Unfortunately, at time of the first fracture, 
the bone is seriously ill and we are long 
after the chance of early diagnosis. 
Considering that reversible bone loss goes 
hand in hand with the irreversible microar-
chitectural deterioration, occurrence of 
low-trauma fractures suggest advanced 
osteoporosis. Particularly the hip and spine 

�Case Presentation

A 63-year-old woman was referred to our 
endocrine and metabolic bone service because 
of two rib fractures having occurred in last 
year due to two small traumatic events. She 
had two children and her menstrual cycle 
ended 12 years ago. At the age of 30 years, she 
had Graves’ disease treated with thiamazole for 
18 months. She is treated for mild hypertension 
(perindopril). In addition, she takes 3000  IU 
vitamin D3 and 1000  mg calcium carbonate 
every day and regularly consumes dairy prod-

ucts. Her first bone fracture occurred 6  years 
ago at the left wrist after a fall at home. 
Three  years ago she uplifted her grandson—
since then, a low back pain presented fre-
quently, and this was her only complaint. Her 
body weight: 61 kg, height: 162 cm (decreased 
by 4  cm). Physical examination showed 
increased kyphosis and shortening of the spine, 
horizontal skin-folds on the back, and only a 
2  cm distance between the lowest rib and the 
top of hip bone.

Osteoporosis
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fractures can result in disability, poor qual-
ity of life, and increased mortality of any 
reason.

?? How shall we diagnose the suspected osteo-
porosis?

vv Bone densitometry (dual-energy X-ray 
absorptiometry, DEXA) is worldwide the 
basic method to identify osteoporosis. 
Absorption of X-ray photons passing 
through bone depends on the mineral con-
tent of that tissue, so measurement of 
absorption gives an accurate information 
about mineral mass of bone (BMD, bone 
mineral density, g/cm2). BMD is higher in 

men and in young adults, then decreases by 
age. The operational definition of osteopo-
rosis is based on the T-score that means the 
difference of a measured BMD and the 
young female adult mean BMD, expressed 
in standard deviations of reference data-
base (.  Table 24.1). For patients younger 
than 40 years, a comparison of BMD to the 
mean of age- and sex-matched reference 
BMD is used, termed Z-score (normal: 
from −2.0 to +2.0).

vv For clinical purposes, BMD used to be 
measured at lumbar spine, femoral neck (or 
total hip), and forearm (distal third of 
radius). Scientific definition of osteoporosis 

a b

.      . Fig. 24.1  a Minor (grade-1) deformity of  the 11. thoracic vertebra. b Severe and multiple vertebral deformities 
(wedge, biconcavity, and crush) of  thoracic and lumbar spine (arrows)
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is based on the hip T-score below −2.5, 
while in clinical practice a wide interna-
tional consensus suggests to scan all three 
bones and accept the lowest T-score of any 
bone for the diagnosis (.  Fig. 24.2).

vv Osteopenia is low bone mass (T-score 
between −1.0 and −2.5) but not identical to 
osteoporosis as a disease. On the other 
hand, osteopenia also increases fracture 
risk and can progress to osteoporosis.

?? Let’s see the bone densities of this patient!

vv .  Table  24.2 summarizes the measured 
BMDs and the calculated scores. Note the 
differences of T-scores at different bones: 
osteoporosis is not uniform in every bone, 

big differences can be seen at different sites, 
depending on genetics, lifestyle, and physi-
cal activity. The lowest T-score makes the 
diagnosis—in this case this is the spine, and 
the diagnosis for the patient is osteoporosis.

vv Never do diagnosis from separated inter-
pretation of one bone! A wrong example 
would be to say: “this patient has a spinal 
osteoporosis but only osteopenia at the 
peripheral bones.” Forget it! If  any T-score 
is below −2.5 then it is osteoporosis—seen 
from densitometry.

?? The lowest T-score of this patient is −3.2. Is 
it equivalent with clinical diagnosis of post-
menopausal osteoporosis?

vv Certainly not, as other metabolic bone dis-
eases and secondary forms of osteoporosis 
also decrease bone mass. Bone densitometry 
alone detects only calcipenic osteopathy—a 
collecting name of diseases accompanied 
by low bone mass but with need of different 
therapies. Hence, the next step of the diag-
nostic procedure is to differentiate among 
potential reasons—consuming data of 
medical history, physical examination, and 
laboratory tests. 7  Box 24.1 surveys such 
diseases of practical importance.

.      . Table 24.1  Classification of  bone 
densitometry results in T-scores

T > −1.0 Healthy bone

Between −1.0 
and −2.5

Osteopenia (low bone 
mass)

≤ −2.5 Osteoporosis (metabolic 
bone disease)

< −2.5 plus 
fractures

Established osteoporosis

55 Endocrine: glucocorticoid-induced 
osteoporosis, hyperthyroidism, hypo-
gonadism, hyperparathyroidism, acro-
megaly, growth hormone deficiency, 
diabetes mellitus type-1 and -2

55 Hematological: multiple myeloma and 
monoclonal gammopathies

55 Gastrointestinal/Nutritional: celiac dis-
ease, chronic liver diseases, inflamma-
tory bowel disease, and gastric bypass 
surgery

55 Renal: chronic kidney disease, renal hyper-
calciuria, and tubular acidosis

55 Pulmonary: chronic obstructive pulmonary 
disease (COPD)

55 Autoimmune: rheumatoid arthritis and sys-
temic lupus erythematosus

55 Drug-induced: aromatase-inhibitors (breast 
cancer), loop diuretics, antiandrogens 
(prostate cancer), and protonpump inhibi-
tors

Box 24.1  Common Diseases Associated with  Osteoporosis (Secondary Osteoporosis) 
(the most importants are in italics)

Osteoporosis
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?? Is there a suspicion of secondary osteoporo-
sis in our case?

vv No. As seen from her history and 
physical status plus laboratory results 
(.  Table  24.3), she has probably post-
menopausal osteoporosis. She has never 
used glucocorticoids, normal calcium plus 
PTH level excludes primary hyperparathy-
roidism, normal thyroid stimulating hor-

mone (TSH) suggests euthyroidism, protein 
electrophoresis excludes myeloma, normal 
hemoglobin-A1c, glycated hemoglobin 
(HbA1c) is against diabetes and labora-
tory tests suggest normal liver and kidney 
function. There are no signs of rheumatoid 
arthritis, COPD (chronic obstructive pul-
monary disease), or breast cancer, neither of 
malabsorption. Of common causes of sec-
ondary osteoporosis, only a hypercalciuria 

a b

c

.      . Fig. 24.2  Bone densitometry images, a at lumbar 
spine; b femoral neck; and c distal third of  radius. Note 
that the diagnosis is not based on the images: they only 

show the bone region where the calculation of  BMD has 
been done—the diagnostic information is given by the 
numeric values of  BMD and T-score
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was shown, however, the coexisting normal 
PTH value doesn’t suggest renal hypercal-
ciuria (orderly accompanied by secondary 
hyperparathyroidism), but rather the effect 
of vitamin D overdosing (see later).

?? How do we evaluate the laboratory results of 
calcium metabolism?

vv Normal calcium, phosphate, and PTH 
levels in serum and normal urinary excre-
tion of  calcium are characteristic for 
osteoporosis. Of  bone turnover mark-
ers, beta-crosslaps serum concentration 
mirrors the level of  bone resorption and 
can be high-normal in osteoporosis, sug-
gesting an active bone-losing process. For 
example, a former hyperthyroidism could 
produce high resorption and bone loss in 
that time, but the recovery to euthyroid-
ism normalizes the resorption and partly 
normalizes bone mass. So, in our case, the 
low BMD can partly come from the for-
mer hyperthyroid effect but the currently 
upper-normal resorption marker concen-
tration reflects a current bone-harming 
process other than the past hyperthyroid-
ism. High levels of  beta-crosslaps are less 
often accompanied by higher level of 
osteocalcin or alkaline phosphatase. As 
big overlaps exist between the ranges of 
healthy and osteoporotic individuals for 
both two turnover markers, their solely 
use in the diagnosis has limitations; how-
ever, they can be helpful in case of  inter-
mediate T-scores.

?? What is a basic strategy of the anti-
osteoporotic therapy?

vv Osteoporosis is characterized by elevated 
bone resorption plus less elevated or even 
decreased bone formation, producing net 

.      . Table 24.2  BMD, Z-score, and T-score 
values of  our patient

BMD (g/
cm2)

Z-score T-score

Lumbar spine 
(L1–4)

0.796 −2.0 −3.2

Femoral neck 0.662 −1.5 −2.7

Total hip 0.688 −1.6 −2.6

Radius 0.724 −1.5 −1.7

.      . Table 24.3  Results of  laboratory 
measurements

Value Reference range

Serum biochemistry:

Calcium, total 2.52 mmol/L 2.20–
2.65

Calcium, ionized 1.18 mmol/L 1.05–
1.25

Phosphate 1.16 mmol/L 0.81–
1.45

Creatinine 66 μmol/L 45–84

Protein, total 77.7 g/L 66–83

Albumin 49 g/L 35–52

Protein elfo: normal distribution

Gamma-glutamyl-
transferase 
(gammaGT)

15 IU/L <38

Alkaline 
phosphatase

70 IU/L 30–120

HbA1c 4.8% < 6.0

Urinary biochemistry: 24 hours collected urine

Calcium 
concentration

4.01 mmol/L 1.7–5.3

Calcium excretion 10.03 mmol/24 h 2.5–6.2

Phosphate excretion 26.2 mmol/24 h 12.9–42

Creatinine excretion 8.54 mmol/24 h 7–16

Serum hormone measurements:

TSH 1.711 mIU/L 0.35–
4.94

PTH 31 pg/mL 10–85

25-OH-D 64.9 ng/mL 30–60

Osteocalcin 35 ng/mL 20–48

Beta-crosslaps 964 pg/mL 100–
1008

(25-OH-D: 25-hydroxyvitamin-D)

Osteoporosis
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loss of bone in every remodeling event. The 
treatment methods are directed to decrease 
bone resorption and/or stimulate bone for-
mation (7  Box 24.2). The former aim can 
be attained by the decrease of osteoclast 
function through two different routes: 
depressing directly the resorbing ability of 
osteoclasts (by bisphosphonates, or tran-
siently by estrogens) or interfering in the 
regulation of osteoclast production, matu-
ration, and activation (by denosumab). 
Osteoblasts can be stimulated to form new 
bone in a more limited scope as currently 
the parathormone-analogue peptides are 
the only anabolic drugs for bone.

?? What is the basic therapy? Is this what all 
patients have to take?

vv The answer is yes and no! Supply of bone 
tissue with relevant amount of calcium and 
calcitriol (1,25-dihydroxyvitamin D) is nec-
essary as these compounds are of prime 
importance for normal bone remodeling. 
While neither calcium nor vitamin D does 
not cure osteoporosis, their deficiencies 
inhibit the efficacy of anti-osteoporotic 
drugs. So, a basis of osteoporosis therapy is 
to ensure normal calcium supply and nor-
mal calcitriol serum concentration what is 
to be checked before treatment starts.

vv The daily recommendation is 800–1200 mg 
calcium, ideally achieved through dairy 
products. If  the calcium intake is below 
800  mg daily then oral supplementation 
should be given. For vitamin D, the mea-
surement of 25-OH-D (25-hydroxy-
cholecalciferol) is helpful: if it is below 
30 ng/mL (75 nmol/L) then 800 IU vitamin 
D3 should be advised for the osteoporotic 
patient. Overdose of calcium can be associ-
ated with adverse cardiovascular events, 
while overdosage of vitamin D produces 
hypercalciuria (see lab results of our 
patient) and kidney stones or nephrocalci-
nosis.

?? Antiresorptive therapy: how does it work?

vv Bisphosphonates inhibit osteoclast func-
tion, resulting in slower bone remodeling 
without restoring the balance between 
resorption and formation. The number and 
size of new resorption cavities decrease 
quickly while intact osteoblasts form new 
bone into the previously formed cavities, so 
bone mass increases. After a time, the 
decreased resorption rate suppresses forma-
tion because of less number of new cavities 
for bone formation. Elevation of BMD 
reaches a plateau but low turnover rate 
allows less net bone loss.

55 Depression of increased bone resorption
–– Bisphosphonates (alendronate, 

zoledronate, etc.)
–– Denosumab: receptor activator of 

nuclear factor kappa-beta ligand 
(RANKL)-antibody

–– Estrogens? or selective estrogen 
receptor modulators (SERMs)?

and/or
55 Stimulation of insufficient bone forma-

tion
–– Intermittent PTH-analogues

furthermore
55 Basic therapy—if necessary

–– Calcium and/or vitamin D

and
55 Nonpharmacologic options

–– Exercise for bones and muscles
–– Balance programs for risk reduction
–– Proper diet and lifestyle (omitting 

smoking, alcohol, etc.)

Box 24.2  Treatment Options Against Osteoporosis
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vv Bisphosphonates have high affinity to bone 
tissue, so they are concentrated in bones 
that has benefit for safety and long-term 
efficacy. Then again it is inconvenient: 
bisphosphonates reach well all the trabecu-
lae but not the deep cortical bone as they 
are stably bound near to the surface. So, 
bisphosphonates exert more effects on tra-
becular than on cortical bone while the 
skeleton contains 80% compact bone and 
two-third of osteoporotic fractures occur at 
the dominantly compact peripheral bones.

vv Oral bisphosphonates (alendronate, rise-
dronate) are the initial treatment in major-
ity of patients and are available in generic 
forms. The use of them should be limited to 
persons with more than 35 ml/min glomer-
ular filtration rate and normal vitamin D 
serum level (otherwise hypocalcemia can 
develop). Gastrointestinal irritation may 
occur: this is why weekly or monthly doses 
and special dosing instructions are recom-
mended; however, the adherence rate after 
1 year is below 40%. In case of intolerance 
or contraindications intravenous bisphos-
phonates (zoledronate, ibandronate) or 
denosumab can be used.

vv Denosumab is an antibody binding RANK-
ligand (RANKL, receptor activator of 
nuclear factor kappa-beta ligand), inhibit-
ing the osteoclast differentiation. Its antire-
sorptive effect differs from bisphosphonates 
because of no strong affinity binding to 
bone. Due to this, they work equally well in 
trabecular and cortical bone but the effect is 
limited to a period after which repetition is 
needed. Denosumab is an injection given 
every half  year. Its important benefit is that 
there is no limitation for compromised 
renal function. Adversely, soft tissue inflam-
mations or hypocalcemia can occur but 
very rarely.

vv Antiresorptive medication seems highly 
effective in fracture prevention: in clinical 
studies 50–70% of vertebral, 40–56% of 
hip, and 25–41% of nonvertebral fractures 
have been prevented. The corresponding 
results are estimated to be halved in real 

life, mainly due to the low adherence rate. 
Adherence can be better for denosumab 
(injected twice a year) or for zoledronate 
(injected once a year).

vv Estrogens and SERMs (selective estrogen 
receptor modulators) are much less used 
because of increased breast or uterine 
malignancy for the former and less fracture 
preventing efficacy for the latter.

vv Recently, zoledronate has been proven to 
prevent fragility fractures in women with 
osteopenia as effectively as in osteoporosis.

?? How long an antiresorptive therapy lasts?

vv Bisphosphonate treatment should be 
reviewed after 5  years with estimating the 
rate of new fractures (including silent verte-
brals) and reassessing fracture risk (see 
below). In patients who stop treatment, risk 
of new fractures can be elevated, and 
increasing turnover rate by markers (cross-
laps) can be a warning signal.

vv Optimal duration of denosumab therapy is 
still not known, as the effect was continual 
even after 10 years in some studies. Effect 
of a denosumab injection lasts for 6 months, 
after when a repeated dose should come 
within 4 weeks. Withdrawal of this therapy 
is associated with rebound in fracture rate: 
in such case, bisphosphonates can be con-
sidered.

?? Why is the adherence to antiresorptives so 
low?

vv Poor adherence is a common problem of 
long-term medications handling a silent 
disease with aiming to prevent severe future 
outputs (hypertension, diabetes, etc.). 
Osteoporosis is a good example of such 
case because the patient must tolerate side-
effects during complaint-free years in the 
hope to prevent fractures later. The most 
frequent gastrointestinal irritations are 
handled by special recommendations for 
taking the tablet or by intravenous medica-
tion. However, the relative importance of 

Osteoporosis



258

24

two rare but severe adverse effects has 
recently become a barrier to initiate or 
carry on the antiresorptive therapy.

?? What kinds of rare but severe adverse effects 
are related to antiresorptive therapy?

vv Atypical fractures at the femur diaphysis 
have been observed very rarely (1–5 cases 
among 10,000 bisphosphonate or deno-
sumab users). The pathomechanism is still 
unclear and the risk increases over 5 years 
of treatment. Cortical thickening or hump-
ing of femoral diaphysis can be observed on 
X-ray or on DEXA scans before the frac-
ture occurs, giving a chance to stop the 
drug in risky patients.

vv Osteonecrosis of the jaw has similarly low 
incidence estimated to one case among 
10,000 antiresorptive users, however, it can 
be higher in patients taking higher doses for 
cancer treatment. The pathomechanism is 
unclear. Parallel use of glucocorticoids, 
wrong dental hygienic conditions, or dental 
surgery together with antiresorptive medi-
cation increases the risk.

vv Widespread and non-professional discus-
sion of these rare adverse events in the 
media and insufficient responses and lazy 
education by the professional medicine 
resulted in halving of patients treated by 
antiresorptives in the last decade world-
wide. This barrier is shocking because treat-
ing 10,000 osteoporotic patients for 3 years 
can prevent 1000 new fractures (including 
100 hip fractures, responsible for 30% mor-
tality within 1 year), while less than 1 atypi-
cal fracture or osteonecrosis occurs in the 
same group.

?? What are the bone forming agents?

vv Partial analogues of the parathyroid hor-
mone molecule exert strong anabolic action 
on osteoblasts if  giving intermittently 
(teriparatide and abaloparatide). While 
the exact mechanism of action is unclear, 
BMD spectacularly increases in trabecular 
bone with 65–70% risk reduction of new 

vertebral fractures, but not of hip fractures. 
The treatment is limited to 2 years because 
higher risk of osteosarcoma has been 
observed in rodents with long-term high-
dose treatment (in humans only one case 
among one million treated patients). After 
stopping teriparatide treatment, the gained 
bone will be lost quickly, so an antiresorp-
tive treatment needs to follow the anabolic 
session.

?? Whom to treat?

vv By the pharmaceutical development in the 
last 20 years, a broad palette of anti-osteo-
porotic drugs is available. The question is: 
who needs to be treated? On one hand, low 
BMD doubles the fracture risk by every 1 
SD decrease of T-score. Nevertheless, low 
BMD can reflect not only a current bone 
loss but remnant of previous bone-losing 
diseases or drugs (former hyperthyroidism, 
glucocorticoid treatment, etc.) or insuf-
ficient development of peak bone mass in 
young people. On the other hand, evidences 
suggest that the half of low-trauma fractures 
occur in patients with osteopenia or normal 
BMD, pointing out the importance of bone 
features other than mass in the strength of 
bone. In sum, finding patients with high risk 
for fragility fracture is the most important 
requirement before treatment starts.

vv Above age, sex, and bone mineral density, 
several factors contribute significantly to 
fracture risk: low body mass, previous frac-
ture, parental hip fracture, glucocorticoids, 
smoking, alcohol, and causes of second-
ary osteoporosis. Additional factors can 
be the early menopause, thoracic kypho-
sis, more than 4 cm height loss. The most 
effective risk factors have been composed 
in a calculation tool called Fracture Risk 
Assessment Tool (FRAX) that is available 
on a website (7  www.shef.ac.uk/frax) free 
for any user. FRAX calculates the 10-year 
probability of hip fracture and major 
osteoporotic fractures in an individual. The 
calculation can be done with or without 
(hip) BMD. Further risk factors not incor-
porated into FRAX can influence the inter-
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pretation: dose of glucocorticoids, spine 
BMD, falls history, and type 2 diabetes. 
While bone densitometry provides the diag-
nosis of osteoporosis as a disease, FRAX 
helps as an intervention threshold to ini-
tiate the treatment. Cut-off  values in the 
United States are 3% for hip and 20% for 
major fractures: these limits reflect the local 
relations of health-economic field; how-
ever, the limits are taken in most countries 
worldwide. In our patient the 10 years prob-
ability is 5.2% for hip fracture and 12.2% 
for major osteoporotic fractures by FRAX.

?? How can we monitor the effectivity of treat-
ment?

vv The best therapeutic answer is if  no more 
fractures occur but it needs longer period. 
In the first year, the turnover markers can 
suggest effectivity. After 1–2  years BMD 
measurements will show the gain in bone 
mass or at least stopping bone loss. It’s an 
important issue that FRAX is not a tool for 
monitoring.

?? What happens with male patients with osteo-
porosis?

vv Osteoporosis is not a female disease: about 
one-third of fragility fractures develop in 
men. Main issues of osteoporosis diagnosis 
and management are similar in both gen-
ders. Some differences originate from the 
andropause what comes later and less dra-
matically than the menopause; however, the 
impact of hypogonadism is very expressed 
in males too. Secondary osteoporosis is 
more frequent in males and the leading 
cause is the alcoholism. Estrogens are natu-
rally out of use in male osteoporosis but 
testosterone is also rarely used, only in case 
of established hypogonadism. FRAX 
thresholds are the same as in females. 
Fracture prevention is even more important 
for the osteoporotic men: while their fragil-
ity fractures occur in later age, the progno-
sis of fracture is inferior and mortality rate 
is higher than in women.

Tips

The reader is advised to read the chapter 
on primary hyperparathyroidism (7  Chap. 
22) and the next chapter on osteomalacia 
(7  Chap. 25).

Take Home Messages
55 Osteoporosis is a metabolic bone dis-

ease characterized by progressive loss 
of bone mass and qualitative changes in 
microarchitecture, resulting in a high 
prevalence of fragility fractures.

55 Beside primary, age-related osteoporo-
sis, there are several secondary forms of 
osteoporosis.

55 Osteoporosis is mainly diagnosed based 
on bone mineral density that is mea-
sured by bone densitometry. A T-score 
below −2.5 is the mainstay of diagnosis.

55 The basic treatment of osteoporosis 
includes calcium and vitamin D supple-
mentation.

55 Antiresorptive (bisphosphonates and 
denosumab) and bone forming agents 
(parathyroid hormone derivatives) can 
be used in the treatment.

55 Fracture risk assessment (FRAX) 
should be used to determine which 

patients should be treated.
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ops and the extracellular calcium concen-
tration tends to decrease. However, 
hypocalcemia is a life-threatening condi-
tion, so a robust compensation through the 
secondary overproduction of parathyroid 
hormone (PTH) will promptly start and 
restore normocalcemia by using two 
sources. Firstly, PTH increases the reab-
sorption and decreases the excretion of cal-
cium in the distal renal tubule. Secondly, 
PTH stimulates osteoblasts to produce sol-
uble RANKL (receptor activator of 
nuclear factor kappa-beta ligand) that acti-
vates production and maturation of the 
osteoclasts, increasing bone resorption and 
liberating calcium ions. A further effect of 
PTH decreases tubular reabsorption and 
increases urinary excretion of phosphate. 
The subsequent hypophosphatemia finally 
disturbs the intricately balanced regulatory 
triangle of PTH and FGF-23 (fibroblast 
growth factor-23) and calcitriol (1,25-dihy-
droxy-cholecalciferol). It is presumed that 
hypophosphatemia contributes dominantly 
to the defective mineralization of osteoid.

In summary, osteomalacia is a com-
plex disturbance of  bone remodeling in 
the calcium-deprived adults, consisting 
of  increased bone resorption and osteoid 
overproduction but a defective mineral-
ization of  the new osteoid. If  it happens 
in childhood and involves the cartilage 
of  growing plate then it is called rickets.

Vitamin D deficiency has a wide clini-
cal spectrum from mild cases (incident 
laboratory alterations only) to severe clin-
ical appearance (osteomalacia: bone com-
plaints and fractures, attended by 
laboratory and radiologic signs).

Opening
Osteomalacia is a metabolic bone disease 
characterized by ineffective mineraliza-
tion of osteoid in the remodeling of adult 
bone. It is called rickets in growing children 
if  this process is accompanied by the defi-
cient mineralization of cartilage in growth 
plates. The disease derives from calcium 
deprivation due to low calcium intake by 
any reason, including vitamin D deficiency. 
The vast majority of cases are explained 
by nutritional or lifestyle factors, but other 
alterations (genetic, renal, malignant, and 
iatrogenic) can also be found. The main 
clinical outputs are the painful bones and 
muscles and increased fragility in adults, 
while rickets of children can be associated 
with delayed development, deformity, and 
pain of long bones and pelvis, and some-
times hypocalcemia. Dilated cardiomy-
opathy is not rare, being responsible for 
increased mortality in both age groups. 
Osteomalacia is a heavily underdiagnosed 
disease with globally rising incidence, for 
example, its prevalence in Europe is esti-
mated as high as 25% in autopsies (mostly 
unrecognized). If  thinking about it, the 
diagnosis is easy and the treatment is suc-
cessful. Moreover, nutritional osteomalacia 
is a preventable disease.

�Case Presentation

A 34-year-old man has been referred to the met-
abolic bone clinic because he complained about 
muscle weakness and bone pain, particularly in 
his limbs but also in the pelvic region and lower 
extremities of both sides. His complaints started 

2 years before and became gradually from bad 
to worse. In the last year, he had two falls that 
did not lead to fractures. His family doctor 
excluded hypokalemia. Primary hyperparathy-
roidism (normal calcium and PTH levels in 

Definition of the Disease

Vitamin D deficiency is maybe the most 
common human nutritional disease, leading 
to decreased absorption of calcium and 
phosphate from the gut that is frequently 
combined with deficient intake of calcium 
by foods. Hereby, calcium deprivation devel-
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?? Why just the osteomalacia is suspected and 
not an osteoporosis?

vv The first argument is that osteoporosis is a 
silent disease not associated with bone pain. 
Secondly, osteoporosis causes low-trauma 
fractures what is not in our case: his two falls 
were not followed by fractures. Lastly, the 
main risk factors for osteoporosis like female 
sex, older age, signs of hypogonadism, his-
tory of osteoporogenic diseases or medica-
tions, and higher alcohol intake are all 
absent in this story.

On the other hand, his case shows a 
number of signs pointing to a potential 
osteomalacia. He is a young man living 
dominantly in closed spaces, without sports 
and sunshine exposure. The main complaint 
is the bone pain without specific reasons 
and localized particularly in the proximal 
part of the lower extremities. Muscles are 
also sensitive and painful, maybe associ-
ated with deficient balance as he fell twice. 
Complaining about to bones and muscles 
of this localization is pretty characteristic 
for osteomalacia. Finally, the traversing 
but not completely crossing fracture lines in 
the long bones form a suspicion of having 
osteomalacia rather than osteoporosis.

?? What is the etiology of osteomalacia and 
how can we diagnose it?

vv To answer this question, firstly an over-
view of  vitamin D metabolism is recom-

mended because this basic knowledge 
makes clear the etiologic and diagnostic 
considerations. Humans can obtain vita-
min D3 (cholecalciferol) naturally from a 
narrow spectrum of  dietary foods like oily 
fish (salmon, sardine, mackerel, and tuna) 
and cod liver oil, or in smaller amount 
from pork, beef  liver, and eggs. Another 
source can be the synthesis of  D3 from its 
provitamin (7-dehydrocholesterol) in the 
skin exposed to sunlight. Vitamin D2 (er-
gocalciferol) is found in mushrooms and 
yeasts or synthesized from ergosterol.

Vitamin D enters the circulation and 
reaches the liver and the kidney to get over 
two activating steps. A vitamin D binding 
protein helps this transportation while a 
part of  cholecalciferol is stored in adi-
pose tissues. In the liver, a 25-hydroxylase 
enzyme (CYP2R1) produces 25-hydroxyvi-
tamin D (25-OH-D) that has only very low 
biologic activity for the vitamin D-like 
physiologic effects. It’s an important issue 
that 25-hydroxylation goes under sub-
strate-regulation only: if  there is substrate 
and there is liver tissue than the process 
will occur. This feature explains that vita-
min D status can be assessed precisely by 
measuring the plasma 25-OH-D level.

The true activation of  vitamin D takes 
place in the kidney where a second hydrox-
ylation will be done by the 1α-hydroxylase 
(CYP27B1) enzyme. The final product is 
the calcitriol (1,25(OH)2-cholecalciferol) 
what exerts 1000-fold stronger effects than 

serum), chronic kidney disease (normal glomer-
ular filtration rate), and a neurologic examina-
tion (with normal spine CT) excluded the 
neurologic background of the problem. X-ray of 
the legs found a transverse lucency (like a frac-
ture line), partly crossing his left femoral shaft. 
This finding was recorded as an imminent frac-
ture and a metal screw was inserted into the 
bone to prevent the completion of femoral frac-
ture. Orthopedic surgery was done 5  months 
before, followed by rehabilitation; however, he 
still suffered from disability. The week before his 
admission, the control X-ray found the operated 

femur in good condition, but a similarly partial 
crossing line was observed at the opposite femur 
in symmetrical position as it was previously seen 
on the left side.

There were neither previous diseases nor 
regular medications or alcohol consumption in 
his medical history. Gonadal functions were self-
reportedly going well. He worked in an office 
and spent his leisure time with computer games.

Our physical examination didn’t find spe-
cific alterations except the remnants of the 
femoral surgery, and mild scoliosis at the cervi-
co-thoracic spine.

Osteomalacia
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the basic vitamin D.  Calcitriol gets an 
extraordinary biological respect because 
of  its amazing effectivity that ensures its 
importance and risks in the same time. So, 
it is not surprising that 1α-hydroxylation 
goes under strict and multiple regulatory 
control. The main regulators are PTH 
(directly, and indirectly through hypophos-
phatemia) and FGF-23, but many hor-
mones (estrogens, glucocorticoids, etc.), 
and what is more, the sympathetic nervous 
system can also modulate its activity. On 
the other hand, a negative feedback saves 
it from overactivity as calcitriol suppresses 
the 1α-hydroxylase. Moreover, another 
enzyme (24-hydroxylase, CYP24A1) makes 
inactive forms like the 24,25(OH)2-D or 
1,24,25(OH)3-D.

In summary, vitamin D enters the body 
by foods, then passes through more acti-
vating steps, and finally produces a classi-
cal hormone: it is made from pre-materials, 
the formation goes under regulation, its 
effect will be exerted far (bone, gut, and 
immune system) from the site of  produc-
tion (liver and kidney), and the molecule is 
transported to the sites of  effect by the cir-
culation. Yes, we eat a vitamin—but form a 
D-hormone what is the true carrier of  the 
vitamin D-related physiologic effects.

It should be also clear now that mea-
surement of  the calcitriol plasma level 
will not inform about the vitamin D status 
of  a patient as its concentration is being 
changed continuously by the complicated 
regulatory systems.

?? Osteomalacia has been depicted as a bone 
disease due to calcium deprivation, but now 
we are discussing vitamin D: how are they 
linked?

vv The ideal amount of  daily calcium intake 
for adult humans is about 1000  mg. In 
modern societies, people consume about 
600–800 mg daily what is less but not very 
far from the ideal supply. The problem lies 
in the crucial role of  vitamin D in the in-
testinal calcium absorption that is very ef-
fective in the presence of  calcitriol but can 
be very low without the help of  vitamin 

D. The level of  calcium deprivation what is 
enough to develop osteomalacia can be 
originated from a severely low intake of 
calcium by foods, or more probably from a 
deficient enteral absorption of  calcium 
due to the lack of  calcitriol effect, or from 
the combination of  both.

?? So, understanding the basic consider-
ations—what are the main causes of osteo-
malacia?

vv .  Table 25.1 presents some conditions lead-
ing to osteomalacia. Insufficient intake or 
absorption of vitamin D, low exposure to 
sunshine, chronic kidney diseases, elder age, 
obesity, and their combinations make the 
highest risk for osteomalacia. Geographic 
position of the habitat has the most deter-
mining power: north or south from the 34° 
latitude is related to seasonal or continuous 
lack of ultraviolet B spectrum of sunlight. 
Dark skin, the culture of full-body clothing, 
and widespread use of sunscreen raise the 
risk even further. Please note that the insuf-
ficient effect of vitamin D to stimulate en-
teral calcium uptake alone can be enough to 
initiate the bone pathology; however, its ef-
fect is more expressed in parallel case of low 
calcium supply.

?? How shall we recognize vitamin D 
insufficiency?

vv It is important to understand the differ-
ence between vitamin D deficiency and os-
teomalacia. The former is an extremely 
frequent nutritional insufficiency which—
in severe cases, or in combination with cal-
cium deprivation—can lead to the specific 
bone disease called osteomalacia.

The serum level of 25-OH-D (total D, 
including D3 and D2) is regarded as the best 
marker of vitamin D status. The lower bor-
der of the normal reference range is a manner 
of dispute worldwide. Some experts define it 
as 30 ng/mL (75 nmol/L) because below this 
threshold a secondary hyperparathyroid-
ism will be activated. Other opinions vote 
to 20  ng/mL (50  nmol/L) as a value better 
characterizing the distribution of the healthy 
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population. All agree in the threshold of 
10 ng/mL (25 nmol/L) below which it is called 
vitamin D deficiency while between 10 and 
20 (or 10–30) ng/mL it is referred to as vita-
min D insufficiency. Anyway, the severity of 
the condition is described also by the associ-
ated alterations in calcium metabolism as it is 
shown in .  Table 25.2. Serum calcium level 
decreases slightly into the lower half of nor-
mal range as secondary hyperparathyroidism 
compensates, increasing the PTH and low-
ering the phosphate levels. Urinary calcium 
excretion is characteristically low due to less 
filtrated and more reabsorbed calcium in the 
kidney. Urinary phosphate output is also 
decreased. The starting involvement of the 
bone is shown by elevated turnover mark-

ers (beta-crosslaps, osteocalcin, and alkaline 
phosphatase—see in detail in the osteoporo-
sis chapter (7  Chap. 24)).

Vitamin D insufficiency is associated 
with poor clinical symptoms like generalized 
fatigue (commonly misdiagnosed as fibro-
myalgia, polymyalgia, or chronic fatigue 
syndrome) and proximal muscle weakness 
in legs. In rickets, irritability, restlessness, 
and flabby muscles can be the first signs.

?? How can osteomalacia be diagnosed?

vv If the calcium- and/or vitamin D depriva-
tion process doesn’t stop, osteomalacia will 
develop gradually. It is featured by altera-
tions in calcium metabolism (higher levels of 

.      . Table 25.1  Osteomalacia—main causes of  practical importance 

A. Lack of relevant calcium input

Low calcium intake by foods

�Low calcium absorption in the gut: malabsorption syndrome

B. Lack of relevant vitamin D effects (low calcium absorption)

�Decreased vitamin D supply: Low intake by foods, malabsorption syndrome

�Decreased vitamin D production: Reduced sunlight exposure
Dark skin (less sunlight)
Obesity (lipophyl store)
Older age (older skin and kidney)

Altered D-activation: Chronic kidney disease
Nephrosis (loss of binding protein)
Chronic liver disease
Pregnancy
Hypophosphatemia: tumor-induceda, hyperparathyroidism, 
Fanconi’s syndromeb, renal tubular acidosis, sarcoidosis, 
hypophosphatemic rickets (X-linked or autosomal), vitamin D 
dependent rickets type 1A (1α-hydroxylase deficiency)

Increased catabolism (via P-450): Medications (antiepileptics, antivirals, antirejection drugs, 
glucocorticoids, phenobarbital, isoniazid, rifampicin, and 
theophylline), hyperthyroidism, granulomatous disorders

Deficiency in vitamin D responsiveness 
(receptor failures and vitamin 
D-resistant rickets)

aTumor-induced osteomalacia or oncogenic osteomalacia is a rare endocrine paraneoplastic syndrome associ-
ated with severe hypophosphatemia that is mostly observed with small, often benign mesenchymal tumors 
secreting FGF-23
bFanconi’s syndrome is a combined proximal renal tubulopathy comprising phosphaturia, glucosuria, amino-
aciduria, proteinuria, and proximal renal tubular acidosis
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PTH and alkaline phosphatase, very low uri-
nary calcium), followed by deformations in 
bone remodeling and later in bone’s shape, 
producing clinical symptoms, physical alter-
ations, and specific radiologic signs. The 
mass of osteoid increases but its mineraliza-
tion decreases that will soften the bone. 
Sometimes it can lead to fractures but more 
frequently to deformations (e.g., curving of 
long bones) and bone pain. In osteomalacia, 
the throbbing and aching bone pain is char-
acteristic; specific signs are the tenderness on 
sternal compression and the waddling gait 
and hip pain. In rickets, a lot of symptoms 

help the diagnosis: head sweating, wide open 
fontanelles, craniotabes, frontal bossing, and 
so on—see in Suggested Reading.

Earlier, iliac crest bone biopsy has been 
the gold standard for establishing osteo-
malacia but now it should be reserved for 
dubious cases because typical X-ray find-
ings can prove the diagnosis in the vast 
majority of  patients. Spine radiographs 
show decreased distinctness of  vertebral 
trabeculae that is a direct consequence of 
decreased osteoid mineralization. Another 
classic radiologic finding is the Looser zone 
that represents a poorly repaired insuffi-

.      . Table 25.2  Results of  laboratory measurements

Value Reference range

Serum biochemistry:

Calcium, total 2.28 mmol/L 2.20–2.65

Calcium, ionized 1.02 mmol/L 1.05–1.25

Phosphate 0.51 mmol/L 0.81–1.45

Creatinine 69 μmol/L 45–84

Protein, total 72.2 g/L 66–83

Albumin 42 g/L 35–52

Gamma-glutamyl-transferase (gammaGT) 21 IU/L < 38

Alkaline phosphatase 234 IU/L 30–120

Urinary biochemistry: 24 hours collected urine

Calcium excretion 0.42 mmol/24 h 2.5–6.2

Phosphate excretion 11.2 mmol/24 h 12.9–42

Creatinine excretion 9.50 mmol/24 h 7–16

Serum hormone measurements:

TSH 1.94 mIU/L 0.35–4.94

PTH 188 pg/mL 10–85

25-OH-D 7.9 ng/mL 30–60

Osteocalcin 55 ng/mL 20–48

Beta-crosslaps 1211 pg/mL 100–1008

Bone densitometry

Z-score at Lumbar spine Femoral neck Forearm

-2,3 -2,9 -3,3

(For the explanation of Z-score, see the osteoporosis chapter (7  Chap. 24))
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ciency fracture (pseudofracture). On X-ray 
or on bone scintigraphy, it is seen symmet-
rically at the femoral shafts or at hip rami.

Bone densitometry is usually decreased 
in osteomalacia, as even 20% of  the bone 
mineral mass can be lost. Experts sug-
gest that bone loss is more pronounced at 
peripheral bones due to secondary hyper-
parathyroidism. The fracture risk assess-
ment tool (FRAX; see in osteoporosis 
chapter (7  Chap. 24)) is not fully sensi-
tive to osteomalacia because of  a different 
spectrum of  risk factors.

?? Are there any complications of this disease?

vv Long-term osteomalacia will develop irre-
versible disability due to final bone defor-
mations. Looser zones as insufficiency 
fractures are responsible for the bone pain. 
Vertebral compression fractures are less 
common, but they can contribute to ky-
phoscoliosis, significantly decreasing the 
quality of  life and increasing mortality. 
Dilated cardiomyopathy may develop par-
ticularly in case of  frequent hypocalcemic 
episodes and more probably in children, 
contributing to sudden death—the signifi-
cance of  this problem in adults is still un-
clear.

If  they have developed, most of  these 
complications remain even in case of  suc-
cessful treatment of  osteomalacia. On the 
contrary, Looser zones (pseudofractures) 
have a better prognosis: they can be com-
pletely healed by a long-term vitamin D 
therapy. For this reason, Looser zones 
don’t need surgery (as unfortunately hap-
pened in our case) but need vitamin D (as 
it was done with the patient’s second pseu-
dofracture).

?? How to treat osteomalacia?

vv Firstly, it is important to put down that 
nutritional osteomalacia (the vast majori-
ty of  cases) is a curable disease. The treat-
ment target is to eliminate the calcium 
deprivation in bone by restoring the calci-
um supply. For this aim, the first thing to 

do is ensuring at least the normally re-
quired amount of  calcium—dominantly 
by dairy products or supplemented by cal-
cium salt medications if  needed. However, 
in most cases the calcium absorption also 
needs restoration by vitamin D supple-
mentation.

The dose and strategy of vitamin D treat-
ment is controversial. Some scientific societ-
ies and consensus papers suggested big doses 
for saturation (6000–50,000 IU once a week, 
for 6–8  weeks), followed by 1500–2000  IU 
for maintenance. What’s more, really large 
doses (200.000–500.000 IU, once in every 6 
or 12 months) have also been recommended 
in the hope for a better adherence to the 
therapy. However, recent studies revealed 
that these high doses can initiate a tran-
sient bone loss and increased fracture rate 
in the first half  year, and the rebuilding of 
bone and reducing fragility was shown only 
in the second half  of the treatment year. A 
more tolerant and safe strategy gives longer 
time to bone healing: treatment starts with 
3000–6000 IU every day and after 6 weeks 
the 25-OH-D level should be monitored. 
The higher dose is given until the 25-OH-D 
level is normalized. After this, a daily dose 
of 1000–2000 IU is given continuously. The 
higher doses are proposed to patients with 
increased risk like in obesity or pregnancy.

Vitamin D3 is in use dominantly because 
its half-life is longer than that of D2. 
Absorption of orally given vitamin D is very 
good while it is less adequate via the par-
enteral route. Duration of treatment lasts 
probably lifelong since the underlying risk 
(latitude, dark skin, culture of clothing, etc.) 
is unlikely to change. In case of low adher-
ence or a drug-holiday, osteomalacia has a 
tendency for recurrence.

?? Is there any unwanted consequence of vita-
min D treatment?

vv Unfortunately, yes there is. The problem 
lies in the different effectivity of calcitriol in 
the target organs that may be complicated 
by the diversity of patients in the vitamin D 
transport and receptors. Vitamin D treat-

Osteomalacia
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ment should be monitored by checking the 
25-OH-D level in the serum: the goal is to 
maintain this value between 30 and 60 ng/
mL (75–150 nmol/L) as bone healing could 
be the best by this range. However, in some 
patients, this set of 25-OH-D level can be 
associated with disproportionately in-
creased calcium absorption in the gut, and 
this could lead to hypercalcemia. As the 
maintenance of normal calcium concentra-
tion has a superb biologic significance, the 
hypercalcemia will be prevented by excret-
ing more calcium in the urine.

Indeed, vitamin D alone causes hyper-
calcemia very rarely: it occurs only with the 
use of  high doses what should be avoided. 
Nevertheless, hypercalciuria can be seen in 
10–20% of  cases with long-term vitamin D 
treatment. Increased calcium excretion is 
known as the main risk factor for kidney 
stone production; moreover, a silent but 
fatal nephrocalcinosis may also develop. 
In case of  hypercalciuria, the dose of  vita-
min D should be halved, and calciuria is 
to be monitored regularly. Combination 
therapy with thiazides that reduce calcium 
excretion can also be an option, but it 
needs strict control of  serum calcium level 
because of  the hazard of  hypercalcemia.

?? What methods are available for the preven-
tion of osteomalacia?

vv Nutritional osteomalacia and rickets are 
fully preventable diseases. Supplementation 
of  infants and pregnant women, promot-
ing vitamin D and calcium intake for all 
age groups (particularly for elders), educa-
tion concerning risk groups and condi-
tions, and food fortification are the main 
methods what are applied and studied 
worldwide for the prevention (see more in 
Suggested Reading).

Tips

The reader is advised to read the chapter on 
primary hyperparathyroidism (7  Chap. 22) 
and the preceding chapter on osteoporosis 
(7  Chap. 24).

Take Home Messages
55 Osteomalacia is a complex disturbance 

of bone remodeling in the calcium-
deprived adults, consisting of increased 
bone resorption and osteoid overpro-
duction but a defective mineralization 
of the new osteoid.

55 Low intake or insufficient absorption of 
calcium contributes to development of 
osteomalacia; however, the severe vita-
min D deficiency is the main factor 
leading to this disease.

55 Insufficient intake or absorption of vi-
tamin D, low exposure to sunshine, 
chronic kidney diseases, elder age, obe-
sity, and their combinations make the 
highest risk for osteomalacia.

55 The serum level of 25-OH-D (total 
25-hydroxyvitamin D) is regarded as 
the best marker of vitamin D status.

55 Osteomalacia can lead to fractures but 
more frequently to deformations (e.g., 
curving of long bones) and bone pain. In 
osteomalacia, the throbbing and aching 
bone pain is characteristic. Looser zones 
(pseudofractures) of the long bones are 
typical radiologic signs.

55 The treatment of osteomalacia starts 
with 3000–6000  IU every day for 
6 weeks and the 25-OH-D level should 
be monitored. After the 25-OH-D level 
is normalized, a daily dose of 1000–
2000 IU is given continuously. Oral vi-
tamin D is recommended.

55 It is important to avoid the overdosing 
of vitamin D in the treatment of osteo-
malacia: while hypercalcemia is a rare 
consequence, hypercalciuria (the main 
risk factor of kidney stones or nephro-
calcinosis) can be frequently seen if  us-
ing higher doses.
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Diseases of the 
Adrenal
The adrenal gland is composed of two different parts. The adrenal 
cortex is of mesodermal origin and secretes steroid hormones 
involved in the regulation of pivotal homeostatic mechanisms 
such as electrolyte balance (mineralocorticoids) and stress, inflam-
mation, and metabolism. (glucocorticoids). Steroid hormones 
with androgenic activity are also produced by the cortex. The 
adrenal medulla is of ectodermal origin and secretes catechol-
amines including adrenaline (epinephrine) and noradrenaline 
(norepinephrine) involved in the sympathetic stress response.

Adrenal tumors are quite common and are often discovered inci-
dentally (7  Chap. 26). Most of the adrenal incidentalomas are 
benign and hormonally inactive adrenocortical tumors; however, 
hormone-secreting and malignant tumors (adrenocortical cancer, 
7  Chap. 30) are associated with significant morbidity and mortality.

Overproduction of adrenocortical hormones, that is, cortisol (adre-
nal Cushing’s syndrome, 7  Chap. 27) and aldosterone (7  Chap. 28), 
and deficiency of adrenocortical hormones (Addison’s disease, 
7  Chap. 31) are discussed in detail. The autonomous overproduc-
tion of aldosterone (primary aldosteronism), which is mostly caused 
by a unilateral aldosterone-producing adenoma (Conn’s syndrome) 
or bilateral adrenal hyperplasia, is the most common cause for sec-
ondary hypertension. Secondary aldosteronism (7  Chap. 29) can be 
observed in various pathologies that include both common and 
rare diseases. Autoimmune polyendocrine syndromes including 
primary adrenal insufficiency are presented in 7  Chap. 31.

7  Chapters 32, 33, 34, and 35 are dedicated to adrenocortical steroid 
biosynthetic enzyme deficiencies leading to different forms of con-
genital adrenal hyperplasia. 21-hydroxylase deficiency is the most 
common that is discussed in three chapters: salt-wasting and simple 
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virilizing forms are diagnosed in childhood, whereas the diagnosis of 
the more common late onset form is usually established in adults. 
7  Chapter 35 presents the very rare 17α-hydroxylase/17, 20-lyase 
deficiency.

Another rare disease, glucocorticoid resistance due to glucocorti-
coid receptor defects, is briefly discussed in 7  Chap. 36.

The focus of 7  Chaps. 37 and 38 are adrenomedullary tumors, that is, 
pheochromocytoma and paraganglioma (extraadrenal pheochromo-
cytoma). 7  Chapter 38 presents malignant paraganglioma and its 
management.
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Opening
This chapter will focus on the diagnosis and 
management of incidentally discovered 
adrenal tumors.

�Case Presentation

Definition of the Disease

Adrenal incidentaloma (AI) is an adrenal mass 
discovered serendipitously on cross-sectional 
abdominal imaging performed for indications 
other than suspected adrenal pathology. Over 
the last two decades, high-resolution imaging, 
along with its widespread use, led to a significant 
increase in the incidence of AI.  In a recent 
population study, standardized incidence rates 
of adrenal tumors increased tenfold between 
4.4 per 100,000 persons in 1995 and 47.8 
per 100,000 persons in 2017, mainly due to 

incidental discovery of small adrenocortical 
adenomas in patients >40 years. Radiological 
series describe a 5–7% prevalence of AI on 
cross-sectional abdominal imaging. Adrenal 
tumors are usually diagnosed in the 5th to 6th 
decade, with almost equal sex distribution 
(55% in women). In contrast, adrenal tumors, 
and especially AIs, are very uncommon in 
children, representing only 1% of all adrenal 
tumor diagnoses.

A 55-year-old postmenopausal woman pres-
ents to the clinic to discuss the findings of an 
abdominal computed tomography (CT) scan 
performed for nonspecific abdominal pain 
that has since resolved. Incidentally, a 3.7  cm 
right homogeneous adrenal mass was discov-
ered, with smooth borders and an unenhanced 
attenuation of 23 Hounsfield units (HU) 
(.  Fig.  26.1). She reports progressive weight 
gain of around 4 kg over the last 12 months. 
Patient’s medical history is remarkable for type 
2 diabetes mellitus, hypertension, and obesity 
(BMI 33.5 Kg/m2). Family history is negative 
for endocrinopathies or malignancies. Patient’s 
medications include metformin 1000  mg 
two times a day, glipizide 10  mg once a day, 
hydrochlorothiazide 25  mg once a day, and 
lisinopril 20 mg once a day. Vital signs include 
heart rate 80 beats per minute, blood pressure 
130/80  mmHg, respiratory rate 16 breaths 
per minute, oxygen saturation 97% on room 
air, and temperature 97.8 degrees Fahrenheit. 

On physical examination, there is absence of 
rounded face, supraclavicular or dorsocervi-
cal fat pads, centripetal obesity, abdominal 
striae, ecchymosis, or hirsutism. Lab work is 
noted for unremarkable comprehensive meta-
bolic panel  and glycosylated hemoglobin A1c 
(HbA1c) 6.8%.

.      . Fig. 26.1  Unenhanced CT revealed an inci-
dentally discovered right adrenal mass (3.7  cm, 
Hounsfield units = 23)
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?? What is the likely etiology of adrenal mass?

vv Population-based data demonstrate that 
the majority of  adrenal tumors represent 
adrenocortical adenomas (84%) or other 
benign adrenal tumors, such as myeloli-
pomas or cysts (6.6%), while malignant 
adrenal tumors (7  Chap. 30) and pheo-
chromocytomas (7  Chap. 37) represent 
8.6% and 1%, respectively (.  Table 26.1). 
(Myelolipoma is an invariably benign 
tumor consisting of  fat and bone marrow 
elements.) In endocrine clinics, the pro-
portion of  patients diagnosed with pheo-
chromocytomas is higher, at 3–7%. The 
most common malignant adrenal mass 
evaluated in the endocrine clinic is adreno-
cortical carcinoma (3–8% of  all tumors); 
however, in a population setting, most 
malignant adrenal tumors are metastases. 
Clinical, imaging, and hormonal pheno-
type can be diagnostic or suggestive of 
a particular etiology (.  Table  26.1 and 
.  Fig. 26.2).

?? What should be done next?

vv In any patient with adrenal mass, two 
crucial questions need to be answered: 
(A) Is the adrenal mass malignant? (B) 
Is the adrenal mass hormonally active? 
(.  Fig.  26.3) The answer to these ques-
tions is critical in establishing further man-
agement plan.

?? Is the adrenal mass malignant?

vv Certain clinical and imaging variables help 
make or exclude the diagnosis of  adrenal 
malignancy. For example, history or active 
extra-adrenal malignancy raises the likeli-
hood of  the indeterminate adrenal mass 
to be an adrenal metastasis. Presentation 
with hormone excess suggests either 
benign or malignant cortical adrenal 
tumor (adrenal adenoma or carcinoma) 
or pheochromocytoma. Combined adre-
nal hormone excess, such as concomitant 
cortisol and androgen excess, is strongly 
suggestive of  adrenocortical carcinoma. 
Personal or family history of  a genetic 

predisposition such as Von Hippel-Lindau 
syndrome (7  Chap. 52), multiple endo-
crine neoplasia type 2 (7  Chap. 51), or 
neurofibromatosis type 1 is suggestive of 
pheochromocytoma (.  Table 26.1).

zz Imaging phenotype
Imaging phenotype can be especially help-
ful in making the diagnosis of malignancy 
(.  Table 26.2). The prevalence of malignancy 
in large adrenal tumors (>4  cm) is much 
higher than in smaller adrenal tumors (30% 
vs 3%). Most adrenocortical carcinomas are 
>6  cm at the time of diagnosis, while adre-
nocortical adenomas are uncommonly larger 
than 4  cm. However, tumor size has poor 
accuracy in diagnosing adrenal metastases or 
non-cortical benign tumors such as myelo-
lipomas (.  Fig.  26.2 and .  Table  26.1). 
Measurement of HU on unenhanced CT is the 
imaging of choice in the evaluation of adrenal 
tumors. The higher the lipid content of the 
mass, the lower is the density and, hence, the 
HU. HU <10 in a homogeneous adrenal mass 
confidently excludes malignancy or pheochro-
mocytoma. However, while most benign adre-
nal adenomas are lipid-rich and present with 
HU < 10 HU, around 40% of adrenocortical 
adenomas are lipid-poor (HU > 10) and thus 
are indeterminate on imaging. Notably, any 
heterogeneous lesion should be considered 
indeterminate. CT characteristics suggestive 
of malignancy also include irregular bor-
ders, local invasion, and necrosis. Contrast-
enhanced washout CT has lower evidence as 
far as diagnostic accuracy in adrenal tumors. 
All adrenal masses demonstrate rapid uptake 
of the contrast; however, malignant tumors 
demonstrate a slower washout when com-
pared to the rapid washout of benign tumors. 
As such, relative washout of >40% and abso-
lute washout >60% at 10 to 15 minutes after 
intravenous contrast administration is sug-
gestive of a benign adrenal mass. Magnetic 
resonance imaging (MRI) relies on the out-of-
phase loss of signal intensity on chemical shift 
analysis in diagnosis of adrenocortical adeno-
mas. Although MRI offers the advantage 
of avoiding ionizing radiation and contrast 
medium, the evidence for its use is limited 
to a very few studies without a standardized 
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definition for loss of signal intensity. In addi-
tion, as chemical shift analysis is based on fat 
content in the adrenal mass, it has a limited 
additional diagnostic value over unenhanced 
CT. 18F-Fluorodeoxyglucose positron emission 
computed tomography (18FDG-PET-CT) mea-
sures the metabolic activity of the tumor cells 
based on the uptake of deoxyglucose (com-
pared to the liver). A low or no uptake is sug-
gestive of a benign adrenal mass. However, a 

higher uptake is not specific for malignancy 
and can be seen in certain benign conditions 
with increased metabolic activity (hormonally 
active adenoma, infections). Additionally, 
certain malignant lesions, such as small adre-
nal metastasis, or a low-grade lymphoma may 
show low or no uptake. Other disadvantages 
of an 18FDG-PET-CT are the limited avail-
ability and higher cost.

a b

f g

c d e

.      . Fig. 26.2  Unenhanced CT images: a Normal right 
adrenal gland; b normal left adrenal gland; c lipid-rich 
adenoma (right, 2.4 cm, HU = 2); d myelolipoma (right, 
3.2 cm, HU = -87); e bilateral adrenal metastases (right, 

4 cm, HU = 33; left, 2.3 cm, HU 29); f pheochromocy-
toma (left, 4.2 cm, HU = 28); g adrenocortical carcinoma 
(left, 7 cm, HU = 37)
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.      . Fig. 26.3  Flowchart: Evaluation of  adrenal inciden-
taloma. Footnote: 1. Everyone with an adrenal inciden-
taloma should be tested. 2. Only for patients with 
unenhanced attenuation >10 Hounsfield units on com-
puted tomography. 3. Only if  hypertension or unex-

plained hypokalemia. 4. Alternative imaging includes 
CT contrast washout time, MRI, or FDG-PET scan. 5. 
See sections on Cushing’s syndrome, primary aldoste-
ronism, and pheochromocytoma

.      . Table 26.2  Diagnosis of  a malignant adrenal mass

Variable Cutoff Prevalence of 
malignancy

Comments

Tumor size >4 cm 30–35% Tumor size as a predictor for 
malignancy needs to be considered in 
combination with imaging 
characteristics

2–4 cm 9%

<2 cm 3%

Computed 
tomography 
Unenhanced 
Hounsfield unit (HU)

<10 HU 0% High level of evidence

10–20 HU 3–5%

>20 HU 20–30%

MRI chemical shift Present <1–5% depending on 
definition of chemical 
shift

Low evidence

Absent 20–30%

18FDG-PET-CT scan Positive 
uptake

85% Also positive in pheochromocytomas

Negative 
uptake

5–15% Possible false-negative results in small 
metastases

(continued)
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zz Back to our patient
Our patient presents with an incidentally 
discovered indeterminate adrenal mass. 
Unenhanced HU of 23 cannot exclude malig-
nancy. At this time, differential diagnosis 
includes a lipid-poor adrenocortical adenoma 
and less likely adrenocortical carcinoma and 
pheochromocytoma. Adrenal metastasis is 
possible, but is unlikely given that the patient 
has no history of extra-adrenal malignancy.

?? Is it hormonally active?

vv It is essential that all patients with adrenal 
mass undergo a thorough clinical assess-
ment for symptoms and signs of  adrenal 
hormone excess. Regardless of  symptoms, 
all patients should undergo assessment 
with the overnight 1  mg dexamethasone 
suppression test (7  Chaps. 3 and 27). 
Workup for primary aldosteronism is rec-
ommended only for patients with hyper-
tension, with or without hypokalemia. 
Workup for catecholamine excess should 
be performed in anyone with indeterminate 
adrenal mass (.  Fig.  26.3). Additional 
workup may be necessary if  initial tests are 
abnormal (.  Table 26.3).

zz Autonomous cortisol secretion
It is the most common etiology behind hor-
monally active incidentalomas. Afflicted 
patients can present with either overt hyper-
cortisolism (<1–5%) or a mild autonomous 
cortisol secretion (MACS) that can be seen in 
up to 50% of AI. Patients with MACS do not 
possess the typical clinical features (moon-
like faces, buffalo hump, centripetal obesity, 
easy bruising) seen in overt Cushing’s syn-
drome. These patients usually manifest with 
comorbidities such as type 2 diabetes mellitus, 
hypertension, dyslipidemia, obesity, and/or 
osteoporosis.

All AIs should undergo evaluation for cor-
tisol excess with 1 mg overnight dexametha-
sone suppression test (DST) followed by 
measurement of serum cortisol levels the next 
morning at 8  AM.  Post-DST serum cortisol 
levels ≤1.8  μg/dL (≤ 50  nmol/L) exclude 
hypercortisolism. In patients without overt 
clinical features of hypercortisolism, serum 
cortisol values between 1.9 and 5  μg/dL 
(51 nmol/l to 137 nmol/l) are considered “pos-
sible mild autonomous cortisol secretion,” 
and values >5  μg/dL (>138  nmol/L) are 
defined as “mild autonomous cortisol secre-
tion.” Following biochemical evidence of cor-

Variable Cutoff Prevalence of 
malignancy

Comments

Tumor growth >1 cm in 
3–6 months

Worrisome for 
malignancy

Also observed in adrenal hemorrhage

0–1 cm in 
>6 months

Unlikely malignancy Note that low-grade adrenocortical 
carcinomas may have a slow tumor 
growth

Serum and urine 
steroid metabolomics

Positive >70% likelihood of 
adrenocortical 
carcinoma

Note that all other adrenal 
malignancies will have a negative 
result

Negative 5% likelihood of 
adrenocortical 
carcinoma

Adrenal biopsy Cytology Not accurate in 
adrenocortical 
carcinoma or adenoma
>90% diagnostic 
accuracy in adrenal 
metastases

Consider non-diagnostic rate, 
complication rates
Always exclude pheochromocytoma 
before biopsy
Do not perform in adrenocortical 
neoplasms

.      . Table 26.2  (continued)
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tisol excess, plasma adrenocorticotrophic 
hormone (ACTH) levels should be measured 
to help differentiate the etiology (ACTH vs 
non-ACTH dependent). Measurement of 
dehydroepiandrosterone sulfate (DHEAS) 
can be further helpful in diagnosing MACS 
(.  Table 26.3). See more in the Cushing’s syn-
drome chapter (7  Chap. 27).

zz Primary aldosteronism
In the presence of hypertension with or with-
out unexplained hypokalemia, a morning 
plasma aldosterone concentration and plasma 
renin activity or direct renin measurements 
should be obtained. Positive case detection 
test is considered when aldosterone is >10 ng/
dL and renin is suppressed (.  Table  26.3). 
Further workup may be needed, and subtype 

evaluation should be next performed. See 
more in the primary aldosteronism chapter 
(7  Chap. 28).

zz Catecholamine excess
Around 60% of pheochromocytomas are 
diagnosed as incidentalomas, and only around 
30% are diagnosed based on symptoms of 
catecholamine excess. Most patients with 
pheochromocytoma do not present with the 
classic triad of palpitations, headache, and 
diaphoresis, and approximately 15% are nor-
motensive at the time of initial evaluation. 
As recently demonstrated by a large multi-
center study, as well as a systematic review 
and meta-analysis, pheochromocytomas 
always present with unenhanced HU >10 on 
CT. Thus, workup for catecholamine excess is 

.      . Table 26.3  Hormonal workup in patients with adrenal tumors

Adrenal hormone 
excess

Indication for 
testing

First-line testing Second-line or 
confirmatory 
testing

Final diagnostic 
considerations

Adrenal 
hypercortisolism

Anyone with 
adrenal mass, 
regardless of 
symptoms

1 mg 
dexamethasone 
suppression test 
(abnormal >1.8 
μg/dl)

ACTH, DHEAS
24 h urine cortisol
Repeat 1 mg or 
perform 8 mg 
(high dose) 
dexamethasone 
suppression test

Patients with autonomous 
cortisol secretion will have 
abnormal dexamethasone 
suppression test, low 
ACTH, and DHEAS. 24 h 
urine cortisol is usually 
normal in mild 
autonomous cortisol 
secretion

Primary 
aldosteronism

Anyone with 
hypertension 
with or without 
spontaneous 
hypokalemia

Morning 
aldosterone and 
renin or renin 
plasma activity 
(abnormal 
aldosterone 
>10 ng/dL and 
suppressed renin)

Unnecessary if  
positive first-line 
test and 
hypokalemia
Otherwise: salt 
loading test, 
saline infusion 
test, captopril 
challenge, or 
fludrocortisone 
test

Patients with confirmed 
primary aldosteronism 
will need subtype 
evaluation with imaging 
and adrenal vein sampling 
in order to proceed with 
adrenalectomy

Catecholamine 
excess

Anyone with 
indeterminate 
adrenal mass 
(HU > 10)

Plasma or urine 
metanephrines

Usually not 
needed unless 
interfering 
medications are 
suspected

Patients with suspected 
pheochromocytoma, 
extra-adrenal disease, and 
associated genetic 
predisposition need to be 
considered

ACTH adrenocorticotrophic hormone, DHEAS dehydroepiandrosterone sulfate
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not needed in any lipid-rich lesions with HU 
<10. However, as most pheochromocytomas 
do not present with specific symptoms, and 
missing a pheochromocytoma can be dan-
gerous, workup for catecholamine excess is 
needed in all adrenal tumors with HU >10, 
regardless of size. The initial test includes 
either plasma fractionated metanephrines or 
24 h urine for catecholamines and fractionated 
metanephrines (.  Table 26.3). See more in the 
pheochromocytoma chapter (7  Chap. 37).

zz Additional Testing
Steroid metabolomics: Measurement of ste-
roid precursors and androgen is not routinely 
performed except when clinical features of 
hirsutism or virilization are present or imag-
ing characteristics concerning for adrenocor-
tical carcinoma are present. Measurement of 
17-OH progesterone, 17-OH pregnenolone, 
and 11-deoxycortisol can be considered in 
patients suspected to have adrenocortical car-
cinoma. In addition, measurement of andro-
gens (DHEAS, androstenedione, testosterone) 
frequently reveals androgen co-secretion in 
patients with adrenocortical carcinoma and 
can aid in initial diagnosis, as androgen pro-
duction from a benign adrenal adenoma is 
exceedingly rare. Urine steroid profiling has 
recently been shown to have high accuracy 
in diagnosing adrenocortical carcinoma and 
may be integrated in clinical care in the future, 
though currently is available only in subspe-
cialized laboratories.

?? Is there a role for adrenal biopsy in the man-
agement of adrenal tumors?

vv Adrenal biopsy is rarely needed in the 
diagnostic workup of  adrenal tumors. 
Non-diagnostic rate of  adrenal biopsies 
is around 5%, and complication rate is 
around 2.5%. Adrenal biopsy has poor 
accuracy in differentiating adrenocortical 
adenoma from adrenocortical carcinoma 
and carries a potential risk of  tumor dis-
semination. Adrenal biopsy does have a 
role in patients suspected to have an adre-
nal metastasis or lymphoma, in which 
situation, diagnostic accuracy is high, and 
the results of  biopsy may change patient’s 

management. Adrenal biopsy should 
never be performed in a patient with 
potential pheochromocytoma and should 
be avoided in any potential adrenocorti-
cal carcinoma. Based on 2016 European 
Society for Endocrinology (ESE) guide-
lines, adrenal biopsy is only recommended 
if  all of  the following criteria are fulfilled: 
(i) the lesion is hormonally inactive (in 
particular, pheochromocytoma has been 
excluded), (ii) the lesion has not been con-
clusively characterized as benign by imag-
ing, and (iii) management would be altered 
by knowledge of  the histology.

zz Back to our patient
In our patient, workup for primary aldoste-
ronism and catecholamine excess was negative. 
However, after the overnight 1 mg dexameth-
asone suppression test, the morning serum 
cortisol levels were elevated to 9.2  μg/dL or 
253.83 nmol/L (reference range < 1.8 μg/dL or 
50 nmol/L). Additional testing included morn-
ing plasma ACTH levels low at 8 pg/mL (refer-
ence range 7.6 to 60 pg/mL) and low DHEAS 
of 17  μg/dL (normal 15–137  μg/dL). In the 
absence of overt clinical features of hypercor-
tisolism, she was diagnosed with MACS.

?? Given the imaging and hormonal work up, 
what is the most likely etiology of adrenal 
mass in our patient?

vv Finding MACS in our patient with inci-
dentally discovered adrenal mass suggests 
a cortical lesion, such as adrenocortical 
adenoma or carcinoma. Imaging charac-
teristics of  the mass are not able to con-
fidently exclude adrenocortical carcinoma 
(3.7 cm adrenal mass, HU of  23); however, 
as most adrenocortical carcinomas are 
larger, the adrenal mass is less likely to 
be malignant and more likely to be lipid-
poor adenoma. In addition, we found that 
DHEAS is low, suggestive of  absence of 
androgen co-secretion pathognomonic for 
adrenocortical carcinoma. Purely cortisol-
secreting adrenocortical carcinomas can 
occur, and thus malignancy cannot be 
completely excluded.
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?? What are the management options for inde-
terminate adrenal tumors?

vv In any patient with an indeterminate 
adrenal mass, there are three options for 
management: (1) adrenalectomy, (2) addi-
tional characterization of  adrenal mass by 
another imaging test, and (3) monitoring 
for tumor growth (.  Fig. 26.3). Choosing 
a particular option depends on the degree 
of  suspicion for malignancy, availability 
of  surgical expertise or advanced imaging, 
and patient’s preference. Adrenalectomy is 
a logical choice in patients with an adre-
nal mass highly likely to be malignant 
(large adrenal mass, necrosis, heterogene-
ity) and/or presence of  adrenal hormone 
excess. Open adrenalectomy is performed 
for adrenal tumors likely to be malignant, 
and laparoscopic adrenalectomy is the 
procedure of  choice for benign adrenal 
adenomas. Additional imaging (contrast 
washout, MRI, 18FDG-PET-CT) can 
characterize the adrenal mass in more 
detail. For example, proceeding with 
18FDG PET-CT scan in a patient with 
an indeterminate adrenal mass on unen-
hanced CT scan will characterize the meta-
bolic activity of  the adrenal mass and may 
help decide on a more aggressive approach 
(if  positive 18FDG uptake) or conserva-
tive approach (if  negative 18FDG uptake). 
Finally, in patients with smaller indeter-
minate adrenal tumors likely to be lipid-
poor adenoma, re-imaging in 6–12 months 
to examine tumor growth will help con-
firm the benign etiology (if  no growth). 
Alternatively, reviewing past imaging can 
provide information on tumor growth.

?? What are the management options for 
MACS?

vv Once the diagnosis of  MACS is made, 
patients should be screened for type 2 dia-
betes mellitus, hypertension, and asymp-
tomatic vertebral fractures. It is important 
to note that the risk of  MACS progress-
ing to overt hypercortisolism is extremely 
low (<0.5%). Depending on the degree of 

cortisol excess and presence of  comorbidi-
ties, adrenalectomy could be considered. 
Previous studies reported that adrenal-
ectomy in MACS may lead to improve-
ment of  hypertension, diabetes mellitus, 
dyslipidemia, obesity, and bone health. 
However, the degree of  improvement is 
variable, and identifying patients most 
likely to benefit from adrenalectomy is 
challenging. Thus, option of  adrenalec-
tomy versus conservative approach needs 
to be discussed with each patient. Presence 
of  MACS-associated comorbidities, imag-
ing phenotype, and patient’s preference 
are the individual factors that play a role 
in the final decision.

zz Back to our patient
Our patient has hypertension, diabetes mel-
litus type 2, and obesity. On further workup, 
she was also found to have dyslipidemia. Bone 
density revealed osteopenia, with a T-score of 
−1.8 (7  Chap. 24). Spine X-ray did not reveal 
any asymptomatic vertebral fractures. After 
discussing options for management, patient 
and endocrinologist decided on adrenalec-
tomy for management of MACS.  Reasons 
for this choice were (1) confirmed high degree 
of autonomous cortisol secretion (post-DST 
cortisol >5 μ/dL, low ACTH, and DHEAS), 
(2) presence of comorbidities possibly related 
to long-standing MACS, (3) indeterminate 
imaging phenotype of adrenal mass, and (4) 
patient’s preference. Following this decision, 
patient had laparoscopic adrenalectomy by an 
experienced adrenal surgeon. Pathology con-
firmed adrenocortical adenoma. Patient was 
initiated on hydrocortisone therapy for post-
operative adrenal insufficiency. Recovery of 
hypothalamic-pituitary-adrenal axis occurred 
7  months later, confirmed by hormonal 
workup, and hydrocortisone was discontin-
ued. At 12 months follow-up, patient contin-
ued to have hypertension but required a lower 
dose of lisinopril. Diabetes mellitus type 2 was 
better controlled allowing discontinuation of 
glipizide. Patient lost 5  kg during 3  months 
post-adrenalectomy. She continues to have 
stable osteopenia on repeat bone density.

Adrenal Incidentaloma
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?? What is the recommended follow up in pa-
tients with confirmed non-functioning adre-
nocortical adenomas?

vv In a patient with a clearly benign 
(HU  <  10) nonfunctioning adrenal ade-
noma, further monitoring with imaging or 
repeated hormonal workup is not needed. 
As reported in a recent meta-analysis of 
32 studies including 4121 patients, 4% of 
adrenal adenoma demonstrated a growth 
of  at least 1 cm over around 40 months of 
follow-up; however, no patient developed 
adrenal malignancy. In addition, <0.5% of 
patients with nonfunctioning adrenal ade-
nomas or MACS developed new primary 
aldosteronism, overt hypercortisolism, 
or pheochromocytoma. Thus, there is no 
need to monitor patients with benign non-
functioning adrenal adenomas. Patients 
with MACS not treated by adrenalectomy 
require monitoring for MACS-associated 
comorbidities so that aggressive therapy 
for diabetes mellitus type 2, hypertension, 
dyslipidemia, and osteoporosis is promptly 
initiated.

Tips

The reader is advised to read the follow-
ing chapters on adrenal tumors: adre-
nal Cushing’s syndrome (7  Chap. 27), 
primary aldosteronism (7  Chap. 28), 
adrenocortical cancer (7  Chap. 30), and 
pheochromocytoma (7  Chap. 37).

Take-Home Messages
55 Adrenal incidentaloma is common, 

detected on 5–7% of cross-sectional 
imaging.

55 In any patient with adrenal mass, 
two important questions should be 
addressed: (A) Is the mass benign or 
malignant? (B) Is the mass nonfunc-
tioning or hormonally active?

55 Unenhanced abdominal CT is the rec-
ommended initial test to assess the 
imaging phenotype and size of the 
mass.

55 Homogenous adrenal masses with 
unenhanced CT-attenuation of <10 HU 
indicates lipid-rich benign adenoma, 
and malignancy or pheochromocytoma 
can be confidently excluded.

55 In patients with indeterminate adrenal 
tumors, management options include 
adrenalectomy, imaging with another 
test (18FDG PET-CT scan), or interval 
imaging to evaluate tumor growth.

55 Adrenal biopsy is rarely recommended, 
usually reserved for adrenal tumors 
likely to be adrenal metastases (and 
only after excluding pheochromocy-
toma).

55 All adrenal incidentalomas should 
undergo biochemical hormonal evalu-
ation for autonomous cortisol secre-
tion (1  mg overnight dexamethasone 
suppression test), regardless of symp-
toms. Workup for catecholamine excess 
(pheochromocytomas) should be done 
only in indeterminate adrenal tumors 
(HU  >  10), and workup for primary 
aldosteronism in anyone with hyperten-
sion.

55 Urine steroid metabolomics is an 
emerging diagnostic test for adrenocor-
tical carcinoma.

55 Any patient with autonomous corti-
sol secretion should be evaluated for 
cortisol-induced metabolic abnormali-
ties. Decision on adrenalectomy for 
autonomous cortisol secretion should 
consider the degree of  cortisol abnor-
mality, presence of  comorbidities, 
adrenal tumor phenotype, and patient’s 
preference.

55 No further workup or monitoring 
is recommended for nonfunctioning 
benign adrenal tumors as the risk of 
malignancy or new hormonal excess in 
these patients is <0.5%.
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Opening
In this chapter, the reader will get acquainted 
with the clinical features, diagnosis, and 
treatment of cortisol overproduction (Cushing’s 

syndrome) related to adrenal tumors. The 
pituitary and ectopic forms are discussed in 
different chapters (7  Chaps. 3 and 45).

Definition of the Disease

Cushing’s syndrome is related to the overpro-
duction of cortisol (hypercortisolism). The 
most common form of Cushing’s syndrome is 
exogenous (iatrogenic) that is associated with 
the widespread use of steroids in the treat-
ment of various autoimmune and oncologic 
diseases. Endogenous Cushing’s syndrome can 
be classified as ACTH-dependent or ACTH-
independent. ACTH-dependent forms include 
pituitary ACTH-producing adenoma (Cush-
ing’s disease) and ectopic ACTH syndrome 
that are discussed in other respective chapters 
of the book. The most common form of hyper-
cortisolism is Cushing’s disease representing 
60–70% of all endogenous hypercortisolism, 

but it is still very rare with an incidence varying 
between 1 and 7/million/year in various stud-
ies. Adrenal and ectopic ACTH-related forms 
of Cushing are both responsible for 15–20% of 
all Cushing’s syndrome, respectively. ACTH-
independent Cushing’s syndrome is invariably 
associated with adrenal tumors, mostly benign 
adrenocortical adenoma and rarely adreno-
cortical cancer (discussed in 7  Chap. 30).

Due to the widespread activities of corti-
sol in the human body, its overproduction is 
related to dysfunctions of several organ sys-
tems including metabolic, musculoskeletal, 
immune, and neuropsychiatric complications 
among others.

�Case Presentation

A 30-year-old woman was admitted to our endo-
crine consultation. Her case history includes 
hypertension known for 5  years and diabetes 
mellitus treated with metformin for 3 years. She 
had an epileptic attack 2  years ago due to an 
ischemic stroke, and later she had pulmonary 
embolization. Factor V Leiden mutation hetero-
zygosity has been established, and for 2 years, 
she receives anticoagulation with rivaroxaban. 
She had right pleuropneumonia 8 months ago. 
She is known to have major depression for 2 

years and tried to commit suicide on two occa-
sions (the last occurred 2 months before her cur-
rent admission with benzodiazepine overdose). 
Ophthalmological examination revealed cata-
ract on both lenses, and 2 months ago, glaucoma 
has also been described.

She had a weight gain of 20 kgs in the past 
1–1.5 years. Her menstrual cycle became irreg-
ular in the past months. She complains about 
cognitive impairment, particularly regarding 
short-term memory.
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?? What are the features from this case that are 
suspicious for hypercortisolism (Cushing’s 
syndrome)?

vv The patient complained of  weight gain. 
By physical examination, centripetal obe-
sity with thin limbs, moon-like face, pro-
nounced abdominal obesity (.  Fig. 27.1a), 
and a buffalo hump (.  Fig.  27.1b) was 
evident along with typical striae of  the 
belly (.  Fig. 27.1a).

vv The major clinical symptoms associated 
with Cushing’s syndrome are presented in 
.  Table 27.1. This case presents almost all 
important features of Cushing’s syndrome 
including hypertension, diabetes mellitus, 
and increased risk for infection (pleuro-
pneumonia 8  months before admission). 
Ophthalmologic complications including 
cataracts and increased intraocular pres-
sure (glaucoma) are mostly seen with severe 

exogenous Cushing’s syndrome, but she 
has presented these. As cortisol suppresses 
pituitary gonadotropin secretion, men-
strual irregularities and sexual dysfunction 
are also common in Cushing’s syndrome.

vv A major point in her history is related to 
the major depression that even led to sui-
cide attempts. Psychiatric complications 
are common in Cushing’s syndrome.

?? The patient was found to be heterozygous for 
a factor V. Leiden mutation. Is this relevant 
for the diagnosis of Cushing’s syndrome?

vv The increased risk for thromboembolic 
events is being regarded as an important 
feature of  Cushing’s syndrome. The com-
bination of  a Factor V Leiden mutation 
heterozygosity and hypercortisolism could 
have contributed to the repeated thrombo-
embolic episodes of  her case history.

a b

.      . Fig. 27.1  a Centripetal obesity, moon-like face, and abdominal striae (arrow). b buffalo hump
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?? Regarding the possibility of bone loss, what 
kind of examination should be performed?

vv Osteodensitometry should be performed 
that showed a T-score of  −1.6 at the lum-
bar spine and  −  0.6 at the left femoral 
neck. (T-score represents the standard 
deviation (SD) of  bone density from the 
average healthy population.) As T-score 
was between −1 and −  2.5 at the lumbar 
spine, her condition should be regarded as 
osteopenia. (Osteoporosis is defined as a 
T-score below −2.5. More details on this 
issue can be found in the chapter on osteo-
porosis (7  Chap. 24).)

?? Is it possible to differentiate the various 
forms of endogenous Cushing’s syndrome 
based on clinical symptoms?

vv No, hormonal tests and later imaging are 
needed for their differentiation. There are, 
however, some clues that might argue for 
certain forms. For example, hypokalemia 
is mostly seen with excessive cortisol secre-
tion as in these cases, the capacity of  the 
HSD11B2 enzyme (11ß-hydroxysteroid 
dehydrogenase 2) that defends the aldo-
sterone receptor from cortisol action is 
exhausted, and cortisol can then bind the 
aldosterone receptor and thus produce 
mineralocorticoid effects. Excessive cor-
tisol secretion is mostly seen in Cushing’s 
syndrome associated with ectopic ACTH 
syndrome or adrenocortical cancer.

vv Hirsutism (pathological hair overgrowth 
in androgen-dependent regions in women, 
e.g., face, breast, back, abdomen, thighs) 
is more common in ACTH-driven forms 
than in benign adrenocortical adenoma-
related Cushing’s syndrome, as in the latter, 
the low ACTH prevents adrenal androgen 
secretion. In contrast, severe hirsutism and 
virilization might occur in adrenocortical 
cancer-secreting androgens.

?? Which hormone tests can be used for screen-
ing Cushing’s syndrome?

vv Although the clinical picture seems to be 
clear-cut, as with every disease in endo-
crinology, we need hormonal evidence. 
When screening patients with suspicion for 
Cushing’s syndrome, three major test types 
can be performed:
(i)	 24-hour urinary free cortisol
(ii)	� Low-dose dexamethasone suppres-

sion test
(iii)	� Examination of  the circadian cortisol 

rhythm by late night (around mid-
night) cortisol measurement (from 
blood or saliva)

vv In patients with a high degree of suspicion for 
hypercortisolism, two or three tests should 
be performed. When screening patients who 
are unlikely to have Cushing’s syndrome, the 
low-dose dexamethasone suppression test is 
usually enough to carry out.

.      . Table 27.1  Major clinical features of Cushing’s 
syndrome

Fat distribution 
changes

Centripetal obesity
Moon-like face
Buffalo hump

Metabolic changes Diabetes mellitus or 
impaired glucose tolerance

Musculoskeletal Muscle weakness
Osteoporosis

Cardiovascular Hypertension
Frequent thromboembolic 
events

Skin Striae (mostly on the 
abdomen and axilla
Impaired wound healing
Hyperpigmentation in 
ACTH-dependent forms

Immune Increased susceptibility to 
infections

Eye Cataract, glaucoma

Reproductive 
functions

Menstrual irregularities 
(secondary amenorrhea)
Decreased libido

Neuropsychiatric 
disorders

Cognitive impairment
Mood changes
Depression
Psychosis
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vv Urinary free cortisol was elevated: 
820.8  nmol/l (normal range 100.0–379.0). 
By low-dose (usually overnight) dexa-
methasone suppression test, the exogenous 
glucocorticoid dexamethasone suppresses 
pituitary adrenocorticotropin (ACTH) 
secretion and thereby in normal individuals 
suppresses cortisol the next morning below 
50  nmol/l (1.8  μg/dl). Dexamethasone is 
used as a synthetic glucocorticoid in this 
test, as it does not give cross reactivity with 
cortisol in the laboratory measurements.

vv Morning cortisol after overnight 1  mg 
dexamethasone was 319.6 nmol/l (normal 
<50 nmol/l).

vv Regarding the circadian rhythm, normally, 
cortisol has its nadir at midnight and 
rises sharply at dawn before waking up. 
Elevated late night cortisol is also a sensi-
tive marker of  hypercortisolism.

vv Late night cortisol from saliva was 
17.460 nmol/l (normal <11.900) and from 
blood 556.30  nmol/l (normal<136.00), 
both significantly elevated.

vv Salivary cortisol is also free cortisol, simi-
lar to that of  urine, whereas in the blood, 
cortisol is bound by cortisol-binding 
globulin (CGB) and, thus, affected by 
changes in CGB concentration (like in 
pregnancy and anticoncipient use as estro-
gens increase CBG levels). Therefore in 
pregnancy and in women taking oral anti-
concipients, total cortisol levels cannot 
be interpreted without suitable reference 
ranges.

vv Hormonal examination should not be per-
formed in women taking oral contracep-
tives, only after stopping these for 3 months 
in general.

vv An advantage of  salivary cortisol over 
blood cortisol is that it can be sampled by 
the patient herself  and no in-patient set-
ting is needed.

?? Is there a bone marker that could be indica-
tive of active Cushing’s syndrome?

vv Yes, as osteocalcin is a measurement of 
bone buildup, low osteocalcin levels are 
found in active hypercortisolism. Serum 
osteocalcin of  the patient was 2.76 ng/mL 
(normal range: 12.00–41.00).

?? How should we proceed?

vv We have now the hormonal diagnosis of 
Cushing’s syndrome, but we don’t know its 
origin, whether it is an ACTH-dependent 
or ACTH-independent form.

vv Next, an ACTH measurement is performed 
that showed 1 pg/mL (normal 5–60 pg/ml); 
thus it is an ACTH-independent, adrenal 
form.

?? Dehydroepiandrosterone sulphate (DHEAS) 
was low (0.75 μmol/L – normal range 1.65-
11.00). What can be the explanation?

vv DHEAS is a steroid hormone produced 
by the adrenal cortex, a weak androgen 
hormone that is in fact produced in the 
largest amount from all steroid hormones. 
(Its physiological function is, however, still 
unclear, but there are some data showing 
benefit when substituting it in patients 
with Addison’s disease – see corresponding 
7  Chap. 31) As it is also ACTH-driven, 
the low ACTH due to cortisol overproduc-
tion results in low DHEAS.  In contrast, 
in ACTH-dependent Cushing’s syndrome 
forms, DHEAS is usually elevated.

?? If the patient had high DHEAS levels and 
an adrenal tumor, what can be thought of?

vv Overproduction of  DHEAS and other 
adrenal androgens can be a feature of 
adrenocortical cancer. Novel molecular 
approaches using urinary steroid hormone 
metabolomics show that even clinically 
silent adrenocortical cancer secrete ste-
roids, mostly androgen precursors.

Adrenal Cushing’s Syndrome
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?? How should the adrenal tumor be identified?

vv Computed tomography (CT) and magnetic 
resonance imaging (MRI) are the modali-
ties proposed for the study of  the adrenals.

vv CT showed a left adrenal tumor with low 
density characteristic for fat (.  Fig. 27.2).

?? Are there bilateral forms of primary benign 
adrenal disease leading to Cushing’s syn-
drome?

vv Yes. Two forms of  ACTH-independent 
bilateral adrenal hyperplasia are impor-
tant to mention. Micronodular adrenal 
hyperplasia (otherwise called primary 
pigmented nodular adrenal hyperpla-
sia (PPNAD)) is mostly associated with 
Carney complex. (Carney complex is a 
very rare, autosomal dominantly inherited 
multiple endocrine neoplasia syndrome 
which includes spotty skin pigmentation, 
endocrine tumors (e.g., PPNAD, large cell 
calcifying Sertoli cell tumors of  the testes, 
thyroid tumors, ovarian cysts), and non-
endocrine tumors, e.g., cardiac myxoma. 
A part of  Carney complex cases is caused 
by mutations of  the protein kinase A regu-
latory subunit.)

vv In bilateral macronodular adrenal hyper-
plasia (BMAH), both adrenals are 
enlarged and harbor nodules usually 

larger than 10 mm (.  Fig. 27.3). BMAH 
is often related to ectopic hormone recep-
tor expression (e.g., β-adrenergic recep-
tors, vasopressin, or luteinizing hormone). 
Cushing’s syndrome is usually mild, and 
often subclinical Cushing’s syndrome is 
observed. Novel findings have showed 
mutations in the gene ARMC5 (Armadillo 
repeat containing 5, a putative tumor sup-
pressor) in some forms of  BMAH.

?? What kind of treatment options can be en-
visaged in the patient’s case?

vv The primary treatment is surgical. If  the 
Cushing’s syndrome is so severe that the 
symptoms of  hypercortisolism should 
be rapidly alleviated (that is mostly not 
the case for adrenal adenoma-associated 
Cushing’s syndrome) or very rarely if  
the patient is no candidate for surgery or 
declines it, steroid biosynthesis inhibitors 
can be introduced. Surgery for tumors 
with benign appearance (high fat content, 
>50% contrast washout by CT) is usually 
performed by laparoscopy.

?? What kind of steroid biosynthesis inhibitors 
can be used?

vv Metyrapone, an inhibitor of  the enzyme 
11β-hydroxylase 1 (CYP11B1), catalyzing 
the last step in cortisol biosynthesis, can 

.      . Fig. 27.3  CT scan of  a bilateral macronodular adre-
nal hyperplasia (BMAH). Note the large nodules espe-
cially in the left adrenal

.      . Fig. 27.2  CT scan showing a left adrenal tumor that 
is hypodense in comparison with the liver. The tumor is 
homogeneous, encapsulated. No signs of  malignancy
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be given, and it has a relatively fast action. 
Its main side effects include hirsutism and 
water retention as the reduction in corti-
sol leads to elevated ACTH stimulating 
adrenal androgen and to a lesser extent 
mineralocorticoid release. Ketoconazole 
(originally an antimycotic drug) inhibits 
several steroid biosynthetic enzymes and 
is a good option for chronic treatment, 
but liver functions should be regularly 
monitored because of  its liver toxicity. 
Mitotane is intended for use in adrenocor-
tical cancer patients as an adrenolytic drug 
also having inhibitory effects on steroid 
biosynthetic enzymes (see corresponding 
chapter on adrenocortical cancer).

?? Which steroid biosynthesis inhibitor can be 
given intravenously?

vv Etomidate (originally an anesthetic drug) 
can be given via intravenous infusion, and 
it is the fastest acting steroid inhibitory 
drug. It can only be given in the intensive 
care unit.

?? What kind of complications can be expect-
ed postoperatively, and how should these be 
prevented?

vv The most important complication is related 
to the suppression of  the contralateral nor-
mal adrenal cortex due to low ACTH lev-
els. The normal adrenal can be atrophized, 
and it can take several weeks or months 
for it to recover. Steroid replacement with 
hydrocortisone should be started postoper-
atively with a higher dose in the beginning 
(e.g., starting with 50 mg a day on the first 
day postoperatively, and this should be 
gradually tapered to a daily maintenance 
dose of  20–30, than 15–20 mg).

vv If  the substitution dose is insufficient, 
patients often complain about weakness, 
low blood pressure, and muscle and joint 
pains.

?? Do patients need mineralocorticoid substi-
tution, as well?

vv No, as ACTH does not have a major role 
in the regulation of  aldosterone secretion 
(that is mainly regulated by serum potas-
sium and angiotensin II); thus there is no 
aldosterone deficiency to be expected.

?? How can we judge whether the normal adre-
nal gland has recovered?

vv This should be based mainly on clinical 
status. The normalization of  ACTH can 
be a marker. A short ACTH stimulation 
test can also be performed (250 μg tetra-
cosactide; if  cortisol goes over 540 nmol/l 
(20 μ/dl) after 60 min of  injection, it is a 
normal response).

?? What is subclinical Cushing’s syndrome?

vv In many patients with adrenal tumors, no 
overt Cushing’s syndrome can be seen, but 
hormonal tests can be in part positive, e.g., 
no full suppression by the overnight 1 mg 
dexamethasone suppression test (cortisol 
>50 nmol/l) or increased urinary free cor-
tisol secretion. The patients can present 
some features related to cortisol overpro-
duction, e.g., diabetes mellitus, hyperten-
sion, or obesity, and there are some studies 
showing (but it is not universally accepted) 
that adrenalectomy can improve these 
patients.

?? Are there special features of treatment of 
ACTH-independent adrenal hyperplasia?

vv Bilateral adrenalectomy is indicated for 
both micro- and macronodular adrenal 
hyperplasia leading to overt hypercorti-
solism. In BMAH related to moderately 
active Cushing’s syndrome, unilateral 
adrenalectomy might also be advanta-
geous. If  the pathogenic role of  ectopic 
hormone receptor activity can be con-
firmed in BMAH (e.g., by hormonal tests), 
some pharmacological approaches (e.g., 
β-adrenergic receptor blocker or gonado-
tropin-releasing hormone (GnRH) agonist 
suppressing LH production depending on 
the receptor expression can be tried).

Adrenal Cushing’s Syndrome



296

27

Tips

55 The reader is advised to read (or repeat) 
the chapters on pituitary Cushing’s dis-
ease (7  Chap. 3), ectopic ACTH syn-
drome (7  Chap. 45), and adrenocortical 
cancer (7  Chap. 30).

Take-Home Messages
55 Adrenal Cushing’s syndrome is a rare 

disease leading to serious morbidity.
55 The suspicion for the disease can be 

raised based on the characteristic clini-
cal symptoms, but hormonal diagnosis 
is always needed to confirm the disease.

55 Adrenal Cushing’s syndrome is 
associated with low ACTH (adre-
nocorticotropin) levels, as it is an 
ACTH-independent form of the dis-
ease.

55 Computed tomography and magnetic 
resonance imaging are necessary for 
finding the tumor.

55 Treatment is primarily surgical (usually 
laparoscopic).

55 If  the patient is not eligible for surgery, 
or pretreatment for severe Cushing’s 
syndrome is needed before surgery, 
steroid biosynthesis inhibitors can be 
given.

55 Due to the suppression of the contra-
lateral normal adrenal gland, patients 
usually need steroid substitution after 
surgery for some months. The dose of 
hydrocortisone should be tapered based 
on clinical symptoms.
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Opening
In this chapter, a paradigmatic case of primary 
aldosteronism presenting with arterial 
hypertension and hypokalaemia is illustrated. 
However, such presentation is not common, 
and this explains why many cases of primary 
aldosteronism remain undiagnosed, leaving the 
patients to high risk of developing organ 
damage and cardiovascular events. To avoid 
missing the diagnosis of primary aldosteronism, 

information on what patients are to be screened, 
and what tests should be performed, are 
provided. Then, some suggestions and tips are 
offered to help the reader with the interpretation 
of the laboratory tests that sometimes offer 
traps. Finally, the treatment for the unilateral 
and bilateral forms of primary aldosteronism, 
mostly aldosterone-producing adenoma and 
bilateral adrenal hyperplasia, is discussed.

Definition of the Disease

Primary aldosteronism (PA) is the most 
common form of endocrine hypertension, 
defined as a condition characterized by aldo-
sterone production inappropriately high 
for the sodium status and relatively autono-
mous from the major regulators of  aldoste-
rone secretion, such as angiotensin II. PA is 
more frequent than previously believed, with 
a prevalence rate of  6% in the primary care 
setting, 11% among patients referred to the 
specialized centres for arterial hypertension 
and 30% among those with resistant hyper-
tension. Notwithstanding the huge evidences 
documenting that PA is not a rare disease, a 
survey of  general practitioners in two Euro-
pean countries with a high level of  health care 
reported that physicians screened only 1–2% 
of their hypertensive patients.

Due to the deleterious effects of  excess 
aldosterone on the cardiovascular system, 
patients with PA have a higher cardiovascular 

risk profile than age-, sex- and blood pressure-
matched subjects with essential hypertension. 
Hence, the early identification of  PA patients 
is crucial for the prevention of  cardiovascu-
lar events. Once identifying the PA patients, 
it is fundamental to discriminate between 
bilateral and unilateral PA forms because the 
treatment is different. Bilateral forms, which 
include adrenal hyperplasia (also known as 
bilateral adrenal hyperplasia, BAH), require 
medical therapy, whereas the unilateral forms, 
mostly aldosterone-producing adenoma 
(APA, Conn’s adenoma), should be treated 
with unilateral adrenalectomy.

The prevalence rates of BHA and APA differ 
among surveys, with BAH ranging from 50% to 
70% of PA cases, depending on the strategy used 
for PA subtyping. The phenotype characterized 
by hypokalaemia and metabolic alkalosis is rare 
and, however, more frequent for APA. Normo-
kalaemia is found in up to half of cases of PA.

�Case Presentation

A 64-year-old man was referred to our centre 
for arterial hypertension by his general prac-
titioner. His history includes hypertension 
known for 24  years, treated with felodipine 
(10  mg o.d.), hypercholesterolemia, benign 
prostatic hyperplasia and gastritis. He com-
plained about weakness for years, which was 
relieved in part by over-the-counter dietary 
supplements. Some years before, after the find-
ing of  hypokalaemia (2.6 mmol/L) at a routine 

examination, he was suggested to take spi-
ronolactone that was withdrawn after 1 month 
because of  dizziness.

At the physical examination, the pulse was 
regular (72 bpm); no heart murmurs, signs of 
heart failure or arrhythmias were found. Blood 
pressure was 150/96  mmHg with tendency to 
orthostatic hypotension.

12-lead ECG was normal. Left ventricular 
hypertrophy was evident at echocardiography. 

	 T. M. Seccia



299 28

?? What elements prompted investigation of 
PA in our patient?

vv If  present in a patient with arterial hyper-
tension, hypokalaemia, either spontane-
ous or diuretic-induced, strongly suggests 
PA.  In our patient, chronic symptomatic 
hypokalaemia was very suggestive for PA.

vv However, since the first report of normo-
kalaemic PA by Jerome Conn in 1965, it 
was clear that hypokalaemia should not be 
considered a prerequisite of PA.  As dem-
onstrated in 2006 by the PAPY study, the 
first large prospective survey that used a 
rigorous methodology to diagnose PA and 
aldosterone-producing adenoma (APA), 
more than 50% of patients with an APA 
and 82% of those with a bilateral form of 
PA can present with normal serum levels of 
potassium. This means that, if  only hypo-
kalaemic hypertensive patients are screened 
for PA, many normokalaemic PA patients 
would never be screened and diagnosed.

?? Which patients should be screened for PA?

vv As stated above, hypokalaemia is one alert-
ing sign of  PA, and therefore, hypertensive 
patients presenting with spontaneous or 
diuretic-induced hypokalaemia should be 
screened. Other categories include hyper-
tension (BP >150/100  mmHg) confirmed 
at repeated measures, drug hypertension 
resistant to three antihypertensive drugs 
(including a diuretic), controlled BP 
(>140/90  mmHg) on four or more anti-
hypertensive drugs, hypertension with 
incidentally discovered adrenal mass or 
obstructive sleep apnoea, a family history 
of  early onset of  hypertension or stroke at 

a young age or hypertension with a first-
degree relative affected by primary aldo-
steronism.

vv However, after the recent prospective 
PAPPHY (Prospective Appraisal of  the 
Prevalence of  Primary aldosteronism in 
HYpertensive patients presenting with 
atrial flutter or fibrillation) study show-
ing a high prevalence rate of  PA (i.e. 42%) 
in hypertensive patients presenting with 
unexplained atrial fibrillation, it has been 
proposed to include also this category to 
those indicated by the 2016 Endocrine 
Society Clinical Practice Guidelines.

vv Moreover, some experts suggest less 
restrictive criteria, thereby addressing 
screening all newly presenting hyperten-
sive patients, particularly those with a high 
chance of  curing hypertension with adre-
nalectomy, as young subjects with a short 
duration of  hypertension.

?? Why is it important to screen patients 
for PA?

vv Excess aldosterone levels exert deleterious 
effects on the cardiovascular system and 
the kidneys.

vv Patients with PA develop left ventricu-
lar hypertrophy, both concentric and 
eccentric, more frequently than age-, 
sex- and blood pressure-matched subjects 
with essential hypertension. PA patients 
develop cardiac fibrosis with abnormal left 
ventricular filling and electrophysiological 
changes that may act as trigger for atrial 
fibrillation often facilitating its onset dur-
ing aging.

Mild atherosclerotic lesions were found at the 
carotid bifurcation bilaterally, with no stenosis. 
Hypokalaemia (2.8 mmol/L) was confirmed at 
the laboratory tests.

After correction of hypokalaemia with KCl 
supplementation, the patient was screened for 

PA. Renin was suppressed (direct renin concen-
tration (DRC) <2 mIU/L)); plasma aldosterone 
concentration (PAC) was high (552  pmol/L), 
with high aldosterone-to-renin ratio (ARR) 
99.65 (ng/dL)/(ng/mL/h) (.  Table 28.2). Plasma 
ACTH and cortisol levels were normal.

Primary Aldosteronism
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vv Moreover, PA accelerates endothelial 
dysfunction with vascular remodelling 
of  small and large arteries and onset of 
microalbuminuria. This translates into an 
increased risk of  myocardial infarction, 
heart failure and arrhythmias, particu-
larly atrial fibrillation and deterioration 
of  the renal function, higher than that 
developed by matched essential hyperten-
sive patients.

?? How to screen patients for PA?

vv The diagnosis of  PA is based on dem-
onstration of  low or very low levels of 
renin and inappropriate high levels of 
aldosterone (PAC, plasma aldosterone 
concentration). For screening, the aldo-
sterone-to-renin ratio (ARR) is applied 
(.  Fig.  28.1). Renin can be determined 
as direct renin concentration (DRC) and 
plasma renin activity (PRA). In many cen-
tres, DRC has replaced PRA because its 
determination is cheaper and non-radio-
active, allows storage of  samples at room 
temperature, and its measurement can be 
performed with an automated device.

vv Use of  ARR needs adhesion to some 
‘rules’ addressed to optimize the patient’s 
preparation and determination of  ARR 
(.  Table 28.1), as discussed below.

?? How should the patient be prepared for 
measurements of DRC and PAC?

vv The careful standardization of  the patient, 
as well as of  the assay, is crucial for opti-
mal patient reproducibility.

vv Hypokalaemia, if  present, should be 
corrected with oral or IV KCl supple-
mentation because it blunts aldosterone 
secretion and, therefore, could provide a 
false-negative ARR.  Monitoring urinary 
potassium excretion is a simple and cheap 
strategy to dose KCl supplements.

vv Salt intake is crucial for a proper interpre-
tation of  the hormonal status. Hence, a 
24-h collection of  urine is needed to mea-

sure urinary sodium excretion, which cor-
responds to the intake.

vv Since withdrawal of antihypertensive drugs 
can be dangerous for the patient, treatment 
with drugs that have negligible effects on 
the ARR is recommended. Unfortunately, 
many antihypertensive drugs interfere with 
the ARR such as diuretics, angiotensin con-
vertase enzyme inhibitors (ACEI), angio-
tensin receptor blockers and beta-blockers 
(.  Table 28.1). These drugs should be with-
drawn 2–6  weeks before taking blood for 
ARR measurement. Vasodilators as the 
alpha1-receptor blocker doxazosin and/or the 
long-acting calcium channel blockers as vera-
pamil or diltiazem are the preferred drugs.

?? How to interpret ARR?

vv First of  all, the cut-off  value of  direct 
renin concentration (DRC) or plasma 
renin activity (PRA) that provides the 
best combination of  sensitivity and speci-
ficity should be identified at each centre. 
Moreover, since both DRC and PRA lose 
their precision in the low range, it is needed 
to set, in each centre, the lowest minimum 
value to be used for calculation of  ARR to 
avoid overinflation of  ARR.  Such values 
are 0.2 ng/mL/h and 2 mIU/L for PRA and 
DRC, respectively.

vv ARR should be interpreted considering 
the salt intake because sodium is one of 
the most potent factors that affect renin 
and aldosterone secretion. At our centre, 
using an automated chemiluminescent 
assay to measure PAC (ng/dL) and DRC 
(mIU/L), we found that the optimal ARR 
cut-off  of  2.06  ng/dl/mIU/l (correspond-
ing to 20.6 ng/mIU) provided sensitivity of 
92% and specificity of  92% for the identifi-
cation of  APA, with accuracy estimated by 
the area under the receiver operating char-
acteristic curve of  0.974 (95% CI 0.940 to 
0.991). In addition to ARR, basal PAC 
should be over 15 ng/dL to raise the suspi-
cion for PA. In other centres, using PRA, 
an ARR over 30 and a basal PAC over 
20 ng/dL are usually considered positive.
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Patients with hypertension and increased probability of PA

Measurement of DRC (or PRA) and PAC to calculate ARR

Biochemical diagnosis of PA

ARR higher than the cutoff value established at the centre
Consider also U-Na+ and 5-K+

Screening
of PA

Diagnosis
of PA

Diagnosis
of PA subtype

Yes

Yes

Yes

PA unlikely

NO

NO

NO

High,
but not markedly

Consider new
measurement of

ARR

Florid phenotype
with hypokalemia, suppressed
renin, high PAC, young age and

CT positive for nodule
(debated)

Adrenal CT

Confirmatory testing
(debated)

Is the patient willing to undergo
adrenalectomy, if indicated, and

general anestesia?

AVS

Lateralized aldosterone
excess production?

Treatment and
Follow-up

Monitor BP, kalemia, renal
function, and renin to adjust

MRA dose

Monitor BP, kalemia, renal
function,

renin and PAC to ascertain
biochemical cure

Treatment with
MRA

Bilateral Unilateral

Laparoscopic
adrenalectomy

.      . Fig. 28.1  Algorithm for diagnosis of  Primary Aldo-
steronism (PA) and its subtyping. ARR aldosterone-to-
renin ratio, AVS adrenal vein sampling, BP blood 
pressure, CT computed tomography, DRC direct renin 
concentration, PA primary aldosteronism, PRA plasma 
renin activity, U-Na+ urinary sodium excretion, S-K+ 
serum potassium concentration. Debated indicates 
issues for which no consensus has been reached. (Based 

on Funder JWW, et  al. The Management of  Primary 
Aldosteronism: Case Detection, Diagnosis, and Treat-
ment: An Endocrine Society Clinical Practice Guideline. 
J Clin Endocrinol Metab. 2016; Rossi GP. Primary Aldo-
steronism: JACC State-of-the-Art Review. J Am Coll 
Cardiol 2019; and Rossi GP, et al. Disease monitoring 
of  Primary Aldosteronism. Best Practice & Research 
Clin Endocrinol & Metabolism 2020)
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vv Finally, as recently proposed by Rossi (see 
the suggested review), the ARR should 
not be interpreted simply as positive or 
negative, in other words as ‘crude bivariate 
approach’ because the same ARR value 
that can be obtained from different PAC 
and DRC values could indicate different 
conditions that require different down-
stream work-up and treatment.

?? What tests were then performed in our pa-
tient?

vv The patient, who presented at our centre 
some years ago, was also investigated with 
the captopril challenge after the positive 
ARR screening result, which showed an 
elevated ARR (.  Table  28.2). The ratio-
nale behind the captopril challenge was 

that PA is autonomous from angiotensin 
II; however, this contention has not been 
proved.

vv The confirmatory tests, including the 
oral sodium loading test, the saline infu-
sion test, the captopril challenge test and 
the fludrocortisone (a synthetic miner-
alocorticoid) with salt loading test, have 
been proposed to minimize false-positive 
results, which are more common if  low 
ARR cut-off  values are used for screening. 
In fact, a low ARR cut-off  value enhances 
sensitivity of  the test along increasing the 
false-positive rates. If  those false-positive 
PA patients are not detected, they could 
be exposed to invasive tests with no ben-
efit for the patient. Hence, the aim of  the 
so-called confirmatory tests is to exclude 
the false-positive rates from the down-
stream work-up of  PA, and, therefore, as 
first proposed by Rossi in Padua, the term 
confirmatory tests should be replaced by 
‘exclusion tests’.

vv The saline infusion test is used in many 
centres being rather simple. An approach 
of  the test includes 500  mL/hour saline 
infusion given for 4 hours to the patient. By 
assuming that PA is autonomous from salt 
and volume load, the patients with PA will 
not suppress PAC showing PAC > 10 ng/
dL. Oral salt loading and fludrocortisone 
are also contended to suppress aldosterone 
secretion in healthy subjects, whereas they 
fail to do so in patients with autonomous 
aldosterone production.

vv A great debate exists on the usefulness of 
the confirmatory (exclusion) tests. First, 
at the prevalence rate of  PA found at the 
hypertension centres, their negative pre-
dictive value is higher than their positive 
predictive value, thereby challenging the 
need for identifying the false-positive PA 
patients. Moreover, they are based on 
assumption that hyperaldosteronism is 
autonomous from the renin-angiotensin 
system, but such assumption has been 
never been proven, and moreover, the 
recent evidences documenting the angio-

.      . Table 28.1  Blood pressure and laboratory 
tests at presentation and at 1  month follow-up 
after surgery

Test Value
At 
admission

1-month 
follow-up

Blood pressure 
(mmHg)

170/96 120/80

Basal DRC (mIU/L, 
normal 2.8–39.0)

<2 4.4

Basal PAC (pmol/L, 
normal 48–335)

552 135

ARR (ng/dL)/(ng/
mL/h)

99.65 14.4

Post captopril challenge 
DRC (mIU/L)

<2 –

Post captopril challenge 
PAC (pmol/L)

573 –

Serum potassium levels 
(mmol/L, normal 
3.5–5.0)

3.8a 4.5

Urinary sodium 
excretion (mmol/24 h)

170 155

ARR aldosterone-to-renin ratio, DRC direct 
renin concentration, PAC plasma aldosterone 
concentration
aAfter correction with oral KCl supplementation
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tensin receptors in the human adreno-
cortical tissue are against this contention. 
Further support came from the large 
AQUARR study that, investigating a ret-
rospective and a prospective validation 
cohort, demonstrated that the captopril 
challenging test did not provide any diag-
nostic gain over the basal ARR when care-
fully performed and interpreted.

vv Following the 2016 Endocrine Society 
Clinical Practice Guidelines, no need 
for the exclusion tests can be envisaged 
in patients with a florid PA phenotype. 
A simplified diagnostic algorithm that 
does not include the exclusion tests has 
been recently suggested, as in the case of 
a patient presenting with markedly high 

ARR, for whom the AVS can be proposed 
directly with no further laboratory test.

?? What further tests should be performed in 
PA patients?

vv In our patient, further investigation 
included CT of  the abdomen, which 
showed a node (10 x 8  mm) in the right 
adrenal gland. The left adrenal vein 
drained into the ipsilateral renal vein, 
whereas the right adrenal vein in the infe-
rior vena cava.

vv Then, after having ascertained the patient’s 
will of  searching surgical cure with adre-
nalectomy, adrenal venous sampling (AVS) 
was performed. Hyper-incretion of  aldo-

.      . Table 28.2  Factors that affect aldosterone-to-renin ratio (ARR) and suggestions for optimizing its inter-
pretation

Factors that affect ARR Cautions

Serum potassium levels Correction of hypokalaemia is needed to avoid false-negative ARR 
values

Salt intake Low salt intake can increase PAC, providing false-positive ARR values. 
Salt intake can be easily calculated by measuring 24-hour urinary 
sodium excretion

Patient position and blood 
sampling

Preparation of the patient and sampling conditions should be 
standardized at each centre. Quiet resting supine, or sitting, for 1 hour 
is recommended because it allows renin and PAC values to return to 
baseline levels after upright position

Drugs affecting ARR should be 
withdrawn before testing

Beta-blockers (decrease renin) for at least 2 weeks
ACEI and ARB (increase renin) for at least 2 weeksa

Mineralocorticoid receptor antagonists (spironolactone, canrenone, 
eplerenone) for at least 4–6 weeks. bOther diuretics for at least 2 weeks

Drugs not affecting ARR Use of α1-receptor blockers (e.g. doxazosin) and long-acting 
phenylalkylamine-type calcium channel blocker (verapamil) is allowed

Handling and storage of plasma 
and serum samples

PRA and DRC assays need different modalities of handling and storage

Renin assay The lowest level of renin to be used for ARR should be fixed at a 
minimum value (see text for details)

ARR sensitivity and specificity Each centre should calculate the cut-off  value that provides the best 
combination of sensitivity and specificity

PAC plasma aldosterone concentration
aWhen withdrawal of  ACEI is unsafe for the patients, an increase of  PAC under ACEI is suggestive of  PA
bA recent evidence from the controlled EMIRA study showed that canrenone did not affect ARR, suggesting 
that this issue is still open
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sterone from the right adrenal gland was 
found, and the patient underwent right 
adrenalectomy, with no complications.

vv At pathology, an adenoma consisting of 
glomerular (90%) and fasciculata (10%) 
cells was detected, with some micronod-
ules in the cortical zone.

vv At post-surgery day 1, both blood pres-
sure and serum potassium levels returned 
to normal and remained normal at 1- and 
6-month follow-up. DRC and PAC nor-
malized at 1-month follow-up.

?? What is the role of imaging in the work-up 
of PA?

vv Imaging with CT or MR is useful to detect 
adrenal masses that, when large, are sug-
gestive for carcinoma. Moreover, imaging 
provides information on the anatomy of 
adrenal veins and their drainage, which are 
relevant for the interventional radiologist 
who will perform AVS.

vv However, CT and MR imaging cannot 
prove function of  the adrenal masses and, 
therefore, cannot localize the source of 
aldosterone excess. Furthermore, aldoste-
rone-producing microadenomas cannot be 
detected, because of  their tiny size by CT 
or MR imaging, and in most cases of  idio-
pathic hyperaldosteronism, no apparent 
change in the morphology of  the adrenal 
glands is evident.

vv A well-known study from the Mayo Clinic 
found that the diagnostic accuracy of  CT 
imaging for discriminating unilateral from 
bilateral forms of  PA was very poor, with 
concordance to the AVS results in only 
about 50% of  the cases. Of  note, about 
20% of  unilateral PA at AVS were missed 
with CT. This means that if  subtyping of 
PA is based on CT (not on AVS), 20% of 
unilateral forms of  PA would not receive 
any chance of  cure PA with adrenalec-
tomy. Moreover, not less important, in 
more than 20% of  cases, bilateral forms 

were misdiagnosed as unilateral, meaning 
that, if  AVS is not performed, unneces-
sary adrenalectomy would be performed. 
Hence, AVS is essential to distinguish 
between unilateral and bilateral PA.

?? What is the role of AVS in the work-up of 
PA?

vv AVS is the gold standard test to discrimi-
nate between unilateral and bilateral forms 
of  PA (.  Fig. 28.1). Discrimination is fun-
damental because the treatment is surgical 
in the first case and medical in the latter.

?? How is AVS performed?

vv The procedure consists of  the collection 
of  blood samples from the inferior vena 
cava and the adrenal veins (bilaterally in 
simultaneous or sequential collection) to 
measure cortisol and aldosterone (cortisol 
is needed to confirm the appropriate posi-
tion of  the catheter). Careful preparation 
of  the patient for the procedure mostly 
includes correction of  hypokalaemia and 
withdrawal of  interfering drugs.

vv AVS should be performed by a well-
trained radiologist to minimize the risks 
of  complications, mostly the rupture of 
the adrenal vein. However, if  performed 
by an expert interventionist, such risk is 
negligible.

vv Interpretation of  AVS results requires skill 
and experience. Moreover, no consensus 
exists on the standards to be used for the 
AVS procedure and the criteria for data 
interpretation.

vv The most used indices to interpret AVS 
data are the selectivity index, which is a 
measure of the adequacy of the cannula-
tion, and the lateralization index, which 
allows the detection, if  present, of  lateral-
ization of the excess aldosterone produc-
tion. The selectivity index is calculated as 
the ratio between the cortisol plasma levels 
(C) in the right or left adrenal vein and the 
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inferior vena cava. In most centres, the cut-
off  is set up to 2. In the presence of bilat-
erally selective AVS, the lateralization of 
aldosterone (A) secretion can be assessed 
when the ratio of aldosterone to cortisol 
on the side with the higher ratio (A/C side) 
over the contralateral aldosterone to corti-
sol (A/C contralateral) is greater than 2 (or 
4, or 5 depending on the cut-off  established 
at each centre for basal and/or dynamic 
AVS). In some centres, a dynamic adrenal 
vein sampling with ACTH (adrenocortico-
tropic hormone) is used to minimize bias 
caused by the circadian rhythm of aldoste-
rone. Usefulness of dynamic AVS is also a 
debated issue, for which no consensus has 
been reached yet.

vv Due to its complexity, AVS is not used 
at all centres. Lack of  AVS could lead to 
adrenalectomy without unequivocal dem-
onstration of  lateralized excess aldoste-
rone production, with the risk of  removing 
the non-culprit adrenal gland, or missed 
diagnosis of  unilateral form of  PA, with 
no chance of  curing PA with adrenalec-
tomy. Moreover, recent studies show that 
co-secretion of  aldosterone and cortisol 
from adrenal tumours might make the 
interpretation of  the results more difficult.

?? Who should not undergo AVS?

vv The following categories of  PA patients 
with:
	(a)	� Contraindications to general anaes-

thesia and/or surgery
	(b)	 Willingness of  medical treatment
	(c)	� Familial hyperaldosteronism caused 

by germline mutations
	(d)	� Suspicion of  adrenocortical carci-

noma because of  the large size of  the 
adrenal tumour

vv Following the guidelines, AVS could be 
also omitted in young patients (<35 years) 
with a florid PA phenotype (e.g. with 
spontaneous hypokalaemia), undetectable 
renin, high PAC and unilateral cortical 
adenoma with contralateral normal adre-

nal at imaging. This suggestion is based 
on reports documenting rarity of  non-
functioning adrenocortical adenomas (the 
so-called incidentaloma (7  Chap. 26)) 
in young people. However, some experts 
recommend caution in addressing such 
patients directly to surgery because of  the 
paucity of  evidences on this matter.

?? What is the treatment for PA?

vv Surgery, i.e. adrenalectomy, is the treat-
ment for APA, whereas the bilateral forms 
should be treated pharmacologically. 
Mineralocorticoid receptor antagonists, 
such as spironolactone, potassium canre-
noate and the more selective eplerenone, 
are the recommended drugs that contrast 
hypokalaemia and the adverse effect of 
aldosterone. The necessary dose of  spi-
ronolactone is usually low (25–50  mg/
day). Eplerenone can be better tolerated in 
males, as it lacks anti-androgenic activity, 
but it is less effective.

?? Is follow-up needed for PA patients?

vv Yes, follow-up is crucially important.

vv Diagnosis of  APA, which is the only PA 
form that can be diagnosed unequivocally, 
can be defined conclusively at follow-up 
after adrenalectomy, based on demonstra-
tion of  biochemical cure, pathology and 
immunohistochemistry. Hence, diagnosis 
of  APA can be based on the ‘five-corner 
criteria’, which include:
1.	 Biochemical diagnosis of  PA
2.	� Unequivocal evidence of  lateralized 

aldosterone secretion at AVS
3.	 Evidence of  a nodule at pathology
4.	� Correction of  the biochemical picture 

of  PA after adrenalectomy
5.	� Detection of  a CYP11B2 (aldosterone 

synthase)-positive adenoma in the 
resected adrenal cortex at immunohis-
tochemistry with a monoclonal anti-
body for human CYP11B2

?? Can PA be inherited?
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vv There are rare familial forms of PA whose 
genetic background has been clarified. The 
most frequent is the type 1 familial aldoste-
ronism (glucocorticoid remediable aldoste-
ronism), caused by a fusion gene consisting 
of the gene regulating promoter sequence 
from cortisol synthase (CYP11B1) and 
the coding region of aldosterone synthase 
(CYP11B2). The fusion gene is expressed 
in the zona fasciculata and is under ACTH 
regulation. The treatment of this condition 
is quite different from the sporadic forms, 
as ACTH suppression by a synthetic gluco-
corticoid lacking mineralocorticoid activ-
ity, i.e. dexamethasone is the mainstay of 
treatment.

Tips

The reader is advised to read the next 
chapter on secondary aldosteronism 
(7  Chap. 29). For the differential diagnosis 
of  hypertension and hypokalaemia, the 
chapters on 17α-hydroxylase/17,20 lyase 
deficiency (7  Chap. 35) and ectopic ACTH 
syndrome (7  Chap. 45) are worth reading.

Take-Home Messages
55 Primary aldosteronism (PA) is the most 

common form of endocrine hyperten-
sion.

55 Case detection testing for PA should be 
performed by measuring the aldoste-
rone-to-renin ratio.

55 Screening for PA is important because 
the excess aldosterone levels exert del-
eterious effects on the cardiovascular 
system and the kidneys.

55 Adrenal venous sampling is the gold 
standard test to discriminate between 
unilateral and bilateral forms of 
PA.  Discrimination is fundamental 
because the treatment is surgical in the 
first case and medical in the latter.

55 The follow-up is recommended in both 
adrenalectomized and medically treated 
PA patients.
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Opening
The renin-angiotensin-aldosterone system 
(RAAS) takes a major role in the regulation 
of  blood pressure. The main effector molecules 
are angiotensin II and aldosterone via mecha-
nisms including constriction of  peripheral 
resistance vessels and glomerular arterioles, 
renal reabsorption of  sodium and water, and 
increase in the sympathetic outflow and gen-
eration of  dipsogenic signals within the central 

nervous system. This process turns also into 
increasing renal loss of  potassium and hydro-
gen ion, leading to hypokalemia and metabolic 
alkalosis.

This chapter deals with conditions leading 
to aldosterone overproduction (except for pri-
mary aldosteronism discussed in 7  Chap. 28) 
and in most cases to hypertension as a conse-
quence.

Definition of the Disease

The juxtaglomerular apparatus is responsi-
ble for the regulation of  renin release. Renin 
secretion as the rate-limiting step for angio-
tensin II production is evoked mainly by 
decreasing renal blood flow and beta-adren-
ergic sympathetic signals.

Aldosterone secretion is principally trig-
gered by angiotensin II, but adrenocortico-
tropic hormone (ACTH) also potentiates it, 
whereas hypokalemia has an inhibitory effect 
on it.

The overstimulation of  this classical neu-
rohumoral cascade of  RAAS is called sec-
ondary aldosteronism. Please note that this 
is first of  all a physiological regulatory pro-
cess, which might appear also inappropriately 
in various pathological or pharmacological 
settings. Beta-adrenergic receptor blockers 
and central alpha-adrenergic agonists lower 
plasma renin activity, while diuretics (includ-
ing mineralocorticoid receptor antagonists), 
angiotensin-converting enzyme inhibitors 
(ACEIs), and angiotensin receptor blockers 

(ARBs) increase plasma renin activity. These 
medications should be withdrawn or substi-
tuted before the hormonal investigations (at 
least for 4–6  weeks with mineralocorticoid 
receptor antagonists and potassium-sparing 
diuretics and 2  weeks in general for other 
drugs). Preferred antihypertensive drugs 
during investigations including renin and 
aldosterone measurements are non-dihydro-
pyridine (phenylalkylamine type) calcium 
channel blockers and alpha-adrenergic recep-
tor blockers. (These issues are discussed in the 
preceding chapter on primary aldosteronism 
as well (7  Chap. 28).)

The plasma renin activity and aldoste-
rone concentration are optimally measured 
from samples taken in the morning. Unre-
stricted dietary salt intake is important prior 
to testing, as well as normokalemia. The 
positive or negative effect on plasma renin 
activity of  a certain drug must be taken into 
consideration during the interpretation of 
hormonal results.

�Case Presentation

A 21-year-old female patient was referred to 
our tertiary referral endocrine center with 
resistant hypertension diagnosed at the age 
of  18  years. Her blood pressure was high 
(maximum 190–200/100–110 mmHg) despite 
a triple combination of  antihypertensive 

drugs (ACEI, calcium channel blockers, and 
diuretics).

On her first visit, we measured equally 
elevated blood pressure on both arms (180/100 
mmHg) and significantly lower blood pressure 
on both lower extremities (150/80 mmHg). 
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Routine laboratory examinations revealed 
normal serum creatinine, blood urea nitro-
gen, potassium, and sodium levels, with no 
signs of hyperlipidemia or diabetes melli-
tus. Chest X-ray showed no abnormalities. 
Echocardiography revealed normal ventricular 
function. Native abdominal and pelvic CT scan 
showed no abnormality in the renal and adre-
nal regions.

Hormonal investigations were performed 
after the withdrawal of antihypertensive drugs 
affecting the RAAS.  The laboratory results 
confirmed hyperreninemic hyperaldosteron-
ism: supine aldosterone concentration was 
17.2  ng/dL (reference range 0.7–15.0  ng/dL), 
and plasma renin activity was 4.41 ng/mL/hour 
(reference range 0.20–2.80  ng/mL/hour). The 
patient was euthyroid and eucortisolemic, and 
urinary metanephrines were within the normal 
range (.  Table 29.1).

Diagnostic imaging workup was performed 
to investigate the cause of secondary aldoste-

ronism. Both kidneys showed normal morphol-
ogy by ultrasonography, and their parenchymal 
function and drainage were also normal by 
functional 99mTc-renal scintigraphy.

Abdominal CT angiography (.  Fig. 29.1) 
revealed a narrowed segment (8  mm luminal 
diameter) of the aorta at the diaphragmatic 
level. The extension of this investigation to 
the thoracic region (.  Fig.  29.1) confirmed 
a funnel-like stenosis of the descending aorta 
with a minimum diameter of 6 mm at the level 
of the X–XI thoracic vertebrae. This was fol-
lowed by a post-stenotic dilatation of 14  mm 
and another distal narrowing seen already on 
the abdominal scan.

Percutaneous transluminal stent graft 
implantation followed by balloon catheter dila-
tation was performed (.  Fig.  29.2) with suc-
cess, as her blood pressure normalized after the 
intervention.

However long-term blood pressure control 
was still required.

.      . Table 29.1  Hormonal examinations

Hormone Measured values Normal range

Morning serum cortisol 232.6 nmol/L 220–690 nmol/L

Late night serum cortisol 45.2 nmol/L <138 nmol/L

Morning salivary cortisol 0.326 μg/dL <0.690 μg/dL

Late night salivary cortisol 0.054 μg/dL <0.430 μg/dL

Urinary cortisol 147.7 nmol/die 100.0–379.0 nmol/die

Adrenocorticotropic hormone 12.0 pg/mL 7.2–63.3 pg/mL

Dehydro-epi-androsterone sulfate 118.3 μg/dL 130.0–430.0 μg/dL

Aldosterone supine 17.2 ng/dL 0.7–15.0 ng/dL

Renin activity supine 4.41 ng/mL/hour 0.20–2.80 ng/mL/hour

Urinary adrenaline 2.9 μg/die 4–20 μg/die

Urinary noradrenaline 46 μg/die 23–105 μg/die

Urinary dopamine 483.6 μg/die 62–446 μg/die

Urinary metanephrine 59.3 μg/die <275 μg/die

Urinary normetanephrine 152.1 μg/die <550 μg/die

3-methoxytyramine 106.7 μg/die <460 μg/die

Thyroid-stimulating hormone 0.474 mIU/L 0.35–4.95 mIU/L
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a b c

.      . Fig. 29.1  Three-dimensional reconstruction of 
computed tomography angiography: a Abdomen 
(anterior view); b thoracic aorta (anterior view); c 

thoracic aorta (lateral view). Arrow: the stenotic 
segment of  the aorta

a b

.      . Fig. 29.2  Three-dimensional reconstruction of  computed tomography angiography after interven-
tion: a Anterior view; b lateral view. Arrow: stent-graft in the thoracic aorta
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?? When to suspect secondary hypertension?

vv Most hypertensive patients are classified 
as having essential (primary) hyperten-
sion, whereas secondary hypertension is 
present in 5–10% of  all cases. In contrast 
to essential hypertension that can only be 
treated, secondary hypertension can often 
be healed.

vv In hypertensive patients, the following 
cases are suggestive of  secondary hyper-
tension (variations in definitions and cut-
off  values exist in the literature):

55 Severe (grade 3) hypertension or hyper-
tension with coexistent evidence of 
acute end-organ damage (malignant 
hypertension)

55 Resistant hypertension defined as inad-
equate control of blood pressure despite 
the use of three or more different anti-
hypertensive agents in combination 
(including a diuretic), with adequate 
dosing

55 Sudden and persistent worsening of a 
previously well-controlled hypertension 
(accelerated hypertension)

55 First presentation in young age (less 
than 30 years or less than 40 years with 
at least grade 2 hypertension)

55 First presentation after the age of 
55 years

55 Clinical or biochemical characteristics 
of certain endocrine or renal diseases 
(see below and Tips) including, e.g. 
hypokalemia and metabolic alkalosis

55 Familial aggregation of early-onset 
hypertension or disorders causing sec-
ondary hypertension

55 Hypertension and sleep apnea

?? What kind of endocrine diseases can lead to 
secondary hypertension?

The most common endocrine cause of second-
ary hypertension is primary aldosteronism 
(7  Chap. 28). Among other adrenal diseases 
leading to hypertension, pheochromocytoma 
(7  Chap. 37) and rare forms of congenital 
adrenal hyperplasia (11β-hydroxylase and 17α 

hydroxylase/17,20-lyase deficiency (7  Chap. 
35)) should be highlighted. Hypertension is 
common in all forms of hypercortisolism 
(pituitary Cushing’s disease (7  Chap. 3), adre-
nal Cushing’s syndrome (7  Chap. 27), and 
ectopic ACTH syndrome (7  Chap. 45)). 
Hypothyroidism (7  Chap. 11) can be associ-
ated with hypertension due to increased 
peripheral resistance, but hypotension might 
also occur, and most patients with hypothy-
roidism are normotensive. Hyperthyroidism 
(7  Chap. 12) can lead to systolic hypertension 
due to hyperkinetic circulation. Acromegaly 
(7  Chap. 2) can also be associated with hyper-
tension. Secondary aldosteronism is discussed 
in detail here in this chapter.

?? What raised awareness for the possibility of 
an aortic pathology in this case?

vv First of  all, physical examination should 
be extended to the blood pressure mea-
surement of  both arms (as always at the 
first consultation of  a new patient) and in 
all possible cases of  secondary hyperten-
sion to the lower extremities as well. The 
aortic coarctation predominantly occurs 
as a diaphragm-like ridge pushing into 
the aortic lumen at the level immediately 
distal to the left subclavian artery causing 
elevated blood pressure in the arms com-
pared to the legs. In some cases, the nar-
rowing is immediately proximal to the left 
subclavian artery causing lower values also 
in the left arm.

vv Beside the differences in blood pressure 
values, the classic triad of  aortic coarcta-
tion consists of  delayed and sometimes 
hardly palpable femoral pulses compared 
to the ones over the radial artery and vas-
cular bruits along the course of  the aorta 
or the pronounced collateral branches 
(internal thoracic, subclavian, or intercos-
tal arteries).

vv The mid-aortic syndrome is a rare form 
of  the aortic coarctation involving the 
abdominal aorta and/or distal descending 
thoracic aorta and can include the renal 
and visceral branches as well. The major-
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ity of  the cases are idiopathic, while others 
are caused by acquired inflammatory dis-
eases such as Takayasu arteritis and intra-
uterine rubeola infection or are associated 
with Mendelian disorders such as neurofi-
bromatosis type 1 and Williams syndrome 
(a complex developmental abnormality 
caused by hemizygous deletion of  1.5–
1.8 Mb on chromosome 7q11.23).

vv Hormonal investigations showing second-
ary aldosteronism corroborated the suspi-
cion for aortic coarctation.

?? What is the pathomechanism of secondary 
hypertension in aortic coarctation?

vv Three main theories have evolved about 
the components of  hypertension in aortic 
coarctation. The first is the mechanical 
obstruction to the blood flow causing the 
elevation of  blood pressure in the upper 
extremities. There is another possible 
mechanism, the so-called neural theory of 
baroreceptor resetting, resulting in blood 
pressure elevation in order to maintain cir-
culation in the lower body parts. The third 
possible mechanism is the consequence of 
renal hypoperfusion leading to enhanced 
renin and aldosterone secretion and subse-
quent volume expansion.

?? How to discriminate between primary and 
secondary aldosteronism?

vv Here we refer also to the preceding chap-
ter on primary aldosteronism (7  Chap. 
28), where elevated plasma aldosterone 
concentration coexists with suppressed 
plasma renin.

vv Contrary to primary aldosteronism, sec-
ondary aldosteronism is associated with 
an elevated plasma aldosterone usually 
accompanied by an elevated but certainly 
not suppressed plasma renin activity.

vv It is, however, to be noted that normal val-
ues of  plasma renin activity and plasma 
aldosterone concentration do not exclude 
secondary aldosteronism (see below).

?? What are the features of renovascular ste-
nosis/hypertension?

vv While one kidney is usually enough for the 
“detoxification” function, the hypoperfu-
sion of  one kidney or even a part of  it can 
be a signal strong enough to trigger sec-
ondary aldosteronism.

vv Atherosclerosis of  the renal artery is 
the most common cause of  renovascu-
lar hypertension, while fibromuscular 
dysplasia is far less frequent and affects 
mostly younger patients with a female pre-
dominance. Other causes like aneurysms, 
tumors, and retroperitoneal fibrosis are 
even less frequent.

vv The gold standard method is renal arteri-
ography to confirm the stenosis (50–70%, 
depending on the source), but Doppler 
ultrasonography (with an expert examiner!), 
CT or MR angiography, and renal scintig-
raphy are noninvasive alternatives. Since 
only a proportion of patients with renal vas-
cular disease have renovascular hyperten-
sion, thus structural abnormalities must be 
strengthened with functional studies.

vv In renal artery stenosis, the best medical 
therapy is essential with special emphasis 
on ACEIs or ARBs for blood pressure 
control of  unilateral cases, whereas revas-
cularization (surgery and transarterial 
stenting or balloon angioplasty) is recom-
mended only for special patient groups 
(mostly in fibromuscular dysplasia). It 
is very important to note that ACEIs or 
ARBs are contraindicated in bilateral 
renovascular stenosis as they can precipi-
tate acute renal insufficiency.

?? What kind of other renin-mediated second-
ary hypertension forms related to renal in-
volvement should be mentioned?

vv The intrarenal vascular baroreceptor 
mechanism is triggered by focal intrare-
nal pathologies as well, like an infarction 
within the kidney or vasculitis with renal 
involvement. From the latter group, poly-
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arteritis nodosa causes most frequently 
renin-mediated hypertension. This is a rare 
disease affecting small-diameter vessels. 
General symptoms are fever, arthralgia, 
and weight loss. In the kidney, saccular 
microaneurysms cause tissue compression 
with incomplete focal circulatory dysfunc-
tions, which might be accompanied by 
proteinuria, hematuria, azotemia, or even 
aneurysmal bleeding. The diagnosis rests 
on angiography and histology.

vv Polycystic kidney disease can also lead 
to secondary aldosteronism via tissue 
compression and the intrarenal vascular 
baroreceptor mechanism. Two monogenic 
forms are known (mutation of  PKD1 and 
PKD2 genes). If  there is suspicion for the 
disease (familial disease, bilateral cysts, 
coexistent pancreatic or liver cysts, circle 
of  Willis aneurysm), the use of  CT or 
MRI is mandatory since in early stages, 
ultrasonography is not sensitive enough 
and kidney function is still normal. Cyst 
decompression can lower blood pressure 
at least temporarily.

?? Do normal plasma aldosterone concentra-
tion and plasma renin activity rule out hy-
pertension due to renal hypoperfusion?

vv Interesting data were obtained from stud-
ies on patients with aortic coarctation or 
renovascular hypertension suggesting that 
extracellular volume expansion can mask 
secondary aldosteronism resulting in nor-
mal plasma aldosterone concentration 
and plasma renin activity since the conse-
quent elevation of  blood pressure is able to 
restore the renal perfusion.

vv In the past, several methods were used 
to unmask this phenomenon and enable 
the identification of  the hyperreninemic 
hyperaldosteronism, such as dietary salt 
restriction, diuretic treatment, or the so-
called captopril test (7  Chap. 28). All 
these signals provoke per se an increase 
in plasma renin activity but with a greater 
magnitude in renal hypoperfusion com-
pared to an intact renal circulation.

vv To the best of  our knowledge, this prac-
tice is not incorporated to any current 
diagnostic guidelines, most probably 
because of  the advent and wide availabil-
ity of  the high-precision imaging tools for 
the assessment of  aortic or renovascular 
pathology. However, in cases when there 
is a high suspicion for renal hypoperfu-
sion, and the required imaging methods 
are unavailable, or their results are con-
tradictory, this possibility might be kept 
in mind during the interpretation of  the 
hormonal results.

?? How to rule out renal hypoperfusion then if 
the hormonal findings are normal?

vv Regarding aortic coarctation, the differ-
ences in blood pressure and pulse charac-
teristics between the upper and lower parts 
of  the body necessitate extensive imag-
ing (echocardiography and abdominal 
Doppler ultrasound, CT or MR angiog-
raphy, aortography). On the contrary, the 
absence of  these findings is usually enough 
to rule out aortic coarctation; however the 
existence of  a strong collateral system can 
mask these physical alterations.

vv The case of  renovascular hypertension 
requires a more complex approach. Its clin-
ical suspicion is equal to that of  second-
ary hypertension, and it is strengthened 
when any of  the following phenomena are 
found without an alternative explanation: 
abdominal bruits, difference in renal size 
or bilateral renal atrophy, acute or chronic 
kidney disease, onset before the age of 
30 years or after 55 years, deterioration in 
kidney function or “flash” (suddenly devel-
oping) pulmonary edema after initiation 
of  ACEI or ARB treatment, biochemical 
evidence of  secondary aldosteronism with 
or without hypokalemia and metabolic 
alkalosis. However, the absence of  these 
phenomena is not sufficient to rule out 
renovascular hypertension. The complex-
ity of  this disease is marked also by the 
fact that a stenosis found incidentally on 
a renal artery is not sure to represent the 
cause of  the hypertension of  that patient 
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since essential hypertension may present 
also in this clinical setting.

vv The above-mentioned imaging methods 
are to be used for the confirmation or 
exclusion of  renal artery stenosis, but 
guidelines are not consistent in the indica-
tion and depth of  these investigations in 
certain patient groups. Each case has to be 
dealt with on an individual basis.

?? Is there a possibility of an autonomous re-
nin secreting tumor as an analogy of pri-
mary aldosteronism and other hormone 
producing tumors?

vv Yes, but juxtaglomerular cell tumor, also 
called reninoma, is an extremely rare entity. 
About 100 cases have been described, 
most of  them were benign and occurred in 
younger adults. Severe hypertension with 
markedly elevated plasma renin activity 
and aldosterone concentration and hypo-
kalemia are characteristic features. The 
mass lesion in the kidney is frequently tiny, 
and kidney vein catheter sampling can be 
very helpful in the diagnosis. The removal 
of  the tumor is curative in most cases. 
Even less frequently other tumors were 
described to secrete renin, e.g. adrenocor-
tical carcinoma, hepatoblastoma, Wilms’ 
tumor, and uterus leiomyosarcoma.

?? Which forms of secondary aldosteronism 
are not associated with hypertension?

vv Rare conditions causing secondary aldo-
steronism without hypertension are rep-
resented by the group of  sodium losing 
renal tubulopathies, a heterogeneous 
group with inherited dysfunctions of  one 
or more renal transepithelial ion channels. 
Among others, the autosomal recessive 
Bartter and Gitelman syndrome should 
be mentioned. Due to the ion channel 
dysfunction, high concentration of  NaCl 
reaches the macula densa resulting in 
renin hypersecretion and secondary aldo-
steronism. (Note that diuretics have a sim-
ilar way of  action.)

vv The clinical signs of  Bartter syndrome (loss-
of-function mutations of  the bumetanide-
sensitive Na-K-2Cl cotransporter) emerge 
in childhood or even in fetal period and 
include polyuria and hyposthenuria (pos-
sibly with polyhydramnion and premature 
birth), hypovolemia, renal salt wasting, 
osteopenia and nephrocalcinosis due to 
hypercalciuria, hypokalemic alkalosis, and 
hypocalcemia (even tetany and seizures are 
possible depending on the severity of  the 
disease). Gitelman syndrome, on the other 
hand, is mostly diagnosed in adulthood 
due to severe hypokalemia and hypomag-
nesemia that is caused by loss-of-function 
mutations of  the thiazide-sensitive Na-Cl 
transporter. As with Bartter syndrome, 
secondary aldosteronism with high renin 
and aldosterone is observed, but low mag-
nesium and decreased urinary calcium 
excretion are seen.

vv It should be mentioned here that Liddle 
syndrome, another “channelopathy” 
caused by mutations of  the epithelial 
sodium channel inherited as an autosomal 
dominant trait, leads to severe hyperten-
sion and hypokalemia, but both renin and 
aldosterone are low (it is therefore not a 
form of  secondary aldosteronism).

vv It is also worth mentioning that most of 
the chronic kidney diseases are accompa-
nied by various degrees of  secondary aldo-
steronism. The decline in the number of 
functioning nephrons puts work overload 
to other nephrons, which develop glomer-
ulosclerosis while hyperfunctioning, and 
the parallel decrease in hydrostatic pres-
sure leads to secondary aldosteronism.

vv Secondary aldosteronism is also a well-
known phenomenon in other chronic con-
ditions with decreased effective circulating 
blood volume or cardiac output such as 
congestive heart failure, liver cirrhosis, 
nephrotic syndrome, and chronic diuretic 
use. In these cases, secondary aldosteron-
ism mostly just contributes to the main-
tenance of  normotension. Secondary 
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aldosteronism is also part of  the complex 
neurohumoral changes occurring during 
pregnancy which are beyond the scope of 
this chapter.

Tips

The reader is advised to read the preced-
ing chapter on primary aldosteronism 
(7  Chap. 28) before reading this chapter. 
Moreover, the chapters presenting diseases 
with secondary hypertension including 
hypercortisolism (pituitary Cushing’s dis-
ease (7  Chap. 3), adrenal Cushing’s syn-
drome (7  Chap. 27)), pheochromocytoma 
(7  Chap. 37), and 17α-hydroxylase/17,20-
lyase deficiency (7  Chap. 35) would also 
be interesting to the reader.

Take-Home Messages
55 Secondary aldosteronism is character-

ized by high aldosterone and high or 
non-suppressed renin levels.

55 It is important to withdraw as many 
interacting drugs as possible for a mini-
mum of 2–4  weeks (depending on the 
drug) and to provide ad libitum access 
to salt for the patient and ensure nor-
mokalemia.

55 Normal plasma aldosterone concentra-
tion and plasma renin activity do not 
rule out secondary aldosteronism.

55 Vascular stenosis (mostly renovascular) 
is a major cause of secondary aldoste-
ronism, but there are forms of second-
ary aldosteronism without hypertension 
as well (e.g., renal tubulopathies, 
chronic diseases such as heart failure, 
liver cirrhosis, nephrotic syndrome, and 
chronic use of diuretics).

55 If  renovascular hypertension is sus-
pected and vascular repair is a possible 
treatment option, an individualized 
treatment strategy is warranted.

55 Measure blood pressure at least once on 
the lower extremities as well for patients 
with possible secondary hypertension.
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Opening
In this chapter, the reader will learn about 
the clinical presentation, diagnosis, and 
management of adrenocortical cancer (ACC), a 
rare and aggressive endocrine tumor springing 
from the adrenal cortex. Given that ACC has 

a grim prognosis, a prompt recognition and 
adequate management of the tumor and the 
associated endocrine syndromes is mandatory 
to improve the chance of survival of affected 
patients.

Definition of the Disease

ACC is a rare cancer of  the endocrine system 
with an annual incidence of  0.5–2 cases 
per million population. However, ACC is 
included in the differential diagnosis of  an 
adrenal incidentaloma that is a quite frequent 
condition. As many diseases of  the adrenal 
gland, ACC is affecting more frequently 
women that account for 55–60% of  the 
overall patient series. ACC has a devastating 
impact on the life of  patients and their 
relatives, since it shortens considerably life 
expectancy and impairs remarkably quality 
of  life with health-related issues due to cancer 
progression, hormonal excess, and treatment-
related toxicity. This grim picture is even 
worsened by the fact that ACC is frequent 
in young subjects, and women are frequently 
affected in childbearing age.

Since treatment has limited efficacy when 
the disease is advanced, securing a prompt 
diagnosis of  ACC is key to obtain a complete 
surgical removal of  the tumor, thus avoiding, 
or delaying, disease progression. Conversely, 
diagnosis of  ACC is often overlooked with 
other more frequent conditions, thus delaying 
a specific treatment. Radical resection of  the 
tumor with microscopically intact resection 
margins (R0) is the single treatment option 
that has the strongest impact on prognosis.

ACC has a heterogeneous biological 
behavior ranging from less aggressive to 

rapidly progressing forms; however, our 
capability to predict the disease course 
remains imprecise at best, despite recent 
progress in prognostication. The disease 
course, and the prognosis of  affected patients, 
is mainly determined by the high propensity 
of  ACC to recur after an apparently radical 
extirpation, with a frequency up to 50–80% 
in some series. It has been said that ACC 
recurrence resets the tempo of disease, since 
life expectancy after the comeback of the 
tumor may be rather short and struggling. 
Therefore, preventing disease recurrence is a 
priority of  the management strategy of  ACC 
and this concept offers a well-founded rational 
for the institution of post-operative adjuvant 
therapy with a close follow-up for many years. 
Mitotane, an adrenolytic drug in use for 
decades, is the cornerstone of  any therapeutic 
approach including adjuvant treatment. 
However, mitotane has a narrow therapeutic 
index, is burdened with frequent and disparate 
side effects, and needs careful dose tailoring 
and monitoring of  blood concentrations.

ACC poses a unique challenge due 
to the combination of  either oncological 
or endocrinological issues in any aspect 
of  its management, from establishing the 
diagnosis to defining treatment; therefore, it 
is mandatory that ACC patients are managed 
by a multidisciplinary team at expert centers.
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?? In this case, which characteristics lead to 
suspect an ACC?

vv There are three important facts that need to 
be considered in this case:
1.	 Constitutive symptoms. Although clas-

sical malignancy-associated symptoms 
(weight loss, fatigue, anorexia, fever, and 
night sweats) are present only in a minor-
ity of cases, their presence is a warning bell. 
Most commonly, ACC presents with clini-
cal features of hormone excess (50–60% of 
the cases), mainly hypercortisolism, which 
in women may be associated with signs of 
virilization, while pure hyperandrogenism is 
less frequent and estrogen or mineralocorti-
coid excess are rare. When signs of adrenal 
hormone excess are lacking, the clinical pre-
sentation often consists of symptoms due 
to an abdominal mass effect, such as nau-
sea, vomiting, and back pain (30–40% of 
the cases). Interestingly, the serendipitous 
discovery of an ACC as an adrenal inci-
dentaloma is increasingly frequent (10–15% 
of the cases), due to the widespread use of 
imaging procedures in clinics. In the present 
case, constitutive symptoms in a previously 
well-being young man should have raised 
the suspicion of a malignancy, although 
they are not specific for ACC. Therefore, the 

discovery of an adrenal mass may be consid-
ered as unexpected in this clinical scenario 
and this mass is an adrenal incidentaloma;

2.	 CT features of the mass. Although imag-
ing cannot definitively prove a diagnosis of 
ACC, an adrenal malignancy can be ruled 
out when an adrenal mass appears homog-
enous and with low density at CT, consider-
ing a cut-off  of ≤10 HU (Hounsfield Unit). 
Conversely, ACC should be suspected in 
case of an inhomogeneous mass with ele-
vated density (due to low fat content). In 
addition, a large size enhances the probabil-
ity of malignancy, especially when the mass 
is ≥4 cm, as other characteristics like intra-
tumoral necrosis and irregular mass shape 
and borders;

3.	 The young age of the patient. The preva-
lence of adrenal masses increases with age 
and in elder subjects the occurrence of adre-
nal incidentalomas is frequent (up to 10%); 
conversely, an occasionally detected adre-
nal mass is an uncommon and disturbing 
finding in young subjects. Whether a benign 
adrenal adenoma is the leading cause of 
adrenal incidentalomas in the elderly, ACC 
is relatively more frequent in the young.

?? Is endocrine work-up required? Which tests?

�Case Presentation

A 26-year-old man was referred to our center 
after that an abdominal computed tomography 
(CT) scan showed a 12 cm heterogeneous mass 
in the right adrenal gland (.  Fig. 30.1). CT was 
ordered because the patient had complained of 
fatigue, loss of appetite with a 5 kg weight loss, 
and low-grade fever for 3 months, and a routine 
laboratory work-up revealed increased ESR 
(Erythrocyte Sedimentation Rate) and CRP 
(C-Reactive Protein). No comorbidity and no 
medication were reported. Physical exam did 
not reveal any remarkable feature and body 
mass index (BMI) was 22.5 kg/m2.

.      . Fig. 30.1  CT scan (horizontal slice) showing the 
large right, inhomogeneous adrenal mass

Adrenocortical Cancer
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vv There are several reasons to carry out 
a comprehensive endocrine work-up. 
Although the present patient did not show 
any sign of hypercortisolism or feminiza-
tion, a mild autonomous adrenal hormone 
secretion, in particular a subtle cortisol 
excess, or a production of steroid precur-
sors could not be ruled out without specific 
laboratory evaluation. The detection of an 
altered steroid pattern could confirm the 
diagnostic suspect of ACC, and the finding 
of a co-secretion of sexual hormones and 
cortisol virtually confirms that the adrenal 
mass is an ACC.  An adrenocorticotropic 
hormone (ACTH)-independent hyper-
cortisolism is a strong diagnostic element, 
although it is more frequently sustained by 
benign adrenal adenomas, and has prog-
nostic value, because cortisol excess is tied 
to a worse outcome in ACC patients. At 
the same time, steroids may be markers of 
tumor remnant after surgery or recurrence 
during follow-up. The hormonal work-up 
must include a panel of different steroids 
including glucocorticoids, mineralocorti-
coids, androgens, and precursors to ascer-
tain the adrenocortical origin of the tumor, 
but also metanephrines should be measured 
in urine or plasma to rule out a pheochro-
mocytoma (.  Table  30.1). In fact, cross-
sectional imaging cannot discriminate this 
tumor from ACC and a misdiagnosed 
pheochromocytoma may lead to life-threat-
ening hypertensive crises (especially during 
invasive procedures and surgery).

vv Recently, it has been showed that high 
throughput methods (gas chromatography 
mass spectrometry, GC-MS, and liquid 
chromatography mass spectrometry tandem 
mass spectrometry, LC-MS) are able to rec-
ognize a particular steroid pattern even in 
tumors qualified as non-secreting with con-
ventional methods. It has been demonstrated 
that GC-MS performed on 24-hour urine 
samples can recognize a distinct malignant 
steroid “fingerprint,” which is able to pick 
up an ACC with sensitivity and specificity 
of 90%. Moreover, in plasma samples of 
ACC patients evaluated with LC-MS higher 

levels of 11-deoxycorticosterone, proges-
terone, 17-hydroxyprogesterone, 11-deoxy-
cortisol, dehydroepiandrosterone (DHEA), 
DHEA sulfate (DHEA-S), and estradiol 
were detected, compared to patients with 
adrenocortical adenomas. Although these 
methods are not yet in clinical use, they 
appear as promising tools to discriminate 
efficiently benign from malignant adreno-
cortical tumors.

?? Is additional imaging needed? Which  
tests?

vv In any patient with suspected ACC, in 
addition to the abdominal cross-sectional 
imaging (CT or MRI), a chest CT is rec-
ommended for a complete staging of the 
disease that should inform the therapeutic 
approach (surgery, or chemotherapy in case 

.      . Table 30.1  Hormonal work-up in case of 
suspected ACC

Type of secretion Tests

Glucocorticoids 24-hour UFC
Serum or salivary bedtime 
cortisol
1 mg DST (optional if  the 
previous are altered)
Plasma ACTH

Sexual steroids and 
steroid precursors

Serum DHEA-S
Serum 
17-OH-progesterone
Serum androstenedione
Serum testosterone (only 
in women)
Serum 17-beta-estradiol 
(only in men and 
postmenopausal women)

Mineralocorticoids Serum potassium
Aldosterone/renin ratio 
(if  arterial hypertension 
and/or hypokalemia)

Catecholamines 24-hour urinary 
fractionated (or plasma) 
metanephrines

ACTH adrenocorticotropic hormone, DST dexa-
methasone suppression test, UFC urinary free cor-
tisol, DHEA-S dehydroepiandrosterone sulfate
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of unresectable or metastatic tumors). The 
thoraco-abdominal-pelvic imaging allows 
to investigate the most frequent sites of 
metastasis (lung and liver), while other tests 
are not routinely performed, because bone 
and brain metastasis are possible but rare 
at diagnosis. Although positron emission 
tomography with 18F-2-deoxy-d-glucose 
(18FDG-PET-CT) has been recently sug-
gested as a second-line test, it is not rou-
tinely recommended in all patients, because 
of costs and limited availability in several 
countries.

?? Is tumor biopsy useful to confirm  
diagnosis?

vv No, adrenal biopsy has no role in the diag-
nostic process of ACC, because of low 
sensitivity (70%) and high risk of tumor 
dissemination and hemorrhage. Fine needle 
aspiration (FNA) biopsy could be consid-
ered in a non-secreting adrenal mass in a 
patient with history of extra-adrenal malig-
nancy, to make the differential diagnosis 
between ACC and adrenal metastasis, or 
in case of widespread, inoperable ACC to 
secure a pathologic diagnosis.

?? What treatment?

vv Radical surgical removal of the tumor is 
the only possibility of cure for ACC and, 
when feasible with radical intent, surgery 
is always the first therapy. Although open 
surgery is considered the gold standard, 
laparoscopic adrenalectomy is increasingly 
used. The current recommendation is open 
surgery for tumors with evidence of local 
invasion, especially in case of large masses, 
while small tumors (≤6 cm) without signs of 
local invasion may be removed laparoscopi-
cally. The size cut-off  for selecting laparo-
scopic adrenalectomy is matter of debate 
and experienced surgeons could remove 
laparoscopically even larger tumors. In any 
case, ACC surgery should be always per-
formed by experienced surgeons in referral 
centers with a high operation volume.

?? Patient underwent open surgery (en bloc 
tumor removal). Pathology report was 
ENSAT (European Network for the Study 
of Adrenal Tumors) tumor stage II, Ki67 
25%, R0 margins. Should adjuvant mito-
tane therapy be considered?

vv Yes. In patients with localized disease, the 
risk of recurrence after surgery is strongly 
influenced by tumor stage, resection status, 
and Ki67 index. Tumor stage is currently 
assessed by using the ENSAT staging sys-
tem (.  Table  30.2). Prognostication of 
ACC aims to stratify two different classes 
of localized ACC at different risk of recur-
rence. The low/moderate risk class is defined 
by the presence all of the following features: 
stage I–II ACC, R0 (microscopically free 
margins) surgery, and Ki67  ≤  10%. The 
high-risk class is defined by at least one of 
these characteristics: stage III, or R1 (micro-
scopically involved margins) /Rx (uncertain 
margins), or Ki67 > 10%. Although results 
from prospective randomized trials still 
lack, the positive effects of mitotane on 
recurrence-free survival in ACC patients 
with higher propensity to recur have been 
reported in several retrospective studies and 
have been confirmed in recent metanalyses. 
Therefore, adjuvant mitotane therapy is 
currently recommended for ACC at high 
risk of recurrence  (.  Fig. 30.1). Mitotane 
should be started as soon as possible after 
surgery (ideally within 6 weeks, in any case 
not later than 3 months), according to the 

.      . Table 30.2  ENSAT staging system

Tumor 
size

Lymph 
nodes

Distant 
metastasis

Stage 1 ≤5 cm Negative Absent

Stage 2 >5 cm Negative Absent

Stage 3 Local 
invasion

Negative Absent

Any Positive Absent

Stage 4 Any Any Present
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biological concept of adjuvant therapy 
and also considering the latency to achieve 
blood mitotane concentrations with anti-
tumoral efficacy.

vv What follow-up?

vv To allow the early detection of disease 
recurrence, patients must be followed 
with thoraco-abdominal-pelvic CT every 
3 months for 2 years, then every 3–6 months 
for further 3  years. After 5  years, the risk 
of recurrence drops significantly, but is not 
zero. Therefore, continuation of follow-up 
appears as reasonable, with possible longer 
intervals between visits.

vv In addition to the radiological follow-up, a 
periodical biochemical assessment is use-
ful either in patients with secreting tumors 
(steroids can be considered as biomarker of 
tumor recurrence after radical surgery) or 
in patients treated with mitotane to moni-
tor the drug-related effects on endocrine 
functions, to permit adequate replacement 
therapy in case of need (.  Table  30.3). 
Primary adrenal insufficiency (hypoad-

renalism) is an expected consequence of 
mitotane, and a key message is to use 
higher doses of steroids than those cur-
rently employed in Addison’s disease due 
to the metabolization and inactivation of 
exogenous steroids by mitotane. Steroid 
under-replacement inflates mitotane-
induced toxicity. Mineralocorticoid supple-
mentation is not always required because 
the mitotane is less toxic for the zona 
glomerulosa. Levothyroxine replacement 
can be done in patients with a mitotane-
induced reduction in FT4 levels, which 
usually occurs without a compensatory 
rise in TSH. In women, gonadal function is 
generally preserved with regular menstrual 
cycles, although in some cases ovarian 
cysts and menstrual disorders may occur. 
Conversely, testosterone replacement is fre-
quently required in men, because mitotane 
inhibits testicular steroidogenesis. Finally, 
the monitoring of plasma mitotane levels 
is crucial, because this drug has a narrow 
therapeutic window, requiring blood con-
centrations >14  mg/L to be effective and 
<20 mg/L to avoid severe central neurologi-
cal toxicity. Gastrointestinal adverse effects 

.      . Table 30.3  Management of  mitotane-related unwanted effects

Effect Parameters to 
monitor

Interval of 
monitoring

Treatment

Adrenal 
insufficiency

ACTH
Morning cortisol
Renin
Electrolytes
Blood pressure
Body weight
Well-being

Every 3 monthsa Glucocorticoid replacement in all patients 
treated with mitotane, using 
hydrocortisone or cortisone acetate; in 
patients with symptoms and signs of 
insufficient mineralocorticoid activity 
(hyperkalemia, hyponatremia, and 
hypotension) add fludrocortisone.

Deranged thyroid 
function (total T4 ↓, 
free T4 ↓, TSH ↓)

TSH
FT4

Every 3 months Replacement therapy with L-thyroxine in 
patients with central hypothyroidism

Primary 
hypogonadism (in 
men)

Testosterone
SHBG

Every 3 monthsa Testosterone supplementation in patients 
with low testosterone and symptoms of 
hypogonadism

Dyslipidemia Total cholesterol
HDL cholesterol
Triglycerides

Every 3 months In selected cases with good life expectancy, 
statin therapy (preferably rosuvastatine or 
pravastatine)

aSooner if  clinically indicated
SHBG sex hormone-binding globulin, HDL high-density liprotein
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are common also in patients with plasma 
mitotane concentration in range, requiring 
symptomatic therapy such as antiemetic 
and anti-diarrheal drugs. Conversely, signif-
icant liver toxicity (characterized by marked 
increase in transaminases and bilirubin) is 
rare, while elevation in gamma-glutamyl 
transferase (GGT) levels is a universal find-
ing that usually comes without any clinical 
consequence. To tackle mitotane toxicity, it 
is useful to reduce the dose or, in case of 
severe side effects, to temporarily stop the 
drug. In conclusion, an important role of 
the clinician is to motivate patients to main-
tain adherence to treatment, adjust mito-
tane dose in relation to side effects and drug 
levels, put in place supportive therapies 
(hormonal replacement and symptomatic 
treatments) whenever indicated. Therefore, 
a specific expertise and great availability 
to maintain a strict relationship with the 
patients are fundamental to deal with mito-
tane treatment and its unwanted effects.

?? How long should the patient be treated?

vv The optimal duration of adjuvant mitotane 
treatment is presently unknown, because 
definitive evidence is not available. In cur-
rent practice, patients should be kept on 
mitotane for at least for 2 years; however, 
we recommend longer treatment spans (up 
to 4–5 years) in patients with good compli-
ance and unfavorable prognostic factors. 
After mitotane is discontinued, recovery 
of adrenal function is not immediate; con-
versely, a comeback to normal requires a 
median period of 2.7  years but it may be 
as long as 8 years in some cases. In about 
20% of cases, a complete recovery is never 
attained or patients are unable to tolerate 
glucocorticoid withdrawal despite appar-
ently normal hormonal tests.

Tips

55 The reader is advised to read the 
chapters on Adrenal Incidentaloma and 
Adrenal Cushing’s Syndrome (in this 
Section on Diseases of the Adrenal).
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Take Home Messages
55 Adrenal carcinoma is a rare endocrine 

tumor that is usually tied to poor prog-
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Opening
Primary adrenal insufficiency (Addison’s 
disease) is most commonly of autoimmune 
origin that often forms part of the autoimmune 

polyendocrine syndrome (APS) type 2 in 
adults.

.      . Table 31.1  Major causes of  Addison’s disease

Autoimmune Isolated autoimmune adrenalitis
Autoimmune polyendocrine syndromes type 1 and 2

Infectious Tuberculosis
HIV infection
Fungal infection (histoplasmosis and paracoccidio idomycosis)
African trypanosomiasis

Tumor Cancer metastases (lung, breast, and colon)
Lymphoma

Adrenal hemorrhage/
infarction

Trauma and anticoagulant therapy
Waterhouse-Friderichsen syndrome

Definition of the Disease

Addison’s disease or primary adrenal insuffi-
ciency (PAI) is a rare disease with a prevalence 
of  144–221 cases per million population. 
Addison’s disease results in adrenal hormone 
deficiency that affects all three layers of  the 
adrenal cortex. PAI can be caused by a num-
ber of  etiological factors. Nowadays, autoim-
mune adrenalitis is responsible for more than 
80% of  all cases in developed countries. The 
second most common etiology of  PAI is rep-
resented by infections destructing the adre-
nal tissue (tuberculosis, HIV infection, and 
fungal infections). Other etiological factors 
are more infrequent such as adrenal hemor-
rhage, sepsis, surgery, drugs, or metastasis 
(.  Table  31.1). Autoimmune adrenalitis can 
be part of  the autoimmune polyendocrine 
syndromes (APS) that affect several endocrine 
(and also non-endocrine) organs. Whereas 
APS type 1 (APS-1) is a very rare monogenic 
disease typically diagnosed in children, APS 

type 2 (APS-2) is more frequent, polygenic, 
and characteristic for adults. The most char-
acteristic diseases in APS-2 include Addison’s 
disease, thyroid disease (mostly hypothyroid-
ism, but hyperthyroidism might also occur), 
and type 1 (autoimmune) diabetes mellitus.

The autoimmune adrenalitis usually affects 
the zona glomerulosa first leading to low aldo-
sterone and elevated renin activity. Then, the 
destruction of the zona fasciculata manifests 
itself  in decreased basal cortisol and elevated 
adrenocorticotropic hormone (ACTH) levels. 
In adrenal insufficiency, any kind of stress can 
cause a rapid decompensation of the disease, 
leading to adrenal crisis, coma, or death. Adre-
nal crisis is a shock situation caused by sodium 
depletion and decreased vasoconstrictor 
response due to mineralocorticoid-deficiency 
and by decreased vascular responsiveness to 
angiotensin II and noradrenaline occurring in 
glucocorticoid deficiency.
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?? Which of these symptoms could be sugges-
tive of Addison’s disease?

vv The most typical symptoms of Addison’s 
disease include fatigue (80–90%), weight 
loss (60–70%), nausea and vomiting (50–
60%), and pains (abdominal, muscle, and 
joint). Weight loss is mostly due to anorexia, 
but dehydration might also be relevant. Salt 
craving is observed in 40–60% of patients. 
Women often experience menstrual irregu-
larities, decreased libido, and loss of pubic 
or axillary hair. The patient complained of 
fatigue, nausea, and vomiting that corre-
spond to the typical symptoms.

?? What kind of signs should be looked for?

vv Skin and mucosal hyperpigmentation is 
a characteristic sign in Addison’s disease 
that is seen in about 40–70% of  patients. 
Hyperpigmentation can be generalized 
(.  Fig.  31.1), but it is often most con-
spicuous at the palmar creases and gin-
giva. Skin surfaces exposed to sun and to 
pressures (e.g., elbow) are often affected. 
Vitiligo resulting in hypopigmented 
patches of  autoimmune origin is often 
observed along with hyperpigmentation in 
Addison’s disease patients of  autoimmune 
origin.

vv Postural hypotension is a typical sign 
(Schellong’s sign) (in about 55–70% of 
patients): following a 5  min long supine 
rest, the patient stands up, and there is 
a drop of  >20  mmHg in the systolic, or 
>10 mmHg in the diastolic blood pressure.

vv Dizziness and even syncope are often 
observed.

vv Regarding common laboratory alterations, 
hyponatremia is most common (70–80%). 
Hyperkalemia (normal serum potassium: 
3.5–5.0  mmol/L) is observed in 30–40% 
of  patients. Some patients exhibit severe 
hyperkalemia (serum K+  >  7.0  mmol/L), 
but it is important to note that renal func-
tion is normal. Hypoglycemia may also 
occur. Eosinophilia and anemia can also 

�Case Presentation

A 47-year-old lady was referred to our cen-
ter with symptoms of fatigue and vomit-
ing. Initial evaluation of the patient showed 
hyponatremia (124 mmol/L – normal range: 
135–145), hypotension, and skin hyperpig-
mentation. Three months earlier the patient 
was diagnosed with hypothyroidism and thy-
roid hormone replacement with daily 75 μg 
L-thyroxine was introduced. Chest X-ray, 
gastroscopy, colonoscopy, abdominal ultra-
sound, and abdominal-pelvic computed 
tomography showed nothing remarkable.

Drugs Inhibitors of steroid biosynthesis (ketoconazolea, aminoglutethimide, and 
mitotane)
Antimycotic drugs (fluconazole)
Antiepileptic drugs (barbiturates and phenytoin)

Infiltrative diseases For example, hemochromatosis and adrenoleukodystrophy

Waterhouse-Friderichsen syndrome is bilateral adrenal hemorrhage caused by sepsis (typically by Neisseria 
meningitidis (meningococcemia), but sepsis by other pathogens, for example, Pseudomonas aeruginosa, Strep-
tococcus pneumoniae, Staphylococcus aureus, and Escherichia coli were also reported). Hemochromatosis is 
one of  the most frequent inherited diseases (caused by several genes and inherited as autosomal traits) that 
results in iron deposition in various organs, rarely in the adrenal. Adrenoleukodystrophy is a rare X-linked 
inherited disease that is the most common peroxisomal disorder due to the deposition of  very long fatty acids 
mainly in the central nervous system and the adrenals
aKetoconazole was originally an antimycotic drug, but later was introduced as a treatment option for hyper-
cortisolism due to its steroid inhibitory side effects (see 7  Chap. 27 on adrenal Cushing’s syndrome)

.      . Table 31.1  (continued)
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be rarely observed. (Many decades ago, 
before the advent of  hormone measure-
ments, eosinophilia was considered as a 
useful sign for the diagnosis of  Addison’s 
disease, whereas the lack of  eosinophils in 
peripheral blood smears was used for the 
diagnosis of  hypercortisolism.)

?? What is the etiology of hyperpigmentation?

vv Due to the lack of  cortisol production, 
pituitary ACTH (adrenocorticotropin) 
release is increased as the negative feed-
back regulation exerted by cortisol is not 
working. ACTH has melanocyte stimulat-
ing hormone (MSH) activity and its high 
concentration results in hyperpigmenta-
tion.

?? What kind of other diseases are associated 
with ACTH-mediated hyperpigmentation?

vv High ACTH levels leading to hyperpig-
mentation can be seen in ectopic ACTH 
syndrome and Nelson syndrome, as well. 

Ectopic ACTH syndrome is a form of 
hypercortisolism (Cushing’s syndrome) 
(7  Chap. 27) that often results in very 
high ACTH levels. Nelson syndrome is 
rarely observed in patients suffering from 
pituitary Cushing’s disease that is cured 
with bilateral adrenalectomy leaving the 
ACTH-source of  the pituitary back in 
the patient. The fallout of  cortisol due 
to adrenalectomy eliminates the nega-
tive feedback on the pituitary, and the 
ACTH-producing pituitary adenoma can 
grow aggressively and produce excessive 
amounts of  ACTH.

?? What is an adrenal crisis (acute adrenal in-
sufficiency)?

vv Adrenal crisis is a shock situation due 
to the lack of  both mineralocorticoid 
and glucocorticoid hormones. Similar to 
chronic adrenal insufficiency, fatigue and 
weakness, anorexia, nausea, and vomit-
ing are also often observed. Patients might 
have fever, and intensive abdominal pains 

a b

.      . Fig. 31.1  (a) An Addison’s patient at diagnosis, and (b) 6 months after the initiation of  glucocorticoid replace-
ment. Note the disappearance of  diffuse hyperpigmentation following successful therapy
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that might even mimic an acute abdomi-
nal catastrophe. Adrenal crisis is most 
often precipitated in patients with chronic 
Addison’s disease by a variety of  stressors 
(such as infections, trauma, and surgery). 
To prevent adrenal crisis, glucocorticoid 
substitution doses should be increased in 
stress situations (see later). Very rarely, 
acute adrenal crisis might develop due to 
the rapid destruction of  the adrenal glands 
that is typically observed in adrenal hem-
orrhage/infarction (e.g., by Waterhouse-
Friderichsen syndrome induced typically 
by meningococcal sepsis) (.  Table 31.1).

?? What are the major differences between pri-
mary and secondary adrenal insufficiency?

vv Whereas primary adrenal insufficiency 
affects all layers of  the adrenal gland and 
therefore results in both glucocorticoid 
and mineralocorticoid deficiency (and 
also lack of  adrenal androgens), second-
ary adrenal insufficiency due to pituitary 
ACTH deficiency (and the rare tertiary 
adrenal insufficiency due to hypothalamic 
CRH (corticotropin releasing hormone) 
defects) results only in glucocorticoid 
deficiency leaving the mineralocorticoid 
axis intact. The secretion of  mineralo-
corticoids is mostly regulated by factors 
other than ACTH (e.g., angiotensin II and 
serum potassium), and therefore ACTH 
deficiency does not considerably affect the 
secretion of  aldosterone. The clinical con-
sequence of  this is represented by the lack 
of  hyperkalemia in secondary (tertiary) 
adrenal insufficiency, and certainly there 
is also no hyperpigmentation in ACTH 
deficiency. Hyponatremia, however, is also 
typical for secondary adrenal insufficiency.

?? How should the diagnosis of Addison’s dis-
ease be established?

vv The hormonal diagnosis is relatively easy. 
A low morning serum cortisol and a highly 
elevated level of  plasma ACTH is a typical 
scenario. If  the morning cortisol is below 
3 μg/dl (80 nmol/L), it is highly suggestive 
of  adrenal insufficiency (both primary and 

secondary). Aldosterone is also low and 
renin is concomitantly high. The first hor-
mone measurements of the patient displayed 
a low morning cortisol (2.3 μg/dL (normal 
range: 8.0–25.0) and high plasma ACTH 
943.3  pg/mL (normal range: 7.2–63.3)). 
Dehydroepiandrosterone sulfate (DHEAS) 
was actually undetectable (<2.0  μg/dL, 
normal range: 130.0–330.0).

vv A short (large dose) ACTH-stimulation 
test (tetracosactid and cosyntropin) is the 
standard test, when 250 μg tetracosactid is 
injected intravenously and cortisol is mea-
sured 30 or 60  min. thereafter. Cortisol 
levels increase above 20 μg/dl (550 nmol/L) 
in normal individuals.

?? Can the ACTH-stimulation test be used for 
the diagnosis of secondary adrenal insuffi-
ciency?

vv As the adrenal atrophies in ACTH defi-
ciency, the ACTH-stimulation test is 
also helpful in the diagnosis in second-
ary adrenal insufficiency. However, the 
development of  adrenal atrophy takes 
several weeks after the cessation of 
ACTH-production (e.g., pituitary surgery 
or hemorrhage), and therefore the test is 
only useful after this period. The standard, 
250  μg tetracosactid (cosyntropin) test 
includes a very high dose, and its sensitiv-
ity is limited for mild secondary adrenal 
insufficiency. A low dose (1 μg tetracosac-
tid) ACTH-test has also been developed 
primarily for secondary adrenal insuffi-
ciency, but it is not universally accepted, as 
its results are variable and the preparation 
is not commercially available.

?? How does the clinical evolution of Addison’s 
disease look like?

vv Like type 1 diabetes mellitus, the progres-
sion of  Addison’s disease of  autoimmune 
origin is slow and there are hormonal 
alterations in the preclinical stage already 
that usually remain undiagnosed. The 
progression of  Addison’s disease can be 
divided into four stages. First, the zona 
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glomerulosa is affected and the secretion 
of  aldosterone is compromised along with 
elevated levels of  renin. The second stage 
is characterized by decreased responsive-
ness of  cortisol to ACTH-stimulation. In 
the third stage, ACTH levels are elevated, 
but the morning cortisol is still normal. 
The fourth stage is the overt disease with 
low morning cortisol and increased ACTH 
levels.

?? What kind of investigations should be per-
formed to clarify the etiology of Addison’s 
disease?

vv The autoimmune background of  adrenal 
insufficiency can be investigated by vari-
ous antibodies to steroidogenic enzymes 
(e.g., 21-hydroxylase and 17-hydroxy-
lase/17,20 lyase). Imaging of  the adrenals 
can also be helpful as adrenals tend to 
show atrophy in autoimmune adrenalitis, 
whereas adrenals can be enlarged in cases 
associated with, for example, tuberculosis, 
metastasis, infiltrative diseases, and hem-
orrhage. Tuberculotic adrenals often show 
calcification.

?? Which hormonal alteration could indicate 
the autoimmune origin of the disease in our 
case?

vv The patient has already been treated for 
hypothyroidism before the diagnosis of 
Addison’s disease. The combination of 
Addison’s disease and hypothyroidism is a 
common scenario that can be characteris-
tic for patients with autoimmune polyen-
docrine syndrome type 2.

?? What are the major features of autoimmune 
polyendocrine syndrome type 2?

vv Our patient was diagnosed with hypo-
thyroidism before the appearance of 
Addison’s disease, and the ultrasound 
morphology of  her thyroid was character-
istic for Hashimoto’s thyroiditis. This con-
stellation is typical for type 2 autoimmune 
polyendocrine syndrome (APS-2) and was 

originally called the Schmidt syndrome. 
APS-2 is a polygenic disease that is more 
common in women than in men and is usu-
ally diagnosed in the ages between 20 and 
40  years. Its prevalence ranges between 
1.4 and 4.5/100.000. The major manifes-
tations of  APS-2 include Addison’s dis-
ease, autoimmune thyroid disease (mostly 
hypothyroidism of  autoimmune origin 
(Hashimoto’s thyroiditis), but hyperthy-
roidism related to Graves’ disease might 
also occur) and type 1 diabetes mellitus. 
The combination of  Addison’s disease, 
autoimmune thyroid disease and type 1 
diabetes mellitus was called Carpenter syn-
drome. The manifestations of  APS-2 syn-
drome are presented in .  Table  31.2. In 
contrast with the APS-1 syndrome, hypo-
parathyroidism is not a feature of  this dis-
ease. Several non-endocrine autoimmune 
features have been described as well.

.      . Table 31.2  Manifestations of  the autoim-
mune polyendocrine syndrome type 2 (APS-2)

Manifestation Prevalence

Addison’s disease 100%

Autoimmune thyroid disease 
(Hashimoto’s thyroiditis, 
hypothyroidism, and Graves’ 
disease)

70–80%

Type 1 diabetes mellitus 30–50%

Primary (hypergonadotropic) 
hypogonadism (ovarian failure)a

5–50%

Vitiligo 4–10%

Alopecia 1–5%

Chronic autoimmune hepatitis <5%

Other non-endocrine autoimmune 
manifestations (pernicious anemia, 
alopecia, Sjögren’s syndrome, 
rheumatoid arthritis, myasthenia 
gravis, immune thrombocytopenia, 
celiac disease, and stiff  man 
syndrome)

Variable, 
usually rare 
(<1%)

aTesticular failure is much more uncommon than 
ovarian failure
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??  What kind of autoantibodies can be found in 
APS-2 syndrome patients?

vv Apart from antibodies to steroidogenic 
enzymes causing autoimmune adrenalitis, 
antibodies to thyroid antigens (thyroglob-
ulin, thyroid peroxidase, and thyroid stim-
ulating hormone in Graves’ disease) and 
antibodies to pancreatic antigens (insulin, 
glutamic acid decarboxylase, islet cell, and 
protein tyrosine phosphatase) can also be 
found. The anti-thyroid peroxidase (anti-
TPO) level was 600 IU/mL in our patient 
(normal range 0–63 IU/mL).

vv Antibodies to these antigens can be detected 
in many patients suffering from Addison’s 
disease even without overt clinical manifes-
tations. Such subclinical forms are impor-
tant to recognize, as these patients should 
be regularly followed-up for diagnosing the 
other manifestations on time.

?? What are the major features of autoimmune 
polyendocrine syndrome type 1?

vv APS-1 is a rare disease inherited as an 
autosomal recessive trait that is caused 
by mutations of  the AIRE (autoimmune 
regulator) gene. AIRE encodes a tran-
scription factor involved in the regulation 
of  expression of  antigens by the thymic 
medullary epithelial cells. Defects of 
AIRE disturb the selection of  thymocytes 
and thereby autoreactive T-cells survive in 
these patients. The major clinical features 
of  APS-1 include mucocutaneous candi-
diasis, ectodermal dysplasia (enamel hypo-
plasia), and primary hypoparathyroidism 
as first manifestations, and later Addison’s 
disease develops. Primary hypogonadism 
(mostly ovarian) is also a typical feature 
along with enteropathy (chronic diarrhea 
or constipation). In contrast to APS-2, 
thyroid autoimmunity and diabetes melli-
tus are uncommon features of  the disease.

vv Antibodies to the calcium sensor protein are 
responsible for a portion of autoimmune 
hypoparathyroidism in APS-1, and the other 
antibodies against endocrine organs overlap 

with those found in APS-2. The most preva-
lent antibodies in APS-1 are those against 
interferons (interferon α and ω).

?? What kind of other forms of autoimmune en-
docrine diseases could be mentioned?

vv According to the classification of  Neufeld 
and Blizzard (1980), categories of  types 
3 and 4 autoimmune polyendocrine syn-
dromes (APS-3 and APS-4) have also 
been established, but these are not so well 
defined as APS-1 and APS-2. APS-3 is 
the combination of  autoimmune thyroid 
disease and other autoimmune diseases 
(often type 1 diabetes mellitus) exclud-
ing Addison’s disease, hypoparathyroid-
ism, and candidiasis (i.e., the features of 
APS-1). APS-4 is a very broad category 
including combinations of  organ-specific 
autoimmune diseases that do not fall in 
any other APS category.

vv POEMS syndrome is a rare disease belong-
ing to the group of  monoclonal plasma cell 
disorders, but it has also endocrine mani-
festations that are shown by the “E” letter 
in its abbreviation (POEMS: polyneuropa-
thy, organomegaly, endocrinopathy, mono-
clonal protein, and skin changes). About 
two thirds of  POEMS syndrome patients 
display endocrine abnormalities, mostly 
primary hypogonadism and hypothyroid-
ism, but rarely adrenal insufficiency is also 
observed.

vv Among the other very rare syndromes 
associated with multiple autoimmune 
endocrine manifestations, the IPEX syn-
drome (immune dysregulation, polyendo-
crinopathy, endocrinopathy, X-linked) can 
be mentioned that is a severe monogenic 
disease mostly lethal in childhood asso-
ciated with mutations of  the transcrip-
tion factor FOXP3. The DIDMOAD 
syndrome (Diabetes insipidus, diabetes 
mellitus, optic atrophy, and deafness, oth-
erwise called the Wolfram syndrome) and 
the mitochondrial Kearns-Sayre syndrome 
also include autoimmune endocrine mani-
festations.
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?? Can an autoimmune polyendocrine syndrome 
be of iatrogenic origin?

vv Due to the increasing use of  potent 
immune checkpoint inhibitors in the treat-
ment protocols of  various cancers, a grow-
ing prevalence of  autoimmune side effects 
is observed. Cytotoxic T lymphocyte 
associated-4 (CTLA-4) and programmed 
cell death protein 1 (PD-1) inhibitors can 
induce autoimmune reactions in many 
endocrine organs including the pituitary 
(7  Chap. 8 on Hypophysitis), thyroid and 
adrenals, and thus features of  autoim-
mune polyendocrinopathies can develop.

?? How should Addison’s disease be treated?

vv Hydrocortisone substitution is the main-
stay of  treatment. Hydrocortisone is the 
same molecule as cortisol secreted by the 
adrenal cortex. The daily production of 
cortisol is about 15–25 mg, and this is given 
in two or three divided doses. The largest 
dose (2/3 of  the daily dose) should be given 
in the morning to resemble normal daily 
secretion (e.g., 10 mg in the morning and 
5 mg in the afternoon). However, the nor-
mal diurnal rhythm of  glucocorticoids is 
difficult to replicate by this way, and some 
patients complain about weakness, head-
ache, and nausea in the morning. A once 
daily, dual release hydrocortisone prepara-
tion is already available on the market to 
overcome these problems, but its utility is 
variable. Some patients benefit from longer 
acting steroids (e.g., prednisolone or dexa-
methasone) given in the evening. The daily 
dose of  prednisolone and dexamethasone 
corresponding to 30 mg of  hydrocortisone 
is 5 mg and 1 mg, respectively.

vv In addition to glucocorticoid substitution, 
mineralocorticoids should also be given. 
The daily dose of  the synthetic steroid 
with mineralocorticoid activity, fludrocor-
tisone is 0.05–1 mg given in two doses.

vv In women, administration of  DHEA (25–
50 mg daily) can also be helpful to improve 
mood and libido.

?? How can the treatment response be moni-
tored?

vv Plasma ACTH is used to monitor glu-
cocorticoid, whereas renin (activity or 
concentration) for mineralocorticoid sub-
stitution. However, it is most important to 
follow-up the patients clinically, as some 
patients don’t reach normal ACTH levels, 
but feel well. Excessive substitution with 
glucocorticoids can lead to Cushing’s syn-
drome (7  Chaps. 3 and 27).

?? What is the difference in the treatment of 
primary and secondary adrenal insuffici
ency?

vv The glucocorticoid doses needed are usu-
ally smaller in secondary than in primary 
adrenal insufficiency. Patients with sec-
ondary adrenal insufficiency (hypopitu-
itarism) do not need mineralocorticoid 
substitution.

?? What is the therapeutic consequence of con-
comitant hypothyroidism and adrenal insuf-
ficiency? What should be treated first?

vv APS-2 patients often have both hypothy-
roidism and Addison’s disease (as in our 
case), and deficiency for ACTH and TSH 
can also occur together in hypopituita-
rism (secondary adrenal insufficiency and 
secondary hypothyroidism). It is most 
important to note that if  there is a suspi-
cion for adrenal insufficiency, thyroid sub-
stitution should not be started first as the 
metabolism-promoting action of  thyroid 
hormones could promote the degradation 
of  cortisol and therefore could precipitate 
an acute adrenal insufficiency. Thyroid 
hormones should only be given after the 
treatment with glucocorticoids has already 
been initiated.

?? What should be done during acute situations 
to prevent adrenal crisis?

vv The normal adrenal cortex can consider-
ably increase the production of  glucocor-
ticoids in stress situations (e.g., infection, 
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trauma, and surgery). To prevent adre-
nal crisis, patients should be educated to 
increase the doses of  hydrocortisone two- 
to three-fold if  they experience symptoms 
suggestive of  adrenal insufficiency (diz-
ziness, malaise, and fever). If  the patient 
is unable to take oral medication, 100 mg 
hydrocortisone can be self-injected intra-
muscularly (in patients taking no antico-
agulants, as intramuscular injection in 
anticoagulated patients could lead to severe 
hematomas). Parenteral hydrocortisone 
should be given to patients having surgical 
intervention, and the dose depends on the 
type of  surgery. For minor surgical inter-
ventions (e.g., in  local anesthesia), 25 mg 
hydrocortisone could be sufficient on the 
day of  the operation and then returning to 
the standard peroral regimen the next day. 
For more serious operations (e.g., appen-
dectomy), daily 50–75 mg hydrocortisone 
should be given on the day on the interven-
tion and the day thereafter, then returning 
to standard regimen. Operations associ-
ated with severe stress (e.g., neurosurgical 
or long abdominal intervention) require 
higher doses, for example, 3–4  ×  50  mg 
hydrocortisone in infusion, but doses can 
go up to 3–4 × 100 mg given in parenteral 
infusions. The dose should then be tapered 
gradually during the postoperative days. 
By so high doses of  hydrocortisone, min-
eralocorticoid administration is no longer 
necessary.

?? How should an adrenal crisis be managed?

vv Fluid resuscitation and intravenous glu-
cocorticoids represent the mainstay of 
treatment. Patients often display severe 
hyponatremia and hyperkalemia, therefore 
potassium-free isotonic infusions should 
be given. 100  mg hydrocortisone should 
be first given in an intravenous bolus or 
in infusion, and then 3–4 × 50 mg hydro-
cortisone in infusion. If  the patient dis-
plays fever, antibiotics are also frequently 
given, despite observations that adrenal 
crisis alone can lead to fever even with-
out infection. If  the diagnosis of  adrenal 
insufficiency has not been known before, 

blood samples for cortisol and ACTH 
levels should be taken before administer-
ing hydrocortisone. If  hydrocortisone is 
not available, other steroids, for example, 
intravenous methylprednisolone and 
dexamethasone can also be given (20  mg 
methylprednisolone and 4 mg dexametha-
sone correspond to approximately 100 mg 
hydrocortisone).

Tips

The reader is advised to read the Chapter 
on hypopituitarism (7  Chap. 6), hypophy-
sitis (7  Chap. 8), and 7  Chap. 11 (hypo-
thyroidism and Hashimoto thyroiditis).

Take Home Messages
55 Primary adrenal insufficiency 

(Addison’s disease) is associated with 
deficiency for both glucocorticoids and 
mineralocorticoids.

55 Addison’s disease is most frequently 
of autoimmune origin and is often 
observed as a part of autoimmune 
polyendocrine syndrome type 2. Major 
features of autoimmune polyendocrine 
syndrome type 2 include Addison’s 
disease, autoimmune thyroid disease 
(mostly thyroiditis and hypothyroidism) 
and type 1 diabetes mellitus.

55 Major symptoms and signs include 
fatigue, malaise, muscle and joint pains, 
hypotension, hyperpigmentation, hypo-
natremia, hyperkalemia, and hypogly-
cemia.

55 Adrenal crisis (acute adrenal insuffi-
ciency) is a life-threatening condition 
associated with severe fatigue, mal-
aise, vomiting, hypotension, fever, and 
abdominal pains.

55 Hormonal diagnosis is based on low 
morning cortisol and high plasma 
ACTH, and subnormal stimulation by 
the short ACTH-stimulation test.

55 The mainstay of treatment in chronic 
cases is glucocorticoid (hydrocortisone) 
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and mineralocorticoid (fludrocorti-
sone) substitution.

55 Adrenal crisis is treated with parenteral 
hydrocortisone (or other steroid, e.g., 
methylprednisolone or dexamethasone) 
and infusions.

55 Glucocorticoid doses should be 
increased in stress situations (e.g., infec-
tion, trauma, and surgical intervention) 
to prevent adrenal crisis.
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Opening
Congenital adrenal hyperplasia (CAH) is a 
group of inherited disorders of cortisol bio-
synthesis in the adrenal cortex. 21-Hydroxylase 
deficiency (21-OHD) is the most common form 
of CAH. 21-OHD is further divided into clas-
sical and non-classical forms (NCAH). Most 
classical CAH patients have the salt wast-
ing type of CAH (SW-CAH). The complete 
inability to produce cortisol and aldosterone in 
SW-CAH results in life-threatening salt wast-

ing and adrenal crisis in the first few weeks 
of life without treatment, therefore 21-OHD 
is part of most neonatal screening programs. 
Alterations in adrenal hormone synthesis result 
in early androgen excess causing virilization 
symptoms in females both in utero and later in 
life. SW-CAH patients need lifelong hormone 
replacement therapy and close monitoring for 
not only endocrine but also numerous other 
health-related problems.

Definition of the Disease

Congenital adrenal hyperplasia is a group 
of  genetic disorders affecting enzymes and 
proteins participating in cortisol biosynthesis 
in the adrenal cortex. The majority of  cases, 
95% is caused by mutation or deletion of  the 
gene encoding the 21-hydroxylase enzyme. 
21-Hydroxylase participates in both aldoste-
rone and cortisol biosynthesis (.  Fig. 32.1). 
The defect of  the 21-hydroxylase enzyme 
activity can be complete or incomplete, rep-
resenting a continuous spectrum. CAH owing 
to 21-OHD is divided into two categories 
based on clinical presentation: classical and 
non-classical CAH. Classical CAH is further 
divided into salt wasting and simple virilizing 
forms based on the presence or absence of 
clinical mineralocorticoid deficiency.

The incidence of  classical 21-OHD is 
1:13,000–15,000 live births.

The deficiency of  the 21-OHD enzyme 
results from a genetic defect of  the CYP21A2 
gene on chromosome 6. It is inherited as an 
autosomal recessive trait and specific muta-
tions are corresponding to different clinical 
manifestations and severity of  disease; there-
fore the male to female ratio is equal if  a neo-
natal screening program is in effect; however, 
without neonatal screening, some male SW-
CAH patients are missed based on the lack 
of  ambiguous genitalia at birth and might die 
unrecognized in an early salt wasting crisis.

The inability to produce appropriate 
amounts of  cortisol disables the negative 

feedback on the hypothalamic-pituitary sys-
tem, leading to increased adrenocorticotropic 
hormone (ACTH) secretion. The high ACTH 
levels continuously stimulate the adrenal 
cortex, leading to adrenal hyperplasia and 
an overstimulation of  hormone production. 
However, despite the supraphysiologic stim-
uli, appropriate cortisol production cannot 
be achieved, and intermediate products of 
cortisol biosynthesis are diverted to androgen 
biosynthesis resulting in androgen excess and 
virilization symptoms.

The adrenal cortex under physiological 
conditions produces 1000-fold more corti-
sol than aldosterone. Therefore, in case of an 
incomplete loss of 21-hydroxylase activity, min-
eralocorticoid production can be maintained 
to avoid clinical manifestations of salt loss: 
hyponatremia, hyperkalemia, hypovolemia, 
vomiting, failure to thrive, seizure, and shock. 
In case of complete or nearly complete loss 
of 21-hydroxylase activity (less than 2%) salt 
wasting occurs (SW-CAH). Incomplete loss of 
21-hydroxylase activity (more than 2%) causes 
SV-CAH or non-classical CAH (NCAH).

The main clinical symptoms of untreated 
SW-CAH in the neonatal period is failure to 
thrive, hypovolemia, hyponatremia, hyperkale-
mia, hypoglycemia, vomiting, increased intra-
cranial pressure, seizures and shock in both 
genders, ambiguous genitalia in females, and 
mildly hyperpigmented and wrinkled scrotum 
in males. Later several salt wasting episodes 
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.      . Fig. 32.1  Adrenal steroid biosynthesis in SW-
CAH.  Abbreviations: P450c21 21-hydroxylase enzyme 
(CYP21A2), P450scc side chain cleavage enzyme cata-
lyzing the rate limiting step in steroid biosynthesis 
(CYP11A1), P450c17 17α-hydroxylase/17,20 lyase 
(CYP17A1), 3βHSD2 3β-hydroxysteroid dehydrogenase 

type 2 (HSD3B2), P450c11β 11β-hydroxylase/cortisol 
synthase (CYP11B1), P450c11AS 11β-hydroxylase/
aldosterone synthase (CYP11B2), 5αR2 5α-reductase 2, 
11βHSD2 11β-hydroxysteroid dehydrogenase 2 
(HSD11B2), 17βHSD5 17β-hydroxysteroid dehydroge-
nase (HSD17B)

can occur especially in childhood related to 
intercurrent infections. Undertreatment leads 
to adrenarche and pubarche praecox, which 
if  chronic might induce central precocious 
pubarche. Problems related to mineralocor-
ticoid deficiency decrease with age, however, 
lifelong hormonal replacement is required 

with combination of mineralocorticoid and 
glucocorticoid in addition to sodium chloride 
replacement in childhood. Metabolic com-
plications and subfertility are common prob-
lems among adult CAH patients. (For a more 
detailed discussion, see the SV-CAH chapter 
(7  Chap. 33).)

�Case Presentation

The now 18-year-old young man presented at 
the age of 1 week with failure to thrive, vomit-
ing, hyponatremia (se Na 125 mmol/L, normal: 
135–145), and hyperkalemia (se K 6.1 mmol/L, 
normal 3.5–5.5). He was born full term with 
birth weight 3250 g, but his weight decreased to 
2750 g by 1 week. Upon physical examination a 
hyperpigmented and wrinkled scrotum was 
observed on the severely dehydrated and under-

nourished neonate. Intensive fluid and electro-
lyte therapy was immediately started and 
intravenous hydrocortisone substitution was 
introduced with stress dosing (50 mg bolus fol-
lowed by 100  mg/m2/day). Karyotype was 
46,XY normal male. 17-Hydroxyprogesterone 
(17-OHP) was 10,350  ng/dL (normal for age 
5–200  ng/dL). The genetic analysis of the 
CYP21A2 gene revealed Q318X/Del com-
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pound heterozygous mutations, corresponding 
to SW-CAH.

After initiation of combined glucocorticoid 
and mineralocorticoid substitution therapy, he 
improved quickly, started to gain weight and 
develop normally. He was hospitalized nearly 
every year for severe salt wasting associated 
with intercurrent infections. However, appro-
priate hormonal suppression was very difficult 
to achieve. The left adrenal was removed dur-
ing infancy based on assumption of adrenal 
autonomous hormone production, however, 
this did not completely solve the difficulty in 

suppressing adrenal androgen production. 
Androgen excess caused accelerated growth 
velocity and central precocious pubarche (see 
later). He received GnRH depot (gonadotro-
pin-releasing hormone) therapy to delay puber-
tal development between 5 and 12 years of age 
(.  Fig. 32.2).

At the age of 14, he started boarding school 
and developed serious compliance problems. 
Testicular adrenal rest tissue (TART) was first 
detected at the age of 16, and currently several 
4–5 mm nodes are seen on both sides. Episodes 
of hypertension were detected by the school’s 

.      . Fig. 32.2  Growth 
chart of  the SW-CAH 
male patient

	 D. Török and J. Tőke



341 32

?? How is SW-CAH diagnosed?

vv SW-CAH is part of  most neonatal screen-
ing programs in developed countries. Most 
screening programs measure 17-OHP, the 
compound before the enzymatic block from 
dried blood spot samples by immunom-
etry or mass chromatography. The posi-
tive screening result should be confirmed 
by other methods, for example, ACTH 
stimulation test (250  μg cosyntropin i.v., 
17-OHP is measured at 0 and 60 min) or 
genetic diagnosis. However, at the time of 
birth of  the above patient neonatal screen-
ing was not in effect in Hungary. SW-CAH 
girls are born with ambiguous genitalia 
which raises the suspicion of  CAH and 
makes it possible to prevent the life-threat-
ening salt wasting crisis, however, our 
patient was a boy and had to suffer early 
severe salt wasting. Without appropriate 
hormone substitution, patients rarely sur-
vive into childhood.

?? What are the diagnostic criteria for 21-
OHD when using an ACTH stimulation  
test?

vv ACTH stimulation test is used to deter-
mine the cortisol secreting capacity of  the 
adrenals. If  cortisol secretion is blocked at 
the level of  21-hydroxylase, instead of  cor-
tisol 17-OHP, the intermediate compound 
is increased. 250 μg cosyntropin (tetracos-
actide) is administered i.v. and blood sam-
ples are taken at 0 and 60 min. A 17-OHP 
concentration above 1000  ng/dL in the 
60 min sample is diagnostic for 21-OHD.

?? Is genetic diagnosis necessary?

vv Genetic diagnosis can provide useful 
information on the severity and type of 
the disease (i.e., SW- vs. SV-CAH which 
cannot be reliably differentiated by neo-
natal screening) with implications on the 
necessity of  mineralocorticoid substitu-

doctor. His current medication is hydrocorti-
sone 15-15-0 mg (20.3 mg/m2), fludrocortisone 
0.05  mg BID and free sodium chloride con-
sumption. He has reached a final height 
(173.5 cm, same as father), his weight is 83 kg, 
his skin is hyperpigmented, and he suffers from 

severe acne. Hormone panel at the last checkup 
is shown in .  Table 32.1.

He has one affected younger brother who 
was diagnosed right after birth before the 
development of salt wasting crisis and two 
unaffected sisters.

.      . Table 32.1  Hormone results at the last checkup, incomplete suppression of  adrenal excess 
androgen synthesis

Normal range

Na+ 137 134–146 mmol/L

K+ 4.3 4.0–5.0 mmol/L

Plasma renin activity 3.09 0.1–4.95 ng/mL/h

ACTH 145 5–60 pg/mL

Androstenedione 922 17–82 ng/dL

17-OHP 7587 40–250 ng/dL

Free testosterone 147.33 65–250 pg/mL

Total testosterone 4.67 3–8 ng/mL
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tion therapy. Genetic diagnosis also pro-
vides important information on family 
planning. Prenatal diagnosis of  CAH by 
chorion villous sampling is possible; how-
ever, prenatal therapy aiming suppression 
of  intrauterine androgen excess remains 
experimental.

?? What is a salt wasting crisis?

vv Salt wasting crisis is a result of  both min-
eralocorticoid and glucocorticoid defi-
ciency. It occurs in untreated SW-CAH 
or if  the patient cannot or did not take 
the appropriate medication (e.g., due to a 
gastrointestinal infection). Glucocorticoid 
deficiency causes hypoglycemia, low blood 
pressure, and unresponsiveness of  blood 
vessels to stressors. Mineralocorticoid defi-
ciency causes renal sodium loss and hypo-
natremia, hyperkalemia, hypovolemia, 
and low blood pressure. Hyponatremia 
causes increased intracranial pressure, sei-
zures, and vomiting which further compli-
cates electrolyte imbalance. Vomiting, low 
blood pressure, and weakness cause feed-
ing inability in the newborn and weight 
loss. (The salt wasting crisis corresponds 
to the acute adrenal crisis in adults dis-
cussed in 7  Chap. 31 on Addison’s disease 
and autoimmune polyendocrine syndrome 
type 2.)

?? What is the differential diagnosis of a salt 
wasting crisis?

vv Neonatal sepsis can cause hyponatremia, 
failure to thrive, hypoglycemia, and sei-
zures. In addition, in states of  adrenal 
crisis, neonates are more prone to infec-
tions which might complicate the clinical 
picture. Renal insufficiency can cause simi-
lar electrolyte imbalances. Other causes 
of  increased intracranial pressure can 
cause seizures and vomiting. In salt wast-
ing crisis, hyponatremia leads to increased 
intracranial pressure. Other rare causes 
of  congenital impaired mineralocorticoid 
synthesis (e.g., StAR deficiency and con-
genital adrenal hypoplasia) should also be 
considered.

?? How is SW-CAH treated?

vv SW-CAH patients need lifelong com-
bined substitution therapy with miner-
alocorticoid and glucocorticoid. The goal 
of  the therapy is to correct the cortisol 
and aldosterone deficiency and suppress 
excess adrenal androgen production. In 
children 10–15 mg/m2/day hydrocortisone 
is given in three doses to minimize peri-
ods of  overtreatment and risk of  adre-
nal crisis. After closure of  the growth 
plates, hydrocortisone can be switched 
to once daily steroid compounds, for 
example, dexamethasone or prednisone. 
Fludrocortisone 0.05–2.0 mg daily is rec-
ommended for mineralocorticoid sub-
stitution. Infants usually need sodium 
chloride tablets 1–2 g daily, later children 
develop the sense of  salt craving and eat 
table salt by the spoonful in episodes of 
low sodium. Mineralocorticoid require-
ment can decrease over time.

vv In episodes of  extreme biological stress 
(e.g., infections, fever, and surgical pro-
cedures) the substitution dose should 
be increased. Depending on the severity 
of  the stress 50–100  mg/m2/day hydro-
cortisone is recommended. In non-life-
threatening stress, if  the patient is able to 
take medication orally, maintenance dose 
should be increased to two to three times. 
The use of  the hydrocortisone injection kit 
for emergency use is recommended (25 mg 
for infants, 50 mg under 40 kg, and 100 mg 
above 40 kg). Family members should also 
be familiar with use of  the kit. It is rec-
ommended to carry some kind of  Medic-
Alert accessory (card or bracelet) with 
basic details of  steroid dependency.

vv Sometimes appropriate substitution is 
not possible to achieve or despite good 
substitution other related conditions 
need medical attention. Androgen excess 
in childhood leads to accelerated bone 
age and early epiphyseal closure leading 
to short final height. Final height can be 
improved by growth hormone therapy. If  
chronic androgen excess triggers central 
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precocious puberty, the pubertal process 
can be stopped by gonadotropin-releasing 
hormone (GnRH) analogue treatment, as 
it was needed in our patient. Women might 
have androgenic symptoms despite appro-
priate substitution, antiandrogenic ther-
apy, for example, spironolactone might be 
needed. Women with PCOS-like symptoms 
might benefit from oral contraceptives.

?? Which forms of precocious puberty are 
known and how is precocious puberty de-
fined?

vv The first signs of  puberty appear normally 
between 8 and 13 years in girls and 9 and 
14  years in boys. The normal pubertal 
development is preceded by an increase 
in adrenal steroid genesis from the age of 
5–6 years. Usually it does not cause any vis-
ible clinical signs, but in some cases pubic 
hair growth (pubarche) or aromatic body 
odor occur. These are normal phenomena. 
However, signs of  central, gonadotropin 
related puberty before the age of  8 years in 
girls and 9 years in boys is considered preco-
cious puberty: breast development in girls, 
testicular enlargement in boys, pubic hair 
growth, accelerated longitudinal growth, 
gonadotropin elevation, and a prominent 
LH response in the GnRH stimulation test 
(luteinizng hormone (LH)/follicle stimu-
lating hormone (FSH) greater than 1.5 
after iv gonadotropin injection (2.5 μg/kg, 
maximum 100 μg) and blood is taken at 0, 
30, and 60  minutes). On the other hand, 
early pubertal signs without gonadotropin 
involvement, due to peripheral autono-
mous hormone production (e.g., CAH, 
adrenal, ovarian, or testicular tumors) are 
called precocious pseudopuberty to differ-
entiate from the gonadotropin-driven pro-
cess. In precocious pseudopuberty, there 
is no spermato- or oogenesis, on the other 
hand in central precocious puberty, germ 
cells can be produced, and therefore chil-
dren can turn fertile. High levels of  andro-
gens, however, as in our case can induce 
central, gonadotropin-dependent preco-
cious puberty, as well.

?? What is TART?

vv Testicular adrenal rest tissue (TART) 
refers to islets of  steroidogenic cells in the 
testicles which increase in size in response 
to the stimulatory effect of  supraphysi-
ological concentrations of  ACTH. TART 
formation is usual in male CAH patients 
after puberty and it might lead to sub-
fertility by compression of  seminifer-
ous tubules. Optimal substitution might 
decrease TART.

?? What are the possible complications of SW-
CAH?

vv The most important complication of 
SW-CAH is adrenal crisis. However, both 
under- and overtreatment can lead to a num-
ber of chronic conditions. Cardiovascular 
morbidities, low or high blood pressure, 
metabolic syndrome, decreased bone mass, 
subfertility in both genders and mental 
health issues might emerge. See in detail in 
the next chapter on SV-CAH.

?? How is genital ambiguity treated in girls?

vv The optimal treatment of  genital ambi-
guity is a matter of  debate. Since fertility 
can be achieved by appropriate hormonal 
treatment, in 46,XX girls female gender of 
rearing is recommended. There is a debate 
over timing and technique of  surgery (one 
stage or two stages). Early surgery might 
lead to decreased intercourse frequency, 
sexual difficulties, urinary leakage, and 
urinary infections. However, postponing 
surgery to later ages might raise psycho-
social issues.

Tips

The reader is advised to read the chapter 
on Addison’s disease and autoimmune 
polyendocrine syndrome type 2 (7  Chap. 
31) and the chapter on polycystic ovary 
syndrome (7  Chap. 39).
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Take Home Messages
55 21-Hydroxylase deficiency is responsi-

ble for 95% of all congenital adrenal 
hyperplasia (CAH) cases, and 75% of 
classical CAH cases is SW-CAH.

55 21-OHD is part of the neonatal screen-
ing programs and without screening 
boys who don’t have ambiguous genita-
lia might be lost.

55 If  SW-CAH is not treated, it leads to 
life-threatening salt wasting crisis.

55 Hormonally, SW-CAH is characterized 
by lack of cortisol and aldosterone and 
excess testosterone production, high 
ACTH and 17-OHP levels.

55 SW-CAH is treated with combination 
of hydrocortisone, fludrocortisone, and 
sodium chloride.

Suggested Reading

	1.	 Bonfig W.  Growth and development in children 
with classic congenital adrenal hyperplasia. Curr 
Opin Endocrinol Diabetes Obes. 2017;24(1):39–42. 
https://doi.org/10.1097/MED.0000000000000308.

	2.	 El-Maouche D, Arlt W, Merke DP.  Congenital 
adrenal hyperplasia [published correction appears 
in Lancet. 2017 Nov 11;390(10108):2142]. Lancet. 
2017;390(10108):2194–210. https://doi.org/10.1016/
S0140-6736(17)31431-9.

	3.	 Engels M, Span PN, van Herwaarden AE, Sweep 
FCGJ, Stikkelbroeck NMML, Claahsen-van der 
Grinten HL. Testicular adrenal rest tumors: current 
insights on prevalence, characteristics, origin, and 
treatment. Endocr Rev. 2019;40(4):973–87. https://
doi.org/10.1210/er.2018-00258.

	4.	 Jha S, El-Maouche D, Marko J, Mallappa A, 
Veeraraghavan P, Merke DP.  Individualizing man-
agement of  infertility in classic congenital adrenal 
hyperplasia and testicular adrenal rest tumors. 
J Endocr Soc. 2019;3(12):2290–4. https://doi.
org/10.1210/js.2019-00227, Published 2019 Oct 17.

	5.	 Khattab A, Marshall I. Management of  congenital 
adrenal hyperplasia: beyond conventional glucocor-
ticoid therapy. Curr Opin Pediatr. 2019;31(4):550–4. 
https://doi.org/10.1097/MOP.0000000000000780.

	6.	 Maccabee-Ryaboy N, Thomas W, Kyllo J, Lteif  
A, Petryk A, Gonzalez-Bolanos MT, Hindmarsh 
PC, Sarafoglou K.  Hypertension in children with 
congenital adrenal hyperplasia. Clin Endocrinol. 
2016;85(4):528–34. https://doi.org/10.1111/cen.13086.

	7.	 Morani AC, Jensen CT, Habra MA, Agrons MM, 
Menias CO, Wagner-Bartak NA, Shaaban AM, 
Roman-Colon AM, Elsayes KM.  Adrenocortical 
hyperplasia: a review of  clinical presentation and 
imaging. Abdom Radiol (NY). 2020;45(4):917–27. 
https://doi.org/10.1007/s00261-019-02048-6.

	8.	 New M, Yau M, Lekarev O, Lin-Su K, Parsa A, Pina 
P, Yuen T, Khattab A. Congenital adrenal hyperplasia. 
In: Feingold KR, Anawalt B, Boyce A, et al., editors. 
Endotext. South Dartmouth: MDText.com, Inc.; 2000.

	9.	 Ng SM, Stepien KM, Krishan A.  Glucocorticoid 
replacement regimens for treating congenital 
adrenal hyperplasia. Cochrane Database Syst 
Rev. 2020;(3):CD012517. https://doi.org/10.1002/ 
14651858.CD012517.pub2, Published 2020 Mar 19.

	10.	 Parsa AA, New MI.  Steroid 21-hydroxylase defi-
ciency in congenital adrenal hyperplasia. J Steroid 
Biochem Mol Biol. 2017;165(Pt A):2–11. https://
doi.org/10.1016/j.jsbmb.2016.06.015.

	11.	 Speiser PW, Azziz R, Baskin LS, Baskin LS, Conway 
GS, Merke DP, Meyer-Bahlburg HFL, Miller WL, 
Murad MH, Oberfield SE, White PC.  Congenital 
adrenal hyperplasia due to steroid 21-hydroxylase 
deficiency: an Endocrine Society clinical practice 
guideline [published correction appears in J Clin 
Endocrinol Metab. 2010 Nov;95(11):5137]. J Clin 
Endocrinol Metab. 2010;95(9):4133–60. https://doi.
org/10.1155/2010/494173.

	12.	 van der Linde AAA, Schönbeck Y, van der Kamp 
HJ, van den Akker ELT, van Albada ME, Boelen 
A, Finken MJJ, Hannema SE, Hoorweg-Nijman 
G, Odink RJ, Schielen PCJI, Straetemans S, van 
Trotsenburg PS, Claahsen-van der Grinten HL, 
Verkerk PH.  Evaluation of  the Dutch neona-
tal screening for congenital adrenal hyperplasia. 
Arch Dis Child. 2019;104(7):653–7. https://doi.
org/10.1136/archdischild-2018-315972.

	13.	 Yau M, Khattab A, Poppas D, Ghizzoni L, New 
M.  Congenital adrenal hyperplasia: unresolved 
issues. Front Horm Res. 2016;46:184–95. https://
doi.org/10.1159/000443919.

	 D. Török and J. Tőke

https://doi.org/10.1097/MED.0000000000000308
https://doi.org/10.1016/S0140-6736(17)31431-9
https://doi.org/10.1016/S0140-6736(17)31431-9
https://doi.org/10.1210/er.2018-00258
https://doi.org/10.1210/er.2018-00258
https://doi.org/10.1210/js.2019-00227
https://doi.org/10.1210/js.2019-00227
https://doi.org/10.1097/MOP.0000000000000780
https://doi.org/10.1111/cen.13086
https://doi.org/10.1007/s00261-019-02048-6
https://doi.org/10.1002/14651858.CD012517.pub2
https://doi.org/10.1002/14651858.CD012517.pub2
https://doi.org/10.1016/j.jsbmb.2016.06.015
https://doi.org/10.1016/j.jsbmb.2016.06.015
https://doi.org/10.1155/2010/494173
https://doi.org/10.1155/2010/494173
https://doi.org/10.1136/archdischild-2018-315972
https://doi.org/10.1136/archdischild-2018-315972
https://doi.org/10.1159/000443919
https://doi.org/10.1159/000443919


345

© Springer Nature Switzerland AG 2021
P. Igaz (ed.), Practical Clinical Endocrinology, https://doi.org/10.1007/978-3-030-62011-0_33

Simple Virilizing 
21-Hydroxylase Deficiency
Dóra Török and Judit Tőke

Contents

�Suggested Reading – 350

33

https://doi.org/10.1007/978-3-030-62011-0_33#DOI
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-62011-0_33&domain=pdf


346

33

Opening
Congenital adrenal hyperplasia (CAH) 
is a group of  inherited disorders of  cor-
tisol biosynthesis in the adrenal cortex. 
21-Hydroxylase deficiency (21-OHD) is 
the most common form of  CAH. 21-OHD 
is further divided into classical and non-
classical forms. Nearly 25% of  classical 
CAH patients have the simple virilizing 
type of  CAH (SV-CAH). The incomplete 
loss of  21-hydroxylase activity allows it 
to produce enough aldosterone to avoid 

salt wasting, but not enough cortisol to 
maintain effective negative feedback on 
adrenocorticotropic hormone (ACTH) 
production. Alterations in adrenal hor-
mone synthesis driven by excess ACTH 
results in early androgen excess causing 
virilization symptoms in females both in 
utero and later in life. SV-CAH patients 
need lifelong hormone replacement ther-
apy and close monitoring for not only 
endocrine but also numerous other health 
related problems.

Definition of the Disease

The definition and pathophysiological back-
ground is discussed in detail in the previous 
chapter (7  Chap. 32) on salt wasting congeni-
tal adrenal hyperplasia. Briefly, simple viriliz-
ing CAH belongs to the classical 
21-hydroxylase deficiency subgroup of  con-
genital adrenal hyperplasias. Nearly 25% of 
classical 21-OHD cases are SV-CAH.  It is 
caused by mutation of  the 21-hydroxylase 
enzyme allowing 1–2% of  residual enzyme 
activity. This is enough to produce enough 
aldosterone to avoid a life-threatening salt 
wasting crisis but not enough to provide effec-
tive negative cortisol feedback on ACTH pro-
duction. The excess ACTH has a trophic 
effect on the adrenal, causing adrenocortical 
hyperplasia and alterations of  adrenal steroid 
synthesis including glucocorticoid precursors 
diverted to the androgen synthesis pathway. 
Excess androgen production starts already in 
early fetal life leading to virilization of  the 
female fetus and formation of  ambiguous 
genitalia. The effect of  excess androgen on the 
male fetus is less visible. The enzymatic block 
leads to an increase in 17-Hydroxyprogester-
one (17-OHP) (.  Fig.  33.1), however, this 

increase is less pronounced in SV-CAH than 
in SW-CAH, therefore neonatal screening is 
less effective in identifying SV-CAH patients.

If  not treated, excess androgen production 
leads to progressive virilization and preco-
cious pubarche (development of  pubic hair) 
and adrenarche (increased adrenal androgen 
production) in infancy. Salt loss does not 
occur under normal conditions; however, in 
situations of  extreme biological stress, for 
example, severe gastrointestinal infections, 
adrenal crisis, and salt loss might be pro-
voked.

SV-CAH patients need lifelong glucocor-
ticoid substitution treatment. In infancy, low 
doses of  mineralocorticoid treatment might 
be beneficial. After puberty, androgen excess 
might be a problem despite appropriate sub-
stitution, and antiandrogen therapy might be 
beneficial. Even at the best glucocorticoid 
dosing, episodes of  under- and overtreatment 
occur during the day which has several long-
term metabolic consequences. Hypertension, 
metabolic syndrome, insulin resistance, osteo-
penia, and subfertility are important issues in 
both men and women.
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.      . Fig. 33.1  Adrenal steroid biosynthesis in SV-
CAH.  Abbreviations: P450c21 21-hydroxylase enzyme 
(CYP21A2), P450scc side chain cleavage enzyme cata-
lyzing the rate limiting step in steroid biosynthesis 
(CYP11A1), P450c17 17α-hydroxylase/17,20 lyase 
(CYP17A1), 3βHSD2 3β-hydroxysteroid dehydrogenase 

type 2 (HSD3B2), P450c11β 11β-hydroxylase/cortisol 
synthase (CYP11B1), P450c11AS 11β-hydroxylase/
aldosterone synthase (CYP11B2), 5αR2 5α-reductase 2, 
11βHSD2 11β-hydroxysteroid dehydrogenase 2 
(HSD11B2), 17βHSD5 17β-hydroxysteroid dehydroge-
nase (HSD17B)

�Case Presentation

The 43-year-old woman was diagnosed at 
the age of 2  years based on virilized genita-
lia, clitoromegaly without posterior labial 
fusion, precocious pubarche, early pubic hair 
growth, and intensive longitudinal growth. 
17-Hydroxyprogesterone was 3471  ng/ml 
(1–200  ng/ml). Electrolytes were normal, 
salt wasting was not observed. Substitution 
therapy was initiated with hydrocortisone 
(5  mg tid) and genital reconstruction surgery 
(clitoroplasty) was done after diagnosis. She 
suffered several febrile illnesses during child-
hood, appropriate increasing of the usual 
hydrocortisone substitution was enough to pre-
vent the need for hospital admission. Menarche 
(first menstrual bleeding) occurred at the age 
of 16 years; period has always been irregular. 

She is married. Genetic diagnosis was made in 
young adulthood, the observed genotype was 
I172N/I172N corresponding to the SV-CAH 
phenotype. Pregnancy was achieved by assisted 
reproduction techniques, ovulation induction, 
and insemination. Currently she is treated with 
a combination of hydrocortisone and dexa-
methasone (hydrocortisone 10-7.5-5  mg daily, 
dexamethasone 0.25 mg daily in the evening). 
She also receives medical treatment for hyper-
cholesterolemia and hypertension. She has 
osteopenia. Latest hormonal checkup is sum-
marized in .  Table 33.1.

She has a younger sister with the same 
genetic background and similar clinical presen-
tation.
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?? How is SV-CAH diagnosed?

vv The diagnosis of SV-CAH is the same as 
for SW-CAH and is presented in detail in 
the preceding chapter. The neonatal screen-
ing is less effective in identifying SV-CAH 
cases than SW-CAH.  SV-CAH and SW-
CAH cannot be differentiated if  identified 
by newborn screening before the symptoms 
of salt wasting occur; therefore all identi-
fied neonates are started on combination of 
glucocorticoid and mineralocorticoid sub-
stitution. Later, based on genetic diagnosis 
and hormonal follow-up, careful cessation 
of mineralocorticoid substitution might be 
attempted if  SV-CAH is suspected.

vv In our case genetic diagnosis was made at 
a later age, and the genetic background of 
21-OHD was unknown when she was born. 
However, it provided important informa-
tion on genetic counseling during her fam-
ily planning. It was reassuring that her 
husband did not carry any mutations in the 
CYP21A2 gene; therefore their baby was 
not at risk of developing CAH.

?? What causes ambiguous genitalia in CAH?

vv Impaired cortisol production does not pro-
vide an effective negative feedback loop on 
pituitary ACTH production. The excess 
ACTH causes adrenocortical hyperplasia 
and excess androgen production, mostly 

androstenedione and testosterone. This 
starts as early as eighth week of gestation. 
Excess fetal androgens cause virilization of 
the external genitalia of the female fetus 
while Müllerian derived organs, uterus, 
Fallopian tubes, and ovaries are intact. The 
extent of virilization of external genitalia 
is variable and depends on the severity of 
disease. It ranges from mild clitoromegaly 
to complete posterior labial fusion with 
severe clitoromegaly, mimicking cryptor-
chidism with or without hypospadias. The 
latter case might lead to erroneous gender 
assignment which has a serious impact on 
the quality of life of these patients if  not 
recognized and corrected early enough.

?? What is the differential diagnosis of ambigu-
ous genitalia?

vv SV-CAH girls with ambiguous genitalia 
should be differentiated from other types 
of disorders of sex development (DSD). 
Karyotyping differentiates from under-
virilized 46,XY male DSD.  Further dif-
ferential diagnosis includes other types of 
CAH (e.g., 11-beta-hydroxylase deficiency, 
characterized by hypertension and ele-
vated deoxycorticosterone concentrations), 
androgen-producing ovarian or adrenal 
tumors, teratogenic maternal androgen 
excess (e.g., maternal anti-estrogen treat-
ment during pregnancy for hormone sensi-
tive breast tumor).

.      . Table 33.1  Hormone results at the last checkup

Normal range

Na+ 137 134–146 mmol/L

K+ 4.6 4.0–5.0 mmol/L

Plasma renin activity 2.7 0.1–4.95 ng/mL/h

ACTH 241 5–60 pg/mL

Androstenedione 294.2 80–280 ng/dL

17-OHP 9287 3–150 ng/dL
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?? What causes precocious pubarche in SV-
CAH?

vv If  SV-CAH is not recognized and treated 
from early on (lack of neonatal screening, 
boys without visible virilization, or patients 
who miss neonatal screening) continu-
ous androgen excess causes signs of early 
pubarche and adrenarche in both boys and 
girls. This process is gonadotropin indepen-
dent and driven solely by adrenal andro-
gen production. Longitudinal growth is 
accelerated, pubic hair and axillary growth 
and aromatic body odor are characteristic. 
Penis length is increased in boys and the 
scrotum is pigmented and wrinkled; how-
ever, testicular size is prepubertal because 
of low gonadotropins. Breast development 
and menarche in girls do not occur.

vv However, longstanding androgen excess 
might lead to central, gonadotropin driven 
precocious pubarche in rare cases.

?? What is the differential diagnosis of preco-
cious pubarche and adrenarche?

vv Adrenarche after the age of 5–6  years 
might be a normal phenomenon, if  not 
progressive and 17-OHP is not increased. 
Precocious pubarche should be differenti-
ated from central, gonadotropin driven 
precocious pubarche based on physical 
examination (see above) and gonadotropin 
releasing hormone (GnRH) stimulation 
test. Androgen-producing testicular, ovar-
ian, and adrenal tumors should be ruled 
out. Brain tumor, previous injury, hypoxia, 
or inherited diseases (e.g., neurofibroma-
tosis) might prompt central precocious 
puberty. Gigantism due to growth hormone 
overproduction causes accelerated longitu-
dinal growth but not sexual maturation.

?? How is SV-CAH treated?

vv SV-CAH patients need lifelong substitution 
glucocorticoid therapy. If  the diagnosis was 
made early by means of newborn screening 
therapy is usually started with the assump-
tion of the most serious, salt wasting disease 

with a combination of mineralocorticoids 
and glucocorticoids. Later, if  diagnosis of 
SV-CAH is confirmed by genetic diagnosis 
and careful clinical and hormonal follow-
up, mineralocorticoid treatment can be 
stopped. However, some patients achieve 
better hormonal control if  a small amount 
of mineralocorticoid is also administered.

vv The goal of the therapy is to correct the cor-
tisol deficiency and suppress excess adrenal 
androgen production. In children 10–15 mg/
m2/day hydrocortisone is given in three 
doses to minimize periods of overtreatment 
and risk of adrenal crisis. After closure of 
the growth plates hydrocortisone can be 
switched to once daily steroid compounds, 
for example, dexamethasone or prednisone. 
Some patients achieve a better control with 
a combination of hydrocortisone and dexa-
methasone treatment, like in our case.

vv In episodes of extreme biological stress 
(e.g., infections, fever, and surgical pro-
cedures) the substitution dose should be 
increased similarly to SW-CAH patients. 
It is recommended to carry some kind of 
Medic-Alert accessory (card or bracelet) 
with basic details of steroid dependency.

?? What are the possible complications of SV-
CAH?

vv Although SV-CAH patients are not at par-
ticular risk for salt wasting, adrenal cri-
sis under extreme biological stress might 
occur. In adult SV-CAH patients several 
chronic health conditions might be of con-
cern. Cardiovascular morbidity and mor-
tality are increased in CAH.  The major 
cardiovascular risk factor is obesity and 
overweight, this is already a major problem 
in childhood. Overall and abdominal body 
fat is increased in CAH patients compared 
to the normal population. The frequency 
of metabolic syndrome is also increased in 
CAH.  Hypertension becomes a concern 
in later ages. Insulin resistance and high 
blood glucose levels are linked to both over-
weight and glucocorticoid overtreatment. 
Interestingly, undertreatment with glucocor-
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ticoids induces impaired insulin sensitivity as 
well. The incidence of diabetes is increased 
in CAH. There is also an increased risk of 
combined hyperlipidemia, venous thrombo-
embolism, and atrial fibrillation.

vv Bone health is impaired in both adult men 
and women with CAH.  The increased 
fracture risk and low bone mineral den-
sity is linked to glucocorticoid excess. 
Hypogonadotropic hypogonadism, espe-
cially in males caused by the negative feed-
back of adrenal androgen excess on the 
hypothalamus, might also have adverse 
effects on bone mass. On the other hand, 
excess androgens are converted to estrogen 
which has protective effects on the bone. 
Males are more affected by osteopenia and 
osteoporosis than women.

vv Both males and females suffer from increased 
risk of various psychiatric problems.

vv The number of pregnancies is reduced in 
female CAH patients; however, pregnancies 
themselves are usually healthy. There are 
several factors behind the reduced fertility: 
reduced heterosexual partnership, effects of 
genital surgery, anovulation, and progester-
one hypersecretion. Fertility rate is the low-
est in the most severely affected SW-CAH 
population.

vv Fertility rate in male CAH patients is also 
decreased. Adrenal androgen excess causes 
gonadotropin suppression and hypogo-
nadotropic hypogonadism. ACTH over-
production causes testicular adrenal rest 
tissue (TART) formation (see the chapter 
on SW-CAH) which compresses seminif-
erous tubules and causes testicular failure. 
TART formation can be treated by exces-
sive amounts of glucocorticoids which have 
serious side effects. On the other hand, glu-
cocorticoid overdosing leads to secondary 
hypogonadotropic hypogonadism.

vv Chronic ACTH stimulation causes adreno-
cortical overgrowth. Adrenal volumes cor-

relate well with disease markers (ACTH and 
androstenedione), and sometimes large adre-
nocortical tumors can form. Myelolipomas 
can grow large and sometimes have to be 
removed because of mass effects; however, 
malignant adrenal tumors are rare.

Tips

The reader is advised to read the next 
chapter on late onset 21-hydroxylase 
deficiency (7  Chap. 34). A rare form of 
CAH is discussed in the chapter on 17α 
hydroxylase/17,20 lyase deficiency (7  Chap. 
35), where other CAH forms are also briefly 
discussed. Moreover, the reader is advised 
to read the chapter on Addison’s disease 
and autoimmune polyendocrine syndrome 
type 2 (7  Chap. 31) and the chapter on 
polycystic ovary syndrome (7  Chap. 39).

Take Home Messages
55 21-Hydroxylase deficiency is responsi-

ble for 95% of all CAH cases; 25% of 
classical CAH cases is SV-CAH.

55 21-OHD is part of the neonatal screen-
ing programs, but SV-CAH patients are 
not always found by the screening.

55 Hormonally SV-CAH is characterized 
by lack of cortisol and excess testoster-
one production, high ACTH and 
17-OHP levels, but not mineralocorti-
coid deficiency.

55 SV-CAH is treated with glucocorticoids 
and sometimes antiandrogens.
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Opening
The two preceding chapters discussed the 
classical forms of 21-hydroxylase de-
ficiency, that is, the salt wasting and simple 
virilizing forms. Late-onset, non-classical 
21-hydroxylase deficiency is much more 
common than these, and it is usually 
diagnosed in young women with symptoms 
of androgen excess.

Definition of the Disease

The prevalence of  late-onset, non-classic 
21-hydroxylase deficiency varies between 
1:100 and 1:1000  in different ethnic 
groups. In adult women and adolescent 
girls, androgen excess could result in 
oligomenorrhoea (in about 50% of 
affected cases), hirsutism (60%) and acne 
(in about 30% of  cases). In children, the 
isolated development of  sexual hair in 
boys and girls younger than 9 and 8 years, 
respectively (premature pubarche), 
advanced bone age and acne may be 
observed. Mutations in the CYP21A2 
gene coding for 21-hydroxylase can be 
identified.

?? What to Do First?

vv As the patient was on oral contraceptive 
(OC) treatment, the OC should be 
discontinued first for 3  months before 
blood for hormonal measurements can be 
taken. Hormonal results cannot be 
interpreted in patients on OC (except for, 
e.g. thyroid stimulating hormone (TSH) 
and free thyroxine (fT4)), as the oestrogen 
component influences many other 
hormone levels in part via the altered 
production of  carrier proteins.

vv .  Table 34.1 summarizes the results of  the 
first hormone panel after stopping OC 
3 months earlier.

?? What can be inferred from this hormone  
panel (.  Table 34.1)?

vv The 17-OH-progesterone (17-hydroxy-
progesterone) level is very high, whereas 
two androgens, that is, androstenedione 
and testosterone, are also elevated. As  
the basal 17-OH-progesterone exceeds 
1000  ng/dL, there was no need for short 
adrenocorticotropic hormone (ACTH) 
(tetracosactide) stimulation test 
(Cosyntropin, Synacthen™) to confirm 
21-hydroxylase deficiency. (Later, however, 
the ACTH test was performed, and the 
60-min 17-OH-progesterone level after 
250  μg tetracosactide was 3907  ng/dL, 
whereas the cortisol value was normal 
23.4 μg/dL [normal >20 μg/dL].)

vv The suspicion for late-onset 21-hydroxylase 
deficiency can be raised if  the basal 
17-OH-progesterone is between 200 and 
1000 ng/dL, but an ACTH stimulation test 
is needed to confirm the disease (the 
diagnostic cut-off  for 17-OH-progesterone 
at 60 min after tetracosactide is >1000 ng/
dL [by some authors >1500 ng/dL]).

vv Oral glucose tolerance test showed a 
normal response along with HOMA-index 

�Case Presentation

The 30-year-old woman was referred to our 
consultation for secondary amenorrhea. 
She had her first menstrual cycle at the age 
of 13, but after a few spontaneous cycles, 
menstrual cycles could only be provoked by 
drug treatment. Based on hyperandrogenic 
signs (hirsutism and acne), the diagnosis of 
polycystic ovarian syndrome was estab-
lished, and an oral contraceptive treatment 
was initiated. She was on oral contraceptive 
(OC) (ethinyl estradiol + cyproterone ace-
tate) treatment for the past 10  years. 
(Cyproterone is a progesterone derivative 
with antiandrogenic action.)
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(homeostasis model assessment of  insulin 
resistance). The previous diagnosis of 
polycystic ovarian syndrome could thus be 
revised, and the patient appeared to have 
late-onset 21-hydroxylase deficiency.

?? How should the disease be further  
confirmed?

vv Genetic testing should be performed. A 
homozygous V281L (Val281Leu) mutation 
was confirmed in the CYP21A2 gene, that 
is, a typical mutation in late-onset 
non-classic 21-hydroxylase deficiency.

?? How should the patient be treated?

vv If  there is no wish for pregnancy, oral 
contraceptive treatment is sufficient in 
these patients. Late-onset 21-hydroxylase-

deficient patients usually do not have 
adrenal insufficiency (hypoadrenalism), 
and no steroid substitution is needed even 
in stress situations (see 7  Chap. 31 on 
Addison’s disease). This is shown by the 
result of  the tetracosactide test, as well, 
where the stimulated cortisol was normal.

vv However, as our patient planned for 
pregnancy, steroid substitution was started 
first in a dose of  daily 20 mg hydrocortisone. 
As the menstrual cycle has not restarted 
with hydrocortisone only, dexamethasone 
was also added (15  mg hydrocortisone 
+ 0.125 mg dexamethasone in the evening).

?? How should treatment be monitored?

vv In patients treated with glucocorticoids, 
androstenedione, testosterone and 17-OH-

.      . Table 34.1  Results of  the first hormonal screen taken in the morning

Hormone Result Normal range

TSH 0.92 mIU/L 0.35–4.94 mIU/L

Prolactin 6.07 ng/mL 1.39–24.20 ng/mL

Cortisol 23.7 μg/dL 8.0–25.0 μg/dL

Adrenocorticotropic hormone (ACTH) 56.0 pg/mL 7.2–63.3 pg/mL

Androstenedione 551.0 ng/dL 80–280 ng/dL

17-OH-progesterone 2158.0 ng/dL 40.0–250.0 ng/dL

Dehydroepiandrosterone sulfate (DHEAS) 323.0 μg/dL 130.0–330.0 μg/dL

Total testosterone 75.0 ng/dL 20.0–60.0 ng/dL

Cortisol after 1 mg overnight dexamethasone test 0.9 μg/dL <1.8 μg/dL

Luteinizing hormone (LH) 8.4 IU/L 2.4–12.6 Follicular phase
14.0–95.6 Ovulatory phase
1.0–11.4 Luteal phase
7.7–58.5 Menopause

Follicle stimulating hormone (FSH) 4.6 IU/L 3.5–12.5 Follicular phase
4.7–21.5 Ovulatory phase
1.7–7.7 Luteal phase
25.8–134.8 Menopause

Estradiol (E2) 38.1 pg/mL 24.5–196 Follicular phase
66.1–411 Ovulatory phase
40.0–261 Luteal phase
<10–39.2 Menopause
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progesterone should be monitored. Andro-
stenedione and testosterone should be 
normalized. There is no need to normalize 
17-OH-progesterone, and fertility might be 
restored even with elevated 17-OH-pro-
gesterone. If  the 17-OH-progesterone level 
is too low, it can be a marker of too high 
steroid doses used. Too high glucocorticoid 
doses could lead to iatrogenic hypercor-
tisolism (increase in weight, obesity, 
decrease in bone mineral density, impaired 
glucose homeostasis, etc.). Therefore, the 
lowest effective dose should be given. (As 
discussed above, in patients taking OC, no 
hormonal monitoring can take place.)

?? Follow-up of the patient’s case

vv Two months after the initiation of dexa-
methasone, a spontaneous menstrual 
cycle occurred (the first after more than 
10  years). Four  months later, she became 
pregnant (even when her 17-OH-progester-
one was twice as high as the upper normal 
value). As dexamethasone crosses the pla-
centa, and it is not inactivated by placental 
11β-hydroxysteroid dehydrogenase type 2 
(HSD11B2), it is not proposed during preg-
nancy. We therefore returned to hydrocorti-
sone only. She gave birth to a healthy girl.

?? Is there a risk for 21-hydroxylase deficiency 
in the newborn?

vv 21-hydroxylase deficiency is inherited as 
an autosomal recessive trait. However, as 
the mutations in the CYP21A2 gene are 
relatively common, it can occur that the 
father of  the child is a healthy heterozygous 
carrier. The prevalence of  heterozygous 
carriers was estimated at 1:55, but in 
certain populations, even higher prevalence 
(even 1:10) can be observed. The risk for 
classic 21-hydroxylase deficiency in the 
offspring was estimated to be about 2.5% 
in women having the late-onset form 
(whereas about 15% of  the offspring can 

be affected by the non-classic late-onset 
21-hydroxylase deficiency). Genetic 
screening of  the partner should be 
performed to assess the risk, but he was 
negative for the tested mutations.

?? Case presentation conclusion: Treatment 
outcome

vv The patient had two further successful 
pregnancies, and she is now mother of 
three healthy girls. As there is no further 
wish for fertility, we have returned to OC 
treatment.

?? Is treatment needed in men diagnosed with 
late-onset 21-hydroxylase deficiency?

vv Male patients are usually not diagnosed 
with late-onset 21-hydroxylase deficiency, 
as they are mostly devoid of  any symptoms. 
Even if  diagnosed (e.g. by genetic screening 
in a family), treatment is usually not 
needed. The only indication for treatment 
could be oligospermia. Testicular adrenal 
rest tissue (TART, discussed in more detail 
in the chapter on Salt wasting 
21-hydroxylase deficiency) is uncommon 
in this form of  disease.

Tips

55 The reader is advised to read the two 
previous chapters on congenital adrenal 
hyperplasia (CAH; 21-hydroxylase 
deficiency: salt wasting and simple 
virilizing) before reading this chapter. 
Polycystic ovarian syndrome as the 
major differential diagnostic problem in 
the management of late-onset CAH is 
discussed in 7  Chap. 39. The symptoms 
of Cushing’s syndrome corresponding 
also to iatrogenic Cushing’s syndrome 
(due to overtreatment) are discussed in 
7  Chap. 27 on adrenal Cushing’s 
syndrome.
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Take Home Messages
55 Late-onset, non-classic 21-hydroxylase 

deficiency is more common than the 
classical, more severe forms (salt 
wasting and simple virilizing).

55 The presented case was first considered 
to be a polycystic ovarian syndrome 
and treated with oral contraceptives, 
whereas it was actually a late-onset 
21-hydroxylase deficiency.

55 High 17-OH-progesterone confirmed 
diagnosis.

55 Glucocorticoid treatment restored 
fertility.

55 Late-onset 21-hydroxylase deficiency 
should be investigated in women 
suffering from oligomenorrhoea, 
hirsutism and infertility.

Suggested Reading

	1.	 Baumgartner-Parzer SM, Nowotny P, Heinze G, 
Waldhäusl W, Vierhapper H. Carrier frequency of 
congenital adrenal hyperplasia (21-hydroxylase 
deficiency) in a middle European population. J 
Clin Endocrinol Metab. 2005;90(2):775–8. https://
doi.org/10.1210/jc.2004-1728.

	2.	 Carmina E, Dewailly D, Escobar-Morreale HF, 
Kelestimur F, Moran C, Oberfield S, Witchel SF, 
Azziz R. Non-classic congenital adrenal hyperpla-
sia due to 21-hydroxylase deficiency revisited: an 
update with a special focus on adolescent and 
adult women. Hum Reprod Update. 
2017;23(5):580–99. https://doi.org/10.1093/
humupd/dmx014.

	3.	 El-Maouche D, Arlt W, Merke DP.  Congenital 
adrenal hyperplasia. Lancet. 2017;390(10108): 
2194–210. https://doi.org/10.1016/s0140-6736(17) 
31431-9.

	4.	 Falhammar H, Nordenstrom A.  Nonclassic con-
genital adrenal hyperplasia due to 21-hydroxylase 
deficiency: clinical presentation, diagnosis, treat-
ment, and outcome. Endocrine. 2015;50(1):32–50. 
https://doi.org/10.1007/s12020-015-0656-0.

	5.	 Moran C, Azziz R, Weintrob N, Witchel SF, Rohmer 
V, Dewailly D, Marcondes JA, Pugeat M, Speiser 
PW, Pignatelli D, Mendonca BB, Bachega TA, 
Escobar-Morreale HF, Carmina E, Fruzzetti F, 
Kelestimur F. Reproductive outcome of women with 
21-hydroxylase-deficient nonclassic adrenal hyper-
plasia. J Clin Endocrinol Metab. 2006;91(9):3451–6. 
https://doi.org/10.1210/jc.2006-0062.

	6.	 Nordenstrom A, Falhammar H.  Management of 
endocrine disease: diagnosis and management of 
the patient with non-classic CAH due to 
21-hydroxylase deficiency. Eur J Endocrinol. 
2019;180(3):R127–45. https://doi.org/10.1530/eje-
18-0712.

	7.	 Pang SY, Wallace MA, Hofman L, Thuline HC, 
Dorche C, Lyon IC, Dobbins RH, Kling S, Fujieda 
K, Suwa S.  Worldwide experience in newborn 
screening for classical congenital adrenal hyperpla-
sia due to 21-hydroxylase deficiency. Pediatrics. 
1988;81(6):866–74.

	8.	 Papadakis G, Kandaraki EA, Tseniklidi E, 
Papalou O, Diamanti-Kandarakis E.  Polycystic 
ovary syndrome and NC-CAH: distinct character-
istics and common findings. A systematic review. 
Front Endocrinol. 2019;10:388. https://doi.
org/10.3389/fendo.2019.00388.

	9.	 Reisch N. Pregnancy in congenital adrenal hyper-
plasia. Endocrinol Metab Clin N Am. 
2019;48(3):619–41. https://doi.org/10.1016/j.
ecl.2019.05.011.

	10.	 Speiser PW, White PC. Congenital adrenal hyper-
plasia. New Engl J Med. 2003;349:776–88. https://
doi.org/10.1056/NEJMra021561.

Late-Onset 21-Hydroxylase Deficiency

https://doi.org/10.1210/jc.2004-1728
https://doi.org/10.1210/jc.2004-1728
https://doi.org/10.1093/humupd/dmx014
https://doi.org/10.1093/humupd/dmx014
https://doi.org/10.1016/s0140-6736(17)31431-9
https://doi.org/10.1016/s0140-6736(17)31431-9
https://doi.org/10.1007/s12020-015-0656-0
https://doi.org/10.1210/jc.2006-0062
https://doi.org/10.1530/eje-18-0712
https://doi.org/10.1530/eje-18-0712
https://doi.org/10.3389/fendo.2019.00388
https://doi.org/10.3389/fendo.2019.00388
https://doi.org/10.1016/j.ecl.2019.05.011
https://doi.org/10.1016/j.ecl.2019.05.011
https://doi.org/10.1056/NEJMra021561
https://doi.org/10.1056/NEJMra021561


359

© Springer Nature Switzerland AG 2021
P. Igaz (ed.), Practical Clinical Endocrinology, https://doi.org/10.1007/978-3-030-62011-0_35

17α-Hydroxylase/17, 
20-Lyase Deficiency
Peter Igaz

Contents

�Suggested Reading – 366

35

https://doi.org/10.1007/978-3-030-62011-0_35#DOI
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-62011-0_35&domain=pdf


360

35

Opening
17α-Hydroxylase/17,20-lyase deficiency is a rare 
form of congenital adrenal hyperplasia (CAH). 
In contrast to 21-hydroxylase deficiency that 
results in salt wasting and/or hyperandrogenic 

symptoms in women, 17α-hydroxylase/17,20-lyase 
deficiency leads to severe hypertension and 
hypokalaemia; moreover, alterations of sexual 
differentiation can also develop.

Definition of the Disease

As discussed in the previous chapters on 
21-hydroxylase deficiency representing the 
most common form (about 95% of all cases), 
congenital adrenal hyperplasia (CAH) refers 
to the group of diseases where deficiencies of 
the steroid biosynthetic enzymes in the adrenal 
cortex lead to both hormone deficiencies and 
overproduction. Most forms of CAH result in 
the lack of cortisol that is sensed by the intact 
anterior pituitary and due to the feed-back reg-
ulation it answers by increasing adrenocortico-
tropic hormone (ACTH) production. ACTH, 
in turn, stimulates steroidogenesis, and thus, 
steroid precursors preceding the enzymatic 
block and steroid hormones of other pathways 
are overproduced. Due to the trophic effects of 
ACTH on the adrenal cortex, bilateral adrenal 
hyperplasia can be observed. In 21-hydroxy-
lase deficiency, lack of cortisol (and in severe 
cases also aldosterone) is accompanied by 
an increased release of androgen precursors 
leading to adrenal insufficiency together with 
hyperandrogenism or infertility. Here we dis-
cuss 17α-hydroxylase/17,20-lyase deficiency, 
where the deficiency of this enzyme results 

in both cortisol and aldosterone deficiency; 
however, the precursors of aldosterone bio-
synthesis, 11-deoxycorticosterone (DOC) and 
corticosterone, are overproduced, resulting in 
severe hypertension and hypokalaemia. Due to 
the involvement of the 17α-hydroxylase/17,20-
lyase enzyme (CYP17A1) in sex steroid bio-
synthesis, deficiency of both androgens and 
oestrogens can be observed leading to disorders 
of sexual differentiation and gonadal function-
ing (.  Fig. 35.1). Another rare form of CAH 
is caused by 11β-hydroxylase deficiency, which 
is also related to mineralocorticoid excess 
due to DOC and corticosterone overproduc-
tion and thus hypertension and hypokalae-
mia, but similar to 21-hydroxylase deficiency, 
hyperandrogenism is observed (.  Fig.  35.2). 
Deficiency of 3β-hydroxysteroid dehydroge-
nase 2 (HSD3B2), on the other hand, leads to 
lack of cortisol and aldosterone (hypotension 
and hyperkalaemia), whereas among sex ste-
roids only dehydroepiandrosterone sulphate 
(DHEAS) is produced leading to ambiguous 
sexual differentiation (undervirilization of 
males and virilization of females) (.  Fig. 35.3).

�Case Presentation

A 27-year-old woman was referred to our 
centre because of hypertension (blood pres-
sure max: 180/100 mmHg) and hypokalae-
mia (se K+: 2.8–3.2  mmol/L, normal: 
3.5–5.0). Her history includes operation of 
an ovarian cyst because of torquation at the 
age of 13. Her first menstrual cycle was at 
the age of 13, and then it came very rarely 
(once or twice per year). She took an oral 
contraceptive for the restoration of her 
menses since the age of 16 for 10 years, and 
since its omission 1 year earlier, she did not 

have any menstrual cycles. Phenotypically 
she was a normal female with normal breast 
development and secondary sexual charac-
teristics. Her height was normal. She took 
only a Ca-antagonist against hypertension.

?? Which hormones should be determined in the 
first place?

vv Regarding hypertension and hypokalae-
mia, renin and aldosterone should be deter-
mined, and as a basic hormonal evaluation, 
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cortisol, ACTH should also be determined. 
Regarding the secondary amenorrhoea, LH 
(luteinizing hormone), FSH (follicle stimu-
lating hormone) and oestradiol (E2) should 
also be investigated.

vv .  Table 35.1 summarizes the results of  the 
first hormone panel.

?? What can be observed from this hormone 
panel (.  Table 35.1)?

vv Both cortisol and aldosterone are very low. 
ACTH is high underlining an adrenal 
cause of  cortisol deficiency, whereas renin 
is suppressed. A 250 μg tetracosactide 
(ACTH analogue, cosyntropin containing 
the first 24 amino acids of  ACTH but hav-
ing full biological activity, see Diagnosis 

of  Addison’s disease and hypopituitarism 
(7  Chaps.  6 and 31)) test was also per-
formed, which showed no stimulation 
(basal cortisol: 2.42 μg/dL, after stimula-
tion: 3.29 μg/dL  – normal response after 
60  min should have been >20  μg/dL). 
Oestradiol is undetectable, but LH and 
FSH are not as high as typical for post-
menopausal women.

?? What kind of diseases should be  
considered?

vv Our first thought for a patient with hyperten-
sion and hypokalaemia should be primary 
aldosteronism, but this can be excluded 
based on the low aldosterone level. Ectopic 
ACTH syndrome in severe forms could also 
result in hypertension and hypokalaemia 

.      . Fig. 35.1  Pathogenesis of  17α-hydroxylase/17,20-
lyase (CYP17A1) deficiency. Lack of  CYP17A1 results 
in decreased cortisol and sex steroid production, includ-
ing both oestrogen and androgens (simplified overview 
of  steroid hormone production). DOC production is, on 
the other hand, increased, leading to mineralocorticoid 
excess and subsequent hypertension with hypokalaemia. 

Aldosterone, on the other hand, is usually low. 
CYP11A1 cholesterol side chain cleavage enzyme (cata-
lysing the rate-limiting enzymatic step in steroid biosyn-
thesis), CYP11B1 cortisol synthase, CYP11B2 
aldosterone synthase, CYP19 aromatase, CYP21A2 
21-hydroxylase, HSD17B 17β-hydroxylase, 17-OHP 
17-hydroxy-progesterone, AD androstenedione
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due to the mineralocorticoid action of excess 
cortisol, but cortisol would be certainly high 
in this case and thus this can be excluded, as 
well. Overproduction of a non-aldosterone 
mineralocorticoid (e.g. corticosterone or 
DOC) might also possible, for example by 
a tumour or enzyme deficiency. Regarding 
the patient’s history, the raromenorrhoea 
and secondary amenorrhoea together with 
the suspicion of mineralocorticoid excess, a 
steroid enzyme deficiency can be suspected.

vv Very rare enzyme deficiencies such as appar-
ent mineralocorticoid excess (AME) due 
to mutations of type 2 11β-hydroxysteroid 
dehydrogenase (HSD11B2) could also result 
in mineralocorticoid excess. The pathomech-
anism of AME is similar to that of miner-
alocorticoid excess due to ectopic ACTH 
syndrome or other forms of severe hypercor-

tisolism, since cortisol can bind the mineralo-
corticoid receptor with high affinity, and to 
prevent this under normal conditions, cortisol 
is metabolized to cortisone by HSD11B2 in 
aldosterone-responsive tissues. If cortisol is 
produced in such excess that the capacity of 
HSD11B2 is exhausted, or HSD11B2 is itself  
non-functional as in AME, cortisol produces 
mineralocorticoid effects with hypokalaemia 
and hypertension. In AME, the cortisol/cor-
tisone ratio is high and aldosterone is low. 
AME, however, is not associated with any 
alterations of sex hormones, so it should not 
be considered in this case.

?? The morphology of the adrenals should be in-
vestigated to exclude an adrenal tumour that 
very rarely might secrete a non-aldosterone 
mineralocorticoid. What kind of imaging 
should be performed?

.      . Fig. 35.2  Pathogenesis of  11β-hydroxylase 
(CYP11B1) deficiency. CYP11B1 deficiency leads to 
decreased cortisol, but the overproduction of  DOC and 
corticosterone results in hypertension and hypokalae-
mia (simplified overview of  steroid hormone produc-
tion). Similarly to 21-hydroxylase deficiency, androgens 
are overproduced, resulting in virilization in females. 

CYP11A1 cholesterol side chain cleavage enzyme (cata-
lysing the rate-limiting enzymatic step in steroid biosyn-
thesis), CYP11B1 cortisol synthase, CYP11B2 
aldosterone synthase, CYP19 aromatase, CYP21A2 
21-hydroxylase, HSD17B 17β-hydroxylase, 17-OHP 
17-hydroxy-progesterone, AD androstenedione
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vv Computed tomography (CT) is the imag-
ing of  choice. The left adrenal was hyper-
plastic (.  Fig. 35.4), and there was a large 
multilocular cystic tumour originating 
most probably from the right ovary. The 
morphology of  the uterus also seemed 
abnormal.

?? Which further hormonal tests should be per-
formed?

vv Detailed analysis of  adrenal corticoste-
roids can be proposed to measure the lev-
els of  mineralocorticoids and sex steroids 
and their precursors. .  Table 35.2 summa-
rizes the levels of  further hormones.

vv The panel shows that the concentrations 
of  adrenal androgens including andro-

stenedione, DHEA and DHEAS are very 
low, whereas corticosterone, DOC and 
progesterone exhibit very high serum con-
centrations.

?? A deficiency of a steroid biosynthetic en-
zyme can be suspected. What features 
should be taken into account for differential  
diagnosis?

vv .  Table 35.3 presents the most important 
symptoms and hormonal changes in dif-
ferent forms of  steroidogenic enzyme defi-
ciencies leading to congenital adrenal 
hyperplasia. The table does not include all 
rare forms of  CAH such as POR (p450 
oxidoreductase deficiency), lipoid congen-
ital adrenal hyperplasia (leading to the 
deficiency of  all steroid hormones) and 

.      . Fig. 35.3  Pathogenesis of 3β-hydroxysteroid dehydro-
genase 2 (HSD3B2) deficiency. Lack of HSD3B2 leads 
to lack of cortisol and aldosterone, resulting in adre-
nal insufficiency and salt wasting (simplified overview 
of steroid hormone production). Among sex steroids, 
only DHEA (dehydroepiandrosterone) is overproduced, 
whereas all other sex steroids including more potent 
androgens and oestradiol are suppressed. These altera-

tions lead to virilization in girls, but primary hypogonad-
ism in boys, altogether intersex phenotypes (disorder of 
sexual differentiation, DSD) in both sexes. CYP11A1 
cholesterol side chain cleavage enzyme (catalysing the 
rate-limiting enzymatic step in steroid biosynthesis), 
CYP11B1 cortisol synthase, CYP11B2 aldosterone syn-
thase, CYP19 aromatase, CYP21A2 21-hydroxylase, 
HSD17B 17β-hydroxylase, AD androstenedione
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CYP11A1 deficiency, which have predomi-
nantly paediatric relevance.

vv Both 17α-hydroxylase/17,20-lyase and 
11β-hydroxylase deficiencies lead to hyper-
tension and hypokalaemia, but the latter 
would lead to virilization in females and 
correspondingly elevated androgens.

vv Regarding the high DOC and corticoste-
rone concentrations, high progesterone, low 
aldosterone, low androgen and oestrogen 
levels, 17α-hydroxylase/17,20-lyase defi-
ciency can be suspected. However, a com-
plete form of this deficiency would result in 
primary amenorrhoea and sexual infantil-
ism. It is thus most probably a partial form 
of the disease, as our patient has normal 
female phenotype, but secondary amenor-
rhoea. A complete 17α-hydroxylase/17,20-
lyase deficiency in males could result in 
severe disorders of sexual differentiation 
leading to a female phenotype in a geneti-
cally male with 46,XY karyotype.

?? Is a genetic diagnosis warranted?

vv 17α-Hydroxylase/17,20-lyase deficiency is 
inherited as an autosomal recessive trait 
similarly to all other forms of  congenital 
adrenal hyperplasia. Mutations of  the 
CYP17A1 gene are usually found in the 
disease. By sequencing the CYP17A1 
alleles of  our patient, a compound hetero-

.      . Table 35.1  Results of  the first hormonal screen

Hormone Result Normal range

Cortisol 2.29 μg/dL/61.8 nmol/L 8.00–25.00 μg/dL/216–675 nmol/L

ACTH 331.5 pg/mL 7.2–63.3 pg/mL

Aldosterone <3 ng/dL 7–15 ng/dL

Renin activity 0.46 ng/mL/h 0.2–2.8 ng/mL/h

LH 13.96 IU/L 2.4–12.6 Follicular phase
14.0–95.6 Ovulatory phase
1.0–11.4 Luteal phase
7.7–58.5 Postmenopausal phase

FSH 12.97 IU/L 3.5–12.5 Follicular phase
4.7–21.5 Ovulatory phase
1.7–7.7 Luteal phase
25.8–134.8 Postmenopausal phase

E2 <10.0 pg/mL 24.5–196 Follicular phase
66.1–411 Ovulatory phase
40.0–261 Luteal phase
<10–39.2 Postmenopausa

Prolactin 9.35 ng/mL 1.39–24.20 ng/ml

.      . Fig. 35.4  Enlarged hyperplastic left adrenal on the 
CT of  the patient. The right adrenal is normal
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zygosity (two different mutations on the 
two alleles of  the gene) was established. 
TGC22TGG (C22W, rs762563) and 
CGA239CAA (R239Q, rs773278607) 
mutations were found, which are already 
known pathogenic variants of  the disease. 
As a compound heterozygosity, it can be 
supposed that the patient inherited a 
defective allele from each parent, and the 
parents are thus heterozygous for the 
CYP17A1 deficiency and healthy. Only the 
mother was available for genetic diagnosis, 
and she was found to have only the 

TGC22TGG (C22W, rs762563) mutation 
on one allele.

?? What kind of treatment should be  
proposed?

vv As in all forms of  congenital adrenal 
hyperplasia, corticosteroid substitution to 
lower ACTH is a mainstay of  treatment. 
Moreover, mineralocorticoid excess can be 
treated by antagonists of  the mineralocor-
ticoid receptor, that is, spironolactone or 
eplerenone.

.      . Table 35.2  Results of  further hormone measurements

Hormone Result Normal range

Androstenedione <10 ng/dL 80–280 ng/dL

Dehydroepiandrosterone (DHEA) <50 ng/dL 260–800 ng/dL

Dehydroepiandrosterone sulphate (DHEAS) <0.1 μg/dL 61–394 μg/dL

Progesterone 1336 ng/mL Follicular phase <0.9 ng/mL
Luteal phase 1.8–24 ng/mL

Testosterone <0.01 ng/mL 0.06–0.82 ng/mL

Corticosterone 35,550 ng/dL 226–1077 ng/dL

Deoxycorticosterone (DOC) 245 ng/dL 2–19 ng/dL

.      . Table 35.3  Differential diagnosis of  congenital adrenal hyperplasia forms based on symptoms and 
hormone alterations

Deficiency of Main symptoms Main hormonal alterations

21-hydroxylase Salt wasting (hypotension, hyperkalaemia), 
hyperandrogenism

Cortisol ↓, ACTH ↑
17-OH-progesterone ↑, 
androstenedione ↑

17α-hydroxylase/17,20-
lyase (CYP17A1)

Hypertension, hypokalaemia, disorders of 
sexual differentiation (sexual infantilism in 
females, amenorrhoea, infertility, 
undervirilization or complete female 
phenotype in males)

Cortisol ↓, ACTH ↑
DOC ↑, corticosterone ↑, 
aldosterone ↓, progesterone ↑, 
androstenedione ↓, DHEA ↓, 
oestrogen ↓

11β-hydroxylase 
(CYP11B1)

Hypertension, hypokalaemia, 
hyperandrogenism in females

Cortisol ↓, ACTH ↑
DOC ↑, corticosterone ↑
Androstenedione ↑, DHEA ↑

3β-hydroxysteroid 
dehydrogenase 2 
(HSD3B2)

Hypotension, hyperkalaemia, disorders of 
sexual differentiation (virilization in 
females, hypogonadism in males)

Cortisol ↓, ACTH ↑
Aldosterone ↓
DHEA ↑, androstenedione ↓
Testosterone ↓, oestrogen ↓

17α-Hydroxylase/17, 20-Lyase Deficiency
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?? Should we use spironolactone or eplerenone 
in this case?

vv Spironolactone is more potent, but having 
affinity for the androgen receptor, as well, 
it can cause impotence and gynaecomastia 
in men. As our patient is a female, eplere-
none would have no indication.

vv Treatment Outcome

vv We have introduced a daily 20 mg hydro-
cortisone (15 mg in the morning, 5 mg in 
the afternoon) and 1 × 25 mg spironolac-
tone, which was later raised to daily 50 mg. 
By this treatment, hypokalaemia disap-
peared, and the patient did not require 
antihypertensive therapy. The large multi-
locular cystic alteration of  the ovary is 
also a manifestation of  the disease.

Tips

55 The reader is advised to read (or repeat) 
the chapters on Addison’s disease 
(7  Chap. 31) and other forms of con-
genital adrenal hyperplasia (21-hydrox-
ylase deficiency: salt wasting and 
virilizing, late onset) (7  Chaps. 32, 33 
and 34).

Take Home Messages
55 17α-Hydroxylase/17,20-lyase deficiency 

is a rare form of congenital adrenal 
hyperplasia.

55 In contrast to 21-hydroxylase deficiency, 
it leads to hypertension and hypokalae-
mia due to the overproduction steroid 
hormones with mineralocorticoid activ-

ity (11-deoxycorticosterone [DOC] and 
corticosterone).

55 The production of sex steroids is 
decreased or absent in severe forms, 
resulting in amenorrhoea (primary or 
secondary depending on the severity of 
enzyme deficiency), infertility and dis-
orders of sexual differentiation in 
males.

55 Hormonal examinations show low cor-
tisol, high ACTH, high corticosterone 
and DOC, low oestrogen, high proges-
terone levels.

55 Treatment is based on hydrocortisone 
substitution and mineralocorticoid 
antagonists.
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Opening
Primary generalized glucocorticoid resis-
tance (PGGR) or Chrousos syndrome is a 
rare endocrinologic condition, which is 
characterized by partial tissue insensitivity 
to glucocorticoids. The molecular basis of 
this condition has been attributed to genetic 

defects in the NR3C1 gene encoding the 
human glucocorticoid receptor (hGR). In 
this chapter, the reader will get familiar 
with the clinical manifestations, endocrino-
logic evaluation, differential diagnosis, and 
therapeutic management of this syndrome.

?? What are the features in this case that are 
suggestive of Chrousos syndrome?

vv The patient had laboratory findings sugges-
tive of HPA axis hyperactivity (increased 
08:00 h plasma ACTH and serum cortisol 
concentrations, and increased urinary free 
cortisol [UFC] excretion) without clinical 
manifestations of Cushing’s syndrome. In 
addition, she presented with symptoms 
such as acne, hirsutism, and irregular men-
strual cycles, and laboratory findings sug-
gestive of increased adrenal androgen 
secretion. To exclude the diagnosis of a 
pituitary adenoma, a pituitary magnetic 

Definition of the Disease

Primary generalized glucocorticoid resistance 
(PGGR) or Chrousos syndrome is a rare famil-
ial or sporadic condition, which affects all 
tissues expressing the human glucocorticoid 
receptor (hGR). It is characterized by gener-
alized, partial tissue insensitivity to glucocor-
ticoids due to inactivating point mutations, 
insertions, or deletions in the NR3C1 gene. 
Patients with Chrousos syndrome have defec-
tive glucocorticoid negative feedback loops 
leading to compensatory hyperactivation of 
the hypothalamic-pituitary adrenal (HPA) 
axis. The resultant increased plasma adreno-
corticotropic hormone (ACTH) concentra-
tions cause adrenal hyperplasia and trigger the 
production of  steroid precursors with miner-
alocorticoid activity (deoxy-corticosterone 
and corticosterone) and adrenal androgens 
(androstenedione, dehydroepiandrosterone 
[DHEA] and DHEA-sulfate [DHEAS]). 

Therefore, patients with this condition may be 
asymptomatic or may present with symptoms, 
signs, and laboratory findings suggestive of 
mineralocorticoid excess (hypertension and/or 
hypokalemic alkalosis) and/or androgen excess 
(ambiguous genitalia at birth in karyotypic 
females, hirsutism, acne, precocious puberty, 
male-pattern hair loss and reduced fertility 
in both sexes, menstrual irregularities and 
oligo-anovulation in women, and oligosper-
mia in men). In addition, some patients may 
complain of  profound anxiety and depression 
because of  the increased production of  corti-
cotropin-releasing hormone (CRH) and argi-
nine vasopressin (AVP). Moreover, patients 
may report chronic fatigue, which might indi-
cate incomplete compensation by the elevated 
concentrations of  cortisol in resistant gluco-
corticoid-target tissues, including the skeletal 
muscles or the central nervous system.

�Case Presentation

A 30-year-old woman presented with a 
long-standing history of acne, hirsutism, 
diffuse alopecia, profound anxiety, excessive 
fatigue, and irregular menstrual cycles. She 
had no clinical manifestations suggestive of 
Cushing’s syndrome. Endocrine evaluation 
showed increased 08:00  h plasma ACTH 
(207 pg/mL, normal range [nr] < 52 pg/mL), 
serum cortisol (26  μg/dL, nr: 8–25) and 
androstenedione (252  ng/dL, nr: <235  ng/
dL) concentrations, and elevated urinary 
free cortisol (UFC) excretion (97–122  μg/
day, nr: <50 μg/day). A pituitary magnetic 
resonance imaging scan was normal.
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resonance imaging scan was performed and 
revealed normal findings.

?? Which hormonal tests should be performed 
in this patient?

vv The initial endocrine evaluation of patients 
suspected to have Chrousos syndrome con-
sists of measurement of the 08:00 h concen-
trations of plasma ACTH, serum cortisol, 
plasma renin activity (recumbent and 
upright), serum aldosterone, androgens (tes-
tosterone, androstenedione, DHEA, and 
DHEAS), total cholesterol, HDL, LDL, tri-
glycerides, and fasting glucose and insulin. In 
addition, determination of the 24-hour UFC 
excretion on 2 or 3 consecutive days is crucial 
to set the diagnosis. However, it is worth 
mentioning that both the increased 24-hour 
UFC excretion and the elevated serum corti-
sol concentrations vary among patients with 
Chrousos syndrome due to a different degree 
of impairment of glucocorticoid-induced 
signal transduction. Therefore, serum corti-
sol concentrations and 24-hour UFC excre-
tion may be, respectively, up to 7- and 50-fold 
higher compared with the highest value of 
their normal range.

?? Which further hormonal test should be per-
formed?

vv A dexamethasone suppression test should 
be performed in this patient in order to 
evaluate the responsiveness of the HPA axis 
to exogenous glucocorticoids. For this test, 
dexamethasone should be given at increas-
ing doses of 0.3, 0.6, 1.0, 1.5, 2.0, 2.5, and 
3.0 mg per os at midnight every other day, 
and both serum cortisol and dexametha-
sone concentrations should be determined 
the following morning at 08.00 h to mini-
mize the possibility of false positive results. 
Furthermore, dexamethasone concentra-
tions should be measured to avoid any non-
compliance to suggested treatment, or to 
exclude the possibility of increased meta-
bolic clearance or reduced absorption of 
the administered medication. Patients with 
Chrousos syndrome have resistance of the 

HPA axis to overnight dexamethasone sup-
pression test, as observed in the index case.

?? What is the differential diagnosis of 
Chrousos syndrome?

vv The differential diagnosis of Chrousos syn-
drome includes (i) conditions in which 
serum concentrations of cortisol-binding 
globulin (CBG) are elevated, including 
pregnancy and treatment with estrogens; 
(ii) mild forms of Cushing’s disease, in 
which serum cortisol concentrations are 
increased, while plasma ACTH concentra-
tions are normal or mildly elevated; (iii) 
pseudo-Cushing’s states, including general-
ized anxiety disorder and melancholic 
depression; (iv) conditions associated with 
mineralocorticoid-induced hypertension or 
essential hypertension; (v) conditions caus-
ing hyperandrogenism or virilization, such 
as idiopathic hirsutism, polycystic ovarian 
syndrome, and congenital adrenal hyper-
plasia (CAH).

?? How should the patient be treated?

vv Patients with Chrousos syndrome are treated 
with high doses of mineralocorticoid-spar-
ing synthetic glucocorticoids, such as dexa-
methasone (1–3  mg given once daily). The 
dose should be carefully titrated in order to 
suppress adequately the HPA axis to avoid 
the development of ACTH-secreting adeno-
mas. In addition, attention should be paid to 
any side effects of dexamethasone (iatro-
genic Cushing’s syndrome).

vv The index case was treated with dexameth-
asone at a dose of 1 mg per os at night. The 
clinical manifestations of the condition 
subsided, and the concentrations of plasma 
ACTH and serum androgens were normal-
ized.

?? Are there any molecular biology methods 
that confirm the diagnosis?

vv Dexamethasone-binding assays and thymi-
dine incorporation assays on peripheral leu-
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kocytes are needed to confirm the diagnosis 
of Chrousos syndrome. Dexamethasone-
binding assays reveal lower affinity of 
the defective receptor for the ligand com-
pared with control subjects. Thymidine 
incorporation assays show resistance to 
dexamethasone-induced suppression of 
phytohemaglutinin-stimulated thymidine 
incorporation in the patients compared 
with control subjects. Finally, sequencing 
of the coding region of the NR3C1 gene, 
including the intron-exon junctions, will 
reveal any genetic defects such as point 
mutations, insertions, or deletions.

vv Following sequencing of the NR3C1 gene, 
the patient was shown to harbor a novel 
heterozygous A > G substitution at nucleo-
tide position 2177, which resulted in histi-
dine (His, H) to arginine (Arg, R) 
substitution at amino acid position 726  in 
exon 8 (c.2177A > G, p.H726R) in helix 10 
of the ligand-binding domain (LBD) of the 
glucocorticoid receptor.

?? How does the mutant receptor hGRαH726R 
cause generalized glucocorticoid resistance 
in the patient?

vv The tremendous progress of molecular and 
structural biology has enabled us to gain 
a better understanding of the molecular 
mechanisms and conformational alterations 
through which the mutant glucocorticoid 
receptors cause generalized glucocorticoid 
resistance. These mechanisms include (i) 
the transcriptional activity of the mutant 
receptors; (ii) the ability of the heterozy-
gous mutant receptors to exert a dominant 
negative effect upon the wild-type receptor; 
(iii) the concentrations of the mutant recep-
tors and their affinity for the ligand; (iv) 
the subcellular localization of the mutant 
receptors and their nuclear translocation 
following exposure to the ligand; (v) the 
ability of the mutant receptors to bind to 
glucocorticoid response elements (GREs); 
(vi) the in  vitro interaction of the mutant 

receptors with the glucocorticoid receptor-
interacting protein 1 (GRIP1) coactivator, 
which belongs to the p160 family of nuclear 
receptor coactivators and plays an impor-
tant role in hGRα-mediated transactivation 
of glucocorticoid-responsive genes; (vii) the 
motility of the mutant receptors inside the 
nucleus; (viii) the ability of the mutant recep-
tors to transrepress the NF-κB signaling 
pathway; and (ix) structural biology studies.

vv Compared with the wild-type receptor, the 
mutant receptor hGRαH726R of the index 
case demonstrated reduced ability to trans-
activate glucocorticoid-responsive genes 
and to transrepress the nuclear factor-κB 
signaling pathway. In addition, it displayed 
55% lower affinity for the ligand and a four-
fold delay in cytoplasmic-to-nuclear trans-
location, and interacted with the GRIP1 
coactivator in vitro mostly through its acti-
vation function-1 domain. Finally, a three-
dimensional molecular modeling study of 
the H726R mutation showed a significant 
structural shift in the rigidity of helix 10 of 
the receptor causing reduced flexibility and 
decreased affinity of the mutant receptor 
for ligand binding.

Tips

The reader is advised to read the chapters 
on hypercortisolism (Cushing’s disease; 
7  Chap. 3) and adrenal Cushing’s syndrome 
(7  Chap. 27). Thyroid hormone resistance 
syndrome (7  Chap. 20) and complete 
androgen insensitivity (7  Chap. 43) discuss 
resistance syndromes linked to other steroid 
hormone receptors.

Take Home Messages
55 Primary generalized glucocorticoid 

resistance or Chrousos syndrome is a 
rare endocrinologic condition, which is 

	 N. C. Nicolaides and E. Charmandari



371 36

characterized by generalized, partial 
end-organ resistance to glucocorticoids.

55 The molecular basis of the condition 
has been attributed to genetic defects in 
the NR3C1 gene.

55 Patients with Chrousos syndrome have 
defective glucocorticoid negative feed-
back loops leading to compensatory 
hyperactivation of the HPA axis, and 
may be asymptomatic or may present 
with clinical manifestations and labora-
tory findings suggestive of mineralocor-
ticoid and/or androgen excess.

55 A detailed endocrine evaluation should 
be performed with particular emphasis 
on the determination of serum cortisol 
concentrations and 24-hour UFC excre-
tion on 2 or 3 consecutive days.

55 Affected patients display resistance of 
the HPA axis to dexamethasone sup-
pression, which may vary depending on 
the severity of the condition.

55 The diagnosis of Chrousos syndrome is 
confirmed by dexamethasone-binding 
assays, thymidine incorporation assays, 
and sequencing of the coding region of 
the NR3C1 gene, including the intron/
exon junctions.

55 Patients with Chrousos syndrome are 
treated with high doses of mineralocor-
ticoid-sparing synthetic glucocorti-
coids, such as dexamethasone, which 
activate the mutant and/or wild-type 
hGRα, and suppress the endogenous 
secretion of ACTH.

55 Molecular and structural biology meth-
ods have enabled the investigation of 
the molecular mechanisms and confor-
mational alterations through which the 
mutant glucocorticoid receptors cause 
glucocorticoid resistance.
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Opening
In this chapter, the reader will get acquainted 
with the clinical features, diagnosis, and 
treatment of pheochromocytomas and 
paragangliomas.

Definition of the Disease

Pheochromocytoma is a neuroendocrine 
tumor arising from the adrenal medulla 
(80%). When the tumor is located outside 
the adrenals, in the chromaffin tissue of 
the sympathetic ganglia (20%), it is called 
paraganglioma.

Tumors located in the parasympa-
thetic ganglia of  the head and neck region 
are also called paragangliomas (head and 
neck paragangliomas, HNPGL). These 
later do not generally release catechol-
amines (CA), at variance with the sympa-
thetic tumors (PPGL: pheochromocytoma/
paraganglioma). PPGL have an incidence 
of  two to eight cases/million/year and 
cause hypertension in about 0.1% of  hy-
pertensives. They do not show gender 
preference. The mean age of  presentation 
is 40–50 years, but people at every age can 
be affected. PPGL/HNPGL are the most 
hereditable tumors; germ-line mutations 
causing familial forms account for 40% of 
cases. In 60% of  cases, PPGL/HNPGL are 
sporadic. The familial forms occur at an 
earlier age.

Since PPGL can be associated with very 
serious, potentially fatal cardiovascular 
complications, its diagnosis and treatment 
is a very important issue.

?? Was the clinical picture diagnostic for the oc-
currence of a PPGL?

vv No, the clinical picture was only sugges-
tive of  a secondary hypertension which, 
although rarely (about 0.1%), includes 
PPGL. The clinical presentation of  PPGL 
is extremely variable (.  Table 37.1) rang-
ing from sustained and paroxysmal hyper-
tension (associated mostly to palpitations, 
headache, sweating, and anxiety) to mild 
continuous hypertension (not different 
from essential hypertension) to absence of 
symptoms and normotension (up to 20%). 

.      . Table 37.1  Signs and symptoms in patients 
with PPGL and their approximative frequencies

Signs and symptoms Frequencies 
(%)

Headache 60–80

Tachycardia/palpitations 50–70

Sweating 40–60

Anxiety 20–40

Sustained hypertension 50–60

Paroxysmal hypertension 40–60

Pallor 35–45

Nausea 20–25

Weight loss 20–40

Orthostatic hypotension 10–20

Glucose intolerance/diabetes 
mellitus

40–50

Flushing 10–20

Vertigo 10–20

Dyspnea 10–20

�Case Report

A young male, aged 20  years, consults 
his general practitioner for the occur-
rence of headache during physical activ-
ity. His ambulatory blood pressure is 
160/120 mmHg. The family history was neg-
ative for hypertension. His doctor requests 
blood tests for the differential diagnosis of 
secondary hypertension including the mea-

surement of urinary metanephrines which 
resulted as follows: metanephrine (MN) 
37 μg/24 hours (normal range: 70–320) and 
normetanephrine (NMN) 1921 μg/24 hours 
(normal range: 40–390). This result is diag-
nostic for the occurrence of a PPGL.
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The most typical symptoms of  PPGL are 
seen with adrenal pheochromocytomas 
secreting adrenaline. Many PPGL are 
diagnosed after an incidental discovery 
of  an adrenal or extra-adrenal abdominal 
mass (incidentaloma). Even in the pres-
ence of  all the above-mentioned paroxys-
mal symptoms, the diagnosis of  PPGL is 
not possible on the clinical ground as these 
symptoms can occur in other more fre-
quent circumstances (7  Box 37.1), such as 
panic disorder.

?? How to diagnose a PPGL?

vv PPGL are diagnosed by laboratory results. 
Almost all PPGL synthesize and release CA 
and their metabolites. Pheochromocytomas 
release noradrenaline (NA) and sometimes 
adrenaline (A), while abdominal or tho-
racic PGL release only NA and sometimes 
dopamine (DA). The compounds to be 
assayed are the metanephrines (MNs), the 
methylated derivatives of  CA (metaneph-
rine for A, normetanephrine [NMN] for 
NA, and eventually methoxytyramine for 
DA). Metanephrines (MNs) can be mea-
sured either in blood or in urine. MNs are 
the recommended assay because they have 
the highest sensitivity (about 98%), higher 

than the CA assay (85%), thus showing a 
lower number of  false negative. The higher 
sensitivity of  MNs is due to their continu-
ous release by the tumor tissue, where the 
enzyme (catechol-O-methyltransferase, 
COMT) transforms CA into MNs, while 
CA are only sporadically released. MN 
values two- to threefold higher than the 
upper normal limits are diagnostic for a 
PPGL.  Normal values practically exclude 
the presence of  a PPGL.  MNs measure-
ment, especially NMN (normetanephrine), 
may give false positive results in patients 
with chronic activation of  the sympathetic 
system by heart failure, decompensated 
liver cirrhosis, renal failure, pulmonary 
insufficiency, in subjects affected by sleep 
apnea syndrome, or in subjects assuming 
drugs such as antidepressants. Some cen-
ters use the clonidine test to differentiate 
non-PPGL-associated NMN-elevation due 
to increased sympathoadrenal activity, as 
the central α2-receptor agonist clonidine 
inhibits central sympathoadrenal activ-
ity without affecting PPGL.  A reduction 
of  more than 50% of plasma NMN after 
0.3 mg oral clonidine is diagnostic.

vv In addition to CA metabolites, the general 
neuroendocrine tumor marker serum chro-
mogranin A (CgA) is usually also elevated 
in PPGL patients.

?? From which body fluid should MNs be deter-
mined? (urine vs. plasma)

vv MNs can be measured in plasma or in 
urine. Plasma-free MNs, combined with 
the dopamine metabolite 3-methoxy-
tyramine, offer a slightly higher sensitivity 
(99% vs. 95%) and a higher specificity (96% 
vs. 89%) than that of  urinary deconjugated 
MNs.

vv When measuring plasma MNs, blood sam-
pling should be performed in standardized 
conditions, preferably while fasting and in 
supine position, avoiding environmental 
stress. Samples should be drawn in hepa-
rinized tubes kept on ice to avoid degrada-
tion.

Box 37.1  Pathological Conditions 
Mimicking PPGL – Differential Diagnosis

55 Hyperthyroidism
55 Hypoglycemia
55 Medullary thyroid carcinoma
55 Mastocytosis
55 Menopausal syndrome
55 Panic disorder
55 Migraine
55 Carcinoid syndrome
55 Ischemic heart disease
55 Heart failure
55 Stroke
55 Arrhythmias
55 Epilepsia
55 Drugs (monoamino-oxidase inhibitors, 

sympathomimetics, clonidine with-
drawal, and cocaine)
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?? How should urine sampling be performed?

vv For measurement of  urinary MNs, con-
tainers do not need additives as long as the 
urine sample is acidified (pH 4) before stor-
age. Simultaneous measurement of  urinary 
creatinine excretion is useful to verify com-
plete 24-hour urine collection.

?? Why is it important to diagnose a PPGL?

vv Chronic exposure to high levels of  CA is 
a cardiovascular and metabolic risk, pos-
sibly causing hypertension, myocardial 
hypertrophy and insufficiency, glucose 
intolerance or diabetes mellitus. The occur-
rence of  massive abrupt release of  CA may 
cause severe hypertensive spurts and can 
lead to myocardial infarction, pulmonary 
edema, ictus, and death. Cardiomyopathy 
might also occur, that can be acute (e.g., 
tako-tsubo resembling acute myocardial 
infarction) or chronic. Hypertensive crises 
can be spontaneous or induced by causes 
(.  Table 37.2) such as cold, physical exer-
cise, or drugs.

?? What is the clinical presentation of  
HNPGL?

vv HNPGL do not generally release CA. They 
very rarely release DA. Therefore, they do 
not cause systemic clinical signs but only 
local symptoms due to regional nerve 
compression. They can affect any of  the 
parasympathetic ganglia (carotid glomus, 
laryngeal, vagal, jugular, tympanic gan-
glia). They can cause dysphagia, tinnitus, 
anisocoria, deafness, and vocal impair-
ment, or they can be incidentally discov-
ered during a radiological exam of the 
head and neck regions. Only the largest 
HNPGL present as lateral cervical masses.

?? Is it important to genotype patients affected 
by PPGL?

vv In view of  the high prevalence of  familial 
forms (about 40%), genotyping is recom-
mended in every patient with PPGL. The 
diagnosis of  a familial form is important 
for the patient and her/his family members. 
In fact, the patient, as well as the fam-
ily members found to be carriers of  the 
mutation, has to be enrolled in a life-long 
follow-up for the early diagnosis of  recur-
rent or primary PPGL and, depending on 
the gene mutation, of  the other eventu-
ally associated syndromic lesions. There 
are many susceptibility genes for PPGL/
HNPGL.  The main genes and associated 
syndromes are presented in .  Table 37.3.

.      . Table 37.2  Factors reported to induce 
hypertensive crises in patients with PPGL

Mechanical Palpation of abdomen, physical 
exercise, change of posture, cough 
or sneezing, defecation, sexual 
intercourse, delivery, surgery, 
invasive diagnostic procedures 
(venous sampling, arteriography, 
and fine needle biopsy), and 
micturition (in case of bladder 
PPGL)

Drugs Histamine, tyramine, glucagon, 
alcohol, nicotine, sympathetic 
amines, metoclopramide, 
chlorpromazine, tricyclic 
antidepressants, monoamine 
oxidase inhibitors, steroids, 
non-cardiac selective ß-adrenergic 
receptor blockers, naloxone, 
saralasin, theophylline, caffeine, 
chemotherapeutic agents, and 
neuromuscular blocking agents

Others Pain, emotional stress, and cold 
exposure

�Case Report (Continued)

The patient was referred to a reference cen-
ter where the patient was proposed for 
genetic testing which was performed after 
patient’s consent. The test, performed on 
blood lymphocytes DNA, revealed the 
presence of a germ-line mutation (Q109X) 
in the gene encoding the D subunit of the 
succinate-dehydrogenase (SDHD) or mito-
chondrial complex II, accounting for the 
presence of familial paragangliomatosis 
type 1 (PGL1).
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?? Why the two oldest family members, al-
though mutation carriers, had not developed 
the disease?

vv The explanation for that is that the SDHD 
gene is maternally imprinted, and there-
fore, only patients who receive the muta-
tion from the father develop the disease 
(genomic imprinting is an epigenetic 
process whereby the paternal and mater-
nal alleles of  the gene are differentially 
expressed).

?? Which steps are needed after the laboratory 
positive test?

vv Only after biochemical confirmation, the 
PPGL must be localized. About 85% of 
PPGL are located in the abdomen and about 
80% of these in the adrenals. Computed 
tomography (CT) and magnetic resonance 
imaging (MRI) are the recommended initial 
anatomic imaging modalities. Once local-
ized the lesion(s), the decision whether fur-
ther whole-body anatomic and functional 
studies are needed depends mainly on the 
likelihood for metastasis. Functional imag-
ing includes 123I-metaiodobenzylguanidine 
(MIBG) scintigraphy and the positron 
emission tomography hybridized with CT 
(Positron Emission Tomography (PET)/CT) 
using different tracers as fluorodeoxyglucose 
(18F-FDG), F-fluorodopa (18F-FDOPA), 
and Gallium (68Ga)-somatostatin ana-
logs. 123I-MIBG scintigraphy is the most 
widely used in view of its availability, low 
cost, and low radiation exposure, and it is 
recommended in case of suspected PPGL 
malignancy (see below), being preliminary 
to radiotherapy of metastatic PPGL with 
131I-MIBG.  Similarly, (68Ga)-DOTATATE 
PET/CT is preliminary to radiotherapy with 
177Lu-DOTATATE.  PET/CT is generally 
employed in disease evaluation, treatment 
plan, and assessment of tumor response.

?? What are the typical imaging features of  
adrenal pheochromocytoma by CT and 
MRI?

vv At CT adrenal pheochromocytoma 
appears as round masses of different sizes, 
sometimes homogeneous, more often inho-
mogeneous for the presence of hemor-
rhagic spots. Their density is higher than 10 
Hounsfield Units (HU), and the contrast 
medium washout is less than 50%.

vv At MRI, because of  their rich vasculariza-
tion, adrenal pheochromocytomas typi-
cally appear hyperintense at T2-weighted 
scans.

�Case Report (Continued)

The family pedigree is shown in .  Fig. 37.1. 
The father (52  years old), the grandfather 
(72 years old), and the grandfather’s brother 
(74 years old) were found to carry the muta-
tion. None of them referred symptoms nor 
were found hypertensive. The laboratory 
test showed normal MN and an almost 
twofold increase of the father’s urinary 
NMN (755  μg/24  hours), while both uri-
nary NMN and MN were found normal in 
both the grandfather and his brother. These 
results strongly suggest the presence of a 
PPGL in the father and exclude its occur-
rence in the two older subjects.

I

II

III
1 2

321

3 421

.      . Fig. 37.1  Patient’s family pedigree. Patient 
(III1); Patient’s father (II1); Patient’s grandfather 
(I2), and his brother (I3). Squares: males. Circle: 
females. Black symbols: mutated patients. White 
symbols: non-mutated subjects
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.      . Table 37.3  Main susceptibility genes for PPGL/HNPGL and their main characteristics

Gene Syndrome Most frequent 
lesions

Associated 
lesions

PPGL/HNPGL 
malignancy

Genetic 
transmission

VHL Von 
Hippel-Lindau

Pheo (bilateral) HMG, RCC, 
PC, EST

Low AD

RET MEN2a
MEN2b

Pheo (bilateral) MTC, HPT, 
LCE
MTC, MH, 
MMN

Low AD

NF1 Neurofibromatosis Pheo (bilateral) MN, CLS, 
LN, OG

Low AD

SDHB FP 4 Abdominal 
PPGL 
(multiple)

GIST, RCC, 
PA

High AD

SDHD FP 1 HNPGL 
(multiple)

GIST, RCC, 
PA

Intermediate AD/PT

SDHC FP 3 HNPGL N.k. AD

SDHA FP 5 HNPGL N.k. AD

SDHA2F FP 2 HNPGL N.k. AD/PT

TMEM127 Familial Pheo Pheo (bilateral) Low AD

MAX Familial Pheo Pheo (bilateral) Intermediate/
high

AD

FH HLRCC Abdominal 
PPGL

UL, RCC High AD

MEN2 multiple endocrine neoplasia type 2a/b, FP familial paragangliomatosis, HLRCC hereditary leiomyo-
matosis–renal cell carcinoma, Pheo pheochromocytoma, HNPGL head/neck paraganglioma, HMG heman-
gioblastomas (cerebral/retinal), RCC renal cell carcinoma, PC pancreatic cysts, EST endothelial sac tumors 
MTC medullary thyroid carcinoma, HPT hyperparathyroidism, LCE lichen cutaneous erythematous, MH 
marfanoid habitus, MMN multiple mucosal neuromas, MN multiple neurofibroma, CLS cafè-au-lait spots, 
LN Lisch nodules, OG Optic glioma, GIST gastrointestinal stromal tumors, PA pituitary adenoma, UL uter-
ine leiomyomata, n.k. not known, AD autosomal dominant, AD/PT autosomal dominant with paternal trans-
mission
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?? What is the therapy for PPGL and HNPGL?

vv The therapy of  choice for PPGL is the 
removal of  the lesion by an experienced 
surgeon. For PPGL less than 6  cm in 
diameter, the recommended approach is 
laparoscopic. In case of  bilateral pheochro-
mocytoma or in patients affected by unilat-
eral pheochromocytoma due to syndromes 
like von Hippel-Lindau syndrome (VHL, 
7  Chap. 52), multiple endocrine neoplasia 
type 2 (MEN2, 7  Chap. 51), and neuro-
fibromatosis type 1 (NF1) characterized 
by the occurrence of  bilateral lesions, the 
recommended approach is adrenal spar-

ing surgery, to avoid chronic adrenocorti-
cal insufficiency. Before PPGL, removal 
patients must be medically prepared. The 
drugs of  choice are α-receptor antago-
nists associated or not to other drugs like 
β-receptor antagonists (β-blockers), cal-
cium channel blockers, fluids. β-receptor 
antagonists must not be administered 
before administration of  α-receptor antag-
onists has been ensued. Diuretics are con-
traindicated. The rationale for the use of 
α-receptor antagonists is to limit hyperten-
sive crises before and during surgery and 
to limit severe dreadful hypotensive crises 
once the tumor has been removed. In fact, 

The patient and his father underwent an abdo-
men CT which showed the presence of a 5 cm 
left adrenal mass in the patient (.  Fig.  37.2) 
and a 2 cm left pararenal PPGL in the father 

(.  Fig. 37.3a). In view of the clinical picture 
associated to SDHD mutation, both patients 
underwent also a head and neck MRI which 
was negative for the patient while showed a 
2  cm bilateral carotid body PGL (glomus 
tumor) in the father (.  Fig. 37.3b).

�Case Report (Continued)

.      . Fig. 37.2  Patient’s abdominal CT showing a 
5 cm large left adrenal mass

a b

.      . Fig. 37.3  Abdominal CT imaging of  the patient’s father a showing a 2 cm left para-adrenal mass, and 
neck MRI b showing a bilateral carotid body tumor
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in the absence of  medical therapy, the rapid 
disappearance of  CA from the blood may 
cause a massive vasodilation worsened by 
the blood volume restriction due to CA 
vasoconstriction. An adequate presurgi-
cal α-receptor antagonist therapy causes a 
controlled vasodilation and volume expan-
sion, limiting the hypotensive crises which, 
in addition, do not respond to NA infusion 
because of  the α-receptor down regulation 
caused by the chronic exposure of  vessels 
to high levels of  CA. At present, the most 
used α-receptor antagonists are phenoxy-
benzamine and doxazosin. Their charac-
teristics are reported in .  Table 37.4.

vv Another drug, mostly used in the past in 
metastatic cases, is α-methylparathyrosine, 
an inhibitor of  tyrosine-hydroxylase, the 
limiting enzyme in the synthesis of  CA. It 
reduces the synthesis of  CA released by the 
PPGL but also of  the CA secreted by the 
sympathetic system, thus causing impor-
tant side effects like profound orthostatic 
hypotension.

vv The therapy of  HNPGL is still a matter of 
debate. The ideal approach would be surgi-
cal removal by an experienced surgeon, but 
even the most experienced cannot avoid 
permanent side effects caused by the com-
plete removal of  vagal, jugular, and tym-
panic tumors. The surgical approach can 
be decided for sporadic glomus tumors. 
For familial glomus tumors, very often 
bilateral (synchronous or metachronous), 
the removal of  both the tumors eliminates 
their baroreceptor function causing an 
unpleasant increase in blood pressure and 
heart rate variability. Therefore, at present, 
the clinical options range from a “wait and 
see” behavior to a stereotactic radiosurgery 
using gamma-knife.

?? Why are β-receptor antagonists contraindi-
cated as monotherapy in PPGL patients?

vv At the vascular level, ß-receptors (mainly ß2) 
are vasodilating and α-receptors are vaso-
constricting. When stimulated by circulating 
CA, vasoconstriction prevails causing a rise 
in blood pressure. If the vasodilating com-
ponent exerted by ß-receptors is blocked by 
an antagonist, the blood pressure increase 
caused by a PPGL-induced CA release is 
much higher and dangerous.

?? Can pathology determine whether a PPGL 
is benign or malignant?

�Case Report (Continued)

Both the patient and his father underwent 
laparoscopic removal of the abdominal 
PPGL after a seven-day therapy with doxa-
zosine, an α-receptor antagonist. Tumor 
removal was uneventful and the patients 
were discharged on the third day after sur-
gery. At pathology, the masses were diag-
nosed as PPGL.  For the father’s bilateral 
carotid body tumors, a “wait and see” strat-
egy was consensually decided.

.      . Table 37.4  Medical treatment of  patients 
with pheochromocytoma/paraganglioma: 
characteristics of  the most used α-blocking drugs

Phenoxybenzamine Doxazosine

α-receptor antagonist α-receptor 
antagonist

Non-selective: blocks α1- and 
α2-receptors

Selective: 
Blocks 
α1-receptors

Non-competitive Competitive

Half-life: 24 hours Half-life: 
20 hours

Capsules: 10 mg Tablets: 1 or 2 
or 4 or 8 mg

Side effects: tachycardia, 
postural hypotension, nasal 
stiffness, impaired ejaculation

Side effects: 
postural 
hypotension
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vv At present, there are no definitive mark-
ers to diagnose malignancy. For PPGL, 
malignancy is diagnosed by the presence 
of metastases in tissues devoid of chromaf-
fin cells such as lymph nodes, liver, lungs, 
and bones. Recently, the WHO has consid-
ered all the PPGL as potentially malignant 
tumors and defined them as metastatic or 
not. Risk factors for malignancy are large 
tumor size, extra-adrenal site, noradrener-
gic or dopaminergic biochemical profile, 
and mutations in SDHB, FH, and MDH2 
genes.

?? How to follow up patients after surgery?

vv After about 15 days from tumor removal a 
control of  plasma or urinary MNs is rec-
ommended. Normal values are consistent 
with a disease-free condition. The subse-
quent follow-up depends on the patient’s 
genetic status. Since PPGL malignancy 
cannot be excluded by histological exami-
nation, patients should be followed up for 
at least 10  years after surgery by annual 
MNs measurements.

vv In case of a familial PPGL, a life-long 
clinical and laboratory follow-up is rec-
ommended. The frequency and the type 
of follow-up depends also on the type 
of mutation, being stricter for genes, like 
SDHB, associated to metastatic disease.

Tips

The reader is advised to read the following 
chapter on malignant paraganglioma 
(7  Chap. 38) and the chapters on multiple 
endocrine neoplasia type 2 (7  Chap. 51) and 
von Hippel-Lindau syndrome (7  Chap. 52).

Take Home Messages
55 Pheochromocytoma and Paraganglioma 

(PPGL) are rare neuroendocrine tumors 
presenting with a highly variable clinical 
picture and difficulties in the diagnosis.

55 They are mostly localized in the adrenal 
glands.

55 PPGL are genetically determined in 
about 40% of cases.

55 PPGL should be suspected in case of 
paroxysmal or resistant hypertension, 
of adrenal or abdominal/thoracic inci-
dentalomas, and with a positive family 
history.

55 When undiagnosed, PPGL are at risk 
of severe cardiovascular complications.

55 The diagnosis is based on laboratory re-
sults. The compounds to be assayed are 
plasma or urine metanephrines.

55 Localization of PPGL is reached by ra-
diological imaging, CT, and/or MRI.

55 Functional imaging can be employed in 
selected cases, depending on location 
and genetic background.

55 Genetic testing and counseling should 
be offered to every patient with PPGL.

55 PPGL are rarely metastatic. Some ge-
netic forms (SDHB mutation) are at 
higher risk.

55 The therapy of PPGL is surgical, pos-
sibly using a laparoscopic approach. In 
case of bilateral pheochromocytoma, a 
sparing surgery is recommended.

�Case Report (Continued)

A control visit and measurement of urinary 
MNs were planned after 30 days from sur-
gery. In both patients urinary MNs resulted 
in the normal range. A clinical, laboratory, 
and imaging follow-up was consensually 
decided.
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55 To reduce cardiovascular instability 
before, during, and soon after surgery, 
a medical therapy with α-blockers 
(phenoxybenzamine or doxazosine) is 
highly recommended.

55 Patients operated for non-familial 
PPGL should be controlled yearly for 
10  years. In case of a familial form, a 

life-long follow-up is recommended.
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Opening
The previous chapter discussed the com-
plex issue of  pheochromocytoma. In this 
brief  chapter, malignant paraganglioma 
(extraadrenal pheochromocytoma) is dis-
cussed.

Definition of the Disease

Paragangliomas are rare neuroendocrine tu-
mors arising from chromaffin tissue outside 
the adrenal medulla. Paragangliomas can be 
alternatively termed as extraadrenal pheo-
chromocytomas, representing about 10–20% 
of all pheochromocytomas. Malignancy is 
more frequent in extraadrenal paraganglio-
mas (20–25%) than in adrenal pheochromo-
cytomas (5–10%).

The male patient was 50 years of age when 
a large retroperitoneal, cystic tumor was di-
agnosed due to complaints of weight loss 
and abdominal discomfort. The tumor was 
successfully resected (R0). Histology of the 
retroperitoneal tumor showed a paragan-
glioma. He had hypertension since the age 
of 36. He was referred to our center at the 
age of 53 following the results of a CT scan 
showing tumor recurrence at the primary 
site along with multiple lung metastases. 
His blood pressure was well controlled with 
a combination of angiotensin converting 
enzyme (ACE)-inhibitor and Ca-antago-
nist. Bone metastases are often observed in 
malignant paraganglioma/pheochromocy-
toma, but the bone scan did not show any 
metastases. As bone metastases often affect 
the skull, regular physical examination of 
the head is proposed in these patients.

�Case Presentation

mogranin A (CgA) should be determined. 
.  Table 38.1 summarizes the results of  the 
first hormone panel.

?? What can be inferred from this hormone pan-
el (.  Table 38.1)?

vv Urinary normetanephrines are very high, 
whereas metanephrines are normal. High 
metanephrines, as degradation products of 
adrenaline (epinephrine), are usually seen in 
pheochromocytomas of adrenal origin, as 
the production of adrenaline needs high lo-
cal glucocorticoid concentration. The con-
stellation of high normetanephrines and 
normal metanephrines corresponds to the 
extraadrenal origin of the tumor. High 3-me-
thoxytyramine levels are often seen in meta-
static pheochromocytomas. Chromogranin 
A (CgA), as a general marker for neuroendo-
crine tumors, is highly elevated.

?? How can we explain the well-controlled 
blood pressure with so high catecholamine 
metabolite levels?

vv Whereas adrenaline-secreting adrenal pheo-
chromocytomas are typically associated 
with severe hypertension and characteristic 
symptoms of pheochromocytomas, nor-
adrenaline secretion is usually not associat-
ed with severe hypertension. The patient’s 
well-controlled hypertension can be ex-
plained with the lack of adrenaline secre-
tion. Nevertheless, we introduced an 
alpha-blocker (doxazosine) to his hyperten-
sive drugs, as alpha-blockers represent the 
mainstay of antihypertensive treatment in 
pheochromocytoma (7  Chap. 37).

?? Should a genetic background be looked for?

vv According to novel findings, at least 40% of 
sporadic pheochromocytomas/paraganglio-
mas occur due to germ-line mutations of a 
limited set of genes inherited as autosomal 
dominant traits (7  Chap. 37 on pheochro-
mocytoma). The prevalence of germ-line 
mutations in paragangliomas is higher than 
in adrenal pheochromocytomas. Mutations 
of certain genes are linked to familial tumor 

?? What kind of hormone measurements 
should be performed?

vv As discussed in more detail in the previous 
chapter on pheochromocytoma (7  Chap. 
37), catecholamine metabolites and chro-
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syndromes like multiple endocrine neoplasia 
type 2 (7  Chap. 51), von Hippel-Lindau 
syndrome (7  Chap. 52), neurofibromatosis 
type 1, and familial paraganglioma syn-
dromes. (Mutations of several other genes 
have also been established to confer suscepti-
bility to pheochromocytomas/paraganglio-
mas.) Familial paraganglioma syndromes 
are the most important, as these predispose 
patients to extraadrenal pheochromocyto-
mas. Familial paraganglioma syndromes are 
caused by mutations of genes coding for 
components of the mitochondrial succinate 
dehydrogenase (SDH) complex. The muta-
tion screening in our patient did not show 
any mutations in the tested genes including 
succinate dehydrogenase B subunit (SDHB).

?? Are there clinical differences between the  
different familial paraganglioma syndromes?

vv Familial paraganglioma syndrome type 1 
(PGL-1) is the most common form that is 
caused by mutations of  the succinate dehy-
drogenase D subunit (SDHD) gene. 
Parasympathetic paragangliomas predom-
inantly develop in the head and neck region 
(e.g., skull base and tympanic locations), 
and adrenal pheochromocytomas are more 
infrequent. Although all familial paragan-
glioma syndromes are inherited as autoso-
mal dominant traits, the inheritance 
pattern of  PGL-1 is unique as the disease 
can only be inherited from the father, irre-
spective of  that whether the father is af-
fected or only a carrier (maternal 
imprinting) (7  Chap. 37).

Mutations of the SDHB gene are as-
sociated with metastatic paragangliomas 

in about 30% of patients (familial para-
ganglioma syndrome type 4 [PGL-4]). In 
PGL-4, sympathetic paragangliomas are 
usually found in the abdominal, pelvic, 
and thoracic cavities. The metastatic poten-
tial of PGL-4 makes it the paraganglioma 
syndrome with the worst prognosis. SDHB 
mutations were associated with renal can-
cer as well.

In both PGL-1 and PGL-4, adrenal 
pheochromocytoma is observed in about 
25% of cases, but these secrete predominant-
ly noradrenaline, and thus, typical pheochro-
mocytoma symptoms are usually absent.

Three further familial paraganglioma 
syndromes are known that are associated 
with mutations in genes coding for com-
ponents or associated proteins of the SDH 
complex (PGL-2: SDHAF2 [SDH complex 
assembly factor 2], PGL-3: succinate dehy-
drogenase C subunit (SDHC), PGL-5: suc-
cinate dehydrogenase A subunit (SDHA)) 
that are very rare, and their clinical charac-
teristics are not as well defined as for PGL-
1 and PGL-4.

?? What kind of imaging should be performed?

vv Chest-CT and abdominal-pelvic multipha-
sic CT or MRI scans are recommended af-
ter successful resection of  the primary as a 
part of  follow-up procedures. If  a meta-
static tumor is suspected, functional imag-
ing, 123I-MIBG (metaiodobenzylguanidine) 
scan or somatostatin receptor- based im-
aging (somatostatin receptor scintigraphy 
or 68Ga-DOTATATE PET-CT) should be 
performed. 18FDG (18-fluorodeoxyglucose) 
PET-CT and bone scan could also be useful.

.      . Table 38.1  Results of  the first hormonal screen including urinary (24 h) catecholamines and serum 
chromogranin A

Analyte Result Normal range

Urinary metanephrines 294 μg/24 h <375 μg/24 h

Urinary normetanephrines 10,507 μg/24 h <780 μg/24 h

3-Methoxytyramine 989 μg/24 h <425 μg/24 h

Chromogranin A 10,121.0 ng/mL 19.4–98.1 ng/mL

Malignant Paraganglioma
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?? What is MIBG (metaiodobenzylguanidine)?

vv MIBG is an analogue of  noradrenaline 
that is taken up by chromaffin cells. Several 
drugs interfere with its uptake, such as 
phenothiazine, tricyclic antidepressants, 
antihistamines, opioid analgesics, tramad-
ol, and calcium channel blockers, which 
should usually be stopped 24–72 h before 
the scan. Somatostatin-based functional 
imaging has better sensitivity for paragan-
gliomas than MIBG.

?? What kind of treatment options are available 
for metastatic pheochromocytoma/paragan-
glioma?

vv Surgery can be performed even in metastatic 
cases to reduce tumor burden (debulking 
surgery), and thereby hormonal symptoms 
and improve the success of other treatment 
options. Other ablative treatments (e.g., che-
moembolization, radiofrequency ablation) 
can also be tried. Systemic treatment options 
include radionuclide treatments and chemo-

therapy. 131I-MIBG (metaiodobenzylguani-
dine) that is used with another isotope (123I) 
in the imaging of pheochromocytomas can 
be used as a form of endoradiotherapy in 
metastatic tumors as it accumulates in 
chromaffin tissues. As pheochromocytomas/
paragangliomas belong to the group of neu-
roendocrine tumors expressing high levels of 
receptors for somatostatin, radiolabeled so-
matostatin analogs can also be used (peptide 
receptor radionuclide therapy [PRRT], see 
7  Chap. 44 on carcinoid syndrome and in-
testinal neuroendocrine tumor for more de-
tail). The most commonly used forms of 
systemic chemotherapy are the CVD proto-
col (cyclophosphamide-vincristine-dacarba-
zine) and the alkylating agent temozolomide. 
Sunitinib as a tyrosine kinase inhibitor is 
also being investigated in metastatic pheo-
chromocytoma/paraganglioma.

In malignant adrenal pheochromocy-
tomas associated with severe hypertension, 
the catecholamine analogue alpha-methyl 
paratyrosine can be tried, as it inhibits cat-
echolamine production (7  Chap. 37).

Our Tumor Board proposed first the resection 
of the recurrent retroperitoneal tumor and then 
131I-MIBG treatment. The retroperitoneal tu-
mor could be removed in toto, and the patient 
received 3700  MBq 131I-MIBG.  Two months 
later, his CgA level dropped to 371 ng/mL (nor-
mal <98.1  ng/mL), and the urinary normeta-
nephrine and 3-methoxytyramine returned to 
the normal range. Lung metastases regressed.

One year later, both CgA and urinary 
metanephrine and 3-methoxytiramine levels 
increased again (CgA: 996.5  ng/mL, urinary 
3-methoxytyramine: 696  μg/24  h, urinary 
normetanephrine: 4795  μg/24  h). Restaging 
CT showed an increase in size of  the lung 
nodules, and lymph node metastases appeared 
at the resected primary. Despite progression, 
the patient had no complaints. A repeated 
radiotherapy with 131I-MIBG was performed 
(3700  MBq again), and 2  months later CgA 
was mildly reduced, but both urinary normeta-

nephrine and 3-methoxytyramine were 
higher than ever before (CgA: 793.5  ng/mL, 
urinary 3-methoxytyramine: 1338  μg/24  h, 
urinary normetanephrine: 9228  μg/24  h). 
.  Figure  38.1 shows an 123I MIBG-SPECT-
CT scan preceding the second treatments.

Systemic chemotherapy with CVD was 
started, but after six cycles, further progression 
was seen. Then, our Tumor Board decided for a 
somatostatin peptide radionuclide treatment, 
and the patient received 177Lu-DOTATATE 
three times (3  ×  7.4  GBq). (.  Figure  38.2 
shows a SPECT-CT figure performed after the 
first 177Lu-DOTATATE administration.) Un-
fortunately, further progression was noted, and 
therefore, a capecitabine-temozolomide combi-
nation was started based on recent literature 
data and the NCCN (National Comprehensive 
Cancer Network) guideline (7  https://www.
nccn.org/professionals/physician_gls/pdf/
neuroendocrine.pdf).

�Follow-Up of the Case
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a b

c

d

.      . Fig. 38.1  123I-MIBG SPECT-CT scan of the patient before the second 131I-MIBG treatment (axial images). 
Intensive 123I-MIBG uptake in a cervical lymph node, b lung metastases, and c, d retroperitoneal lymph nodes

a

b

c

.      . Fig. 38.2  SPECT-CT taken after the first 177Lu-
DOTATATE somatostatin peptide radionuclide 
treatment. a Retroperitoneal lymph node metasta-
ses in front of  the spine (sagittal section) (white 

arrow), b metastasis in the lung (yellow arrow), c 
coronal section showing the retroperitoneal lymph 
node metastases (white arrow). (The kidney and uri-
nary bladder are normally positive)

Malignant Paraganglioma
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Tips

The reader is advised to read the previous 
chapter on pheochromocytoma (7  Chap. 
37) before beginning with this chapter. More 
details on peptide receptor radionuclide ther-
apy can be found in the chapter on carcinoid 
syndrome and small intestinal neuroendo-
crine tumor (7  Chap. 44).

Take Home Messages
55 The term paraganglioma refers to an 

extraadrenal chromaffin tumor (pheo-
chromocytoma).

55 Paragangliomas are usually not associ-
ated with severe hypertension, as they 
secrete mostly norepinephrine.

55 At least 40% of paragangliomas are as-
sociated with hereditary tumor syn-
dromes caused by germ-line mutations. 
Mutations linked to genes coding for pro-
teins involved or associated to the succi-
nate dehydrogenase (SDH) complex are 
most prevalent in paragangliomas.

55 A complex treatment involving sur-
gery, ablative treatment, radionuclides 
(131I-MIBG and somatostatin peptide 
radionuclide therapy), and systemic 
chemotherapy can be tried.
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Diseases of the 
Gonads
The fifth part of the book presents diseases of both male and 
female gonads. Polycystic ovary syndrome, the most common 
cause for anovulation and menstrual irregularities is discussed in 
7  Chap. 39. In the next chapter, Turner syndrome, a chromosomal 
abnormality that is the most common cause of primary amenorrhea 
is presented (7  Chap. 40). The differential diagnosis and treatment 
of primary ovarian insufficiency is the focus of 7  Chap. 41. The 
most common sex chromosome abnormality resulting in primary 
hypogonadism in men, Klinefelter syndrome, is presented in 
7  Chap. 42. An example for the disorders of sex differentiation, the 
rare complete androgen insensitivity that leads to a female 
phenotype in an individual with male karyotype and testes due to 
androgen receptor mutations is discussed in 7  Chap. 43.
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Opening
About 55–91% of anovulation cases harbor 
the polycystic ovary syndrome (PCOS), 
which represents the most frequent cause of 
androgen excess (AE) and the commonest 
endocrinopathy in women of reproductive 
age. This chapter discusses the symptoms, 
diagnostic criteria, and treatment options 
in PCOS.

Definition of the Disease

PCOS is a heterogeneous and dynamic dis-
order that clusters signs and symptoms of 
AE and chronic ovarian dysfunction. The 
etiology of the disease remains to be eluci-
dated. Evidence suggests that PCOS is a 
polygenic disorder with contributive intrin-
sic (defect in steroidogenesis), environmen-

tal (bisphenol A, environmental toxins), or 
epigenetic factors leading to excessive an-
drogen production and oligo/anovulation. 
Insulin resistance and compensatory hyper-
insulinism further aggravate AE through 
theca cell hyperplasia and additionally by 
modulating gonadotropin secretion and 
stimulating adrenal androgen synthesis. In 
PCOS, AE promotes obesity and visceral 
adipose tissue dysfunction, thus creating a 
vicious circle and leading to metabolic dys-
function with dyslipidemia, type 2 diabetes 
mellitus (T2D), and subclinical vascular dis-
ease. These patients also feature subfertility, 
endometrial hyperplasia and increased risk 
of endometrial cancer, and psychological 
disorders (anxiety and depression).

In unspecified populations of  women, 
the disease has a 4–16% prevalence rate.

A 15.5-year-old girl was referred from dermatol-
ogy for acanthosis nigricans (AN) around the 
neck, axillae, and the dorsal aspect of interphalan-
geal joints (.  Fig. 39.1a, b) and oligomenorrhea 
(menses every 45–60  days) to our consultation 

in endocrinology. The age at menarche was 
11.6 years, and over the past 2 years she gained 
12 kg and developed moderate acne. On physical 
examination, the girl was obese (body mass index 
28.5  kg/m2, >95th percentile) and had a waist 

�Case Presentation

a b

.      . Fig. 39.1  Acanthosis nigricans in the neck a and interphalangeal joints b in an adolescent girl
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?? What are the symptoms of androgen excess 
(AE)?

vv Signs and symptoms of AE include hirsut-
ism, acne and seborrhea, male pattern alo-
pecia, and, rarely, the virilization syndrome 
(muscle hypertrophy, deepening of the 
voice, breast atrophy, amenorrhea, and cli-
toromegaly).

?? What is the definition of hirsutism?

vv Hirsutism is excessive terminal hair that ap-
pears in a male pattern in women (hair growth 
in androgen-dependent areas of the body, for 
example, face, chest, back, belly, and thighs). 
Diagnosis of hirsutism is based on the 
Ferriman–Gallwey score above the 95th per-
centile for the population: for example, ≥8 in 
white and UK or US black women and ≥9–
10  in Mediterranean, Hispanic, and Middle 
Eastern women. All cases of hirsutism need 
biochemical evaluation.

?? What are the diagnostic criteria of PCOS?

vv Sets of criteria have been developed for the 
diagnosis of PCOS. Whilst AE is a manda-
tory event of both National Institute of 
Health (NIH) and Androgen Excess and 
PCOS Society (AE-PCOS) definitions, the 
European Society for Human Reproduction 
and Embryology/American Society for 

Reproductive Medicine (ESHRE/ASRM) 
Rotterdam consensus broadened the diag-
nosis of PCOS, requiring two of three fea-
tures: oligo/anovulation, clinical and/or 
biochemical AE, and polycystic ovarian 
morphology (PCOM) determined mostly 
by ultrasound (optimally transvaginal) 
(.  Fig. 39.2), with the exclusion of etiolo-
gies mimicking the syndrome. More recent-
ly, diagnostic criteria in adolescents have 
been issued (.  Table 39.1).

?? How to interpret the androgen hormone pro-
file in the patient?

vv The gold standard in androgen assessment is 
gas-chromatography (GC)–mass spectrome-
try (MS)- or liquid-chromatography (LC)–
MS-based, which provides high accuracy; 
however, it is not routinely performed. 
Alternatively, measurement by automated or 
extraction chromatography immunoassay is 
reasonable in clinical practice. The elevated 
total testosterone (TT) in this patient is illus-
trative. In the symptomatic patient with a 
normal TT, assessment of sex-hormone 
binding globulin (SHBG) is mandatory, and 
free T (FT) should be expressed as calculated 
FT based on Vermeulen’s formula (5th–95th 
percentiles limits established in an age- and 
BMI (body mass index )-matched popula-
tion of women free of PCOS), correlating 
well with equilibrium dialysis LC-MS/MS 

circumference of 84  cm, normal blood pres-
sure (70th percentile), and a Ferriman–Gallwey 
score of 12. Electro-chemiluminescence immu-
noassay androgen assessment in the morning 
showed the following results: total testosterone 
(TT) 2.75 (0.24–2.6) nmol/L, sex-hormone bind-
ing globulin (SHBG) 19.9 (18–114) nmol/L, and 
17-hydroxyprogesterone (17–OHP) 3.75 nmol/L 
(124  ng/dL, normal). Dehydroepiandrosterone 
sulfate (DHEAS) 8.9  μmol/L (2.44–9.77) and 
androstenedione 7.67 (0.05–4.67  ng/mL) 
were also assessed. Pelvic ultrasound showed 
an ovarian volume of 8.5  cm3 with polycystic 
appearance.

.      . Fig. 39.2  Polycystic ovary morphology on trans-
vaginal ultrasound

Polycystic Ovary Syndrome
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.      . Table 39.1  Diagnosis criteria in adult, adolescent, and postmenopausal women with PCOS

Diagnosis 
system

Diagnosis criteria Definition constraints

Adult women

NIH (1990) (i) Clinical and/or biochemical 
hyperandrogenism AND
(ii) Oligo-anovulation

Androgen excess is mandatory in the 
anovulatory patient

ESHRE/
ASRM 
(2003)

(i) Clinical and/or biochemical 
hyperandrogenism
(ii) Ovulatory dysfunction
(iii) PCOM

Two of three criteria are accepted for diagnosis

AE-PCOS 
(2006)

(i) Clinical and/or biochemical 
hyperandrogenism AND
(ii) Ovarian dysfunction, i.e., ovulatory 
dysfunction and/or PCOM

Androgen excess is mandatory in a patient with 
either chronic ovulatory dysfunction and/or 
presence of PCOM

NIH 2012 ESHRE/ASRM 2003 criteria are reinforced WITH the specification of the disease phenotype

Adolescent girls

ESHRE/
ASRM 
(2012)

(i) Clinical and/or biochemical 
hyperandrogenism AND
(ii) Oligo-anovulation AND
(iii) Ovarian volume > 10 cm3

ES (2013) (i) Clinical and/or biochemical 
hyperandrogenism AND
(ii) Persistent oligo-/anovulation, i.e., 
oligo-/amenorrhea or primary 
amenorrhea by age 16

Girls at least 2 years post-menarche
Pelvic ultrasound is not diagnostic

AAP (2016) (i) Abnormal uterine bleeding pattern, 
i.e., abnormal for age/gynecologic age for 
1-2 years AND
(ii) Evidence of hyperandrogenism

Pelvic ultrasound is not diagnostic
Persistent TT elevation above adult norms 
corresponds best to hyperandrogenemia

ESPE (2017) (i) Irregular menses/oligomenorrhea 
AND
(ii) Clinical and/or biochemical 
hyperandrogenism

Girls at least 2 years post-menarche
PCOM, severe cystic acne, obesity, and insulin 
resistance are not diagnostic

Postmenopausal women

ES (2013) (i) Clinical and/or biochemical 
hyperandrogenism AND
(ii) Long-term history of 
oligo-amenorrhea

The diagnosis is retrospective

NIH National Institute of Health, ESHRE/ASRM European Society for Human Reproduction and Embryol-
ogy/American Society for Reproductive Medicine, AE-PCOS Androgen Excess and PCOS Society, ES Endo-
crine Society, AAP American Academy of Pediatrics, ESPE European Society of Pediatric Endocrinology
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for serum FT even at SHBG <30  nmol/L. 
Hyperandrogenemic patients show lower 
SHBG due to suppression of liver expres-
sion by T and insulin resistance.

?? Is measurement of dehydroepiandrosterone 
sulfate (DHEAS) and androstenedione in 
AE useful?

vv Generally, high total or FT confirms hy-
perandrogenemia in clinical practice, but 
isolated DHEA excess (<600  μg/dL) has 
been demonstrated in 30% of  adolescent 
girls and adults with PCOS.  On top of 
that, 10% of  women with PCOS may pres-
ent with high androstenedione as the sole 
marker of  biochemical AE.  Several pa-
tients associate elevated levels of  adrenal 
11-oxygenated C19 androgens.

?? Is androstenedione related to the metabolic 
status of the patient?

vv High androstenedione predicts metabolic 
risk in PCOS.  These patients are more 
prone to develop insulin resistance and 
dysglycemia, particularly in presence of 
both high T and androstenedione.

?? How relevant is PCOM in this case?

vv PCOM criteria may be met by up to 25% of 
ovulatory adult women (.  Fig.  39.2) and 
up to 50% of healthy adolescent girls 
(<8  years after menarche). Longitudinal 
evaluation of subjects with PCOM and 
regular menstrual status has confirmed that 
these are not at significant risk to develop 
PCOS. A mean ovarian volume >10 cm3 (or 
single ovary >15 cm3) should be considered 
as enlarged in adolescents (criteria not ful-
filled by the patient). Hyperprolactinemia, 
hypothyroidism, and congenital adrenal hy-
perplasia (CAH) may exhibit an increased 
antral follicle count (AFC).

?? Is anti-müllerian hormone (AMH) a better 
predictor of PCOM status?

vv Serum AMH reflects secretion from early an-
tral and larger follicles as these are in contact 

with the vascular bed. In PCOS, the number 
of growing follicles is increased and AMH 
appears to be more sensitive compared to the 
AFC to define follicle excess. Still, eumenor-
rheic patients with PCOS may have similar 
values to healthy women with PCOM.  In 
adults, threshold values range between 10 
and 57 pmol/L. An AMH >35 pmol/L has 
shown 92% sensitivity and 97% specificity to 
diagnose PCOS in presence of either oligo/
anovulation or hyperandrogenism, as a sur-
rogate of ultrasonography. Automated assays 
are available, and recently, an international 
standard for AMH has been subjected to 
evaluation. Prior to AMH use as diagnostic 
alternative to PCOM, further aspects need to 
be considered.

?? What are the challenges of PCOS diagnosis 
in the adolescent girl?

vv The criteria applied to define hyperandrogen-
emia during adolescence are confounded by 
developmental events. No clear T cutoff is 
validated. A follicular phase TT  >42  ng/dL 
based on LC-MS/MS was suggested; for as-
says using an extraction step, TT >55 ng/dL 
or FT  >9  pg/mL are likely consistent with 
hyperandrogenism. Normative data on the 
hirsutism score during early adolescence are 
lacking. Moderate–severe inflammatory acne 
vulgaris is an indicator to test for hyperan-
drogenemia. Distinguishing persistent oligo-
menorrhea from “physiological adolescent 
anovulation” is indicated by persistent (≥1–
2 years) cycle length >45 days or dysfunction-
al uterine bleeding at 2 years post-menarche 
or primary amenorrhea in a girl with com-
plete pubertal development. The AFC on 
ultrasound is not helpful in this group of age.

?? What are the clinical risk factors/conditions 
for PCOS?

vv Low birth weight (LBW) and premature 
pubarche (defined as development of pubic 
and axillary hair before the age of eight in 
girls) are linked to development of insulin 
resistance, hyperandrogenism, and dysovu-
lation during adolescence, particularly in 
presence of visceral obesity. Early interven-
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tion with metformin between ages 8 and 
12  in girls with a history of LBW and/or 
premature pubarche who gain weight possi-
bly disrupts the chain. There is concern that 
treatment with Gonadotropin-releasing 
hormone (GnRH) agonists in girls showing 
early puberty may increase the later risk of 
PCOS; however, clear evidence is lacking.

vv About 10% of women with functional hypo-
thalamic amenorrhea (FHA) develop AE 
over time, particularly when they normalize 
their weight and, thus, progress to 
PCOS.  About 50% of women fulfilling 
Rotterdam criteria of PCOS and presenting 
with anovulation and PCOM might have 
had FHA as underlying condition. 
Distinguishing between non-hyperandro-
genic PCOS and FHA at some point might 
be difficult. The medical history and 
Luteinizing hormone (LH) secretory pat-
tern (i.e., in FHA, typically Follicle-
stimulating hormone (FSH) is normal or 
low-normal, but with low LH and FSH/LH 
ratio >1) in addition to preserved response 
to GnRH provides one clue.

?? How is the diagnosis of PCOS established in 
peri- and postmenopause?

vv Diagnosis of PCOS in peri-/postmenopaus-
al women is retrospective upon a history of 
persistent oligomenorrhea and evidence-
based hyperandrogenism, with exclusion 
of other causes of postmenopausal AE. We 
lack normative ranges of androgens during 
menopausal transition; generally, TT levels 
>1.38  nmol/L define postmenopausal hy-
perandrogenism. Transvaginal ultrasound 
PCOM supports the diagnosis but is incon-
stant and not used as a criteria for diagnosis.

?? Which other diseases exhibit PCOS-like fea-
tures? (7  Box 39.1)

vv Although a rare cause, in androgen-
secreting tumors (AST), total and FT ex-
ceed the upper normal limit in all patients 
and will not respond to low-dose dexa-
methasone (DXM) suppression (test sensi-
tivity 100% and specificity 88%). In women, 
a TT >5 nmol/L is indicative. Concomitant 

DHEAS levels above 600–700 μg/dL sug-
gest adrenal origin of  AST. Non-classic 
(late-onset) CAH shares many PCOS-like 
features, including PCOM, which was re-
ported in 24–83% of  CAH; an elevated 
early morning basal follicular phase 17-hy-
droxyprogesterone (17-OHP) plus 
Adrenocorticotropic hormone (ACTH)-
stimulated 17-OHP >10  ng/mL point to-
ward CAH. In symptomatic women with a 
positive family history or high-risk ethnic 
groups, 17-OHP needs to be measured 
even in presence of  normal total or 
FT. Urinary or serum GC/MS- or LC/MS-
steroid profiling is a specific tool in the di-
agnosis of  enzymatic defects in patients 
with CAH; typically, patients with 21-hy-
droxylase deficiency will present high 
pregnanetriol, 17OHpregnanolone, and 
pregnanetriolone metabolites (7  Chap. 34 
on late-onset 21-hydroxylase deficiency).

vv Glucocorticoid resistance syndrome, caused 
by point mutations or deletions in the gluco-
corticoid receptor gene, mimics PCOS due to 
the combination of clinical hyperandrogen-
ism and arterial hypertension, although some 
patients may be asymptomatic. Premature 
adrenarche may represent an early sign. 
Hypokalemia, elevated ACTH, and non-sup-
pressible cortisol by low-dose DXM can be 
indicative (7  Chap. 36).

vv Severe insulin resistant syndromes (SSIR) 
and PCOS-like features

vv In a clinical setting, exogenous insulin re-
quirement of more than 3  units/kg body 
weight or fasting insulin levels above 20.9 μg/
mL and/or peak insulin on Oral Glucose 
Tolerance Test (OGTT) above 209 μg/mL in 
non-diabetic, non-obese women with acan-
thosis nigricans (AN) and PCOS points to-
ward SSIR.  Familial partial lipodystrophy 
typically is associated with progressive loss 
of subcutaneous fat in the arms and legs, 
peri-pubertal face, neck and abdominal fat 
accumulation and eruptive xanthomas, 
plus metabolic abnormalities (hypertriglyc-
eridemia, low high-density lipoprotein cho-
lesterol [HDL-C] and non-alcoholic fatty 
liver disease [NAFLD]). Congenital general-
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ized lipodystrophy is usually apparent from 
birth or early childhood, with almost com-
plete absence of fat and PCOS-like features 
in women. Most affected genes in insulin 
post-receptor pathways include LMNA, 
PPARG (adipocyte differentiation), CAV1, 
CAVIN1, AGPAT2 (fatty acid uptake and 
triglyceride [TG] synthesis) and BSCL2, 
PLIN1 (lipid droplet formation) genes. In 
contrast, dyslipidemia is lacking in Type A 
(i.e., insulin receptor gene mutations) or 
Type B (i.e., insulin receptor autoantibodies) 

SSIR due to lack of hepatic insulin resis-
tance, which is mediated by the insulin re-
ceptor.

vv Obesity-Induced PCOS

vv The variant of obesity-triggered PCOS is 
suggested by early body fat accumulation 
during adolescence, leading to augmented T 
production by the ovary and through adipo-
cyte enzymatic conversion by Type 5 
17β-hydroxysteroid-dehydrogenase. Obesity-

55 Tumors
–– Androgen-secreting tumors (AST)
–– Adrenal AST

–– Adenoma
–– Adenocarcinoma

–– Ovarian AST
–– Sertoli cell tumors
–– Sertoli–Leydig cell tumors
–– Hilus cell tumors
–– Granulosa cell tumors

–– Pancreatic neuroendocrine tumor 
(pNET) releasing LH →PCOS

55 Adrenal gland enzymatic defects
–– Congenital adrenal hyperplasia 

(CAH)
–– 21-hydroxylase deficiency
–– 11β-hydroxylase deficiency
–– 3β-hydroxysteroid dehydroge-

nase deficiency
–– 17α-hydroxylase/17,20-lyase 

deficiency
–– Apparent cortisone reductase defi-

ciency
–– 11β-hydroxysteroid dehydroge-

nase type 1 deficiencya

–– Apparent DHEA sulfotransferase 
deficiency
–– PAPSS2 (3′-phospho-adenosine-

5′-phosphosulfate) synthase 2 
deficiencya

55 Idiopathic hirsutism and hyperandro-
genemia

–– Idiopathic hirsutism
–– Androgen receptor CAG repeat 

polymorphisma

–– Idiopathic hyperandrogenemia
55 Drugs

–– Anabolic steroids (misuse, abuse), tes-
tosterone

–– Anticonvulsants (valproate acid, 
oxcarbazepine)

–– Anti-psychotic drugs (risperidone, 
olanzapine, aripiprazole, ziprasidone, 
quetiapine and phenothiazine)

–– Methyldopa, reserpine, metoclo-
pramide, danazol

55 Other endocrine and metabolic disorders
–– Hyperprolactinemia
–– Acromegaly
–– Thyroid disorders
–– Cushing’s syndrome
–– Glucocorticoid resistance syndromea

–– Severe insulin resistance syndromes
–– Generalized or partial lipodystro-

phy
–– Type A insulin resistance syndrome
–– Type B insulin resistance syndrome
–– Hyperthecosis of  the ovary
–– Obesity

55 Pregnancy-related hyperandrogenismb

–– Theca lutein cysts
–– Luteoma of  pregnancy
–– P450 Aromatase deficiency in the fetus
–– P450 Oxidoreductase deficiency in the 

fetus

aMay present as premature adrenarche or 
pubarche

bAssociates transient maternal viriliza-
tion

Box 39.1  Differential Diagnosis of Androgen Excess (AE) in Women
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related hyperinsulinism has been shown to 
be responsible of enhanced androgen pro-
duction rate in the theca cells. Overall, induc-
tion of PCOS by obesity per se is subjected 
to controversy.

?? What kinds of PCOS phenotypes are known?

vv Patients fulfilling classic NIH criteria, 
that is, phenotype A (hyperandrogen-
ism and oligo/anovulation and PCOM) 
and phenotype B (hyperandrogenism and 
oligo/anovulation), have the highest de-
gree of  metabolic abnormalities and vas-
cular risk, even after matching for BMI 
with controls.  Prominent menstrual ir-
regularities tend to normalize with aging. 
Hyperandrogenic-ovulatory women (i.e., 
phenotype C) are generally leaner and have 
milder metabolic abnormalities, mostly re-
lated to the presence of  abdominal adipos-
ity. Evaluation of  intima-media thickness 
of  the carotid artery shows less impaired 
values compared to classic phenotypes. 
Anovulatory, non-hyperandrogenic phe-
notype D most often shows normal insulin 
sensitivity and lipids, when matched for 
visceral adiposity with controls. Obesity 
may “convert” milder phenotypes into 
classic PCOS phenotype and aggravate 
both reproductive and metabolic conse-
quences of  AE.  Rapid weight gain may 
precede development of  PCOS (e.g., ado-
lescence).

?? Is obesity a relevant feature for the diagnosis 
in this girl?

vv Obesity and metabolic abnormalities are 
commonly associated to PCOS, however 
not required for diagnosis of  PCOS or 
identification of  the phenotype.

?? What are the predictors of metabolic abnor-
malities in PCOS?

vv A high BMI, a history of gestational diabe-
tes mellitus (GDM), and a familial history 
of T2D predict metabolic abnormalities in 
PCOS.  In turn, first-degree relatives of 
women with PCOS including peri-pubertal 

daughters are at risk for dysglycemia and 
progression to T2D.

?? What kind of cardiovascular risk factors are 
associated with PCOS?

vv PCOS clusters a wide variety of cardiovas-
cular risk factors including the atherogenic 
lipid profile (high VLDL [very low-density 
lipoprotein] number and TG (triglycerides), 
low HDL-C and reduced LDL-C [low-den-
sity lipoprotein] particle size). High VLDL 
and a more atherogenic small dense LDL-C 
predominance persist even after matching 
for BMI and insulin resistance. All patients 
with PCOS should receive a lipid test, with 
LDL-C set as primary therapeutic target. A 
2-hour OGTT should be done as screening 
in all or at least in patients at risk 
(BMI ≥30 kg/m2 or BMI <30 kg/m2 but age 
>40 years or familial history of T2D or his-
tory of GDM). Alternatively, HbA1c may 
be considered.

vv Women with PCOS are at four-fold higher 
risk to develop NAFLD in comparison to 
healthy women. The pathogenesis of 
NAFLD is complex, with genetics, insulin 
resistance, obesity, diet, and environmen-
tal factors including bisphenol A as the 
most important contributors. Screening 
for fatty liver is not recommended; how-
ever, in phenotypes at risk, routine evalua-
tion is warranted.

vv PCOS is associated with a prothrombotic 
state. Overweight and obese premenopaus-
al PCOS feature early-onset arterial hyper-
tension, higher prevalence of  coronary 
artery calcifications, and, apparently, in-
creased left ventricular mass. Less clear 
data are reported in lean and non-insulin 
resistant phenotypes. Despite the indisput-
able higher cardiovascular risk profile at 
young age, incidence of  cardiovascular 
morbidity and mortality in women with 
PCOS is not yet clarified and could be lim-
ited to the classic phenotype. PCOS traits 
fade with age, and menopausal transition 
in non-PCOS shows similar metabolic and 
endocrine changes to PCOS, with reduced 
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hyperandrogenemic gradient and “catch-
up” effect in cardio-metabolic risk.

?? What was the result of metabolic evaluation 
in this adolescent patient?

vv Basal hyperinsulinemia 26.2 (2.6–24.9) 
μU/mL, hypertriglyceridemia 150 (<150) 
mg/dL, HDL-C 43 (>40) mg/dL, and fast-
ing glucose 90 (<100) mg/dL were found in 
the patient, not fulfilling International 
Diabetes Federation (IDF) 2009 criteria 
for metabolic syndrome (MetS). No ab-
normalities were detected in OGTT, to be 
repeated in 2 years.

?? Is there a risk related to pregnancy and PCOS?

vv These women have around three-fold high-
er risk to develop GDM, hypertension, 
and preeclampsia in addition to three-fold 
increased perinatal mortality of  the neo-
nate. Metformin (2 g/day) improves preg-
nancy outcome in patients with GDM or 
T2D, by inhibition of  the mechanistic/
mammalian target of  rapamycin (mTOR) 
pathway with reduction of  hyperinsu-
linemia and inflammation and prevention 
of  fetal macrosomia. However, prevention 
of  GDM by metformin as well as an im-
pact on pregnancy outcomes in pregnant 
non-diabetic PCOS remains controversial.

?? What kinds of treatment regimens are avail-
able in hyperandrogenic phenotypes?

vv Combined oral contraceptives (COC)

vv Low-dose (20–35 μg EE2) oral contracep-
tives are first-line option in adolescents 
and adult women with AE and menstrual 
irregularities not desiring pregnancy. A 
less than 30 μg daily EE2 dose potentially 

affects peak bone mass in adolescents. The 
more severe the AE symptoms (hirsutism 
and acne) are, the more obvious the ben-
efits due to suppression of  ovarian andro-
gen production. A 50–70% endometrial 
cancer risk reduction with prolonged use is 
expected. PCOS increases 1.55-fold arteri-
al and two- to three-fold venous thrombo-
embolism (VTE), respectively, compared 
with non-PCOS subjects. The VTE risk 
appears to be alleviated in COC users due 
to decrease in androgens. Ideally, therapy 
is started with a levonorgestrel-based COC 
(low-risk VTE progestin). On long term, 
switching to a third- to fourth-generation 
progestin compound (i.e., desogestrel, ges-
todene, drospirenone, or cyproterone ace-
tate [CPA]) might be considered. Progestin 
monotherapy is an alternative in women 
at risk for thrombotic disease; however, ir-
regular bleeding may persist and hyperan-
drogenism is not well controlled.

vv Antiandrogens

vv Commonly used antiandrogens include 
cyproterone acetate (CPA) and spironolac-
tone, usually in combination to a COC to 
allow sequential administration (e.g., 10–
15 days/cycle for CPA) and avoid menstrual 
irregularities and disorders of  sex develop-
ment in the offspring in this sexually active 
population (spironolactone). Flutamide, a 
non-steroidal androgen receptor blocker, 
and finasteride, a 5α-reductase inhibi-
tor, have been used in both adolescents 
and adult women. Low-dose flutamide 
(62.5–250  mg/day), combined with COC, 
improves hirsutism and acne in addition to 
insulin sensitivity and lipid profile in ado-
lescent PCOS, although hepatotoxicity is 
not excluded (.  Table 39.2).

vv Hirsutism: Topical Therapy

vv Direct hair removal is targeted toward re-
sidual hair excess, and permanent methods 
are widely available (.  Table 39.2).

?? How to tackle metabolic abnormalities in 
PCOS?

�Follow-up of the Patient’s Case

Diet, physical exercising, and a 30-μg ethi-
nylestradiol (EE2)/levonorgestrel contra-
ceptive were initiated in this patient 
exhibiting hyperandrogenism.
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.      . Table 39.2  Treatment of  PCOS

Drug Adult women Potential adverse effects

Adolescent girls

Systemic drugs

Oral 
contraceptives

20–35 μg/day 
EE2 + progestin 21 out 
of 28 days/month

Headache, breast tenderness, TG elevation, increased risk of 
venous thromboembolism, increased risk of insulin resistance 
(BMI ≥ 38 kg/m2), decreased libido
Potential impairment of bone mineral density (BMD) with 
ultra-low-dose COC (20 μg) in adolescents

Cyproterone 
acetate

25–100 mg/day Nausea, liver toxicity, irregular menses, pseudo 
hermaphroditism of the male fetus, decreased libido

Spironolactone 100–200 mg/day Irregular menses, headache, hypotension, disorders of sex 
development of the male fetus, decreased libido

50–200 mg/day

Flutamide 250–500 mg/day Liver toxicity, pseudo hermaphroditism of the male fetus

62.5–250 mg/day

Finasteride 2.5–5 mg/day Disorders of sex development of the male fetus, liver toxicity 
(rare)

1–5 mg/day

Metformin 1–3 g/day Gastrointestinal (cramps, bloating, nausea, vomiting), 
usually mild when dose increases progressively and transient
Lactic acidosisa0.5–1 g/day

Liraglutide 1.2–1.8 mg/day or 
3 mg/day

Gastrointestinal (nausea)
Contraindication: pregnancy, history of pancreatitis, C-cell 
thyroid carcinoma, or at risk

–

Orlistat 120 mg t.i.d. with meals Steatorrhea, fat-soluble vitamins deficiency (vitamins A, D, 
E, K supplements and β-carotene should be given)

–

Pioglitazone 15–30 mg/day Weight gain

7.5–30 mg/day

Myo-inositol 4 g/day

–

Topical treatments (hirsutism)

Electrolysis Pain (topical anesthetic cream is useful)
Indication: white or blonde hair

Photo epilation 
(IPL or laser)

Indication: brown, black, or auburn hair
Pain, paradoxical hair growth (PH) after laser epilation 
(women with darkly pigmented skin are at high risk), 
perifollicular inflammation, hyper/hypopigmentation, 
scarring (very rare, in women with darkly pigmented skin), 
eye injury

Eflornithine 15% Twice daily Local effects: burning, itching, dry skin
In combination, it speeds up the effect of photo epilation

EE2 ethinylestradiol, IPL intense pulsed light
aRare, in patients at risk
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vv Weight loss is the mainstay of first-line 
treatment in overweight/obese PCOS, and a 
reduction as little as 5% from initial body 
weight improves reproductive outcomes. 
Quality of diet has independent effects par-
ticularly advanced glycosylation endprod-
ucts (AGE)-rich food should be avoided as 
via AGE-receptor (RAGE) these promote 
both insulin resistance and abnormal fol-
licular growth with anovulation.

vv Metformin

vv Metformin improves insulin sensitivity in 
both obese and non-obese insulin resistant 
patients and decreases low-grade chronic 
inflammation, endothelial dysfunction, 
and thrombogenic potential. Fasting hy-
perinsulinemia predicts more profound 
improvement of  insulin and lipid profile 
under metformin. Other studies suggest 
approximately ≈20  mg/kgbw as efficient 
dosage. Metformin may lower androgens 
(T, androstenedione) and as second-line 
indication efficiently tackles menstrual ir-
regularities and anovulation in women 
who cannot take or tolerate COC. However, 
its effect on hirsutism is weak, and metfor-
min should not be used as first-line treat-
ment of  skin manifestations in PCOS.

vv Glucagon-Like Peptide (GLP)-1 Analogues

vv Incretin mimetics liraglutide and exenatide 
represent a therapeutic option in women 
with PCOS and T2D. Low-dose liraglutide 
as monotherapy or in combination to met-
formin promotes weight loss and reduc-
tion in waist circumference and T levels in 
overweight/obese non-diabetic PCOS in 
addition to improving endothelial dys-
function and decreasing fat liver content. 
It appears that liraglutide has superior ef-
fects compared to metformin in promoting 
weight loss in PCOS and additive effects 
of  the low-dose liraglutide–metformin 
combination can be expected. High-dose 
liraglutide (3  mg/d), lately approved for 
obesity management, should be consid-
ered in PCOS with a BMI >30  kg/m2 or 

>27  kg/m2 and diabetes or high blood 
pressure. GLP-1 analogues should not be 
prescribed to pregnant women or patients 
at risk for C-cell thyroid carcinoma or with 
a history of  pancreatitis.

vv Orlistat

vv The gastric and pancreatic lipase inhibitor 
Orlistat induces modest weight loss and 
exerts similar effects on androgens when 
compared to metformin. Improvement in 
lipid profile, particularly TG and LDL-C, 
has subsequent favorable effects on insulin 
resistance. The drug may interfere with ab-
sorption of  fat-soluble vitamins (A, D, E, 
K) and supplements are recommended at 
bedtime. Absorption of  COC is not af-
fected; however, if  severe diarrhea occurs, 
contraceptive ability might be impaired.

vv Myo-Inositol and D-Chiro-Inositol

vv Inositols are inositol triphosphate (IP3) 
precursors involved in insulin signal trans-
duction. Myo-inositol lowers fasting insu-
lin and insulin resistance indices to a similar 
extent to metformin and improves LDL-C 
in PCOS, and has a good tolerance profile. 
At the ovarian level, myo-inositol amelio-
rates FSH signaling; therefore, oocyte and 
possibly embryo quality and maturation 
are improved. The 40:1 combination of 
myo- and D-chiroinositol appears to lower 
hyperinsulinism and lipids, in addition to 
potentially restoring ovulation.

vv Metabolic Surgery

vv About 15% of  the subjects undergoing diet 
and weight loss intervention are able to 
maintain their reduced weight. Several 
guidelines advocate for use of  bariatric 
surgery as second-line medical procedure 
in obese PCOS (>30 kg/m2) with diabetes. 
In patients with a BMI > 50 kg/m2, surgery 
may represent an efficient first-line option 
in treating metabolic dysfunction.

vv Statins
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vv Women with PCOS that meet the criteria 
may benefit from statin therapy; however, 
apart from decreasing total and LDL-C 
and fat liver content, no effect on insulin 
resistance is expected. Statins do not im-
pact anovulation and exert only minor in-
fluence on androgens.

vv Other Drugs

vv Naltrexone reduces body weight and to 
some extent androgen levels. No data are 
available, however, on the use of  naltrex-
one-bupropion in PCOS. Acarbose, a re-
versible α-glucosidase inhibitor, lowers 
digestion of  polysaccharides, thus delay-
ing glucose absorption and improving lip-
ids, but there is similarity to metformin 
with respect to other outcomes (i.e., ovula-
tion rate, menstrual cyclicity), including 
gastrointestinal side effects. Vitamin D de-
ficiency needs correction in patients with 
PCOS, as this will ameliorate glucose tol-
erance, dyslipidemia, and androgens, in 
spite of  no causal interrelationship be-
tween PCOS status and vitamin D. 
Thiazolidinediones may represent a sec-
ond-line option in insulin resistant PCOS, 
but are rarely given.

?? How do oral contraceptives and antiandro-
gens impact on the metabolic risk in PCOS?

vv Oral contraceptives might alter insulin 
sensitivity in both healthy women and 
PCOS; however, there is no evidence of  in-
creased risk of  diabetes with the exception 
of  severely obese PCOS patients (BMI 
>38  kg/m2). They reduce visceral fat in 
overweight/obese PCOS. Thus, individual 
cardio-metabolic risk stratification is 
needed prior to COC prescription. 
Triglycerides may increase in some COC 
users. HDL-C may rise in obese women. 
Overall, COC therapy benefits outweigh 
risks in the majority of  patients with 
PCOS. An improved lipid profile is expect-
ed with antiandrogens. Spironolactone 

lowers TG levels and may increase 
HDL-C.  Likewise, flutamide therapy de-
creases total and LDL-C in addition to 
TG.

vv Combination Regimens

vv In PCOS, combination of  drugs tracks 
multiple targets and allows adjustment of 
therapeutic doses to the individual toler-
ance. On the long term, achieved benefits 
might be superior to drug monotherapy. 
They are increasingly used in clinical prac-
tice (e.g., COC plus spironolactone or 
CPA, COC plus metformin, laser treat-
ment plus eflornithine).

?? Is there a role for ovarian surgery in the man-
agement of PCOS?

vv For patients with PCOS, aromatase inhibi-
tor letrozole should be considered as first-
line therapy for induction of  ovulation due 
to apparently higher live birth rate than 
with clomiphene citrate. (Clomiphene is a 
selective estrogen receptor modulator sub-
stance that induces GnRH, LH, and FSH 
by affecting estrogen receptors of  the hy-
pothalamus.) In women for whom letro-
zole or clomiphene citrate ± metformin 
fail to result in pregnancy, second-line in-
tervention includes either gonadotropin 
stimulation or laparoscopic ovarian drill-
ing with laser or diathermy. However, the 
effect of  ovarian drilling as a primary ther-
apy for patients with PCOS and subfertili-
ty remains to be evaluated.

Tips

The reader is advised to read the chapters 
on late-onset 21-hydroxylase deficiency 
(7  Chap. 34), pituitary Cushing’s disease 
(7  Chap. 3), adrenal Cushing’s syndrome 
(7  Chap. 27), and glucocorticoid resistance 
(7  Chap. 36).
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Take Home Messages
55 PCOS is the most frequent cause of 

androgen excess and anovulation in 
women and the most common endo-
crine abnormality in women of repro-
ductive age.

55 PCOS diagnosis criteria are related to 
the patient’s developmental status.

55 High total testosterone and/or free tes-
tosterone levels certify androgen excess; 
if  normal, dehydroepiandrosterone sul-
fate or androstenedione may be indica-
tive.

55 Phenotype identification guides meta-
bolic and cardiovascular risk and dis-
ease management.

55 Oral contraceptives  ±  antiandrogens 
are the first-line options with benefits 
outweighing risks. Comprehensive 
assessment and follow-up is mandatory.

55 In obese and/or insulin resistant 
patients, the focus is on weight loss 
(diet, lifestyle). Adjuvant drugs may 
improve metabolic, endocrine, and 
reproductive outcome in selected cases.
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Opening
Turner syndrome is one of the common chro-
mosomal abnormalities in humans that is the 
most frequent cause of primary/hypergonad-
otropic hypogonadism (amenorrhea) in 
women. It is a complex developmental abnor-
mality involving ovarian dysgenesis, short 
stature, and cardiovascular abnormalities. In 
this chapter, we focus on the management of 
Turner syndrome in adult patients.

Definition of the Disease

Turner syndrome is caused by a complete or 
partial deficiency of one of the two X 
chromosomes in women. The typical 
karyotype is represented by X monosomy 
(45 X,0) in about 50% of patients when 
there is only one X chromosome instead of 
a pair, whereas the rest of the karyotypes 
include Xq-isochromosome (46, X, i (X)q), 
partial deletions of the X chromosome 
(short arm [Xp] or long arm [Xq]), and 
rarely ring chromosome. (Isochromosome 
means that a chromosome is composed of 
either two long or two short arms, and thus 
the distribution of chromosome arms is 
shifted to 3:1 [partial trisomy vs. monosomy] 
instead of the normal 2:2 regarding the 
normal two chromosomes in a cell.) The 
loss of the short arm (Xp) of the X 
chromosome is related to more typical 
symptoms of Turner syndrome. Mosaicism 
is also quite frequent, that is, the presence of 
different cell lines in the body (e.g., 45 
X,0/46 X,X or 45 X,0/47/XXX). Whereas 
patients with pure monosomy are usually 
infertile, fertility can be preserved in some 

mosaic cases. Rare mosaic cases include 
fragments of the Y chromosome (in about 
10% of cases), and these are important to 
identify as these are at an increased risk 
of  gonadoblastoma development, and 
prophylactic gonadectomy is necessary in 
these cases.

The prevalence of Turner syndrome 
varies between 1:2000 and 1:2500 live 
births; however, its frequency is even higher 
in aborted fetal specimens, suggesting that 
many fetuses die in utero. Turner syndrome 
is the most frequent cause of primary 
amenorrhea defined as no menstrual cycle 
by the age of 15 years or thereafter in wom-
en and is associated with typical physical 
characteristics. Streak gonads are typical 
with no follicles. The clinical course of 
amenorrhea is however quite variable, as 
some patients with Turner syndrome ini-
tially have menstrual cycles, but then sec-
ondary amenorrhea develops. Some 
patients, especially with mosaicism, can 
have normal menstrual cycles (but even 
2–3% of patients with pure X monosomy 
can have menstrual cycles), as well. Sponta-
neous breast development is observed in 
21–50% of patients. Other major manifesta-
tions include cardiovascular abnormalities, 
autoimmune disorders, renal abnormalities, 
hearing loss, and osteoporosis.

Whereas formerly reduced intelligence 
quotient was suspected to be associated with 
Turner syndrome, novel studies have not 
confirmed this (except for Turner syndrome 
associated with ring X chromosome), but 
there can be some problems with non-verbal 
and visuospatial abilities.

�Case Presentation

A 64-year-old lady was referred to our center 
because of dizziness related to iron deficiency 
microcytic anemia. She had short stature 
(154 cm). Her ring fingers appeared to be con-
spicuously short (.  Fig. 40.1a), and her fourth 
and fifth toes were also very short (.  Fig. 40.1c). 

X-ray of her hand revealed a short fourth meta-
carpal to be responsible for the short ring finger 
(.  Fig.  40.1b). Moreover, a Madelung defor-
mity of the wrist was also seen, that is, the dor-
sal subluxation of the ulna head due to 
premature growth arrest along the medial volar 
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aspect of the distal radius (.  Fig. 40.1b). Her 
chest was shield like with nipples widely 
spaced (.  Fig. 40.2). Physical examination also 
revealed kyphoscoliosis, and X-ray revealed a 
compression fracture of the L2 (lumbar 2) ver-
tebra. She told that she never had menstrual 
cycles, but did not know the cause, nor did she 
receive any therapy for that. She had hyperten-
sion and was taking L-thyroxine for hypothy-
roidism caused by Hashimoto’s thyroiditis. In 
addition to these, she was also partially deaf.

Gastroduodenal erosions and a gastric 
ulcer were found in the background of her 
microcytic anemia that did not require blood 
transfusion.

a b

c d

.      . Fig. 40.1  a Photograph of the patient’s hands 
shows the conspicuously shorter left fourth finger. b 
An x-ray of the patient’s hands shows the short left 
fourth metacarpal and the Madelung deformity—sub-
luxation of the distal end of the ulna (arrows). c The 
patient’s feet with a short fourth toe. d Karyogram 

showing X-monosomy. (Reproduced with permission 
from Major J, Pusztai P, Igaz P.  A short ring finger 
points to a diagnosis of Turner syndrome again. [Clin-
ical Picture], The Lancet, 395, Pe51, 2020, 7  https://
doi.org/10.1016/S0140-6736(20)30235-X)

.      . Fig. 40.2  Shield-like chest of  the patient with 
widely spaced nipples

Turner Syndrome
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?? Which of these features make the diagnosis 
of Turner syndrome likely?

vv Short stature and primary amenorrhea (no 
menstrual cycles in the patient’s history) are 
the main clues for suspecting Turner syn-
drome in this case. Regarding the other 
skeletal abnormalities, the short ring finger 
(in 30–40%), Madelung deformity (in 5%), 
shield-like chest (30%), and a short, webbed 
neck (40%) are also characteristic features. 
Webbed neck (pterygium colli) is a classical 
feature comprising a bilateral skin fold 
from the mastoid to the acromion.

The vertebral fracture was most prob-
ably related to osteoporosis that could be 
related to the lack of  estrogen for many 
decades. Autoimmune diseases, includ-
ing Hashimoto’s thyroiditis, are common 
in Turner syndrome patients, and hearing 
loss is also typical.

?? Is there another endocrine disease that is also 
associated with a short ring finger?

vv Albright’s hereditary osteodystrophy, which 
is a form of pseudohypoparathyroidism 
(type 1a), is also associated with a short 
fourth metacarpal. Pseudohypoparathyroid-
ism is a resistance to the action of parathy-
roid hormone (PTH) due to mutations in 
genes coding proteins necessary for PTH 
signal transduction (pseudohypoparathy-
roidism type 1 is related to mutations in the 
GNAS1 gene coding for a subunit of a gua-
nosine triphosphate (GTP)-binding protein). 
Patients therefore display hypocalcemia, but 
serum PTH levels are high. Albright’s hered-
itary osteodystrophy includes further phe-
notypic features such as short stature, round 
face, obesity, and developmental delay, but 
there is no gonadal involvement.

?? How should the diagnosis of Turner syn-
drome be confirmed?

vv The diagnosis is based on karyotype analy-
sis. In children, growth failure and the char-
acteristic phenotypic features along with 
heart defects represent indications for test-
ing. In adolescents, amenorrhea and lack of 

the larche (breast development) can raise 
suspicion. Patients with sex chromosome 
parts (marker chromosome elements) on the 
standard karyogram and/or signs of viriliza-
tion should be candidates for the analysis of 
Y-chromosome fragments (usually by FISH 
[fluorescence in situ hybridization]).

In our patient, karyotyping confirmed 
the classical 45X,0 karyogram showing 
X-monosomy (.  Fig.  40.1d). Actually, 
2 weeks after her initial admission, her family 
brought documents showing that karyotyp-
ing was already performed 40 years earlier, 
and the diagnosis was established; however, 
she received no treatment in the meantime, 
and the diagnosis was thus forgotten.

?? What would the hormonal panel show?

vv Being a form of  primary hypogonadism, 
estradiol (E2) is low, and pituitary gonad-
otropins (luteinizing hormone (LH) and 
follicle stimulating hormone (FSH)) are 
elevated. In our case, however, as the pa-
tient was already over 60 when referred to 
our department, no such panel was done, 
since the normal postmenopausal period 
would also show the same, and therefore, it 
would not bring any additional benefit.

Thyroid stimulating hormone (TSH) 
should be measured as Turner syndrome 
patients are at an increased risk for au-
toimmune thyroiditis (Hashimoto). Our 
patient already received levothyroxine sub-
stitution.

?? What kind of further investigations should 
be performed?

vv .  Table 40.1 summarizes the major clini-
cal manifestations and complications of 
Turner syndrome.

Turner syndrome is associated with 
cardiovascular abnormalities in about 50% 
of  patients. Cardiovascular abnormalities 
include aortic valve abnormalities (bicus-
pid aortic valve), aortic coarctation, aortic 
arch abnormalities, atrial and ventricular 
septum defects, persistent left superior 
vena cava, and pulmonary venous abnor-
malities. The risk of  aortic dissection and 
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rupture is increased in Turner syndrome 
patients, which represents major causes for 
sudden death. Conduction abnormalities, 
for example, prolonged QT-interval, are 
observed in 20–40% of  affected patients. 
About 30–50% of  adult Turner syndrome 
patients have hypertension. Echocar-
diography and electrocardiogram should 
therefore be regularly performed in Turner 
syndrome patients.

Renal developmental abnormalities are 
seen in 30–40% of patients. These include 
malrotation, horseshoe kidney, and malfor-
mations of the collective system. There is an 
increased risk of pyelonephritis and urinary 
obstruction. Abdominal ultrasound can be 
used to reveal these abnormalities.

Due to the chronic lack of  estrogen, 
the risk of  osteoporosis is highly increased 
in Turner syndrome. Our patient already 
had a vertebral fracture.

Beside Hashimoto’s thyroiditis and hy-
pothyroidism (in up to 40% of adult cases), 
the risk for other autoimmune disorders in-
cluding celiac disease (2–3%) and inflamma-
tory bowel disease (3–4%) is also increased.

Eye and hearing abnormalities are 
also frequent in Turner syndrome pa-
tients. Hearing abnormalities are related 
to the increased likelihood of  middle ear 
infections in children and cholesteatoma 
formation (conductive forms), but pro-
gressive sensoneural hearing loss is also 
observed in about 50% of  adult patients.

Turner syndrome patients often display 
an elevation of  liver enzymes that is mostly 
without clinical significance. Obesity and 
both type 1 and type 2 diabetes mellitus 
are more common in Turner syndrome 
than in the normal female population.

As discussed earlier, the presence of  a 
chromosome Y fragment predisposes pa-
tients to gonadoblastoma formation, and 
therefore, in these cases, prophylactic go-
nadectomy is warranted.

Altogether, Turner syndrome is associ-
ated with serious morbidity, and patients 
have a three-fold higher mortality rate 
compared to the healthy female popula-

.      . Table 40.1  Clinical features of  Turner 
syndrome

Organ system Manifestation

Skeletal Short stature
Webbed neck
Shield-like chest
Short ring finger
Madelung deformity
Cubitus valgus
Kyphosis, scoliosis

Ovarian failure Primary amenorrhea

Bones Osteoporosis

Cardiovascular 
anomalies

Bicuspid aortic valve
Aortic coarctation
Aortic dissection
Elongated aortic arch
Ventricular and atrial septal 
defects
Venous abnormalities 
(superior vena cava, 
pulmonary)
Hypertension
Heart conduction defects

Congenital renal 
malformations

Malformations of the 
collective system
Malrotations
Horseshoe kidney

Hearing 
abnormalities

Recurrent middle ear 
infections in children 
(conductive abnormalities)
Progressive sensoneural 
hearing loss in adults
Cholesteatoma

Ocular 
abnormalities

Nearsightedness, 
farsightedness, strabismus, 
amblyopia

Liver Elevated liver enzymes 
(transaminases [alanine and 
aspartate aminotransferases] 
and gamma glutamyl 
transpeptidase)

Autoimmune 
abnormalities

Hashimoto’s thyroiditis/
primary hypothyroidism
Celiac disease
Inflammatory bowel disease

Tumor Gonadoblastoma associated 
with karyotypes including 
Y-chromosome fragments

Psychology Impaired non-verbal skills

Turner Syndrome
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tion. Cardiovascular problems represent 
leading death causes.

?? How can the microcytic iron deficiency ane-
mia of our patient be related to Turner syn-
drome?

vv The patient took non-steroidal anti-in-
flammatory drugs for intensive back pains 
that could be related to the vertebral com-
pression fracture of  osteoporotic origin. 
As she received no estrogen supplementa-
tion for decades, the origin of  her osteopo-
rosis is clear. Gastroduodenal mucosa 
damage is a very well-known side effect of 
non-steroidal anti-inflammatory drugs.

Other possible causes of  iron defi-
ciency in Turner syndrome include celiac 
disease (defective iron absorption), inflam-
matory bowel disease, and also intestinal 
angiodysplasias (intestinal blood loss). 
These could be excluded in our case.

?? What can be done to improve height in Turn-
er syndrome patients?

vv A major feature of  Turner syndrome is 
short stature that is manifested by an aver-
age 20 cm below the normal adult female 
population. Although patients with Turn-
er syndrome are not growth hormone 
(GH) deficient, human recombinant GH 
can be administered in childhood and ado-
lescence to increase height. It is usually 
given if  the height of  the girl is below the 
fifth percentile on the growth chart and 
treatment is usually begun between 2 and 
5  years of  age. The dose is around 40–
50  μg/kg/day. In addition to GH, a mild 
anabolic steroid (non-aromatizable andro-
gen) oxandrolone can be given at doses 
between 0.03 and 0.05 mg/kg to girls aged 
10 or older.

Certainly, these treatment possibilities 
are not available in adulthood due to the 
epiphyseal closure.

?? Which hormones can be used in children  
with Turner syndrome to predict ovarian 
failure and the necessity for estrogen replace-
ment?

vv Apart from FSH, anti-müllerian hormone 
(AMH) should be highlighted as this could 
be used to assess likelihood of  spontane-
ous puberty. AMH levels are associated 
with oocyte numbers, and low levels indi-
cate reduced ovarian reserve.

?? Is pregnancy possible in Turner syndrome 
patients?

vv About 5–7% of  Turner syndrome patients 
have spontaneous pregnancies that are 
mostly seen in mosaic cases. Oocyte dona-
tion is the usual solution for pregnancy if  
there are no contraindications (mainly gy-
necological or cardiological). In some 
(mostly mosaic) Turner syndrome patients 
having ovarian reserve, cryopreservation 
of  ovarian tissues might also be per-
formed.

?? How should adult Turner syndrome patients 
be treated?

vv Adult Turner syndrome patients should 
receive estrogen/progestin therapy (e.g., 
100  μg/day transdermal estradiol 
patch  +  daily 200  mg progesterone for 
12 days of  the menstrual cycle) that corre-
sponds to the treatment of  primary ovari-
an insufficiency (POI, discussed in 
7  Chap. 42). Estrogen treatment is essen-
tial for maintaining bone health and pre-
venting osteoporosis (that developed in 
our patient without estrogen supplementa-
tion), cardiovascular and urogenital 
health. Estrogen/progestin therapy should 
be given till about 50 years of  age.

Vitamin D should be given to Turner 
syndrome patients.

?? How should patients with Turner syndrome 
be followed up?

v	1. � Cardiology: Regarding the high frequency 
of cardiovascular abnormalities, annual 
monitoring of blood pressure, ECG and 
imaging with echocardiography, or even 
cardiac MRI are warranted whose frequen-
cy depends upon the detected abnormali-
ties. The most feared complication of 
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Turner syndrome is aortic dissection whose 
risk can be monitored by the aortic size in-
dex (ASI). In low-risk patients without car-
diovascular abnormalities and with an 
ASI < 2 cm/m2 every 5–10 years, whereas in 
high-risk patient even every 6–12 months.

2. � Bones: Bone mineral density (BMD) 
should be measured at diagnosis and 
then at regular intervals depending on 
the initial BMD and whether the pa-
tient receives estrogen substitution. 
BMD can be underestimated in pa-
tients with short stature by conven-
tional techniques. In patients with 
osteoporosis, annual measurements 
are warranted, whereas in patients 
with normal bone density and under 
estrogen replacement, BMD can be 
measured every 5 years.

3. � TSH should be measured annually.
4. � Further laboratory tests include annual 

fasting glucose and HBA1c and liver 
enzymes, and screening for celiac dis-
ease if  corresponding symptoms are 
present. (In children, screening for ce-
liac disease starts at 2 years of age and 
then continued biannually.)

5. � Audiometry is recommended every 
5 years.

Tips

55 The reader is advised to read the next 
chapter on Primary Ovarian Insuffi-
ciency (7  Chap. 41).

Take Home Messages
55 Turner syndrome is a complex devel-

opmental abnormality that is one of 
the most common causes for primary/
hypergonadotropic hypogonadism in 
women.

55 Turner syndrome is caused by partial 
or complete absence of one of the X 
chromosomes or by other karyotypes 
(e.g., mosaics). About 50% of patients 
display the classical 45X,0 karyotype.

55 Typical phenotypical features of Turner 
syndrome include short stature, short 
fourth metacarpals, shield-like chest, 
and webbed neck. The major clinical 
manifestations include ovarian failure, 
cardiovascular, autoimmune, renal, 
bone, middle ear, and ophthalmological 
abnormalities.

55 The height of affected girls can be in-
creased by growth hormone therapy.

55 Regular, multidisciplinary follow-up of 
patients is warranted.
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Opening
In this chapter, the clinical features, diag-
nosis, and management of  46XX primary 
ovarian insufficiency (POI) are reviewed. 
Turner syndrome is discussed in different 
chapter.

Definition of the Disease

Primary ovarian insufficiency (POI) is de-
fined as the development of primary (hyper-
gonadotropic) hypogonadism before the age 
of 40  years. The age-specific incidence of 
46XX POI is 1 in 250 by age 35 years and 
1 in 100 by age 40 years. The disorder differs 
from natural menopause, as 50–75% of pa-
tients experience intermittent ovarian func-
tion and 5–10% of women conceive after 
initial diagnosis. Therefore, the old terms, 
premature ovarian failure (POF) or prema-
ture menopause, are inaccurate and not 
used any more for this condition. The term 
primary ovarian insufficiency is also less 
stigmatizing than older ones.

Primary ovarian insufficiency is a 
spectrum disorder that includes a contin-
uum of occult (reduced fertility, normal 
follicle-stimulating hormone (FSH) level, 
and regular menses), biochemical (reduced 
fertility, elevated FSH level, and regular 
menses) and overt ovarian insufficiency 
(reduced fertility, elevated FSH level, ir-
regular or absent menses) as defined in 
fragile X syndrome premutation carriers.

�Case Presentation

A 32-year-old woman visited our gyneco-
logical endocrinology department because 
she has amenorrhea for 4  months. Her 
pubertal development was normal with 
menarche at 13  years of age. She had no 
medical disorder and was never pregnant. 
She did not take any medicine including 
oral contraceptive. She complained about 
hot flushes. There was no galactorrhea, 
acne, or hirsutism. Her body weight was 
60 kg and height was 170 cm.

?? What kind of examinations should be per-
formed to determine the cause of secondary 
amenorrhea in this patient?

vv A gynecological pelvic examination with 
transvaginal ultrasonography should be 
undertaken. Hormonal examinations in-
clude serum FSH, luteinizing hormone 
(LH), estradiol, prolactin, thyroid-stimu-
lating hormone (TSH), testosterone, dehy-
droepiandrosterone sulfate (DHEAS), and 
serum β-human chorionic gonadotropin 
(hCG) measurement to exclude pregnancy.

Her serum FSH level was 45  IU/l, 
while her serum estradiol concentration 
was 15  pg/ml (these hormonal results are 
characteristic for postmenopausal women). 
Other biochemical variables were within 
normal range. Pelvic examination was nor-
mal with an endometrial thickness of 2 mm 
and β-hCG was negative.

?? How can the diagnosis of primary ovarian 
insufficiency be established?

vv The diagnostic criteria of  POI are irregu-
lar menses (amenorrhea, oligomenorrhea, 
polymenorrhea, or metrorrhagia) in wom-
en before the age of  40 years in association 
with FSH level in the postmenopausal 
range as defined by the measuring labora-
tory (usually above 40 IU/l) on two occa-
sions at least 4  weeks apart. In women 
with menstrual cycles, FSH should be de-
termined on cycle day 3.

To avoid delay in diagnosis, young 
women with menstrual irregularity for at 
least 3 months should be evaluated for pri-
mary ovarian insufficiency.

?? What are the characteristic clinical features 
of primary ovarian insufficiency?

vv POI is characterized by a disturbance in 
menstrual pattern (amenorrhea, oligomen-
orrhea, polymenorrhea or metrorrhagia) 
and symptoms of  estrogen deficiency such 
as hot flushes, night sweats, vaginal dry-
ness, dyspareunia, and disordered sleep.

?? What are the long-term consequences of pri-
mary ovarian insufficiency?
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vv Women with POI are at increased risk of 
osteopenia, osteoporosis, and osteoporot-
ic fracture, especially if  ovarian insuffi-
ciency develops in young women before 
they achieve peak bone mass. POI is also 
associated with increased cardiovascular 
morbidity and mortality. POI has also 
been linked to diminished sexual well-be-
ing, dementia, and cognitive decline. 
Women with POI may also develop anxi-
ety and/or depression as a consequence of 
their diagnosis.

?? What are the known causes of primary ovar-
ian insufficiency?

vv Turner syndrome (due to X monosomy or 
deletion in the short arm of  X chromo-
some), other X chromosome deletions, in-
versions, duplications, and balanced X 
chromosome-to-autosome translocations 
are among the most common causes of 
POI. Fragile X syndrome premutation car-
riers (CGG repeat length of  55–200) have 
an increased risk to develop POI.  The 
prevalence of  FMR1 premutations in 
women with sporadic POI is 2–5%, while 
that is 12–14% in familiar POI.  POI is 
common in patients with galactosemia. 
Ovarian toxins such as chemotherapy (es-
pecially alkylating agents) and pelvic radi-
ation therapy can also cause POI.  Four 
percent of  women with 46XX POI has au-
toimmune oophoritis (isolated or part of 
type 1 or type 2 polyglandular autoim-
mune syndromes). Steroidogenic enzyme 
defects, FSH receptor, and Gs-α subunit 
gene mutations have also been linked to 
POI. Several rare syndromic disorders can 
also present with symptoms of  POI. How-
ever, the etiology of  POI is unknown in 
75–90% of  cases (idiopathic).

?? In our patient, repeated FSH level was also 
in the postmenopausal range. How can we 
determine the underlying cause of primary 
ovarian insufficiency?

vv Basic evaluation of women with POI in-
cludes a karyotype analysis, testing for an 

FMR1 premutation and for adrenal autoan-
tibodies (serum adrenocortical and 21-hy-
droxylase antibodies to diagnose autoimmune 
oophoritis). Serum anti-ovarian antibody 
test has a poor predictive value to detect au-
toimmune oophoritis and is therefore not 
recommended. Women with spontaneous 
POI should be screened for anti-thyroid-
peroxidase autoantibodies (anti-TPO), be-
cause they have a higher risk for autoimmune 
thyroiditis. Pelvic ultrasonography can reveal 
enlarged, multifollicular ovaries in autoim-
mune oophoritis or in steroidogenic enzyme 
defects. Genetic testing for rare disorders is 
not indicated, except for women with syn-
dromic features. Ovarian biopsy does not add 
additional information for management of 
patients and is therefore not recommended. 
At the time of diagnosis, bone mineral den-
sity should be determined with dual-energy 
X-ray absorptiometry (DEXA).

In women with positive adrenal auto-
antibodies, basal cortisol and adrenocorti-
cotropic hormone (ACTH) level should be 
measured at initial evaluation and annually. 
These women have a 50% risk of develop-
ing primary adrenal insufficiency. Evalu-
ation for possible associated autoimmune 
diseases should be based on clinical symp-
toms. If  adrenal autoantibodies are not 
present, adrenal function should be tested 
if  clinical symptoms of adrenal insuffi-
ciency develop. In women with POI and 
thyroid (anti-TPO) autoantibodies, TSH 
should be determined every year.

?? We did not find an underlying cause of pri-
mary ovarian insufficiency in our patient, as 
in 75–90% of cases (idiopathic POI). How 
can we manage ovarian insufficiency of our 
patient?

vv In women with POI, systemic hormone 
therapy is indicated to treat symptoms of 
estrogen deficiency (vasomotor symptoms 
and urogenital atrophy), to reduce the risk 
of osteoporosis and cardiovascular disor-
ders, and to improve quality of life. Full 
replacement doses of estrogen should be 
combined with progestogen therapy to pre-
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vent endometrial hyperplasia and cancer. 
Progestins can be administered continu-
ously or sequentially. With cyclic (sequen-
tial) regimen, pregnancy can be recognized 
earlier. Transdermal estrogen therapy poses 
a lower risk of venous thromboembolism 
and gallbladder disease than oral treat-
ment. Regarding progestins, micronized 
progesterone is preferable as it does not ex-
ert adverse effects on lipid profile and clot-
ting factors (7  Box 41.1).

The oral contraceptive pill is a good 
option for women who are not seeking preg-
nancy. However, combined hormonal con-
traceptives are more potent preparations, 
and menopausal hormone therapy contain-
ing physiologic dose of estrogen seems to be 
more beneficial for bone mineral density.

Systemic hormone therapy should be 
continued until the average age of natu-

ral menopause (50–51 years of age). Local 
(vaginal) estrogen should be added in some 
patients for improvement of sexual function. 
Androgen therapy is not beneficial in pa-
tients with POI and can have potential side 
effects. Therefore, it is not recommended.

?? In our patient, bone mineral density was nor-
mal. How can we prevent osteoporosis and 
cardiovascular disorders?

vv In addition to systemic hormone therapy, 
women with POI should avoid smoking, 
take regular weight-bearing exercise, and 
eat a healthy diet to maintain a normal 
body weight. An intake of  1200 mg of  el-
emental calcium per day and maintenance 
of  adequate vitamin D status are also rec-
ommended. For osteoporosis treatment, 
bisphosphonates can be used. However, 
they should be avoided if  pregnancy is 
possible.

?? Spontaneous ovarian activity may resume 
in 50–75% of patients with primary ovarian 
insufficiency. Which kind of contraceptive 
methods can be used?

vv Hormonal contraception can serve the 
dual purpose of  treating estrogen deficien-
cy and preventing pregnancy. Another op-
tion is lower, non-contraceptive dose of 
estrogen in combination with a levonorg-
estrel-releasing intrauterine contraceptive 
device. Barrier methods of  contraception 
can also be used in women with POI.

?? What are the treatment options if our patient 
desires pregnancy?

vv Ovulation induction drugs such as gonad-
otropins and clomiphene citrate are inef-
fective. In vitro fertilization with donor 
oocytes or donor embryos is the most ap-
propriate treatment. Adoption is an alter-
native option. Fertility preservation with 
oocyte cryopreservation or ovarian tissue 
freezing may be used in women with 
known genetic risk for POI (FMR1 premu-
tation carriers, Turner mosaics, and poly-

Box 41.1  Usual Doses of  Hormone 
Therapy in Primary Ovarian Insufficiency

55 Estrogen:
–– 1–2 mg 17β-estradiol (oral)
–– 100 μg 17β-estradiol (transdermal)
–– 0.625–1.25  mg conjugated equine 
estrogen (oral)

55 Progestogen:
–– Continuous:

–– 2.5–5  mg medroxyprogesterone 
acetate daily (oral)

–– 100  mg micronized progesterone 
daily (oral or vaginal)

–– 0.5–1  mg norethisterone acetate 
daily (oral)

–– 20 μg levonorgestrel daily (intra-
uterine system)

–– Sequential (cyclic):
–– 10 mg medroxyprogesterone ace-

tate daily (oral) for 10–12 days in 
each month

–– 200  mg micronized progesterone 
daily (oral or vaginal) for 10–
12 days in each month

–– 1 mg norethisterone acetate daily 
(oral) for 10–12  days in each 
month
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glandular autoimmune syndrome type 2). 
However, in women with established POI, 
this option is already missed.

?? We introduced cyclic hormone therapy with 
17β-estradiol and norethisterone acetate to 
our patient. How should she be followed up?

vv Patients with POI using systemic hormone 
therapy should be clinically monitored an-
nually including compliance. In our prac-
tice, we perform gynecological examination 
with transvaginal ultrasonography to de-
termine endometrial thickness every year. 
We measure blood pressure and assess lip-
id profile, fasting plasma glucose, liver and 
renal function, as well as coagulation pa-
rameters every year. If  the patient has os-
teoporosis, we determine bone mineral 
density with DEXA every year, otherwise 
every second year. Over 40 years of  age, we 
perform mammography annually to screen 
for breast cancer.

Tips

The reader is advised to read the previous 
chapter on Turner syndrome (7  Chap. 
40), and also the chapter on Addison’s 
disease and polyendocrine autoimmune 
syndrome 2 (7  Chap. 31).

Take Home Messages
55 Primary ovarian insufficiency is defined 

as the development of primary (hyper-
gonadotropic) hypogonadism before 
the age of 40 years.

55 The diagnostic criteria of POI are irreg-
ular menses in women before the age of 
40 years in association with FSH level 
in the postmenopausal range.

55 POI is characterized by a disturbance in 
menstrual pattern (amenorrhea, oligo-
menorrhea, polymenorrhea, or metror-
rhagia) and symptoms of estrogen 
deficiency such as hot flushes, night 

sweats, vaginal dryness, dyspareunia, 
and disordered sleep.

55 Women with POI are at increased risk 
of osteopenia, osteoporosis, and osteo-
porotic fracture. POI is also associated 
with increased cardiovascular morbid-
ity and mortality. POI has also been 
linked to diminished sexual well-being, 
dementia, and cognitive decline.

55 Basic evaluation of  women with POI 
includes a karyotype analysis, testing 
for an FMR1 premutation and for 
adrenal autoantibodies. Women with 
spontaneous POI should be screened 
for thyroid-peroxidase autoantibodies 
(anti-TPO). A pelvic ultrasonography 
and measurement of  bone mineral 
density with DEXA are also indicated 
at the time of  diagnosis.

55 In women with POI, systemic hormone 
therapy should be applied until the 
average age of natural menopause (50–
51 years of age) to treat symptoms of 
estrogen deficiency, to reduce the risk of 
osteoporosis and cardiovascular disor-
ders, and to improve quality of life. 
Hormonal contraception can serve the 
dual purpose of treating estrogen defi-
ciency and preventing pregnancy.

55 If  the patient desires pregnancy, in vitro 
fertilization with donor oocytes or 
donor embryos is the most appropriate 
treatment. Adoption is an alternative 
option.

Suggested Reading

	1.	 Committee on Adolescent Health Care. Committee 
Opinion No. 605: Primary ovarian insufficiency in 
adolescents and young women. Obstet Gynecol. 
2014;124(1):193–7. https://doi.org/10.1097/01.
AOG.0000451757.51964.98.

	2.	 Committee on Gynecologic Practice. Committee 
Opinion No. 698: Hormone therapy in primary ovar-
ian insufficiency. Obstet Gynecol. 2017;129(5):e134–
41. https://doi.org/10.1097/AOG.0000000000002044.

	3.	 European Society for Human Reproduction and 
Embryology (ESHRE) Guideline Group on POI, 

Primary Ovarian Insufficiency

https://doi.org/10.1097/01.AOG.0000451757.51964.98
https://doi.org/10.1097/01.AOG.0000451757.51964.98
https://doi.org/10.1097/AOG.0000000000002044


418

41

Webber L, Davies M, Anderson R, Bartlett J, Braat 
D, Cartwright B, Cifkova R, de Muinck Keizer-
Schrama S, Hogervorst E, Janse F, Liao L, 
Vlaisavljevic V, Zillikens C, Vermeulen N. ESHRE 
Guideline: management of  women with premature 
ovarian insufficiency. Hum Reprod. 2016;31(5):926–
37. https://doi.org/10.1093/humrep/dew027.

	4.	 Nelson LM.  Clinical practice. Primary ovarian 
insufficiency. N Engl J Med. 2009;360(6):606–14. 
https://doi.org/10.1056/NEJMcp0808697.

	5.	 Welt CK.  Primary ovarian insufficiency: a more 
accurate term for premature ovarian failure. Clin 
Endocrinol (Oxf). 2008;68(4):499–509. https://doi.
org/10.1111/j.1365-2265.2007.03073.x.

	6.	 Welt CK.  In: Post TW, editor. Clinical manifesta-
tions and diagnosis of  spontaneous primary ovarian 
insufficiency (premature ovarian failure). Waltham: 

UpToDate; 2020. https://www.uptodate.com/con-
tents/clinical-manifestations-and-diagnosis-of-
spontaneous-primary-ovarian-insufficiency-prema-
ture-ovarian-failure.

	7.	 Welt CK. In: Post TW, editor. Pathogenesis and causes 
of spontaneous primary ovarian insufficiency (prema-
ture ovarian failure). Waltham: UpToDate; 2020. 
https://www.uptodate.com/contents/pathogenesis-
and-causes-of-spontaneous-primary-ovarian-insuffi-
ciency-premature-ovarian-failure.

	8.	 Welt CK.  In: Post TW, editor. Management of 
spontaneous primary ovarian insufficiency (prema-
ture ovarian failure). Waltham: UpToDate; 2020. 
https://www.uptodate.com/contents/management-
of-spontaneous-primary-ovarian-insufficiency-pre-
mature-ovarian-failure.

	 A. Molvarec

https://doi.org/10.1093/humrep/dew027
https://doi.org/10.1056/NEJMcp0808697
https://doi.org/10.1111/j.1365-2265.2007.03073.x
https://doi.org/10.1111/j.1365-2265.2007.03073.x
https://www.uptodate.com/contents/clinical-manifestations-and-diagnosis-of-spontaneous-primary-ovarian-insufficiency-premature-ovarian-failure
https://www.uptodate.com/contents/clinical-manifestations-and-diagnosis-of-spontaneous-primary-ovarian-insufficiency-premature-ovarian-failure
https://www.uptodate.com/contents/clinical-manifestations-and-diagnosis-of-spontaneous-primary-ovarian-insufficiency-premature-ovarian-failure
https://www.uptodate.com/contents/clinical-manifestations-and-diagnosis-of-spontaneous-primary-ovarian-insufficiency-premature-ovarian-failure
https://www.uptodate.com/contents/pathogenesis-and-causes-of-spontaneous-primary-ovarian-insufficiency-premature-ovarian-failure
https://www.uptodate.com/contents/pathogenesis-and-causes-of-spontaneous-primary-ovarian-insufficiency-premature-ovarian-failure
https://www.uptodate.com/contents/pathogenesis-and-causes-of-spontaneous-primary-ovarian-insufficiency-premature-ovarian-failure
https://www.uptodate.com/contents/management-of-spontaneous-primary-ovarian-insufficiency-premature-ovarian-failure
https://www.uptodate.com/contents/management-of-spontaneous-primary-ovarian-insufficiency-premature-ovarian-failure
https://www.uptodate.com/contents/management-of-spontaneous-primary-ovarian-insufficiency-premature-ovarian-failure


419

© Springer Nature Switzerland AG 2021
P. Igaz (ed.), Practical Clinical Endocrinology, https://doi.org/10.1007/978-3-030-62011-0_42

Klinefelter Syndrome
Nikolette Szücs

Contents

�Suggested Reading – 424

42

https://doi.org/10.1007/978-3-030-62011-0_42#DOI
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-62011-0_42&domain=pdf


420

42

Opening
In this chapter the reader will be informed 
about the specific clinical features, diagno-
sis, and treatment of Klinefelter syndrome 
(KS), a congenital form of hypergonado-
tropic/primary hypogonadism.

Definition of the Disease

Klinefelter syndrome (KS) is the most fre-
quent chromosomal aberration in males, 
occurring in 1:500 males, and is associated 
with primary hypogonadism and infertility.

The disease is typically associated 
with decreased total testosterone level and 
elevated gonadotropin levels (LH [lutein-
izing hormone] and FSH [follicle-stimu-
lating hormone]), and it is the most 
common cause of  primary or hypergo-
nadotropic hypogonadism in males.

The molecular basis of Klinefelter syn-
drome is related to the presence of one or 
more supernumerary X chromosomes. Ap-
proximately 80–85% of cases are due to a 
single supernumerary X chromosome 
(47,XXY), while the remaining 15–20% are 
related to multiple aneuploidies (48,XXXY, 
48,XXYY, etc.), but mosaic forms may 
also occur. Mosaicism means that multiple 
cell lines with different genetic composi-
tion are present in the body (e.g., 
47,XXY/46XY). Some mosaic forms are 
associated with milder phenotypes.

KS is severely underdiagnosed or it is 
diagnosed late in life. Due to numerous 
comorbidities, a life-long care is needed.

�Case Presentation

A 50-year-old man was referred to our 
department complaining of decreased libi-
do and general fatigue. Moderate erectile 
dysfunction and sustained morning sponta-
neous erection has been reported.

The previously performed total serum 
testosterone (T) concentration was low (T: 
4.8 nmol/l; normal range: 10.4–34.7 nmol/l). 

?? Is it sufficient to measure serum testosterone 
once?

vv Testosterone levels are quite variable; 
therefore, if  initial test results are low, re-
peated measurements are recommended in 
2–3 weeks in the morning.

?? What are the characteristics of this case that 
make us suspect Klinefelter syndrome?

vv The patient complained of erectile dys-
function and decreased libido. By physical 
examination, truncal obesity, decreased 
facial and pubic hair, symmetric gyneco-
mastia (.  Fig. 42.1) without galactorrhea, 
and small (8 ml), firm bilateral testes were 
found.

vv The major clinical abnormalities associated 
with Klinefelter syndrome are presented in 
.  Table 42.1.

vv In infancy, other main symptoms include 
learning disabilities, psychiatric distur-
bances, and delay of speech development.

?? How should the diagnosis of Klinefelter syn-
drome be confirmed?

vv The diagnosis is based on the analysis 
of  the chromosomal karyotype. The pa-
tient’s karyogram was the typical 47XXY 
(.  Fig. 42.2).

?? What is the difference between primary and 
secondary hypogonadism?

vv Primary hypogonadism is caused by a dis-
ease of the testicles, and therefore, gonado-
tropins are elevated due to the feed-back 
regulation of the hypothalamo-pituitary-

Repeated total testosterone (2.07  ng/ml; 
normal: 2.8–8.0) and free testosterone 
(31.85 pg/mL; normal: 65.00–250.00) were 
both low, with elevated LH (20.86  IU/l; 
normal: 0.7–8.6) and FSH (28.44  IU/L; 
normal: 1.5–12.4) levels.
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gonad axis. Primary hypogonadism is there-
fore hypergonadotropic. On the other hand, 
secondary hypogonadism is caused by pitu-
itary malfunctioning, and thus, gonadotro-
pins are low (hypogonadotropic). (Similar 
distinctions are valid for primary and sec-
ondary adrenal insufficiency and hypothy-
roidism, as well.)

?? What kind of diseases/conditions can be re-
lated to gynecomastia?

vv Gynecomastia is defined as a benign hyper-
plasia of glandular breast tissue in men. It 
should be differentiated from lipomastia 
that is related to increased breast fat tissue 
in obesity. Physiological gynecomastia is of-
ten seen in puberty.

vv Gynecomastia is a common feature related 
to estrogen excess and/or androgen defi-
ciency and can be seen in a variety of 
endocrine-related disorders (e.g., primary 
hypogonadism, testicular tumors, estrogen-
secreting adrenal tumors, hCG-secreting 
tumors, disorders of sexual differentiation 
[DSD], and hyperprolactinemia).

vv Non-endocrine illnesses, including liver fail-
ure and chronic kidney disease, and many 
medications are also common causes of 
gynecomastia. These include drugs having 
anti-androgenic properties (e.g., spirono-
lactone), inhibitors of steroid biosynthesis 
(e.g., ketoconazole), 5α-reductase inhibitor 
(finasteride), estrogen derivatives, but even 
histamine H2 receptor blocker (cimetidine) 
and proton-pump inhibitor (omeprazole), 
angiotensin converting enzyme inhibitor 
and digoxin among many others.

?? KS patients are usually taller than average. 
What can be the mechanism?

.      . Fig. 42.1  Symmetric gynecomastia in the patient

.      . Table 42.1  Major abnormalities of  adult KS 
and estimated occurrence

Abnormalities Frequency

Infertility, azoospermia 90–95%

Small testes (<8 mL) 95–99%

Increased gonadotropin levels 95–99%

Decreased testosterone levels 60–85%

Gynecomastia 40–75%

Decreased facial, pubical hair 30–80%

Decreased bone mineral density 10–40%

Mitral valve prolapse 0–55%

Metabolic syndrome 45%

Increased height 30%

Learning disability 0–70%

Low muscle mass/increased fat 
mass

40–50%

Breast cancer Increased risk 
(50-fold)

Klinefelter Syndrome
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vv This observation can be related to two 
pathomechanisms. Due to hypogonadism, 
the epiphyseal closure is delayed, and there-
fore, patients can grow for longer; more-
over, the double X chromosome harboring 
genes responsible for growth promotion 
might also have a role.

?? What kind of other main causes of male pri-
mary hypogonadism are important to men-
tion?

vv 7  Box 42.1 presents the other major causes 
of primary hypogonadism in males.

Box 42.1  Other Major Causes of 
Primary Hypogonadism in Males

55 Undescended or ectopic testes
55 Secondary testicular dysfunction-medi-

cations, toxins, irradiation

55 Acquired or congenital anorchia (trau-
ma, tumor, torsion, surgical removal)

55 Orchitis (viral, e.g., mumps, or unspe-
cific orchitis)

55 Enzymatic defects of steroid biosynthe-
sis – 46,XY DSD

55 46,XX male-translocation of the SRY 
region to the X chromosome

55 Noonan syndromea

55 Inactivating LH receptor mutations  – 
Leydig cell hypoplasia

Abbreviations:
DSD disorder of sexual development, 

SRY Sex determining Region of Y Chro-
mosome

aNoonan syndrome is an autosomal 
dominantly inherited disease with heteroge-
neous genetic background associated with 
short stature and heart defects, also some-
times termed as male Turner syndrome

.      . Fig. 42.2  Karyogram of  the KS patient with a supernumerary X chromosome (47,XXY). (Courtesy of  Dr. Irén 
Haltrich (2nd Department of  Pediatrics, Semmelweis University))
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?? How should the treatment be adjusted in 
Klinefelter syndrome?

vv The treatment and care of patient with 
Klinefelter syndrome needs a multidisci-
plinary collaboration among psychologists, 
pediatricians, general practitioners, and 
specialists for endocrinology, urology, and 
infertility.

vv The goal of testosterone replacement thera-
pies is to return serum testosterone levels to 
within the physiological range, and thereby 
to promote the development of secondary 
male sexual characteristics.

vv Some men who suffer from severe gyneco-
mastia may require cosmetic surgical inter-
vention.

vv The clinical effectiveness and safety of 
androgen replacement therapy should be 
checked every 3 months after launching the 
treatment for 1 year and then annually.

?? What are the major side effects of testoster-
one replacement therapy?

vv Among the possible side effects, we must 
emphasize the elevation of hemoglobin 
levels due to increased erythrocytosis. This 
can be alleviated by dose reduction or pe-
riodical venesection. Monitoring the liver 
functions between 6 and 12 months and an-
nual abdominal ultrasound examinations 

are needed for assessing potential hepato-
toxicity. Hepatotoxicity, however, is mostly 
seen with the rarely given oral testosterone.

vv Moreover, annual control of the PSA (pros-
tate-specific antigen) level and urological 
examination are also recommended.

?? Can patients with Klinefelter syndrome have 
children?

vv Men with Klinefelter syndrome have im-
paired fertility and are mostly azoosper-
mic. Thus, in general, most Klinefelter 
syndrome patients are infertile. KS patients 
with mosaic karyotypes might have reduced 
fertility. The advent of novel assisted re-
productive techniques such as the surgical 
extraction of sperm from testes (testicular 
extraction of sperm [TESE] or microscopic 
TESE [microTESE]) might help some KS 
patients to have children. This technique, 
however, must be done at such a young age 
as possible, and the sperm should be cryo-
preserved. Intracytoplasmatic sperm injec-
tion (ICSI) can then be implemented, and 
thus, patients who were previously consid-
ered to be infertile now might have children.

vv In our case, the syndrome was diagnosed at 
the age of 50 years, and at this age, due to 
the progressive testicular damage in KS, the 
retrieval of sperm is generally unsuccessful.

?? Do KS patients need a life-long hormone re-
placement?

vv Klinefelter syndrome usually means a life-
long testosterone replacement.

?? What are the dangers of long-term hypogo-
nadism?

vv In long-standing untreated hypogonadism, 
the cardiovascular morbidity is higher due 
to the insulin resistance and abnormal body 
composition (lean body mass decreased 

�Back to Our Patient

Considering his complaints and laboratory 
test results, and his lack of intention for 
having children, testosterone replacement 
was introduced in a transdermal form (daily 
50 mg testosterone gel).

We can choose between the daily trans-
dermal form, which mimics the physiologi-
cal secretion of the testosterone, and a 
long-acting depot injection form, which can 
be more convenient for some patients.

Klinefelter Syndrome
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and elevated fat mass), and decreased bone 
mineral density leads to osteopenia or os-
teoporosis and associated increased risk of 
fracture.

vv Osteodensitometry in our case showed 
osteopenia (T-score −1.4 at the lumbar 
spine, −0.4 at left femoral neck, and −2.1 
at left radius distal 1/3.) Echocardiography 
and chest X-ray were normal. His choles-
terol, triglyceride (TG) and glucose, HbAIC 
level were in the normal ranges.

?? What comorbidities are frequent in Klinefel-
ter syndrome?

vv Patients with KS may have an increased 
risk for diabetes mellitus, hypothyroidism, 
hypoparathyroidism, autoimmune diseases 
(systemic lupus erythematosus, Sjogren’s 
syndrome, and rheumatoid arthritis), os-
teopenia, osteoporosis, bronchitis, obstruc-
tive bronchial disease, and breast cancer.

?? What is the risk for breast cancer in KS pa-
tients?

vv Whereas male breast cancer in the normal 
population is extremely rare, KS patients 
have a 50-fold increased risk. However, the 
life-time risk for breast cancer is low (<1%).

?? Does Klinefelter syndrome affect the life ex-
pectancy of patients?

vv Yes, the mortality of KS patients is in-
creased because of the associated car-
diovascular, hemostatic, and metabolic 
complications.

vv We must also emphasize that their qual-
ity of life is worse than that of the general 
population.

Tips

The reader is advised to read the chapter on 
Kallmann syndrome (hypogonadotropic 
hypogonadism).

Take Home Messages
55 Klinefelter syndrome is the most fre-

quent chromosomal aberration in males, 
and it is also the most common cause of 
primary hypogonadism in males.

55 KS is associated with primary/hypergo-
nadotropic hypogonadism of varying 
severity, but infertility is common.

55 Life-long testosterone replacement to 
prevent osteoporosis, obesity, metabolic 
syndrome, and diabetes is warranted.

55 Life-long care is needed due to numer-
ous comorbidities.
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?? What relevant clinical characteristics 
were found during the examination of the  
patient?

vv The patient had normal breast develop-
ment (Tanner stage 5) and poor pubic 
hair (Tanner stage 1). She had no axillary 
hair. Her weight on admission was 98 kg, 
her height was 164 cm, and her BMI was 
36.5  kg/m2. Gynecological examination 
and transvaginal ultrasound revealed 
a blind-ended hypoplastic vagina with 
3  cm of  depth and the complete lack 
of  uterus and ovaries. External genita-
lia were completely female. Urography 
revealed no abnormalities of  the urinary 
tract.

?? Which clinical characteristics are the most 
important for CAIS diagnosis?

Opening
In this chapter, the clinical features, diagnosis, 
and treatment of complete androgen insensitiv-
ity syndrome (CAIS) are presented. CAIS is a 
rare disease belonging to the disorders of sex 

development (DSD), which is a cause for pri-
mary amenorrhea in women. CAIS is caused 
by various mutations in the androgen receptor 
(AR) gene

Definition of the Disease

Complete androgen insensitivity syndrome 
(CAIS) can be defined as hormone resistance 
to androgens resulting in a female phenotype 
in an individual with a normal male 46,XY 
karyotype and testes producing age-appro-
priate normal concentrations of  androgens 
(testosterone) (46,XY DSD). It can also be 
categorized as a form of  sex reversal, since a 
female phenotype develops despite a normal 
male karyotype. Previously, the term male 
pseudohermaphroditism was also used for 
describing such syndromes where the affected 
individual has testes, but female external geni-
talia or a complete female phenotype like in 
CAIS is present.

Other forms of AIS (androgen insensi-
tivity) include mild AIS (MAIS) and partial 
AIS (PAIS). The etiopathogenesis is related 
to mutations in the X-linked androgen recep-
tor gene. This syndrome was described by John 

Morris in 1953 based on 82 cases. He named 
this syndrome “testicular feminization syn-
drome.” It reflected the observation that testes 
in these patients produced a hormone that had 
a feminizing effect on the body. At present, it is 
understood that it results from the subsequent 
aromatization of testosterone into estrogen. 
In the past, other names to describe this syn-
drome were also used, namely, Morris’ syn-
drome and Goldberg-Maxwell syndrome. After 
the understanding of the underlying molecular 
pathogenesis (defects in the androgen recep-
tor) of this syndrome, the currently accepted 
name is androgen insensitivity syndrome. Com-
plete AIS is rare and occurs in as many as 1 in 
20,000 live births. About two-thirds of CAIS 
are inherited from the mother as an X-linked 
recessive trait, and one-third present as de 
novo, sporadic mutations. Patients with CAIS 
are infertile.

�Case Presentation

A 44-year-old Caucasian female was referred 
to the Department of Gynecological Endo
crinology, Poznan University of Medical 
Sciences, due to primary amenorrhea. It 
is rare to diagnose primary amenorrhea in 
a patient at this age. Nevertheless, she had 
never requested diagnostic examinations 
before admission. She did not have any rel-
evant past medical or family history.
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vv The diagnosis, which is typically made in an 
adolescent or young adult woman, is based 
upon a constellation of clinical and biochem-
ical findings, including the following:

55 Female phenotype with normal breast 
development

55 Primary amenorrhea
55 Little or no axillary or pubic hair
55 Absent uterus, but testes present
55 Blind vaginal pouch on examination

?? Which hormones should be measured?

vv The most important hormonal parameter 
measured in a case of  suspicion of CAIS 
is testosterone (T). In CAIS patients, 
serum testosterone concentrations are 
either within or above the normal range for 
males. Luteinizing hormone (LH) concen-
trations are inappropriately elevated due to 
the fallout of  negative feedback by T via 
the AR. Levels of  follicle stimulating hor-
mone (FSH) and inhibin can be normal, 
as the secretion of FSH is predominantly 
regulated by inhibins produced by testicu-
lar cells and is therefore less influenced by 
androgen insensitivity.

?? What were the hormonal results of our pa-
tient?

vv Serum LH, FSH, and total testosterone 
concentration were significantly elevated, 
while estradiol serum concentration was 
considerably low for a female. The other 
hormonal results were within normal limits 
(.  Table 43.1). Taking into consideration 
the described results, androgen insensitiv-
ity syndrome was suspected.

?? What additional diagnostic tests should be 
undertaken?

vv In CAIS, the testes may be located in the 
abdomen or in the inguinal region due to 
the lack of  androgen action. It has been 
established that androgens mediate the 
inguinoscrotal phase of  testis descent to 
ensure that the testes are in the scrotum 
at or soon after birth in humans. The site 

and size of  the testes can be determined 
by ultrasonography or magnetic resonance 
imaging (MRI).

?? What was the result of diagnostic imaging in 
our patient?

vv A small pelvis MRI was performed that 
confirmed the absence of  a uterus and ova-
ries; moreover, an adequately developed 
distal vagina was also noted. MRI did not 
reveal any additional pathology or masses 
within the pelvis. Because of  the strong 
suspicion of  AIS, we performed examina-
tions focused on a search for testes. An 
ultrasound of  the inguinal canals was 
then performed, which revealed the pres-
ence of  two oval, homogenously echogenic 
structures bilaterally below the superficial 
inguinal rings (right 43 × 24 × 21 mm, left 
29 × 21 × 20 mm). A follow-up contrast-
enhanced pelvic MRI was performed to 
visualize the inguinal canals. Two homog-
enous contrast-enhancing solid mass 
lesions were confirmed bilaterally in the 
distal canals. It was determined that these 
lesions most likely corresponded to the 

.      . Table 43.1  Hormonal profile of  patient on 
admission to hospital

Hormonal 
results at 
diagnosis

Reference 
values for 
females

FSH [mIU/mL] 45.26 3.50–12.50a

LH [mIU/mL] 69.11 2.40–12.60a

Estradiol [pg/mL] 22.10 12.50–166.0a

Testosterone  
[ng/mL]

6.12 0.06–0.82

DHEAS 
[μmol/L]

4.54 1.65–9.15

TSH [μIU/mL] 1.45 0.27–4.20

FT4 [ng/dL] 0.98 0.93–1.70

Insulin [mIU/mL] 6.89 2.60–24.90

aNormal ranges for the follicular phase of  the 
menstrual cycle
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undescended testes. On the basis of  these 
clinical findings, biochemical parameters, 
and diagnostic imaging, the patient was 
referred for surgery. She underwent surgi-
cal excision of  both inguinal masses.

?? What was the histopathological result of the 
excised masses?

vv The seminiferous tubules located in the 
excised gonads contained only Sertoli cells. 
There were numerous Leydig cells in the 
stroma. Within the right gonad, a nodule 
composed of hypoplastic seminiferous 
tubules with immature Sertoli and Leydig 
cells was present (Sertoli-Leydig ham-
artoma). The whole microscopic image 
corresponded to the clinical diagnosis of 
androgen insensitivity syndrome.

?? Why was gonadectomy needed?

vv Prophylactic gonadectomy has been per-
formed because of  the risk for develop-
ing gonadal malignancy, mostly germ 
cell tumors (gonadoblastoma or dysger-
minoma). The risk is low below the age 
of  25  years and tumor formation is most 
frequent between 30 and 50  years of  age. 
An estimated average of  5% CAIS patients 
develop gonadal tumors.

?? Is genetic testing necessary for establishing 
the diagnosis?

vv The AR is coded by a single-copy gene on 
the X chromosome. A diagnosis of  CAIS 
can be confirmed by sequencing the coding 
region of  this gene. Loss-of-function muta-
tions in the coding sequence of  the AR can 
be found in most women with CAIS.

?? What was the result of genetic testing in our 
patient?

vv Chromosomal analysis (using GTG band-
ing) confirmed a 46,XY karyotype. We 
have sequenced the coding AR region. A 
novel single base substitution from cyto-

sine to thymine at position 66,942,710 
was identified that predicted pathological 
effect in the Mutation Taster web applica-
tion (7  http://www.mutationtaster.org/).

?? What was the follow-up of our patient?

vv The patient is leading a well-adjusted life 
as a woman and is a fully functioning 
member of  society. After surgical removal 
of  both testes, she was administered hor-
mone replacement therapy (HRT). Due 
to the lack of  a uterus, monotherapy with 
estradiol 2  mg per os daily was started. 
Serum FSH and estradiol concentrations 
were measured at 1  year follow-up after 
surgery (.  Table  43.2). To this day, the 
patient remains under our control and her 
health condition remains stable.

?? What kind of other causes of primary amen-
orrhea should be mentioned?

.      . Table 43.2  Hormonal profile of  patient 
1  year after surgery on hormonal replacement 
therapy (HRT)

After 
surgery; 
on HRT

Reference 
values for 
females

FSH [mIU/mL] 21.30 3.50–12.50a

LH [mIU/mL] 10.40 2.40–12.60a

Estradiol  
[pg/mL]

73.10 12.50–166.0a

Testosterone 
[ng/mL]

0.23 0.06–0.82

DHEAS 
[μmol/L]

9.90 1.65–9.15

TSH [μIU/mL] 1.40 0.27–4.20

FT4 [ng/dL] 1.09 0.93–1.70

Insulin  
[mIU/mL]

7.45 2.60–24.90

AMH [ng/mL] <0.01

aNormal ranges for the follicular phase of  the 
menstrual cycle
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vv Turner syndrome is the most common cause 
of  primary amenorrhea in women and it is 
discussed in 7  Chap. 40.

vv Pure Gonadal Dysgenesis (Swyer syn-
drome)

vv Patients with Swyer syndrome, another 
syndrome of  sex reversal, also referred 
to as pure gonadal dysgenesis (karyotype 
46,XY), are clinically characterized by 
a delay in puberty, normal or increased 
height, and primary amenorrhea. They 
only have a streak gonad and there is a 
lack of  the prenatal synthesis of  AMH 
(anti-Müllerian hormone) and testoster-
one, leading to the preservation of  the 
Müllerian structures (uterus, fallopian 
tubes, upper third of  the vagina) and the 
atresia of  the Wolffian duct. It is a very 
rare syndrome (estimated prevalence 
1:80,000–100,000) and has been related 
to mutations in a number of  different 
genes. In the perineal area, transition of 
the urogenital sinus into the urethra and 
the lower two-thirds of  the vagina occurs, 
as well as formation of  the clitoris from 
the genital tubercle and the development 
of  the labia majora from urogenital swell-
ing. As a result, the external genitals are 
female. Laboratory investigations show 
hypergonadotropic (primary) hypogo-
nadism, with high serum concentrations 
of  FSH, LH, and low serum concentra-
tions of  estradiol and AMH.  The pres-
ence of  a Y chromosome may be a risk 
factor for the development of  tumors, 
such as gonadoblastoma and dysgermi-
noma within the gonadal tissue with a 
prevalence of  14–45%. Management of 
those patients is based on the preventive 
excision of  streak gonads and long-term 
hormone replacement therapy.

vv Mayer-Rokitansky-Küster-Hauser Syndrome 
(MRKH syndrome)

vv Patients with Mayer-Rokitansky-Küster- 
Hauser syndrome lacks a uterus and a 
vagina due to the absence of Müllerian 
duct development. They have normal 

female gonads, normal female phenotype 
with pubic and axillary hair, normal breast 
development, and internal female genitalia. 
Their karyotype is 46,XX and the serum 
concentrations of FSH, LH, AMH, and 
estradiol are within the normal range. In 
2015, the first live births were reported 
after uterus transplantation in women with 
MRKH syndrome.

vv Kallmann syndrome is a hereditary form of 
hypogonadotropic hypogonadism associ-
ated with anosmia/hyposmia that is dis-
cussed in 7  Chap. 7.

vv Enzyme Deficiencies

vv Deficiency of 5-α reductase or other 
enzymes (cholesterol side chain cleavage 
enzyme  – gene CYP11A1, 3ß-hydroxys-
teroid dehydrogenase 2  – gene HSD3B2, 
17α-hydroxylase/17,20-lyase  – gene 
CYP17A1 (7  Chap. 35), StAR  – gene 
StAR) can also lead to sexual ambiguity and 
must be differentiated in particular from 
partial AIS (PAIS) and mild AIS (MAIS).

?? Is androgen insensitivity syndrome always 
characterized by a female phenotype?

vv The clinical presentation of  androgen 
insensitivity is associated with the degree 
of  tissue resistance to the biological actions 
of  androgens. Complete androgen insensi-
tivity syndrome (CAIS) results in a female 
phenotype. Affected women (including 
some models and actresses) are taller than 
the average.

vv Partial androgen insensitivity syndrome 
(PAIS) includes phenotypes of various 
degrees of masculinization in relation to 
AR mutations resulting in different respon-
siveness of external genitalia to andro-
gens. Patients with PAIS may have both 
male and female physical characteristics 
(DSD). Typical phenotypes are associated 
with micropenis, severe hypospadias, and 
bifid scrotum. Sequencing of the AR gene 
is necessary to confirm the diagnosis of 
PAIS and to distinguish the syndrome from 
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other causes of undermasculinization such 
as partial gonadal dysgenesis, mutations of 
the luteinizing hormone receptor, enzyme 
deficiencies, or Klinefelter syndrome 
(7  Chap. 42).

vv Mild androgen insensitivity syndrome 
(MAIS) also results from a mutation of  the 
androgen receptor gene but is not associ-
ated with genital anomalies and therefore 
is infrequently reported. MAIS can pres-
ent in men as infertility and gynecomas-
tia. There is a form of MAIS related to 
Kennedy’s disease that is characterized by 
the weakness and wasting of  bulbar, facial, 
and limb muscles (bulbar and spinal mus-
cular atrophy). Kennedy’s disease is caused 
by a trinucleotide repeat expansion in the 
AR gene.

?? What kind of treatment options can be envis-
aged for patients?

vv Management of  complete androgen insen-
sitivity syndrome includes gonadectomy 
and subsequent hormone replacement and 
creation of  a functional vagina. Genetic 
counseling and psychological care should 
also be provided. The primary treatment 
is laparoscopic gonadectomy because of  a 
risk of  gonadal malignancy, mostly germ 
cell tumors (gonadoblastoma or dysger-
minoma). Choosing the right time for a 
gonadectomy is also very important from 
the psychological point of  view. Most AIS 
guidelines recommend to perform gonad-
ectomy only after the sexual characteristics 
are fully developed or the patient is over 
16  years of  age with full breast develop-
ment. Other authors suggest to perform 
a gonadal biopsy as soon as AIS is diag-
nosed and propose prepubertal gonad-
ectomy if  precancerous lesions or in situ 
carcinomas are found. Estrogen replace-
ment is needed to induce puberty or to 
maintain secondary sex characteristics. 
HRT is not only necessary for the develop-
ment of  sexual characteristics but is also 
a preventive option that affects later com-
plications, such as osteoporosis and car-
diovascular disease. Bone mineral density 

can be significantly lower in patients with 
CAIS that can also be improved by the 
administration of  estrogens. Progesterone 
is not indicated due to the absence of  a 
uterus. Some women suffering from CAIS 
prefer to take supplementary testosterone 
too after gonadectomy as it might improve 
their overall well-being including sexual 
desire.

?? Is there any adjuvant therapy that should be 
considered?

vv Psychological care and support seem to be 
crucial for parents and especially for chil-
dren diagnosed with CAIS.  Making the 
diagnosis affects the life of  the whole fam-
ily. Parents have to decide the gender their 
child should be raised in. Children with 
CAIS are mostly brought up as females. 
The struggle is greater with children with 
PAIS.  Children may later need complex 
psychological support, especially if  the 
gender their parents decide upon does not 
match their gender identity.

Tips

The reader is advised to read the 
chapter on Turner syndrome (7  Chap. 
40) and also the chapter on Kallmann 
syndrome (7  Chap. 7) as a prototype of 
hypogonadotropic hypogonadism.

Take Home Messages
55 Androgen insensitivity syndrome (AIS), 

resulting from androgen receptor dys-
function, is an important cause of dis-
orders of sex development (DSD).

55 AIS phenotypes include complete, par-
tial, and mild forms that are associated 
with various degrees of residual andro-
gen receptor activity.

55 In the complete androgen insensitivity 
syndrome (CAIS), a female phenotype 
is found in a patient with a male 46,XY 
karyotype and testes associated with an 
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age-appropriate normal male concen-
tration of testosterone.

55 Imaging tests in CAIS can reveal a 
short vagina, absence of the uterus, or 
the presence of Müllerian or Wolffian 
duct remnants. The gonads in CAIS 
are invariably testes that can be located 
within the abdomen or labia but are 
most frequently found in the inguinal 
canals.

55 Management of CAIS includes gonad-
ectomy because of the risk of gonadal 
tumors in later life and hormone 
replacement therapy after the opera-
tion.

55 Psychosocial support is central to the 
multidisciplinary approach for the 
management of androgen insensitivity 
syndrome.
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Neuroendocrine 
Tumors and 
Paraneoplastic 
Endocrine 
Syndromes
Neuroendocrine tumors comprise a heterogeneous group of 
tumors originating from the complex neuroendocrine system. 
Tumors originating from neuroendocrine organs such as the adre-
nal medulla (pheochromocytoma) or pituitary are discussed in 
other parts of the book. This part discusses tumors originating 
from dispersed neuroendocrine cells from the gastrointestinal 
tract (7  Chap. 44 – small intestine, 7  Chap. 46 – insulinoma (pan-
creas), and 7  Chap. 48  – gastrinoma) and bronchi (7  Chap. 45  – 
bronchial neuroendocrine tumor). The incidence of neuroendocrine 
tumors is growing as well as their clinical relevance. Neuroendo-
crine (and other) tumors can be associated with paraneoplastic 
endocrine syndromes. The definition of paraneoplastic syndrome 
refers to the condition when the tumor-associated symptoms are 
not in relation to the tumor mass, growth, invasion, or metastases, 
but the tumor secretes soluble mediators or induces autoimmune 
reactions that can produce symptoms in remote organs. Such sol-
uble mediators can be hormones (paraneoplastic endocrine syn-
dromes), but other mediators such as growth factors and cytokines 
can also be produced, leading to a wide variety of sometimes 
unusual syndromes (paraneoplastic neurologic, dermatologic, 
hematologic syndromes, etc.). This part discusses neuroendocrine 
tumors and associated syndromes, that is, carcinoid syndrome 
(7  Chap. 44), ectopic ACTH syndrome (a severe form of hypercor-
tisolism, 7  Chap. 45), and duodenopancreatic neuroendocrine 
tumors (insulinoma (7  Chap. 46) and gastrinoma (7  Chap. 48)). 
7  Chapter 47 is dedicated to factitious hypoglycemia that can 
cause differential diagnostic problems with insulinoma. 
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7  Chapter  49 presents humoral hypercalcemia of malignancy, 
which is the most common paraneoplastic endocrine syndrome in 
solid tumors, often resulting in life-threatening hypercalcemia. 
The management of hypercalcemia is also discussed here. The 
syndrome of inappropriate antidiuretic hormone production 
(SIADH), which can also be of paraneoplastic origin and consid-
ered to be the second most common paraneoplastic endocrine 
syndrome, is presented in the part Diseases of the Pituitary and 
Hypothalamus (7  Chap. 10).
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The neuroendocrine system is a complex sys-
tem comprised of neuroendocrine organs (e.g., 
the adrenal medulla, pituitary, and parathy-
roids) and widely dispersed neuroendocrine 
cells that are found in various organs, most 
notably in the mucosa of the gastrointesti-
nal and respiratory tracts. Neuroendocrine 
tumors (NETs) can arise both in neuroendo-
crine organs (e.g., pheochromocytoma) and 
from dispersed neuroendocrine cells in other 
organs. The term neuroendocrine tumor that is 

widely used in clinical practice is mostly related 
to tumors arising from the dispersed neuroen-
docrine cells, and the well-differentiated forms 
of these neuroendocrine tumors were formerly 
termed carcinoids. The term neuroendocrine 
neoplasm (NEN) comprises both neuroendo-
crine tumors and neuroendocrine carcinoma 
(NEC). Carcinoid syndrome is a paraneoplas-
tic endocrine syndrome mostly observed in 
patients suffering from neuroendocrine tumors 
of small intestinal (midgut) origin.

Definition of the Disease

Carcinoid syndrome is a paraneoplastic endo-
crine syndrome typically observed in patients 
with neuroendocrine tumors of gastrointes-
tinal or less frequently of bronchial origin. 
Several humoral factors (serotonin, histamine, 
kallikreins, and prostaglandins) might contrib-
ute to its pathogenesis, but the biogenic amine 
serotonin is the most important. Serotonin is 
synthesized from the amino acid tryptophan. 
Neuroendocrine tumors of the gastrointesti-
nal tract are relatively rare with an incidence 
of about 3.5/100.000/year in studies conducted 
in the United States. Gastrointestinal neuroen-
docrine tumors can arise at many sites. Char-
acteristic locations include the small intestine, 
appendix, stomach, pancreas, colon, and rec-
tum. The incidence of lung neuroendocrine 
tumors varies between 0.2 and 2/100.000/year. 
The incidence of NET is increasing. The clas-
sification of neuroendocrine tumors has been 
modified extensively in the past decades. The 
latest World Health Organization (WHO)-
based classification of gastrointestinal NET is 
presented in .  Table 44.1. Well-differentiated 
neuroendocrine tumors (with grades 1–2) were 
formerly termed carcinoid tumors as their his-
tological morphology resembles carcinomas, 
but their biological behavior is much more 
benign. It must be stressed that even tumors 
with the lowest proliferation rates can metas-
tasize. About two-thirds of the neuroendocrine 
tumors are not associated with clear hormonal 

overproduction and are thus hormonally 
inactive, whereas one-third are hormone-pro-
ducing. Carcinoid syndrome is most often 
observed in tumors arising from the midgut, 
mostly in the small intestine, and it is typically 
seen in patients with multiple liver metasta-
ses. Carcinoid syndrome is the most frequent 
paraneoplastic endocrine syndrome in NET 
patients being observed in almost 20% of cases.

Pancreatic neuroendocrine tumors include 
hormone-producing tumors such as insuli-
noma (7  Chap. 46), gastrinoma (7  Chap. 48), 
and very rare tumors such as glucagonoma 
(incidence: 1:20 million/year), VIP-oma (inci-
dence: 1:10 million/year), and somatostati-
noma (incidence: 1:40 million/year). 
Glucagonoma is associated with an impaired 
glucose homeostasis or diabetes mellitus, and 
non-endocrine paraneoplastic syndromes such 
as migrating thrombophlebitis and a severe 
necrotizing skin disease, necrolytic migrating 
erythema (.  Fig. 44.1). VIP-oma secretes VIP 
(vasoactive intestinal peptide) and is associ-
ated with severe diarrhea and hypokalemia (its 
alternative names include Verner–Morrison 
syndrome, WDHA syndrome—watery diar-
rhea hypokalemia achlorhydria—and pancre-
atic cholera). Somatostatinoma often does not 
have typical clinical features, but the triad of 
diabetes mellitus/impaired glucose homeosta-
sis, recurrent cholelithiasis, and diarrhea or 
steatorrhea (fatty stool) can occur.

	 P. Igaz
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?? What is the typical flush like in carcinoid 
syndrome?

vv The flush usually involves the upper body, 
and it is most commonly seen on the face. 
About 80–85% of  patients with carcinoid 
syndrome have flushing. The typical flush 
associated with carcinoid syndrome is not 
accompanied by sweating (.  Fig.  44.2a). 
Emotional stress and alcohol can provoke 
flushes. If  the carcinoid syndrome is active 
for a long time (usually several years), a 
chronic flush can develop (.  Fig. 44.2b). 
Other conditions associated with flushing 
are presented in .  Table 44.2.

?? What kind of  other symptoms and com-
plications might occur in carcinoid syn-
drome?

vv Secretory diarrhea is seen in about 80% of 
patients, and this can be very disturbing. 
Bronchospasm leading to dyspnea is more 
infrequent, observed in 10–20%.

�Case Presentation

A 60-year-old female patient was referred 
to our center because of flushing, abdomi-
nal pains, and diarrhea that could not be 
explained by routine gastroenterological 
examinations. Her history included appen-
dectomy and tonsillectomy. Her current com-
plaints started 3  years earlier. Abdominal 
imaging showed multiple liver lesions, the 
largest having a diameter of 5 cm.

.      . Table 44.1  Classification of  gastrointestinal neuroendocrine tumors based on the recent (2019) World 
Health Organization classification (WHO Classification of  Tumours)

NET-G1 NET-G2 NET-G3 NEC (small or 
large cell)

MINEN

Differentiation Well-
differentiated

Well-
differentiated

Well-
differentiated

Poorly 
differentiated

Well- or poorly 
differentiated

Grade Low Intermediate High High Variable

Ki-67 index 
(%)

<3 3–20 >20 >20 Variable

Mitotic index <2 2–20 >20 >20 Variable

Klimstra DS, Kloppel G, La Rosa S, Rindi G, Digestive system tumours, 5th ed: The WHO Classification of 
Tumours Editorial Board (Ed), the WHO classification of  neuroendocrine neoplasms of  the digestive system)
NEC neuroendocrine cancer, MINEN mixed neuroendocrine-non neuroendocrine neoplasm, Ki-67 is an 
immunostaining used to show proliferation activity, Mitotic index mitoses/2  mm2, NET-G1 can be corre-
sponded to the former term typical carcinoid, whereas NET-G2 to atypical or malignant carcinoid

.      . Fig. 44.1  Necrolytic migratory erythema. Necrotic, 
eroded, crusted and scaling, annular, red plaques on the 
skin of  a 75-year-old male with a glucagon-producing 
tumor. He was first misdiagnosed as contagious impe-
tigo in diabetes mellitus. After surgical removal of  the 
tumor, the skin lesions healed spontaneously. (Courtesy 
of  Prof. Miklós Sárdy, Department of  Dermatology, 
Venereology and Dermatooncology, Semmelweis Uni-
versity, Budapest, Hungary)

Carcinoid Syndrome Caused by a Small Intestinal Neuroendocrine Tumor



438

44

a
b

.      
.

Fi
g.

 4
4.

2 
F

lu
sh

 in
 c

ar
ci

no
id

 s
yn

dr
om

e.
 a

 A
n 

ac
ut

e 
flu

sh
. b

 C
hr

on
ic

 fl
us

h 
w

it
h 

fa
ci

al
 v

en
ou

s 
te

la
ng

ie
ct

as
ia

	 P. Igaz



439 44

vv A very rare phenomenon is associated to 
the intensive serotonin biosynthesis need-
ing the vitamin niacin, and thus niacin 
deficiency can develop. Niacin deficiency 
can manifest itself  as pellagra (a disease of 
4Ds if  left untreated: dermatitis, dementia, 
diarrhea, and death).

?? What is carcinoid heart disease?

vv Approximately 50% of  patients with car-
cinoid syndrome suffer from carcinoid 
heart disease that is related to the devel-
opment endocardial fibrosis mostly due 
to serotonin action. As serotonin is exten-
sively metabolized by the lungs, valves 
of  the right side of  the heart are mostly 
involved while the left is usually spared. 
Tricuspid insufficiency and pulmonary ste-
nosis can be observed. Regular (e.g., every 
6  months) echocardiography is needed in 
patients with carcinoid syndrome.

vv Very rarely, retroperitoneal fibrosis can 
develop in severe cases of  carcinoid syn-
drome.

?? What kind of other neuroendocrine neo-
plasms can be associated with severe diar-
rhea?

vv Besides carcinoid syndrome, severe diar-
rhea can also occur in pancreatic NET 
such as in gastrinoma (7  Chap. 48), VIP-
oma, or glucagonoma. Diarrhea might 

also be severe in medullary thyroid cancer, 
a neuroendocrine neoplasm originating 
from the calcitonin-producing neuroendo-
crine C-cells of  the thyroid (7  Chap. 19).

?? Which hormonal measurements should be 
used to confirm the diagnosis of carcinoid 
syndrome?

vv The serotonin metabolite 5-hydroxyin-
doleacetic acid (5-HIAA) can be mea-
sured from the urine, and its significant 
elevation has high sensitivity and specific-
ity. In patients with carcinoid syndrome, 
5-HIAA is usually considerably elevated 
exceeding two or three times the upper 
normal reference value. Urine should be 
collected for 24  hours in a dark bottle in 
an acidic environment (similarly to urinary 
catecholamines, see the chapter on pheo-
chromocytoma [7  Chap. 37]). Several false 
positive and negative conditions can occur 
with 5-HIAA. False positive results can be 
seen with malabsorption and several foods 
(e.g., pineapple, banana, kiwi, eggplant, 
tomato, and nuts) containing serotonin 
or tryptophan. Drugs can also lead to 
false positive (e.g., acetaminophen, cou-
maric acid, and phenobarbital) or negative 
results (e.g., levodopa, imipramine, aspi-
rin, and isoniazid).

vv The 5-HIAA measurement in this case 
gave 100.8  mg/24  h (normal <8.2), so it 
was significantly elevated.

.      . Table 44.2  Differential diagnosis of  conditions associated with flushing

Physiological 
conditions

Diseases Drugs

Perimenopausal 
syndrome
Food containing 
capsaicin

Neuroendocrine tumors: pheochromocytoma, 
medullary thyroid cancer, VIP-oma
Hematological diseases: systemic mastocytosis, 
chronic myelogenous leukemia
Tumors, e.g., renal cancer
Panic syndrome

Alcohol
Alcohol + disulfiram
Nicotinic acid
Levodopa

The most frequently observed conditions are perimenopausal and panic syndromes. Pheochromocytoma is 
mostly associated with hypertension that is not a feature of  carcinoid syndrome. Medullary thyroid cancer 
can secrete several different biologically active compounds resulting in flushing

Carcinoid Syndrome Caused by a Small Intestinal Neuroendocrine Tumor
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vv Recently, serotonin levels can also be mea-
sured in the blood.

vv The other major biomarker of  value in 
carcinoid syndrome is chromogranin 
A (CgA), which is a general marker of 
neuroendocrine tumors. In contrast with 
5-HIAA, CgA is also associated with 
tumor burden and can be used for the fol-
low-up of  neuroendocrine tumor patients, 
even in patients without hormonal activ-
ity. CgA was 369.2 ng/mL (normal range: 
19.4–98.1).

?? Which conditions could lead to false positive 
CgA?

vv CgA can be elevated in severe hypertension, 
pregnancy, renal insufficiency, chronic 
atrophic gastritis, inflammatory bowel 
disease, non-neuroendocrine tumors, and 
several other pathologies. In chronic atro-
phic gastritis, high gastrin stimulates CgA 
release. Pharmacological inhibition of 
gastric acid production by histamine H2 
receptor-blockers and to a larger extent 
by proton pump inhibitors can result in 
sometimes significant CgA elevation, and 
therefore, these drugs should be omit-
ted before CgA measurement (3  days for 
H2-blockers, 10–14 days for proton pump 
inhibitors in general). Glucocorticoids can 
also lead to CgA elevation.

?? How should we proceed?

vv A histological diagnosis is needed, and 
therefore, an ultrasound-guided liver 
biopsy from a metastatic lesion was per-
formed. The liver biopsy showed a NET-
G1 with a Ki-67 <1%.

?? Is the imaging diagnosis of liver metastases 
of neuroendocrine neoplasm easy?

vv Unfortunately, NET-metastases are often 
mistakenly diagnosed as hemangiomas 
by ultrasound, and even their computed 
tomography (CT) or magnetic resonance 
imaging (MRI) diagnosis needs expertise.

?? What can we infer from the histological di-
agnosis?

vv As shown in .  Table  44.1, this is a well-
differentiated neuroendocrine tumor with 
a low proliferation rate. The prognosis of 
these tumors is good, and patients with 
proper treatment can survive even decades 
after the diagnosis. Many different treat-
ment regimens can be tried.

vv Whereas the prognosis of  well-differenti-
ated NET-G1 and NET-G2 is good, neu-
roendocrine cancer with proliferation rates 
over 20% (either by Ki-67 immunostaining 
or by the mitotic rate) has poor progno-
sis. Most recently, a NET-G3 category has 
been established (first for pancreatic NET) 
that has rather high proliferation rate but 
shows well-differentiated morphology.

?? Should we look for the primary tumor?

vv In such patients having multiple liver 
metastases and carcinoid syndrome, the 
primary tumor is usually small and located 
in the small intestine. We could argue that 
a small tumor in comparison to the several 
liver metastases is of little importance, but 
even such small tumors can lead to intesti-
nal obstruction. Moreover, reduction of the 
tumor burden (tumor debulking) in well-
differentiated NET is an important treat-
ment option, and operative procedures are 
thus often used in NET-G1 and NET-G2.

?? Which imaging techniques should be per-
formed to find the primary tumor?

vv Nowadays, functional imaging based on 
the expression of somatostatin recep-
tors (SSR) by NET is considered to be 
the most sensitive imaging modality. 
Neuroendocrine neoplasms express recep-
tors for somatostatin, and marked soma-
tostatin analogues can be used by nuclear 
medicine for imaging. There are five soma-
tostatin receptors (SSR) in humans, and 
the somatostatin analogue used for imag-
ing (octreotide) binds mostly receptor types 
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2 and 5. (Native somatostatin has a very 
short half-life, and therefore, somatosta-
tin analogues have been developed, e.g., 
octreotide and lanreotide.) Radiolabeled 
(111In) octreotide is used in classic soma-
tostatin receptor scintigraphy that can be 
combined with SPECT-CT (single pho-
ton emission computed tomography), but 
recently 68Ga-DOTATATE PET-CT (posi-
tron emission computed tomography) with 
sensitivity and specificity over 90% is con-
sidered to be the most appropriate imaging.

vv Ultrasound, CT, MRI, and endoscopies 
also belong to the standard imaging tech-
niques of  NET.

vv In this case, octreotide scintigraphy 
was performed, which showed the SSR-
positive lesions of  the liver but failed to 
show the primary tumor (.  Fig.  44.3a). 
The primary tumor could be localized by 
using CT-enterography that showed the 
tumor in the terminal ileum.

vv Laparotomy was performed and an 
ileal tumor with a diameter of  1  cm was 
removed. Histology was the same as from 
the liver metastasis (NET-G1, Ki-67 <1%).

?? What should be the treatment strategy?

vv The treatment strategy is primarily based 
on the pathological characteristics of  the 
tumor. Whereas NET-G1 and NET-G2 
have good prognosis and a wide array of 
treatment modalities are available, NEC 
(neuroendocrine cancer) is treated by 
systemic chemotherapy. General treat-
ment options for NEN are summarized in 
.  Table 44.3.

vv NET-G1 small intestinal tumors are usu-
ally slowly growing tumors, and there 
are reports that in hormonally inactive 
tumors even observation could be suffi-
cient. However, recent findings (PROMID 
[octreotide] and CLARINET [lanreotide] 
studies) show that somatostatin analogues 
(SSAs) are not only useful for alleviating 
hormonal symptoms but also for inhib-
iting tumor growth. Therefore, SSAs 
are considered as the primary treatment 
option for patients with well-differenti-
ated G1 and G2 tumors. (In G3 tumors 
and cancer, SSA is indicated only for alle-
viating hormonal symptoms.) Along with 
interferon-α (IFN-α), SSA therapy can be 
regarded as a biological treatment option 
for NET.

?? How can somatostatin analogues be used in 
patients with carcinoid syndrome?

a b

.      . Fig. 44.3  a Octreotide scintigraphy SPECT-CT 
showing multiple metastases in the liver (green) with a 
large metastasis in the right lobe (arrow). b Necrosis in 

the large metastasis following TACE (transarterial che-
moembolization)

Carcinoid Syndrome Caused by a Small Intestinal Neuroendocrine Tumor
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vv SSAs can alleviate symptoms associated 
with carcinoid syndrome in about 80% of 
patients. The two mainly used analogues, 
octreotide and lanreotide, are similarly 
effective, and both can be used in monthly 
depot injections that are very comfortable 
for the patient. Octreotide is also available 
in short-acting injections that can be used 
by subcutaneous or intravenous administra-
tion. In metastatic NET patients, monthly 
30 mg octreotide or 120 mg lanreotide are 
the standard doses, but there are reports on 
the effectivity of even larger doses.

?? What is carcinoid crisis?

vv Carcinoid crisis is a rare condition in 
carcinoid syndrome patients that is most 
often provoked by the manipulation or 
treatment of  the tumor (e.g., operation, 
interventional radiological treatment, 
biopsy, and peptide receptor radionuclide 
therapy [PRRT]). Due to excessive media-
tor release, significant hypotension and 
cardiovascular instability can occur. It 
should be treated with high dose intrave-
nous octreotide (500–1000 μg) in infusion. 
In patients suffering from carcinoid syn-
drome, subcutaneous octreotide should be 
given before interventions (e.g., 3 × 200 μg 
s.c.) in addition to the depot SSA prepara-
tions to prevent carcinoid crisis.

?? What are the main side effects of SSAs?

vv As SSAs inhibit the secretion of  cholecys-
tokinin and thus gallbladder contraction, 
gallstones can develop in these patients. 
Our patient also developed gallstones and 
had symptoms associated with them after 
5  years of  SSA use and cholecystectomy 
had to be performed. Further side effects 
include diarrhea and impairment of  glu-
cose homeostasis. The most significant 
impairment of  glucose homeostasis is seen 
with the most novel somatostatin analogue 
pasireotide that binds four somatostatin 
receptors (SSR1, 2, 3, and 5) and is mainly 
used in the treatment of  acromegaly and 
Cushing’s disease (see 7  Chaps. 2 and 3).

?? What about interferon-α (IFN-α)?

vv IFN-α has similar efficacy as SSAs in alle-
viating symptoms and reducing tumor pro-
liferation in carcinoid syndrome patients, 
but is much less tolerated. Major side 
effects of  interferon therapy include flu-
like symptoms (headache, muscle pains, 
and fever), hematologic alterations (leuko-
penia and anemia), and elevated transami-
nases. The usual dose of  IFN-α in NET 
patients is 3  ×  3  million units/week. Due 
to their different ways of  actions, SSA and 
IFN-α can be combined.

.      . Table 44.3  Treatment strategies for metastatic small intestinal NET based on the pathological classifi-
cation

NET-G1 NET-G2 NET-G3 NEC

Tumor debulking and interventional radiological techniques (e.g., 
TACE and RFA)

–

SSA PRRTa Systemic chemotherapy: platinum-based 
(cisplatin/carboplatin) + etoposide
FOLFOX
FOLFIRI

PRRT Systemic chemotherapy 
(FOLFOX, FOLFIRI)

Everolimus

IFN-α

RFA radiofrequency ablation, TACE transarterial chemoembolization, FOLFOX Oxaliplatin-Fluorouracil-
Leucovorin, FOLFIRI Irinotecan Fluorouracil Leucovorin
aIf  the Ki-67 index of  the tumor is <50%
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vv We tried IFN-α in our patient and the 
combination with SSA was more effective 
than SSA alone in alleviating symptoms; 
moreover, both 5-HIAA excretion and 
CgA were reduced. However, the patient 
could not tolerate IFN-α, and it had to be 
stopped 3 months after its initiation.

?? If the patient still complains about diarrhea, 
are there further treatment options?

vv First, it should be examined whether it is 
really carcinoid syndrome that is respon-
sible for the diarrhea. Other causes of 
diarrhea (e.g., dysbacteriosis, bacterial con-
tamination, malabsorption, and pancreatic 
insufficiency) should be ruled out. A novel 
agent inhibiting tryptophan hydroxylase, 
telotristat, can be tried, which reduces 
bowel movements and can contribute to 
symptomatic relief  in carcinoid syndrome.

?? What could be the next treatment step?

vv SSA treatment was initiated with monthly 
120  mg lanreotide, but she continued to 
complain about diarrhea and flushing. As 
the tumor was progressive, we decided for 
a somatostatin peptide receptor radionu-
clide therapy.

?? What is PRRT (peptide receptor radionu-
clide therapy)?

vv Neuroendocrine neoplasms can be tar-
geted by exploiting their high expres-
sion of  somatostatin receptors (SSR) 
using radioisotopes. Radioisotope-bound 
SSA (mostly octreotide) is internalized 
by tumor cells, and the radiation kills 
the neighboring cells as well. Nowadays, 
mostly 177Lutetium (177Lu) is used in ther-
apy (177Lu-DOTATATE) that emits both 
β- and γ-radiation and is much better tol-
erated than the previously used 90Yttrium 
(90Y). (These radiolabeled SSA can be 
termed theranostics, as the same molecule 
can be used for diagnostic and treatment 
purposes.) PRRT can be used in a wide 
variety of  NET, but the first randomized 

trial (NETTER-1) was performed in mid-
gut NET.

?? What are the conditions needed for perform-
ing PRRT?

vv Patients should be in a relatively good 
overall condition (Karnofsky performance 
scale over 50), should have good renal 
function and blood cell counts, and should 
have an expected survival of  at least over 
3–6 months. The tumor must display higher 
somatostatin receptor (SSTR) expression 
on nuclear imaging than the liver.

?? What major side effects could occur related 
to PRRT?

vv Major side effects include renal, hemato-
logic, and liver toxicity that are altogether 
rare. Renal toxicity was more common 
with 90Y than with the currently used 
177Lu. Hematologic toxicity is a major 
concern. Mild forms include transient leu-
kopenia and thrombocytopenia, but severe 
hematologic complications such as myelo-
dysplastic syndrome and acute myeloge-
nous leukemia can develop in about 1–2% 
of  treated cases.

?? What kind of other treatments could be en-
visaged?

vv As shown in .  Table  44.3, there are still 
several options to be tried. Ablative treat-
ments including interventional radiological 
techniques like transarterial chemoembo-
lization (TACE) and radiofrequency abla-
tion (RFA) are rather effective as in our 
patient’s case shown in .  Fig.  44.3b dis-
playing necrosis after TACE. Everolimus 
as an mammalian target of  rapamycin 
(mTOR) inhibitor can also be tried in 
small intestinal NET, but it is often poorly 
tolerated due to many side effects includ-
ing stomatitis, rash, fatigue, infections, 
and so on. (Everolimus and sunitinib [a 
tyrosine kinase inhibitor] were first shown 
to be effective in pancreatic NET.) These 
treatment options are also effective against 
refractory carcinoid syndrome.

Carcinoid Syndrome Caused by a Small Intestinal Neuroendocrine Tumor
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?? Is there a role for liver transplantation for 
treating metastatic NET?

vv Very rarely, in selected cases, if  the pri-
mary tumor was removed and there are 
no metastases outside the liver, liver trans-
plantation can be envisaged in well-differ-
entiated NET.

?? What are the treatment options for neuroen-
docrine carcinomas?

vv Neuroendocrine carcinomas (NEC) have 
generally poor prognosis and require sys-
temic chemotherapy. In NEC of  small 
intestinal origin, platinum-based chemo-
therapy  +  etoposide is the standard regi-
men, but other regimens (.  Table  44.3) 
can also be tried. Novel findings show that 
PRRT can be tried even in NEC, mostly 
in patients with tumors having Ki-67 
index <55%. The systemic treatment of 
NEC of  pancreatic origin includes strep-
tozotocin  +  5-fluorouracil, but the oral 
capecitabine/temozolomide combination 
(CAPTEM) is also increasingly used.

zz Epilogue
Our patient is in a relatively good overall 
condition after more than 10  years of treat-
ment. The management of neuroendocrine 
neoplasms necessitates a multidisciplinary 
approach involving pathology, endocrinology, 
gastroenterology, surgery, oncology, nuclear 
medicine, and radiology. Patients should be 
treated by centers having expertise in the man-
agement of this disease.

Tips

55 The reader is advised to read the next 
chapter presenting a bronchial neuroen-
docrine tumor associated with an ectopic 
ACTH syndrome (7  Chap. 45) and the 
chapters dealing with pancreatic neuro-
endocrine tumors (insulinoma [7  Chap. 
46] and gastrinoma [7  Chap. 48]).

Take Home Messages
55 Carcinoid syndrome is a rare para-

neoplastic syndrome associated with 
hormonally active neuroendocrine 
neoplasms (NETs), most frequently 
observed in patients with small intestinal 
NET giving multiple liver metastases.

55 NETs have different histological sub-
types that are very important to know 
for planning treatment.

55 Useful biomarkers for diagnosis include 
5-hydroxyindoleacetic acid (5-HIAA), 
a serotonin metabolite, and chromo-
granin A as a general NET-marker.

55 High expression of somatostatin recep-
tors by NET is exploited in both the 
diagnosis and the treatment.

55 Somatostatin analogues are efficient 
in reducing hormonal symptoms, and 
these have also antitumoral activity.

55 Radiolabeled somatostatin analogues 
can be used for diagnosis by nuclear 
medicine and also for treatment (pep-
tide receptor radionuclide treatment) 
(theranostics).

55 In well-differentiated small intestinal 
neuroendocrine tumors (grades 1 and 
2), other treatment modalities include 
surgery (debulking), ablative interven-
tional radiological treatments (e.g., 
transarterial chemoembolization and 
radiofrequency ablation), and targeted 
treatment (everolimus).

55 Poorly differentiated small intestinal 
neuroendocrine cancer (grade 3) should 
be treated with systemic chemotherapy.
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Opening
In this chapter, the clinical aspects of 
Cushing’s syndrome caused by an ectopic 
adrenocorticotropic hormone (ACTH)-
secreting tumor will be discussed. Following 
the course of a patient eventually diagnosed 
with an ACTH-producing atypical neuroen-
docrine tumor (NET; carcinoid) in the lung, 
the clinical features, diagnosis, and treatment 
of ectopic ACTH syndrome will be presented.

Definition of the Disease

Ectopic adrenocorticotropic hormone syn-
drome is defined as an endogenous Cush-
ing’s syndrome caused by a histologically 
heterogeneous group of ACTH-secreting 
neuroendocrine neoplasms (NEN or NET, 
neuroendocrine tumor). The syndrome 
belongs to the group of paraneoplastic 
endocrine syndromes. In exceptionally rare 
cases, lymphomas or sarcomas have also 
been shown to be the source of ectopic 
ACTH production.

The primary tumor may arise from a 
wide variety of  organs, but most 
commonly in the lung (i.e., small cell lung 
cancer [SCLC]), pancreas, and thymus.

?? What feature of this case raises the suspicion 
of ectopic ACTH syndrome?

vv The patient had severe life-threatening 
hypokalemia; however, she had no appar-
ent cause of  this electrolyte imbalance. 
She was not taking diuretics or any other 
medications. There was a complete absence 
of  gastrointestinal symptoms and signs of 
kidney disorder. On the other hand, an 
extraordinarily high potassium dose was 
needed. These findings pointed to the like-
lihood of  the presence of  either primary 
aldosteronism (see in 7  Chap. 28.) or 
other hormone excess with mineralocorti-
coid activity. .  Table 45.1 summarizes the 
major causes of  hypokalemia.

?? Is the clinical picture of ectopic ACTH syn-
drome different from the classical Cushing’s 
phenotype?

vv The classical phenotype in Cushing’s syn-
drome is presented in the chapters on pitu-
itary Cushing’s disease (7  Chap. 3) and 
adrenal Cushing’s syndrome (7  Chap. 
28). The classical phenotype includes 
centripetal obesity, striae, buffalo hump, 
moon-like face, and so on. In ectopic 
ACTH syndrome associated Cushing’s 

�Case Presentation

A 60-year-old postmenopausal female patient 
presented herself  at our department in an emer-
gency setting. Her main complaints started a 
few days ago and included severe general weak-
ness and symmetrical swelling of both lower 
extremities. She had no relevant previous medi-
cal history and did not take any medications 
regularly.

Besides apparent symmetric edemas on 
both legs, no abnormalities have been found on 
a physical examination. Her blood pressure was 
normal. There were no signs of kidney or liver 
failure. Her blood glucose values showed a pre-

diabetic state in her carbohydrate metabolism. 
The cause of her symptoms was soon unveiled 
by a routine lab evaluation showing severe 
hypokalemia (serum potassium 1.6  mmol/L, 
normal: 3.5–5.0). Interestingly, she had no 
signs of arrhythmias or any other ECG abnor-
malities. Urgent supplementation of intrave-
nous and oral potassium chloride has been 
commenced. In an effort to reach physiologic 
serum potassium levels, it has been established 
that extraordinarily high dose (20  g/day) of 
replacement therapy was required to reach nor-
mokalemia.
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syndrome, however, these typical pheno-
typic signs are often lacking, as the syn-
drome is progressing rapidly and there is 
not enough time for the development of 
these symptoms. Severe and rapidly pro-
gressing diabetes mellitus, muscle weak-
ness, hypertension, and hypokalemia can 
be the presenting signs. Hypokalemia is 
due to the excessive levels of  cortisol. The 
HSD11B2 enzyme (11ß-hydroxysteroid 
dehydrogenase 2) defends the mineralo-
corticoid (aldosterone) receptor from the 
more abundant cortisol by metabolizing 
it to inactive cortisone in aldosterone-
responsive organs. In conditions of  exces-
sive cortisol production (e.g., ectopic 
ACTH syndrome or adrenocortical can-
cer), the capacity of  the enzyme is being 
exhausted and cortisol binds with high 
affinity to the mineralocorticoid receptor. 
If  ACTH levels are high, even hyperpig-
mentation can occur.

?? What tests should be done to assess the endo-
crine origin of hypokalemia?

vv After correcting the electrolyte imbalance, 
it was key to evaluate the presence of  pri-
mary aldosteronism (see also in 7  Chap. 
29.). Even though the patient was lacking 
the typical signs of  Cushing’s syndrome, 
the possibility of  hypercortisolism had 
also to be investigated (see in 7  Chaps. 3 
and 27).

.      . Table 45.1  Major causes of  hypokalemia

Decreased intake of potassium

Potassium shift into cells

  �Alkalosis

  �Hyperinsulinemia

  �Hypothermia

  �Drugs (beta receptor agonists, chloroquine)

Gastrointestinal loss of potassium

  �Vomiting

  �Diarrhea

Urinary loss of potassium

  �Diuretics

  �Polyuria

  �Mineralocorticoid excessa

  �Severe hypercortisolism

  �Renal tubular acidosis

  �Salt-wasting nephropathies

  �Hypomagnesemia

Increased loss with perspiration

aMineralocorticoid excess includes several diseases 
such as primary aldosteronism (7  Chap. 28), second-
ary aldosteronism (7  Chap. 29), forms of congenital 
adrenal hyperplasia associated with hypertension 
and hypokalemia (e.g., 11β-hydroxylase deficiency or 
17α-hydroxylase/17,20-lyase deficiency [7  Chap. 35]) 
or apparent mineralocorticoid excess (7  Chap. 35)

�Case Presentation Continued

.  Table  45.2 shows the hormonal results of 
the patient.

Primary aldosteronism was ruled out (nor-
mal aldosterone) on one hand. On the other 
hand, the patient has severe ACTH-dependent 
Cushing’s disease (elevated late-night cortisol 

values and 24-hour urinary free cortisol [UFC], 
no suppression on low-dose dexamethasone 
test, and ACTH is elevated), which is most 
possibly causing her symptoms. (Suppressed 
renin is due to the mineralocorticoid activity of 
excessive glucocorticoid production.)

Ectopic ACTH Syndrome Caused by a Bronchial Neuroendocrine Tumor
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?? What might be the main causes of ACTH-
dependent Cushing’s syndrome?

vv Overall, there are three main causes of 
ACTH-dependent Cushing’s syndrome. 
The vast majority of  the cases are caused 
by Cushing’s disease, in which the source of 
the excess ACTH secretion originates from 
the pituitary gland. In ectopic ACTH syn-
drome, ACTH secretion of  a non-pituitary 
tumor is the cause of  hypercortisolism. 
And finally, in exceptionally rare cases (less 
than 1%), an ectopic corticotropin-releas-
ing hormone (CRH)-secreting tumor may 
be the cause of  Cushing’s syndrome.

?? Are there any further tests needed to evaluate 
the cause of Cushing’s syndrome?

vv Yes, since the treatment options and prog-
nosis of all entities are different, a precise 
diagnosis is mandatory to plan treatment. 
Even though—just like in the presented 
case—glucocorticoid overproduction is usu-
ally much more severe, and the presence of 
hypokalemia is much more common in ecto-
pic ACTH syndrome compared to Cushing’s 
disease, additional tests are needed to dif-
ferentiate between these two distinct entities. 
These tests include noninvasive and invasive 
venous sampling and imaging studies.

vv Non-invasive tests:

vv The CRH stimulation test

vv The physiologic response to IV-adminis-
tered CRH is a 35–900% increase in serum 
ACTH and a 20–600% increase in serum 
cortisol within 120 minutes. As opposite to 
normal individuals and Cushing’s disease 
patients, patients with ectopic ACTH syn-
drome do not respond to exogenous CRH 
stimulation. This is due to suppression of 
pituitary ACTH stimulation seen in these 
patients. The test is done in a supine posi-
tion after a few hours of  fasting. And 1 μg 
of  synthetic corticotropin-releasing hor-
mone is administered intravenously. Blood 
sampling for serum cortisol and ACTH 
is done from a peripheral vein in every 
15  minutes for 60  minutes and at 90 and 
120 minutes.

?? The high-dose dexamethasone suppression 
test

vv Since ectopic ACTH-producing tumors 
are completely resistant to the cortisol-
induced feedback mechanism as oppo-
site to the only relative resistance seen in 
ACTH-producing pituitary adenomas, the 
high-dose dexamethasone may also be a 
useful tool in differentiating between the 
causes of  hypercortisolism. In its overnight 
form, the test is carried out by adminis-
tering 8  mg of  dexamethasone orally at 

.      . Table 45.2  Hormone results showing ACTH-dependent hypercortisolism

Hormone test Result Reference range

Plasma renin activity <0.1 ng/mL/h 0.17–2.01

Plasma aldosterone 0.8 ng/dL 0.7–15.0

Morning serum cortisol 831 nmol/L 220–690

Late-night serum cortisol 917.8 nmol/L <136

Late-night salivary cortisol 232.1 nmol/L <11.9

24-hour urinary free cortisol (UFC) 7206 nmol/day 100–379 nmol/day

Low-dose dexamethasone suppression test 948.7 nmol/L <50

ACTH 132 pg/mL 5–60
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23:00 and peripheral venous blood sam-
pling the following morning cortisol lev-
els. Non-suppressed morning cortisol 
(>140  nmol/L) values indicate ectopic 
ACTH-secreting malignant tumor.

vv Despite being easy and safe to perform 
these noninvasive tests, alone they are nei-
ther sensitive nor specific enough to cat-
egorize every patient precisely. Thus, both 
tests should be performed, and the results 
are required to be unanimous and sup-
ported with imaging studies. Otherwise, 
invasive testing is indicated.

vv Imaging:

vv A native and gadolinium contrast-
enhanced MRI of  the pituitary gland is 
the best choice for visualizing an ACTH-
producing adenoma in the sellar region.

vv In the present case, a pituitary mag-
netic resonance imaging (MRI) (see 
.  Fig. 45.1) has been performed to assess 
the cause of  Cushing’s syndrome. The sella 

MRI showed no visible adenoma in the 
pituitary, which strengthened the likeli-
hood of  ectopic ACTH syndrome and was 
necessary to do before performing invasive 
sampling.

vv Invasive testing:

vv Bilateral inferior petrosal sinus sampling 
(BIPSS) is the gold standard test to dem-
onstrate pituitary ACTH hypersecretion 
and to rule out or prove ectopic ACTH 
secretion. The test is performed after can-
nulation of  both inferior petrosal sinus 
(IPS) via the femoral or jugular veins. 
During the test, bilateral central and uni-
lateral peripheral serum ACTH is mea-
sured before and after administration of 
CRH.  In case of  a central-to-peripheral 
plasma ACTH gradient of  <2.0 before 
CRH administration or <3.0 after CRH is 
diagnostic of  an ectopic source of  ACTH. 
(Vice versa, ACTH gradients over 2.0 and 
3.0 before and after CRH, respectively, 
are characteristic for a pituitary ACTH 
source.)

a b

.      . Fig. 45.1  Coronal a and sagittal b cross-section of  a normal sella MRI showing no signs of  a micro- or macro
adenoma

Ectopic ACTH Syndrome Caused by a Bronchial Neuroendocrine Tumor
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?? How to find the ACTH-secreting tumor?

vv One of  the most difficult challenges in 
managing patients with ectopic ACTH 
syndrome is to localize the primary tumor.

vv Unfortunately, there is no clear guidance 
yet on which radiological method is best 
suited for locating the neoplasm. Most 
tumors associated with ectopic ACTH 
syndrome reside in the thorax. Contrast-
enhanced computed tomography (CT) of 
the thorax seems to be the best modality 
based on common etiology. Abdominal 
CT or MRI can be a sensitive method to 
assess distant metastasizes. Also, nuclear 
imaging, such as 18F-fluorodeoxyglucose 
(FDG)-PET-CT and 111In-octreotide scin-
tigraphy or 68Ga-DOTATATE-PET-CT, 
may be helpful in tumor detection in 
poorly or well-differentiated neuroendo-
crine neoplasms, respectively.

vv In the present case, a contrast-enhanced 
thoraco-abdomino-pelvical CT scan has 
been performed. The images have revealed 
a small mass of  about 30 × 12 mm in size 
surrounding the bronchi in the eighth seg-
ment of  the right lung (see .  Fig.  45.2). 
Additionally, an about 20  mm large soli-

tary bone metastasis has been found in the 
fourth rib on the right side. The abdomi-
nal CT has also revealed adrenal glands 
showing signs of  adrenal hyperplasia 
(.  Fig. 45.2). This was most likely caused 
by the constant adrenal stimulation caused 
by the ectopic ACTH.

?? Should histological sampling be performed in 
lung neuroendocrine tumors?

vv Neuroendocrine tumors of  the lung 
include a diverse spectrum of neoplasms 
showing differences in differentiation 
and mitotic activity. Different pulmonary 
NETs require different therapy and have 
different overall prognosis. Thus, it is of 
great importance to perform histologic 
analysis of  the tumor.

?? What are the differences among bronchial 
NETs?

vv Neuroendocrine tumors of  the lung may 
be well-differentiated, also known as pul-
monary carcinoids (PCs). PCs may be 
low-grade, also called typical carcinoids 
(TCs), or intermediate-grade, also known 
as atypical carcinoids (ACs). (The term 
carcinoid is still in use with bronchial neu-

�Case Presentation Continued

In the present case, in view of a negative pitu-
itary MRI and due to the high likelihood of 
ectopic ACTH syndrome based on the clinical 
setting, BIPSS has been performed. The results 

(presented in .  Table 45.3) show a low central 
to peripheral ratio on both basal and CRH-
stimulated ACTH levels confirming an ectopic 
ACTH syndrome.

.      . Table 45.3  Results of  BIPSS

Peripheral 
ACTH

Left IPS ACTH Right IPS ACTH IPS: peripherals 
ratio

Basal 117 pg/mL 135 pg/mL 134 pg/mL 135/117 = 1.15

5-minute post CRH 118 pg/mL 133 pg/mL 140 pg/mL 140/118 = 1.18

10-minute post CRH 110 pg/mL 121 pg/mL 131 pg/mL

15-minute post CRH 135 pg/mL 135 pg/mL 139 pg/mL
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roendocrine neoplasms.) While TCs grow 
slowly and rarely give distant metastasizes 
and have a better prognosis, ACs have 
a higher likelihood of  recurrence, grow 
faster, are prone to give distant metastases, 
and have a worse prognosis. PCs are rare 
and account for about 1–2% of  all lung 
malignancies in adults. TCs are eight to 
ten times more common compared to ACs, 

making ACs the most uncommon of  lung 
NETs. On the other end of  the spectrum 
are poorly differentiated neuroendocrine 
carcinomas such as small cell lung can-
cer and large cell neuroendocrine cancer 
(LCNEC), both of  which generally grow 
very rapidly and, because of  their poten-
tial to give distant metastases, have a poor 
prognosis.

a b

.      . Fig. 45.2  Ectopic ACTH-secreting bronchial tumor in S8 of  the right lung a and hyperplastic adrenal gland b

�Case Presentation Continued

In the present case, due to its peripheral local-
ization, the tumor was inaccessible via bron-
choscopy. Thus, CT-guided biopsy has been 
performed. The histological evaluation of 
the samples revealed a tumor with cytologi-
cally bland immature cells, containing regular 
round nuclei with finely dispersed chromatin 
and inconspicuous small nucleoli arranged in 
distinct organoid growth patterns with a deli-

cate vascular stroma. Within the tumor, dot-
like necrosis was visible. Immunohistochemical 
(IH) staining showed positivity for thyroid tran-
scription factor (TTF-1), cytokeratin (CK8-18), 
CD56, chromogranin A (CgA), synaptophysin, 
and ACTH. The mitotic activity of the tumor 
cells was approximately 10–15%. Based on these 
findings, the diagnosis of an atypical bronchial 
carcinoid was made (see .  Fig. 45.3).

Ectopic ACTH Syndrome Caused by a Bronchial Neuroendocrine Tumor
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vv Do all lung NET-s produce ACTH?

vv No. In fact, most of  them do not. The 
most common paraneoplastic endocrine 
syndrome in PCs is the carcinoid syn-
drome (7  Chap. 45) found in about 2–5% 
of well-differentiated tumor cases. The sec-
ond most frequent functioning syndrome 
is Cushing’s syndrome. It is worth noting 
here that the carcinoid syndrome associ-
ated with pulmonary carcinoids can be 
different from the classical carcinoid syn-
drome, the so-called lung NET-variant or 
atypical carcinoid syndrome. In this vari-
ant form, flushes can last for hours or even 
days, and various symptoms such as anxi-
ety, disorientation, hypersalivation, hypo-
tension, and tachycardia can be observed. 
Histamine may play a major role in this 
variant. Carcinoid crisis (7  Chap. 44) is 
very rare in patients with PCs.

vv In rare and extremely rare cases, acromeg-
aly and ectopic insulin secretion has also 
seen in PCs. It is also worth mentioning 

that the syndrome of  inappropriate antidi-
uretic hormone secretion (SIADH) is seen 
in 5% in SCLC cases but rarely in PC (for 
further reading, see 7  Chap. 10).

?? Are there any curative treatment options in 
this patient’s case?

vv The only curative treatment option that 
might free the patient of  the malignant 
tumor as well as put an end to the ecto-
pic ACTH production is surgical. Imaging 
studies suggested that the primary tumor 
in S8 of  the right lung could be removed 
by lobectomy and lymph node dissection 
along with the solitary bone metastasis.

?? What needs to be done prior to surgery?

vv In this patient’s case, Cushing’s syndrome 
was severe, highlighted by the more than 
ten times upper normal limit 24-hour uri-
nary cortisol excretions. Thus, prior to 
surgery, the symptoms of  hypercortisolism 
should be alleviated to avoid pre and post-

a b

c d

e

.      . Fig. 45.3  Histological pictures of  an atypi-
cal bronchial carcinoid, 20x magnification. a 
Hematoxylin-eosin staining. b Synaptophysin 
immunohistochemistry. c Chromogranin A 
immunohistochemistry. d ACTH immunohis-

tochemistry. e Ki-67 immunohistochemistry. 
(Courtesy of  Katalin Borka MD PhD [2nd 
Department of  Pathology, Semmelweis Univer-
sity], and János Szőke MD PhD [National Insti-
tute of  Oncology])
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operative complications such as impaired 
wound healing, infections, thrombosis, 
and arrhythmias due to severe hypokale-
mia. Thus, steroid biosynthesis inhibitors 
should be introduced. Preoperative medi-
cal therapeutic options included ketocon-
azole, metyrapone, intravenous etomidate, 
or the glucocorticoid receptor antagonist 
mifepristone. Ketoconazole, given at a 
daily dose of  600–800 mg, is the most com-
monly used and effective. Metyrapone is 
also often used in this setting, and therapy 
starts at 1  g/day divided into four doses 
and increased to a maximum dose of  6 g/
day. Anticoagulant therapy should also be 
started with low molecular weight heparin.

vv In the present case, the patient was started 
on metyrapone and titrated up to a dose 
of  4.5  g/day. Despite steroid biosynthesis 
inhibition, eucortisolemia could not be 
reached (see .  Fig. 45.4), and the patient 

required oral potassium supplementation 
and potassium-sparing diuretics to fully 
correct serum potassium levels.

?? How can the success of surgery be evalu-
ated?

vv Histological examination of  the removed 
specimens, tumor markers, such as chro-
mogranin A (CgA), or neuron-specific eno-
lase (NSE) and re-evaluation of  the patient 
for ectopic ACTH syndrome are the key 
components of  evaluating surgical success. 
A total resection, normalized serum tumor 
markers (if  these were elevated before 
surgery), and complete remission of  hor-
monal symptoms suggest surgical success.

vv Unfortunately, in the present case, despite 
both tumors seeming to be macroscopi-
cally removed during the surgical process, 
histology indicated that the cortical layer 

8000

7000

6000

5000

4000

3000

2000

1000

0
14.11.2019 14.12.2019 14.01.2020 14.02.2020 14.03.2020

Metyrapone titration 4,5g

Change in 24 hour urine free cortisol levels in nmol/die
during treatment

Post. Op. period

120 mg lanreotid
+ metyrapone 750 mg

24 hour Urinary free cortisol (UFC)

Normal UFC: 11.0-138.0 nmol/die
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of the removed rib was infiltrated by tumor 
cells and local soft tissue invasion was pres-
ent confirming R1 resection. These findings 
were also confirmed by persistent ectopic 
ACTH syndrome during the postoperative 
period (see .  Fig. 45.4). It is worth men-
tioning that even though the procedure did 
not turn out to be curative, the debulking 
of  most of  the tumor made eucortisolemia 
achievable with metyrapone.

?? In case of the residual atypical carcinoid and 
persistent ectopic ACTH-dependent syn-
drome, what treatment options are available 
for hormone control?

vv Cushing’s syndrome can be treated with 
previously mentioned steroid biosynthe-
sis inhibitors as well as somatostatin ana-
logues (SSA). If  hormonal control cannot 
be achieved via medical therapy, other 
more invasive anti-tumor therapy such as 
metastasis resection, radiofrequency abla-
tion, arterial chemoembolization, or in 
uncontrollable cases bilateral adrenalec-
tomy should be considered.

?? What treatment options are there to control 
tumor growth or induce regression?

vv In asymptomatic patients with slowly grow-
ing low tumor burden, options include only 
observation, as well. In patients in need of 
tumor stabilization, SSA treatment may be 
an option due to the expression of soma-
tostatin receptors by the tumor. In pro-
gressive, well-differentiated PCs expressing 
somatostatin receptors, systemic peptide 
receptor radionuclide therapy (PRRT) with 
90Yttrium-DOTA octreotide or 177Lutetium 
DOTA octreotide may also be effective. 
Side effects of PRRT include hematological 
toxicities and renal toxicity (7  Chap. 45). 
Advanced well-differentiated intermediate-
grade PCs not expressing somatostatin 
receptors should be treated with everolimus, 
a mammalian target of rapamycin (mTOR) 
inhibitor, or anti-angiogenetic agents such 
as pazopanib. And finally, in advanced 
intermediate-grade lung ACs, systemic che-
motherapy with 5-fluorouracil (5-FU) and 

temozolomide-based chemotherapy can be 
advised. Etoposide and cisplatin combina-
tion due to its high toxicity is preserved 
for high-grade lung neuroendocrine cancer 
such as SCLC.

?? Is routine genetic testing necessary in pa-
tients with PC?

vv No. PCs are rarely (<5%) associated 
with multiple endocrine neoplasia type 1 
(MEN1). Clinical assessment such as fam-
ily history and screening routine lab tests 
such as serum calcium, parathyroid hor-
mone, and prolactin is sufficient to follow 
up and select patient who should be tested 
for MEN1.

Tips

The reader is advised to read (or repeat) 
the chapters on Adrenal Cushing’s 
syndrome (7  Chap. 27) and pituitary 
Cushing’s disease (7  Chap. 3). Moreover, 
the previous chapter on a small intestinal 
neuroendocrine tumor with carcinoid 
syndrome is interesting to read, and this 
includes more pieces of  information 
on somatostatin analogues and peptide 
receptor radionuclide treatment (7  Chap. 
44). The syndrome of  inappropriate 
secretion of  antidiuretic hormone is 
discussed in 7  Chap. 10.

�Case Presentation Continued

In the present case, even though tumor bur-
den was undetectable, the patient had 
persistent hypercortisolism caused by an 
intermediate-grade AC. Thus, on the top of 
steroid biosynthesis inhibitor metyrapone, 
SSA has been started to inhibit tumor cell 
growth. As presented in .  Fig. 45.4, eucor-
tisolemia could be reached using this com-
bination therapy. On follow-up imaging, we 
have seen no signs of relapse either.

	 G. Nagy
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Take Home Messages
55 Ectopic ACTH syndrome is caused 

by malignant ACTH-producing non-
pituitary tumors, most commonly in the 
lungs, thymus, and pancreas.

55 The clinical picture is markedly dif-
ferent compared to other causes of 
Cushing’s syndrome, as patients usually 
lack the typical symptoms of Cushing’s 
disease.

55 Ectopic ACTH syndrome is associated 
with elevated ACTH levels and usually 
markedly elevated cortisol levels.

55 Ectopic ACTH syndrome is associated 
with severe, commonly life-threatening 
hypercortisolism complicated with 
severe hypokalemia, serious infec-
tions, thromboembolism, and impaired 
wound healing.

55 Imaging needed to locate the tumor 
includes CT, MRI, FDG-PET-CT, and 
Octreoscan.

55 The only curative option is surgery.
55 Palliative treatment options include 

steroid biosynthesis inhibitors and 
depending on the grade anti-cancer 
therapy (somatostatin analogues, inter-
feron, mTOR inhibitors, PRRT, or sys-
temic chemotherapy).
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Opening
In this chapter, the reader will get acquainted 
with the clinical features, diagnosis, and treat-
ment of endogenous hyperinsulinism caused by 
insulinoma. Insulinoma belongs to the group 

of duodenopancreatic neuroendocrine tumors. 
A major differential diagnostic problem related 
to exogenous, factitious hypoglycemia is pre-
sented in the following chapter.

Definition of the Disease

Insulinoma is a mostly benign, rare neuroen-
docrine tumor with an incidence of about 4/
million/year. The autonomous insulin produc-
tion by the tumor leads to spontaneous hypo-
glycemia that results in two major groups of 
symptoms: neuroglycopenia and adrenergic 

symptoms. Due to the anabolic effects of insulin 
and the exaggerated food consumption to avoid 
recurring hypoglycemia, patients can experience 
significant weight gain as well. Despite being 
mostly a histologically benign tumor, it is asso-
ciated with significant morbidity and mortality.

�Case Presentation

A 30-year-old man was admitted to the hospi-
tal because of  daily episodes of  altered mental 
status during a gastrointestinal infection. The 
patient had been well until 2  years before 
admission, when he noticed episodes with 
numbness of  his mouth, dizziness, blurry 
vision, and mental blackouts. His family mem-
bers observed altered childlike behavior and 
disturbed speech. The patient returned to his 
normal mental status initially after 10  min-
utes. He was not able to recall the details of 
these episodes. Six months before admission, 
the frequency and duration of  the episodes 
increased. Symptoms appeared before meals 
and at night ceased after intake of  carbs or 

sugar. He gained 7 kg within the last 6 months. 
He did seek medical care with a neurologic 
work-up and symptoms were first attributed 
to panic attacks. The patient took no medica-
tion except Trazodone (antidepressant) at 
night since 2 months. He did not use any illicit 
drugs or anabolics. He admitted the intake of 
several protein preparations during his 
15 years of  bodybuilding training.

There was no family history of pancreatic 
or autoimmune disease, and no one in the 
patient’s home used insulin or other diabetes 
medication. At admission, his blood glucose 
level was 27  mg/dL (1.5  mmol/L), the weight 
was 104 kg, and the BMI 32.5 kg/m2.

?? What would be the most likely diagnosis?

vv The symptoms of  the patient raise the sus-
picion for neuroglycopenia that is allevi-
ated by glucose administration. Moreover, 
the documented low blood glucose con-
firms hypoglycemia. The patient should 
be examined for organic hypoglycemia, 
and thus, insulinoma is the most prob-
able diagnosis. Weight gain is also typical 

in insulinoma patients, which is due to the 
anabolic effects of  insulin and the neces-
sity of  frequent eating to avoid hypogly-
cemia.

?? What is Whipple’s triad?

vv Whipple’s triad comprises clinical symp-
toms of  hypoglycemia, documented 
hypoglycemia (serum glucose <3 mmol/L 
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or 55 mg/dL), and the rapid amelioration 
of  symptoms following glucose adminis-
tration.

?? What could be proposed as the most impor-
tant clinical test to confirm the suspicion of 
insulinoma?

vv The 72-hour fast test is the gold standard. 
About 90% of  insulinoma patients present 
hypoglycemia within 48 hours of  the test.

?? How should the 72-hour fast test be per-
formed?

vv The in-patient does not receive any food 
for 72  hours but can drink water with-
out limitation. Blood is taken regularly 
for serum glucose, insulin, and C-peptide 
measurements. If  blood glucose reaches 
3.3  mmol/L (60  mg/dL), blood should 
be taken every 2  hours onward. Blood 
should be taken if  the patient experiences 
symptoms of  hypoglycemia. The test is 
usually terminated if  the patient presents 
clear symptoms of  hypoglycemia that is 
mostly judged by cognitive functions (e.g., 
by counting). For a successful test, docu-
mented hypoglycemia is needed: serum 

glucose <3  mmol/L or 55  mg/dL (previ-
ously the limit was <2.2 mmol/L [40 mg/
dL]). Plasma insulin is usually higher than 
3 μIU/mL (20.8 pmol/L) at a blood glucose 
lower than 3 mmol/L in patients with insu-
linoma. Once the fast is concluded, 1 mg 
of  glucagon can be given intravenously 
and plasma glucose is then measured at 
10, 20, and 30 minutes after injection. The 
results of  the fasting test for the patient 
along with differential diagnostic issues 
are presented in .  Table 46.1.

?? What should be determined from the blood 
samples?

vv Parallel measurement of  insulin and 
C-peptide are mandatory, but if  available, 
proinsulin and β-hydroxybutyrate (BHOB) 
should be determined as well.

?? Why is parallel measurement of insulin and 
C-peptide necessary?

vv If  C-peptide is elevated along with insulin, 
it proves the endogenous origin of  hyper-
insulinism. If  C-peptide is low, but insulin 
is high, exogenous insulin administration 
can be suspected (see 7  Chap. 47).

.      . Table 46.1  Results of  the 72-hour fasting test in the patient and its trends according to the causes of 
hypoglycemia. OAD oral antidiabetic drug (sulfonylurea [SU] and glinides). nd non-determined. The patient 
produced the typical symptoms of  hypoglycemia at 6 hours after beginning the test, and the test was then 
discontinued

Patient’s
case

Insulinoma Normal 
fast

Exogenous 
insulin

Use of OAD

Symptoms Yes Yes No Yes Yes

Glucose 28 mg/dL <55 mg/dL ↓ ↓↓ ↓↓

Insulin 7.0 μlU/mL ≥3 μlU/mL ↓ ↑ ↑

C-peptide 2.2 ng/mL ≥0.6 ng/mL ↓ ↓ ↑

Proinsulin >134 pmol/L ≥5 pmol/L ↓ ↓ ↑

Ketones 0.02 mmol/L ≤2.7 mmol/L ↑↑↑ ↓ ↓

Δ Glucose after 
glucagon

nd ≥25 mg/dL < 25 mg/dl ≥ 25 mg/dl ≥ 25 mg/dl

Screening for SU, 
glinides

nd Negative Negative Negative Positive

Insulinoma
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?? What can be the relevance of proinsulin and 
β-hydroxy-butyrate measurement?

vv Proinsulin is a precursor of  insulin and 
mostly decomposed in the insulin gran-
ule. Only 10% is released into the blood, 
which also lowers the blood sugar levels. 
Proinsulin continuously produced by a 
rare variant of  proinsulinoma plays a role 
similar to the insulin produced by an insu-
linoma.

vv BHOB concentrations are lower in insu-
linoma patients because of  the antiketo-
genic effect of  insulin. A progressive rise 
in ketones after 18 hours of  fast is indica-
tive of  a negative fast. BHOB values, as 
well as the glucose response to glucagon, 
can be helpful in patients in whom insulin 
and C-peptide values are in the borderline 
range.

?? How can we differentiate exogenous sulfo-
nylurea or glinide administration from en-
dogenous hyperinsulinism?

vv Sulfonylureas and the rarely given glinides 
are antidiabetic drugs acting via increasing 
endogenous insulin release from pancre-
atic beta cells (insulin secretagogue drugs). 
Therefore, both insulin and C-peptide are 
high in individuals taking sulfonylureas 
and glinides, and the fast test can be false 
positive. If  there is suspicion for this, mea-
surement of  sulfonylureas or glinides is 
warranted.

?? Is chromogranin A (CgA) a sensitive marker 
for insulinoma?

vv CgA is a general marker for neuroendo-
crine tumors. For insulinoma, however, it 
is not particularly reliable.

?? What can be done for localizing the insuli-
noma?

vv Insulinomas are mostly solitary and small; 
therefore, their localization can be a great 
challenge. Classical transabdominal ultra-

sound, computed tomography (CT), and 
magnetic resonance imaging (MRI) should 
be regularly performed and in many cases 
can help to find the tumor. However, small 
tumors are often missed by these standard 
techniques. Endoscopic ultrasound (EUS) 
has high sensitivity to find small pancreatic 
tumors. In contrast with other neuroendo-
crine tumors, insulinoma usually expresses 
fewer receptors for somatostatin, and there-
fore, somatostatin-based functional imaging 
is less sensitive than in other neuroendo-
crine neoplasms; however, it can be tried.

vv Results of imaging in the Patient’s case:

vv In our case localization diagnostics 
with abdominal ultrasound (no lesion), 
MRI pancreas (no lesion), 68Gallium-
DOTANOC positron emission tomogra-
phy (PET)/ computed tomography (CT) 
(tracer uptake in cauda), DOPA PET/CT 
(no tracer uptake), and endoscopic ultra-
sound (four small tumors in the pancreas 
head and body) showed different results 
with suspected lesions in the head of  the 
pancreas but also in the body and tail. 
Evaluation of  diagnostic images was dif-
ficult due to signs of  chronic pancreatitis. 
The results of  the fine-needle aspiration 
biopsies of  two masses during EUS were 
inconclusive and the patient suffered from 
postinterventional acute pancreatitis.

?? What can be done?

vv An interventional radiological technique, 
selective arterial calcium stimulation 
(SACT), can be performed to help the 
localization of  insulinoma within the pan-
creas. The arteries supplying the pancreas 
(gastroduodenal, splenic, and superior 
mesenteric arteries) are cannulated and 
calcium is injected selectively. Calcium 
stimulates insulin release from hyperfunc-
tional beta cells (i.e., insulinomas), and 
blood is taken from the hepatic veins to 
measure insulin. By this technique, the 
part of  the pancreas can be identified 
where the insulinoma is harbored.
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vv SACT was performed in our case, and it 
showed a significant insulin release with a 
17-fold increase from basal in the area of 
superior mesenteric artery as illustrated in 
.  Fig. 46.1.

?? What is nesidioblastosis?

vv Clinically termed as non-insulinoma pan-
creatogenous hypoglycemia syndrome, this 
pathological condition is characterized by 
hypertrophy of  pancreatic beta cells. In 
contrast to insulinoma, it mostly leads to 
postprandial hypoglycemia, whereas insu-
linoma results in fasting hypoglycemia. 
Roux-en-Y gastric bypass surgery can lead 
to nesidioblastosis.

?? How should insulinoma be treated?

vv The treatment of  insulinoma is primarily 
surgical, that is, enucleation of  the tumor, 
or partial pancreatectomy. In patients 
non-eligible for surgery, and the tumor 
can be precisely localized, radiofrequency 
ablation can also be tried.

vv In the patient’s case, after the SACT and 
a repeated EUS with localization of  a 
hyperechogenic tumor in pancreas head, 

an enucleation of  this tumor was per-
formed. Intraoperative ultrasound and 
manual palpation did not reveal further 
masses. Intraoperative rapid section diag-
nostic and later histologic diagnostic did 
not show neuroendocrine tumor cells.

?? Are there drug options that reduce the se-
verity and frequency of hypoglycemic epi-
sodes?

vv The drug diazoxide inhibits insulin secre-
tion and therefore can help to alleviate 
hypoglycemic symptoms. Its major side 
effect includes edema. The Ca-antagonist 
verapamil can also be tried, but it is less 
effective. Whereas somatostatin analogues 
are very effective in controlling several 
neuroendocrine tumor-associated syn-
dromes, e.g., carcinoid syndrome, gluca-
gonoma, and VIP-oma, their efficacy in 
insulinoma is variable.

vv In malignant insulinoma, everolimus, an 
inhibitor of  mechanistic target of  rapamy-
cin (mTOR) signaling, can be effective 
along with systemic chemotherapy (e.g., 
with streptozotocin).

vv Results of the post-surgical follow-up:

.      . Fig. 46.1  Hepatic 
venous insulin 
concentrations at baseline 
and 30, 60, 90, and 
120 seconds after arterial 
injection of  calcium 
gluconate during SACT

Insulinoma
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vv Postoperative severe hypoglycemia con-
tinued, which could only be controlled by 
combination therapy with somatostatin 
analogue (pasireotide) and diazoxide, and 
further diagnostic work-up was planned 
after the patient recovered from surgery.

?? How could we localize the insulinoma more 
precisely?

vv A novel nuclear imaging technique based 
on the expression of  glucagon-like pep-
tide 1 (GLP-1) receptor on beta cells is 
reported to have high sensitivity and speci-
ficity for detecting insulinoma. The imag-
ing (68Ga-DOTA-Exendin-4 PET-CT) 
was performed at the Nuclear Medicine 
Institute of  the University of  Basel 
(Switzerland). The 16 × 8 mm tumor has 
been localized to the lower part of  the 
pancreas head next to the inferior vena 
cava and the superior mesenteric vein 
(.  Fig. 46.2).

vv Result of the repeated surgical intervention:

vv The second enucleation of  this tumor was 
successful, and the patient was free of 
hypoglycemia after the removal of  a histo-
logically verified insulinoma.

?? Should we look for a hereditary tumor syn-
drome in patients with insulinoma?

vv The multiple endocrine neoplasia (MEN1) 
syndrome is associated with duodeno-
pancreatic neuroendocrine tumors that 
are found in 30–80% of affected patients. 
Gastrinoma is most commonly associ-
ated with MEN1, but rarely, insulinoma 
might also occur. MEN1 testing should be 
proposed to young patients suffering from 
insulinoma and if there is suspicion of other 
manifestations (e.g., hypercalcemia sugges-
tive of primary hyperparathyroidism) and 
certainly if  there is positive family history.

Tips

55 The reader is advised to read the 
following chapter on factitious hypo
glycemia (7  Chap. 47), and also 
multiple endocrine neoplasia type 1 
(7  Chap. 50).

Take Home Messages
55 Insulinoma is a rare neuroendocrine 

tumor resulting in fasting hypoglycemia.
55 The diagnosis is based on the fasting 

test with concomitant measurements of 
blood glucose, insulin, and C-peptide.

55 Insulinoma is mostly a small solitary 
tumor, and therefore, its localization 
can be difficult warranting the use of 
several imaging modalities.

55 Treatment is primarily surgical.
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Opening
The previous chapter discussed the neuroendo-
crine tumor insulinoma leading to endogenous 
hyperinsulinism, and thus to spontaneous 
hypoglycemia. A major differential diagnostic 
challenge related to insulinoma is represented 

by the administration of exogenous insulin or 
drugs provoking hypoglycemia. This chapter 
discusses factitious hypoglycemia, when the 
patient deliberately provokes hypoglycemic 
attacks mostly related to psychiatric disease.

Definition of the Disease

Factitious hypoglycemia represents a condition 
when the patient deliberately provokes 
hypoglycemic attacks by self-injecting insulin 

or taking drugs lowering blood glucose levels. 
This condition is mostly related to psychiatric 
disease.

�Case Presentation

A 39-year-old female patient was referred to 
our center following severe episodes of repeated 
hypoglycemia.

Her history included type 1 diabetes mel-
litus diagnosed at the age of  18. She had 
repeated episodes of  hypoglycemia following 
the launching of  insulin treatment. 
Gastrointestinal or autoimmune background 
was investigated without any positive result. 
Ten years after the diagnosis of  diabetes mel-
litus, insulin treatment was omitted due to 
repeated hypoglycemic events. Insulinoma (or 
nesidioblastosis (see previous chapter)) was 
suspected based on elevated insulin levels (five 
times higher than the normal baseline on an 
empty stomach), and there wasn’t any mor-
phological sign suggestive of  insulinoma by 
computed tomography (there was no available 
information on C-peptide measurement). At 

the age of  29, a pancreatoduodenectomy was 
performed. Histological examination of  the 
removed pancreas showed no beta-cell hyper-
plasia or tumor. Three years after the opera-
tion, the hypoglycemic attacks recurred, and 
insulin treatment was stopped again. The 
hypoglycemic attacks recurred even more fre-
quently than before, and these were not allevi-
ated by diazoxide. The possibility of  factitious 
hypoglycemia was first raised at the age of  38, 
when during a hypoglycemic episode (blood 
glucose: 2.2 mmol/L) a high insulin level (39.9 
μIU/mL) and low C-peptide (0.33  ng/mL) 
level were measured.

In the year before her admission to our hos-
pital, she had almost daily hypoglycemic 
attacks, and on one occasion she even needed 
artificial ventilation for some days in an inten-
sive care unit.

?? What test should be used to investigate the 
origin of hypoglycemia?

vv A 72-hour fast test is the investigation of 
choice. Patients with insulinoma mostly 
produce spontaneous hypoglycemia 
within 48  hours after beginning the test 
and the laboratory-confirmed hypogly-

cemia is accompanied by elevated insulin 
and C-peptide (see previous 7  Chap. 46 
on insulinoma).

vv Here the patient presented significant 
hypoglycemia associated with neuroglyco-
penia one hour after admission to the hos-
pital. Blood glucose level was 0.3 mmol/L, 
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?? What kind of differential diagnostic prob-
lems might arise during the investigation for 
factitious hypoglycemia?

55 Commercially available insulin mea-
suring kits have varying sensitivity for 
detecting insulin analogues. It may 
therefore occur that both the measured 
insulin and C-peptide concentrations 
are low in a patient using novel insulin 
analogues.

55 Anti-insulin autoantibodies might 
interfere with insulin measurements. 
Anti-insulin antibodies were previ-
ously considered to be a reliable sign 
of factitious hypoglycemia elicited by 
exogenous insulin injection, as these 
antibodies were thought to be absent 
from individuals having not encoun-
tered with exogenous insulin before. 
Later, however, it was found that anti-
insulin antibodies might occur due to 
autoimmune disease, and therefore their 
presence cannot be considered as a reli-
able marker for factitious hypoglycemia.

55 If  the patient takes insulin secretagogue 
drugs (sulfonylureas and glinides) that 

stimulate endogenous insulin release, 
both insulin and C-peptide levels will 
be elevated. This is the most difficult 
clinical scenario, and the measurement 
of sulfonylureas (or the rarely used 
glinides) is a mainstay of diagnosis.

55 Low insulin and C-peptide levels asso-
ciated with hypoglycemia might also be 
rarely caused by paraneoplastic hypo-
glycemia (nonislet cell tumor hypo-
glycemia) that is mostly related to the 
production of insulin-like growth fac-
tor 2 (IGF-2) by the tumor (e.g., mes-
enchymal tumors and mesothelioma).

vv  

and the insulin level taken at the same time 
was 27.35  μIU/mL, whereas C-peptide 
level was 0.01 ng/mL. The constellation of 

hypoglycemia associated with high insulin 
and very low C-peptide levels was repeat-
edly observed during her hospital stay.

Tips

The reader is advised to read the previous 
chapter on insulinoma (7  Chap. 46). 
Another major differential diagnostic 
problem related to an endocrine disease 
that is also linked to psychiatric disease 
is represented by primary polydipsia, 
discussed in 7  Chap. 9 on diabetes 
insipidus.

�Case Presentation Continued

Factitious hypoglycemia was thus confirmed 
that seemed to be provoked by exogenous insu-
lin administration. The patient first denied the 
administration of insulin, but later the insulin-
injecting device was found, and she admitted 
the use of insulin to induce hypoglycemia. 
Psychiatric treatment was proposed.

It can be hypothesized that the patient 
began to provoke hypoglycemic attacks shortly 
after the diagnosis of diabetes mellitus type 1 
and even agreed to a pancreatoduodenectomy 
to mask the true origin of the repeated hypo-
glycemic attacks. Unfortunately, the documen-
tation preceding the operation was only 

partially available, and there were no data on 
C-peptide measurements. Since the histology 
of the removed pancreas did not find any tumor 
or beta-cell hyperplasia, we can hypothesize 
that factitious hypoglycemia was responsible 
for the repeated hypoglycemic attacks during 
her whole disease history. Another, less proba-
ble explanation might be that she had an insuli-
noma but continued to provoke hypoglycemic 
attacks after the operation deliberately with 
insulin self-injection. Diazoxide that is an 
inhibitor of insulin release was certainly inef-
fective in preventing hypoglycemia provoked by 
the administration of exogenous insulin.
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Take Home Messages
55 Factitious hypoglycemia is a delib-

erately induced condition either by 
injecting insulin or by taking glucose-
lowering drugs.

55 The diagnosis is based on the fasting 
test with concomitant measurements of 
blood glucose, insulin, and C-peptide 
levels.

55 In contrast to insulinoma, if  the patient 
injects exogenous insulin to provoke 
hypoglycemia, insulin level will be high 
and C-peptide level will be low. 
Analogous insulins, however, are not 
always measured by conventional 
insulin measuring kits that can cause 
further difficulties.

55 It is most difficult to differentiate insu-
linoma from factitious hypoglycemia 
caused by insulin secretagogue drugs 
(sulfonylureas or glinides), as these 
induce endogenous insulin + C-peptide 
release.
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Opening
Gastrinoma is a rare gastrin-producing neuro-
endocrine tumor usually associated with a clin-
ical picture of dyspepsia, diarrhea, and peptic 
ulcer disease first described by Zollinger and 
Ellison in 1955.

More than 60  years after its revelation, 
Zollinger-Ellison syndrome remains a chal-

lenging condition, and a high degree of suspi-
cion is warranted to establish the diagnosis and 
perform necessary confirmatory testing. The 
mainstays of management comprise gastric 
acid output control, curative surgery, and 
systemic anti-tumoral therapies in advanced 
disease.

Definition of the Disease

The Zollinger-Ellison syndrome (ZES) is 
caused by a gastrin-secreting neuroendocrine 
tumor (neoplasm), also referred to as 
gastrinoma. The annual incidence is 0.1–3 
cases per million, with a slight female 
preponderance. The majority of  primary 
tumors originate in the duodenum and less 
frequently in the pancreas, stomach, lymph 
node, liver, and ovary. The main disease 
variant has a sporadic occurrence, and about 
25% of  gastrinomas are associated with the 
hereditary syndrome Multiple Endocrine 
Neoplasia type 1 (MEN1).

The key factor in the pathophysiology 
of  ZES is a trophic action of  autonomously 
secreted gastrin on both parietal and 
enterochromaffin-like (ECL) cells. High 
gastrin levels prompt increased hydrochloric 

acid output through direct stimulation of 
parietal cells and histamine release from 
ECL cells. Chronic hypersecretion of  gastric 
acid, if  left untreated, almost invariably 
results in multiple, refractory peptic ulcers 
that could be found in an unusual location 
of  distal duodenum or proximal jejunum. 
Other common symptoms of  ZES comprise 
abdominal pain (75%), diarrhea (73%), 
heartburn (44%), and weight loss (17%). 
Occasionally, gastrinomas could be diagnosed 
incidentally in an asymptomatic patient.

Due to the disease rarity and complexity, 
patients with gastrinoma should be managed 
in specialized centers by a multidisciplinary 
team of  experts. The current clinical case 
discussion aims to highlight the deciding 
aspects of  managing patients with gastrinoma.

�Case Presentation

A 51-year-old woman had presented at the 
family practitioner clinic with a six-month his-
tory of diarrhea and an unintentional weight 
loss of 5 kg. The patient’s medical and family 
histories were unremarkable. The frequency of 
bowel movements was 4–5 times a day, and 
stool varied between liquid and semi-formed 
consistency, with no blood or mucus. There was 
no exposure to antibiotics or laxatives. The 
diarrhea was not ameliorated by fasting or diet 
changes, such as avoidance of lactose or gluten. 
Initial laboratory tests of complete blood 
count, renal function, electrolytes, and thyroid-

stimulating hormone (TSH) levels were within 
the normal range. Infectious etiology was ruled 
out by stool culture and specimen analyses. 
Additionally, over the preceding month, the 
patient experienced intermittent episodes of 
heartburn and epigastric pain. As an initial 
management strategy, omeprazole was pre-
scribed at a daily dose of 20 mg. Following a 
two-week medication course, diarrhea and 
heartburn symptoms were improved. When the 
patient stopped taking omeprazole, this 
resulted in the renewal of symptoms.
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?? What clinical clues point to ZES diagnosis, 
and what could be other likely causes of the 
patient’s symptoms?

vv Clinical manifestations of  ZES signifi-
cantly overlap with other more prevalent 
gastrointestinal disorders, thus requiring 
a high degree of  suspicion to establish 
the diagnosis. Moreover, due to the wide-
spread use of  anti-acid agents, ZES symp-
toms may be masked at the early stages. 
Therefore, the diagnosis is often delayed 
by a mean of  5 years.

vv The patient’s heartburn could reflect gas-
troesophageal reflux disease (GERD), and 
intermittent epigastric pain could be a 
symptom of  autoimmune atrophic gastri-
tis, Helicobacter pylori-associated gastri-
tis, or peptic ulcer disease. However, none 
of  these conditions, as a separate entity, 
would explain chronic diarrhea.

vv The broad differential diagnosis of chronic 
diarrhea includes infections and inflam-
matory or functional disorders. Symptom 
patterns and settings should be used to 
assess the likelihood of specific causes. The 
lack of improvement of the patient’s diar-
rhea with fasting could point to a secretory 
mechanism. Moreover, the amelioration of 
diarrhea during treatment with omepra-
zole should raise the suspicion of ZES. In 
patients with gastrinoma, diarrhea pre-
cipitated by gastric acid hypersecretion is 
characterized by secretory and osmotic 
components. High acid output causes direct 
injury to the small intestinal mucosa, inac-
tivation of pancreatic lipase, and precipita-
tion of bile acids secondary to the low pH.

?? Which hormone hypersecretion syndromes 
may cause this clinical picture?

vv The co-occurrence of  liver metastases of 
NET origin and chronic diarrhea raises 
the suspicion for a hormone-secreting 
tumor. Entities to be considered include 
serotonin-secreting carcinoid tumor 
(carcinoid syndrome), vasoactive intes-
tinal peptide–secreting pancreatic tumor 
(VIPoma), advanced medullary thyroid 
carcinoma, or gastrinoma. Carcinoid 
syndrome most commonly manifests as 
flushing and increased bowel movements 
associated with liver metastases of  small 
intestinal or lung neuroendocrine tumors 
that secrete serotonin directly into the sys-
temic circulation, thus bypassing hepatic 
inactivation. A VIP hypersecreting tumor 
is characterized by high-volume secretory 
diarrhea with marked electrolyte abnor-
malities and acidosis from bicarbonate 
wasting. Significant hypercalcitoninemia 
in patients with advanced medullary thy-
roid carcinoma has been reported as a 
cause of  profound secretory diarrhea. 
Finally, a diagnosis of  gastrinoma should 
be considered in this particular case, as 
discussed further below.

?? What could be noticed from these hormonal 
panel results?

vv Fasting serum gastrin (FSG) is an initial 
biochemical test to be performed when 
gastrinoma is suspected. The gastrin lev-
els in ZES are typically ten-fold the upper 

�Case Presentation Continued

The patient’s evaluation with abdominal 
ultrasonography (US) reported on three liver 
lesions with features suggestive of metasta-
ses. Histopathological assessment of the liver 
lesion obtained by US-guided transcutane-
ous biopsy reported a diagnosis of a well-
differentiated neuroendocrine tumor (NET).

�Case Presentation Continued

The patient’s hormonal panel evaluation 
revealed normal levels of serum vasoactive 
intestinal peptide, calcitonin, and 
5-hydroxyindoleacetic acid (serotonin 
metabolite) in a 24-hour urine collection 
sample. Fasting serum gastrin level was 
1345  pg/mL (upper normal value, <110) 
and the chromogranin A level was 412 ng/
mL (upper normal value, <98).
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level of  normal (ULN). However, ZES-
associated FSG values vary significantly 
and could overlap with levels seen in 
benign etiologies. Thus, hypergastrinemia 
is an essential but insufficient finding for 
the confirmation of  ZES diagnosis.

vv Several non-neoplastic conditions may 
cause achlorhydria and a compensatory 
rise in the gastrin levels. Common causes 
of  secondary hypergastrinemia include 
chronic autoimmune atrophic gastritis, 
Helicobacter pylori infection, and proton 
pump inhibitors (7  Box 48.1). (Proton 
pump inhibitors and histamine H2 receptor 
blockers should be therefore discontinued 
before FSG measurement like chromo-
granin A (7  Chap. 44).) Nevertheless, in 
the discussed case, the diagnosis of  ZES 
is highly suggestive, given the presenting 
symptoms, elevated FSG levels, and evi-
dence of  metastatic NET to the liver.

?? Which further tests would confirm the diag-
nosis of ZES?

vv An endoscopic gastroduodenoscopy 
should be performed to assess mucosal 

injury in patients with long-standing high 
acid output and enable gastric fluids aspi-
ration for pH measurement. The endo-
scopic examination may reveal prominent 
gastric mucosal folds, erosive inflamma-
tion, strictures, perforation, and ulcers, 
at unusual locations. However, 15% of 
patients with gastrinoma have no evidence 
of  peptic disease, and diarrhea may be the 
sole presenting symptom.

vv In the setting of  ZES, the hydrochloric 
acid secretion rate is 5–7 times higher than 
the physiologic rate. A gastric pH of  <2 
confirms the diagnosis of  ZES. In equivo-
cal cases (e.g., if  gastrin is <10 ULN), a 
secretin stimulation test may be helpful as 
it results in a significant rise of  serum gas-
trin levels in ZES patients (different crite-
ria are used e.g., a rise of  more than 50% 
or >120 or 200 pg/mL).

?? What therapy should be initiated upon the 
diagnosis of ZES?

vv The mainstay of  acid-reducing therapy 
consists of  high-dose proton pump inhibi-
tors (PPIs). These agents are well toler-
ated and have few long-term adverse side 
effects even with chronic use at high doses. 
PPIs inhibit both basal and stimulated 
gastric acid secretion, through binding to 
H+/K+-ATPase at the luminal aspect of 
the gastric parietal cells. Careful follow-up 
and instructions must be given to gastri-
noma patients not to withhold PPIs ther-
apy without prior consultation. Cases of 
perforations and recurrence of  profound 
diarrhea leading to severe dehydration 
were reported when PPI-therapy had been 
interrupted.

Box 48.1 Differential Diagnosis of 
Hypergastrinemia
Causes
1. Hypergastrinemia (with hyperchlorhy-
dria)
Gastrinoma
Antral G-cell hyperplasia
Isolated retained antrum
Gastric outlet obstruction
Hypercalcemia
2. Hypergastrinemia (with achlorhydria)
Autoimmune atrophic gastritis
Chronic proton pump inhibitors/H2 receptors 
blockers use
H. pylori infection
Post-vagotomy status
3. Altered gastrin metabolism
Chronic renal failure
Short bowel syndrome

�Case Presentation Continued

The patient’s gastroduodenoscopy study 
revealed gastritis with no ulceration. The 
aspirated gastric fluid with pH <2 sup-
ported the diagnosis of gastrinoma.
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vv In the case presented, therapy with proton 
pump inhibitor esomeprazole at a dose 
of  40  mg twice a day was initiated, with 
a significant improvement in the patient’s 
abdominal pain and diarrhea symptoms.

?? Which techniques are employed in the lo-
calization of primary lesions and staging of 
gastrinomas?

vv The localization of  gastrinomas can be 
somewhat difficult, as tumors can be small 
and escape detection by conventional 
imaging modalities. Two-thirds of  gastri-
nomas arise in the area called the “gas-
trinoma triangle” bordered by the second 
and third portions of  the duodenum, the 
proximal body of  the pancreas, and the 
confluence of  the cystic and common bile 
ducts.

vv Since gastrinomas are vascular tumors, 
they may appear as enhancing lesions on 
contrast-enhanced computed tomography 
(CECT) and magnetic resonance imag-
ing (MRI). Although CECT and MRI 
modalities have high specificity, the sensi-
tivity is substantially decreased for <2  cm 
tumors. Concerning functional imaging, 
the positron emission tomography (PET) 
techniques significantly improved the 

localization of gastrinomas. Expression 
of somatostatin receptors on gastrinoma 
cells allows utilization of the radioisotope 
68Gallium ligated to a somatostatin analog. 
Somatostatin Receptor Imaging (SRI) (e.g., 
68Ga-DOTATATE PET-CT) for tumor 
detection has a higher sensitivity and speci-
ficity compared to CECT or MRI.

vv Additionally, endoscopic ultrasonography 
(EUS) has become an indispensable tool for 
the localization of small tumors that origi-
nate from the duodenal wall or the pancreas. 
During EUS evaluation, most intrapancre-
atic gastrinomas appear as hypoechoic, 
homogenous and solid lesions. Importantly, 
EUS-guided fine-needle aspiration allows 
tumor histopathological evaluation. 
Microscopic examination of gastrinoma 
typically reveals neuroendocrine tumor 
cells arranged in a nested and trabecular 
pattern, uniform nuclei with “salt and pep-
per” type chromatin. The immunostaining 
for chromogranin, synaptophysin, gastrin, 
and Ki67 is required for diagnosis and grad-
ing of the tumor (.  Fig. 48.1).

vv In some instances, all imaging modali-
ties fail to locate gastrinoma, and explor-
atory surgery by an experienced surgeon is 
required to identify the tumor.

a b c

.      . Fig. 48.1  Histopathological examination of  the 
resected submucosal gastrinoma specimen. a Hematox-
ylin–Eosin (HE); b Chromogranin A positive immuno-

histochemical staining; and c Gastrin positive 
immunohistochemical staining

�Case Presentation Continued

The patient underwent a 68Ga-DOTATATE-
PET-CT, which revealed an increased radio-
tracer uptake by a 1.2 cm lymph node adjacent 

to the second part of the duodenum and by 
three focal liver lesions suggestive of metastatic 
disease (.  Fig. 48.2).
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?? Which other endocrinopathies should be con-
sidered in a patient with gastrinoma?

vv A number of  gastrinomas is associated 
with Multiple Endocrine Neoplasia type 
1 (MEN1), a hereditary cancer syndrome 
characterized by the predisposition to 
developing endocrine neoplasms, predomi-
nantly of  parathyroid, gastroenteropan-
creatic, and pituitary origin (presented in 
detail in 7  Chap. 51). Gastrinoma is the 
most common functional gastroenteropan-
creatic tumor in MEN1. In the setting of 
a hereditary syndrome, gastrinomas are 
diagnosed on average 10–20  years earlier 
than sporadic tumors, being commonly 
multiple, small, and primarily located in 
the submucosa of  the duodenum (>80%), 
and less frequently within the pancreas 

(.  Table  48.1). In contrast with the spo-
radic gastrinomas, in MEN1, gastric ECL 
cells proliferation under chronic gastrin 
stimulation may result in the development 
of  NET polyps, referred to as type 2 gastric 
carcinoids. The synchronous manifestation 
of MEN1-associated primary hyperpara-
thyroidism may exacerbate ZES symp-
toms and complicate its’ management. 
Hypercalcemia stimulates gastrin secretion 
via calcium-sensing receptors expressed 
on the surface of  gastrinoma cells and 
therefore it should be addressed first. In 
MEN1 patients, ZES could present as a 
first manifestation of the syndrome. Thus, 
the possibility of  MEN1 diagnosis should 
be considered in all gastrinoma patients, 
mainly in young ones (< 40 years old) and 
in those with suggestive family history.

a

b

c

.      . Fig. 48.2  68Gallium DOTATATE PET-CT 
axial images. a (top row) increased radiotracer 
uptake (arrow) in the peri-duodenal lymph node; b 

and c increased radiotracer uptake (arrow) in the 
metastatic liver lesions
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vv In our case, the patient’s age at presenta-
tion, exclusion of  primary hyperpara-
thyroidism by biochemical testing, and 
absence of  family members with charac-
teristic endocrine tumors made the MEN1 
association unlikely.

?? Which considerations should be taken into 
account before the decision on a surgical pro-
cedure in gastrinoma patients?

vv Following the first step of  acid-reducing 
therapy with PPIs, surgical resection is 
indicated for localized disease with the 
intention to cure. Notably, this approach 
differs for sporadic and MEN1-associated 
tumors, the latter being a subject of  con-
troversy, as MEN1 patients are exception-
ally rarely cured by removing the suspected 
primary tumor. In sporadic gastrinomas, 
complete surgical resection also proves to 
be challenging at times. Although the post-
operative cure rates approach 60%, the dis-
ease recurs within 5 years in about half  of 
these patients. Nevertheless, in the operated 
patients, a 20-year disease-specific survival 
reaches 98%. For primary tumor resection, 
a Kocher maneuver must be performed 

to explore the structures lying within the 
gastrinoma triangle area. A thorough duo-
denal examination includes endoscopic 
transillumination and duodenotomy to 
facilitate the identification of  small sub-
mucosal tumors by manual palpation. The 
tissue sparing surgery, such as enucleation, 
is preferable for small pancreatic tumors, 
while the larger tumors may require more 
extensive resection. Due to the 30–70% risk 
of  lymph node metastases, even in small 
primary tumors, the dissection of  regional 
lymph nodes is mandatory. The presence 
of  metastatic liver disease significantly 
worsens prognosis and decreases survival. 
Surgical resection should be advocated for 
patients with oligometastatic liver disease if  
sufficient size and function of  the remnant 
liver can be ensured. If  a complete hepatic 
metastases resection is unachievable, the 
70–90% debulking of  tumor burden has 
been reported to improve disease-specific 
survival rates. Radiofrequency ablation 
(RFA), an adjunct parenchymal-sparing 
procedure for small bilobar liver metasta-
ses, may be utilized during the surgery, thus 
allowing better tumor control. Finally, pro-
phylactic cholecystectomy should be per-
formed to avoid gallstone complications 
from potential future somatostatin analogs 
(SSAs) therapy for recurrent disease.

?? What are the available systemic therapies in 
the management of metastatic gastrinoma?

vv The high expression of  somatostatin 
receptors in gastrinomas makes SSA 
therapy a rational option in non-oper-
able disease as both anti-secretory and 
anti-tumoral agents. The evidence of 
the anti-proliferative effect of  SSA is 
well established based on data from 
randomized controlled studies, show-
ing improved progression-free survival 
in treated NET patients. SSAs dem-
onstrated a long-lasting anti-tumoral 
effect in up to 50% in small series of 
patients with metastatic gastrinomas. 
Furthermore, patients whose disease 
progress with SSA therapy may ben-

.      . Table 48.1  Comparison of  sporadic and 
MEN1-associated gastrinomas

Clinical 
characteristics

Sporadic 
gastrinoma

MEN1-
associated 
gastrinoma

Prevalence 75% 25%

Family history No Yes

Onset 40–60 years 20–40 years

Tumor 
multifocality

Single 
primary 
lesion

Multiple 
primary 
lesions

Concurrent 
endocrinopathies

None Prevalent

Concurrent 
gastric carcinoid 
polyps

No Yes

Surgical cure rate 60% Rare
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efit from the administration of  Peptide 
Receptor Radionuclide Therapy (PRRT) 
that combines SSAs with a therapeutic 
dose of  the radionuclides (e.g., Lutetium 
177). Additionally, patients with the liver-
predominant metastatic disease could 
benefit from liver-directed therapies that 
include transarterial (chemo-)emboli-
zation (TACE/TAE) or selective inter-
nal radiation therapy (SIRT). Targeted 
therapies with the mechanistic target of 
rapamycin (mTOR)-inhibitor everolimus, 
the tyrosine kinase inhibitor sunitinib, 
and chemotherapy (e.g., capecitabine-
temozolomide (CAPTEM) regimen) 
could be considered in selected patients. 
However, more studies are warranted to 
elucidate the role of  these therapies, spe-
cifically for gastrinoma patients.

?? What are the main prognostic factors in gas-
trinoma patients?

vv The primary determinants of  survival in 
gastrinoma patients are the initial FSG 
levels above ≥20 ULN, tumor size, liver 
metastases, a pancreatic origin, the tumor 
grade, and older age at diagnosis. Notably, 
survival does not appear to be affected 
independently by lymph node metastasis 
or MEN1 mutation.

vv The major prognostic factor is the presence 
and the burden of liver metastasis. Patients 
with liver metastases at initial presentation 
have a worse 10-year survival rate than 
those who develop metastases later in the 
course of  the disease. From an oncological 
perspective, surgery offers a significant sur-
vival advantage compared to non-opera-
tive management. Operated patients have a 
significantly less chance of  developing liver 
metastases (5% vs. 29%), and better overall 
survival (81% vs. 55%) rates.

�Case Presentation Concluded

Based on the preoperative investigations, the 
patient underwent surgical exploration that 
included duodenal mobilization and careful 
examination of the gastrinoma triangle area, 
with the visualization and resection of the suspi-
cious nodule, which corresponded to the 1.2 cm 
lesion with increased radiotracer uptake seen 
on preoperative 68Ga-DOTATATE positron 
emission tomography-computed tomography 
(PET-CT). Duodenotomy with manual wall 
palpation and intraoperative ultrasound assess-
ment of the pancreas revealed no other lesions. 
Multiple bilobar hepatic lesions were identi-
fied and treated with the microwave ablation 
antenna.

The histopathological analysis of  the 
resected nodule confirmed a 12 × 10 × 9 mm 
well-differentiated neuroendocrine tumor with 
positive staining for gastrin that had almost 
entirely replaced a lymph node. The tumor 
proliferation index (Ki67) was 2% (grade 1).

The operative and histopathological find-
ings indicated the diagnosis of  primary lymph 
node gastrinoma with liver metastases. One 
year after the surgery, the patient was asymp-
tomatic and well. The postoperative evalua-
tion suggested a surgical cure with normal 
FSG levels of  69 pg/ml (upper normal value, 
<110), and no evidence of  disease on follow-
up imaging.
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Tips

The reader is advised to read the chapters 
on carcinoid syndrome (7  Chap. 44) and 
Multiple Endocrine Neoplasia type 1 
(MEN1, 7  Chap. 51). Several aspects of 
neuroendocrine tumor treatment are 
discussed in 7  Chap. 44 on carcinoid 
syndrome. The differential diagnosis of 
endocrine tumor-related chronic diarrhea 
is also discussed in the chapter on 
medullary thyroid cancer (7  Chap. 19).

Take Home Messages
55 Gastrinoma is a gastrin-producing 

neuroendocrine tumor resulting in a 
clinical picture of epigastric pain, diar-
rhea, and peptic ulcer disease known as 
Zollinger-Ellison Syndrome.
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55 Somatostatin receptor imaging has 
higher tumor detection rates than CT 
or MRI. Endoscopic ultrasound is help-
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multi-focal, duodenal, and pancreatic 
gastrinomas.

55 Initial treatment with high dose proton 
pump inhibitors is mandatory to reduce 
gastric acid production, and it should 
be continued chronically in patients 
with persistent disease.

55 Surgery should be considered in 
patients with resectable disease. In 
advanced cases, systemic therapies are 
available for selected patients, such as 
somatostatin analogs (SSAs), Peptide 
Receptor Radionuclide Therapy 
(PRRT), liver-locoregional therapies, 
everolimus, sunitinib, and capecitabine-
temozolomide (CAPTEM) regimen.
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Opening
Hypercalcemia is a quite common metabolic 
complication in cancer patients. The severe form 
of hypercalcemia could be a life-threatening 
condition, requiring immediate medical 
intervention. In this chapter, the endocrine 
form of malignancy-related hypercalcemia, that 

is humoral hypercalcemia of malignancy, will 
be discussed – that is the most common form 
of malignancy-related hypercalcemias. The 
management of hypercalcemia is also presented 
in this chapter.

Definition of the Disease

The diagnosis of hypercalcemia is confirmed 
if  the serum calcium level is above the upper 
limit of the normal reference value (normal 
total serum calcium: 2.2–2.6 mmol/L or 8.82–
10.62 mg/dL). Hypercalcemia affects approxi-
mately 20–30% of all cancer patients during 
the course of the disease. A positive cancer 
history could help in the diagnosis of malig-
nancy-associated hypercalcemia (MAH), but 
hypercalcemia could also be the first sign of the 
disease. Malignancy-associated hypercalcemia 
is divided into four groups (.  Table 49.1):
	1.	 Humoral hypercalcemia of malignancy 

(HHM) that is caused by the secretion of 
mainly Parathyroid Hormone-Related Pro-
tein (PTHrP) by several different malignan-
cies including renal cancer, ovarian cancer, 
breast cancer, or squamous cell carcino-
mas of the lung, head, and neck cancers, 
esophagus cancer, and so on. The onset of 
hypercalcemia is usually associated with an 
advanced stage of the underlying malig-
nant disease. The prognosis is poor, as the 
life expectancy does not exceed 6 months in 
the majority of the cases, and approximately 
50% of patients decease within 30 days after 
diagnosis.

PTHrP has high homology with para-
thyroid hormone and shares the same recep-
tor. In normal conditions, however, PTHrP 
is mainly a local, paracrine mediator that 
does not have a role in the regulation of nor-
mal calcium homeostasis. The uncontrolled 
secretion of PTHrP by a malignant tumor 
as a form of a paraneoplastic endocrine syn-
drome leads to hypercalcemia.

	2.	 Local osteolytic hypercalcemia (LOH), 
that is due to metastatic bone destruction, 
for example, in multiple myeloma or breast 
cancer.

	3.	 Excessive 1,25-dihydroxyvitamin D (cal-
citriol) secretion, observed in some types 
of lymphomas.

	4.	 Ectopic parathyroid hormone (PTH) secre-
tion, that is very rare.

The chapter discusses HHM, which is the 
most common form accounting for approxi-
mately 80% of  all MAH.  PTHrP elevates 
the serum calcium level by increasing bone 
resorption and enhancing the renal resorp-
tion of  calcium like parathyroid hormone.
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?? What are the signs and symptoms of hyper-
calcemia?

vv Two main factors have significant role 
in the development of  a symptomatic 
hypercalcemia: the level of  serum cal-
cium and the rapidity of  its development. 
Hypercalcemia is severe if  total serum Ca 
is >3.5 mmol/L (>14 mg/dL), whereas it is 
life-threatening over 4  mmol/L (>16  mg/
dL). The suspicion of  hypercalcemia 
should be based on clinical symptoms. 
Patients often complain about fatigue and 
anorexia. Clinical symptoms regularly 
affect four organ systems.

vv 1. The neurological symptoms include 
muscle weakness, behavioral changes, 
disorientation, somnolence or coma, and 
posterior reversible leukoencephalopathy. 
A rapid increase of  the serum calcium 
level frequently leads to severe neurologic 
dysfunction, while a chronic hypercalce-
mia could result in moderate symptoms.

vv 2. The renal involvement could lead to 
acute kidney injury, nephrogenic diabetes 
insipidus, renal vasoconstriction, and dis-
tal renal tubular acidosis with consequen-
tial polyuria. The polyuria, along with the 
reduced fluid intake caused by the gastro-

.      . Table 49.1  Forms of  malignancy-related hypercalcemias

Type of hypercalcemia Frequency (%) Typical related malignancies

Humoral hypercalcemia of malignancy 
(HHM)

80 Squamous cell carcinomas (esophageal, lung, 
head and neck, cervix)
Breast, renal, bladder, ovarian, prostate, and 
colorectal cancer
Hematological malignancies

Local osteolytic hypercalcemia (LOH) 20 Breast cancer
Multiple myeloma
Lymphoma

Excessive 1,25-dihydroxyvitamin D 
secretion

<1 Lymphoma

Ectopic parathyroid hormone (PTH) 
secretion

<1 Variable

�Case Report

The 57-year-old female patient was diagnosed 
with a malignant tumor in her left breast. 
Preoperative staging (abdominal ultrasound, 
chest X-ray, bone scan) did not reveal dis-
tant metastases. The patient was operated: 
lumpectomy and sentinel lymph node biopsy 
were performed. The pathological diagnosis 
was an invasive ductal adenocarcinoma, pT2 
(40 mm), ER (estrogen receptor): negative, PR 
(progesteron receptor): negative, HER2: +++, 

Ki-67: ~15%. Based on the pathological results, 
adjuvant chemotherapy and trastuzumab were 
indicated. Two cycles of epirubicin + cyclo-
phosphamide combination were given. Before 
the third cycle, the patient was hospitalized 
because of weakness, constipation, nausea, and 
abdominal pain. Clinical findings at hospital-
ization: blood pressure 150/80 mmHg, HR 84/
min, normal temperature, and mild dizziness.

Humoral Hypercalcemia of Malignancy
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intestinal symptoms, leads to severe fluid 
depletion that further aggravates hypercal-
cemia.

vv 3. Gastrointestinal symptoms include nau-
sea, vomiting, peptic ulcer disease, con-
stipation, and in severe cases even acute 
pancreatitis.

vv 4. Cardiovascular alterations include 
arrhythmias, short QT interval, ST 
abnormalities, and hypertension. The 
clinical symptoms are summarized in 
.  Table 49.2.

?? What kind of laboratory measurements 
should be performed?

vv Total serum calcium should be measured in 
any case of  the clinical suspicion of  hyper-
calcemia. Total serum calcium is a sum of 
two different forms. The free or ionized 
calcium is the physiologically active part 
(approx. 45–50%), while the other pro-
portion is bound to carriers. The major 
carriers for calcium are proteins (approx. 
40%) mostly albumin, while only a small 
proportion is bound to globulins. About 
10–15% is bound to organic or inorganic 
anions. Any condition which influences 
the serum albumin level will also influence 
the total calcium levels. Hypoalbuminemia 
is frequent in cancer patients, therefore, 
it is strongly recommended to calculate 
the corrected total calcium level in these 
cases (see next question). There are sev-
eral online formulas available. The mea-
surement of  free, ionized calcium level is 
another option.

vv The level of  the PTH should also be rou-
tinely measured, since it is needed for the 
diagnosis of  HHM, moreover, concomi-
tant primary hyperparathyroidism is rela-
tively frequently found in cancer patients 
and it is not associated with poor prog-
nosis. 25-Hydroxyvitamin-D should be 
measured to exclude vitamin D-mediated 
hypercalcemia. The routine laboratory 
measurement, including renal function, 
blood count, and serum phosphorus level 
could help in treatment planning and 
monitoring.

.      . Table 49.2  Clinical manifestation of 
hypercalcemia

Organ Dysfunction

Cardiovascular Arrhythmias, short QT 
interval, ST abnormalities, 
hypertension

Gastrointestinal Nausea, vomiting, peptic 
ulcer disease, constipation, 
and acute pancreatitis

Neuropsychiatric Behavioral changes, 
disorientation, somnolence 
or coma, posterior reversible 
leukoencephalopathy

Renal Nephrolithiasis, acute kidney 
injury (nephrogenic diabetes 
insipidus with consequential 
polyuria), chronic renal 
insufficiency

�Case Report Continued

At the time of  hospitalization, the patient’s 
laboratory results were found as follows: 
serum calcium 4.9  mmol/L, serum BUN 
(blood urea nitrogen): 11.9  mmol/L (nor-
mal 2.8–7.2); creatinine: 177 μmol/L (nor-
mal: 59–104); Glomerular filtration rate 
(GFR): 26.9 ml/min/1.73 m2 (normal >90). 
Liver function was not altered, and no ane-
mia, only a mild thrombocytopenia was 
observed. During the next 3 days, despite 

proper treatment her kidney function 
worsened, and hypercalcemia persisted. 
Abdominal ultrasound did not show any 
sign of  metastatic intraabdominal spread. 
Thoracic radiography was also negative. 
Parathyroid hormone (PTH) level was low 
8.7  pg/mL (normal range: 15.0–65.0) and 
25-hydroxyvitamin-D was within the nor-
mal range. Serum albumin as well as the 
total serum protein levels were normal.
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?? How to correct serum calcium for alterations 
of serum albumin concentrations?

vv Any 10  g/L (1  g/dL) decrease in serum 
albumin concentration reduces the mea-
sured total calcium by 0.2 mmol/L (0.8 mg/
dL). Therefore, 0.2  mmol/l (0.8  mg/dL) 
should be added to the measured total 
calcium for correction. For example, if  the 
albumin levels are reduced by 20 g/L than 
the normal value, then 2  ×  0.2  mmol/L 
(2  ×  0.8  mg/dL) should be added to the 
measured serum calcium. (The other direc-
tion is also valid if  hyperproteinemia is 
present.)

?? How can we differentiate between the vari-
ous forms of hypercalcemias?

vv It should be kept in mind that despite 
the proven, advanced malignant disease, 
primary hyperparathyroidism must be 
excluded, as we discussed above. PTH mea-
surement plays a key role in differential 
diagnosis. Elevated PTH level refers to pri-
mary hyperparathyroidism in most of  the 
cases, but very rarely some tumors might 
also secrete PTH as an ectopic hormone. 
In case of  normal or suppressed level of 
PTH (<20 pg/mL) and a proven diagnosis 
of  an advanced solid tumor, the diagnosis 
of  HHM can be established, and the mea-
surement of  PTHrP is not always required. 
The use of  certain medications often given 
to cancer patients could also be related to 
hypercalcemia (thiazide diuretics, estro-
gens, tamoxifen, aminophylline, lithium, 
vitamins A-, and D); therefore revision of 
the concomitant medication is essential.

?? What kind of treatment options for hyper-
calcemia are available?

vv In case of  severe, life-threatening hyper-
calcemia, the first step is volume expan-
sion with intravenous saline infusion, at 
a rate of  200–300 mL/hour. After achiev-

ing proper rehydration (urinary excretion 
100–150 mL/hour), calcitonin treatment is 
recommended at a dose of  4 IU/kg, intra-
muscularly or subcutaneously. The level 
of  calcium should be carefully monitored, 
since not all patients are calcitonin sensi-
tive. In case of  detectable response, the cal-
citonin administration could be repeated 
every 6–12 hours. (Many years ago, calci-
tonin was widely used in the treatment of 
osteoporosis, but with the advent of  more 
effective drugs, it is rarely used nowadays. 
In the treatment of  acute hypercalcemia, 
calcitonin is effective as a rapidly acting 
drug.)

vv Intravenous bisphosphonates are very 
effective in reducing calcium levels, 
but they do not act very rapidly. Either 
zoledronic acid (4  mg) or pamidronate 
(60–90  mg) should be recommended. 
Zoledronic acid seems to be superior to 
pamidronate in reversing hypercalcemia. 
Ibandronate is also a therapeutic option. 
In case of  severe renal impairment, 
bisphosphonates are contraindicated and 
therefore denosumab (a monoclonal anti-
body against RANKL (receptor activator 
of  nuclear factor kappa-B ligand) inhibit-
ing osteoclast activation) is another effec-
tive medical treatment.

vv Patients diagnosed with renal or heart 
failure should also be treated with loop 
diuretics (e.g., furosemide). Therapy 
refractory hypercalcemia accompanied 
with severe renal failure could be an 
indication for hemodialysis. Recovery is 
expected in 2–4  days after the initiation 
of  therapy, but recurrence is very likely. 
Since the recurrence of  hypercalcemia 
correlates with the progression of  under-
lying disease, the initiation of  proper 
anticancer treatment is also important. 
Patients with mild or asymptomatic 
hypercalcemia do not require immediate 
medical therapy.

Humoral Hypercalcemia of Malignancy
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?? What kind of imaging should be per-
formed?

vv At the onset of  a clinically significant 
hypercalcemia, the underlying malignant 
disease is usually already confirmed in 
the majority of  cases. CT and/or mag-
netic resonance imaging (MRI) scans are 
considered as part of  the regular stag-
ing procedures in cancer patients. Bone 
scan and 18fluorodeoxyglucose-positron 
emission tomography-computed tomog-
raphy (18FDG-PET-CT) are both useful 
in detecting potential osseal metastases. 
Bone metastases should be excluded for 
confirming the diagnosis of  MAH.
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�Case Report Follow-Up

After 4  days of treatment, our patient 
started to recover and was discharged from 
the hospital after a week. As a summary of 
her history, primary hyperparathyroidism 
was excluded, since the level of PTH was 
below the normal. HMM was the most 
likely reason of the hypercalcemia, there-
fore, more precise restaging was recom-
mended, since at the onset of the 
hypercalcemia there was no sign of an 
advanced disease. PTHrP levels can be 
measured for confirming the diagnosis.

�Case Report Continued

After recovering from hypercalcemia and 
having been discharged from the hospital, 
an 18FDG-PET-CT was performed. It 
showed an advanced disease, as multiple 
small liver and lung metastases were seen. 
There was still no sign of bone metastases. 
Proper first line anticancer therapy was ini-
tiated, per protocol with a taxane and 
trastuzumab combination, but after 
4 months, disease progression was observed. 
We lost our patient in 6 months.

Tips

The reader is advised to read the chapter 
on primary hyperparathyroidism (7  Chap. 
22) and also the chapter on osteoporosis 
(7  Chap. 24) as drugs used in the treatment 
of  hypercalcemia overlap with antiporotic 
medications.

Take Home Messages
55 Severe hypercalcemia is a life-

threatening complication.
55 Humoral hypercalcemia of malignancy 

(HHM) is the most frequent form of 
malignancy-related hypercalcemias.

55 In the absence of osseal metastases, the 
diagnosis of HMM is usually 
established if  the level of PTH is normal 
or suppressed (<20  pg/mL), and the 
diagnosis of advanced malignant 
disease is already proven. PTHrP can 
also be measured.

55 Fluid replacement, calcitonin, and 
bisphosphonates are the most important 
treatment options.

55 Recurrence of hypercalcemia is very 
likely, as it is associated with the 
progression of the underlying malignant 
disease.

55 The prognosis of hypercalcemia is poor, 
50% of the patients die in 30 days, and 
the life expectancy is no more than 
6 months.
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Multiple Endocrine 
Neoplasia 
Syndromes
The final part of the book includes three very interesting but rare 
hereditary monogenic diseases where multiple endocrine tumors 
can develop in the same individual. The prototypes of multiple 
endocrine neoplasia syndromes (MEN1 and MEN2) are presented 
in 7  Chaps. 50 and 51, respectively. Von Hippel-Lindau syndrome, 
which can include pancreatic neuroendocrine tumors and 
pheochromocytoma as endocrine manifestations, is discussed in 
7  Chap. 52.
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Opening
In this chapter, the reader will get acquainted 
with the clinical features, diagnosis, and treat-
ment of multiple endocrine neoplasia type 1 

(MEN1). The parathyroid, neuroendocrine, and 
pituitary tumors that are part of the syndrome 
are also discussed in detail in different chapters.

Definition of the Disease

Multiple endocrine neoplasia type 1 is a rare 
genetic disorder with an autosomal dominant 
inheritance. Its overall prevalence is estimated 
at 1:30,000. Inactivating variants in the MEN1 
gene underlie most cases of  the syndrome. The 
MEN1 gene is located on chromosome 11q13, 
and its product, the protein menin, is a tumor 
suppressor controlling transcription, cell 
apoptosis, and epigenetic changes. Most of 
the pathogenic genetic alterations of  MEN1 
are observed in a familial setting; however, in 
rare cases, the syndrome may be caused by a 
de novo mutation or genetic mosaicism.

MEN1 syndrome is characterized by a 
high penetrance of up to 95%. (Penetrance 
is a genetic term describing the likelihood of 
a given clinical manifestation for a genetic 
alteration.) Typical clinical manifestations of 
the MEN1 syndrome include tumors of the 
parathyroid glands, pancreas, and pituitary. 

Patients harboring disease-causing MEN1 
variants may also present with cutaneous 
lesions such as angiofibromas, collagenomas, 
or café au lait macules. The diagnosis of 
MEN1 can be established in three different 
ways: (a) clinically, with a confirmation of two 
or more MEN1-associated tumors in the same 
patient or (b) one tumor typical for MEN1 
combined with a positive family history of a 
first-degree relative with clinical manifestation 
of MEN1, and (c) solely by genetic 
confirmation of a pathogenic germline MEN1 
variant in a symptomatic or asymptomatic 
patient. Primary hyperparathyroidism is the 
manifestation with the highest penetrance, and 
it is observed as the first symptom in most cases. 
Due to the pathological and hormonal variety 
of MEN1 neoplasms and their combinations, 
clinical manifestations may differ significantly 
in every individual (.  Table 50.1).
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�Case Presentation

A 40-year-old woman was admitted to the 
Department of  Endocrinology due to symp-
tomatic hypoglycemia and suspicion of insuli-
noma. For the past 10 months, the patient had 
presented with sudden hunger with anxiety 
and irritability, tremor, and sweating. Sym
ptoms disappeared after the consumption of 
carbohydrates. She gained 15  kg weight. 
During the routine laboratory examination 
(after an 8-hour fasting), her blood glucose 
level was 1.3 mmol/L and was accompanied by 
the above-mentioned symptoms. Abdominal 
ultrasonography scheduled by the GP revealed 
bilateral nephrolithiasis, but failed to show any 
pancreatic lesions.

The patient’s medical history also included 
information on irregular menstrual cycles. She 

was pregnant twice at the ages of 25 and 28 and 
gave birth to two healthy daughters. For the last 
5 years, she was unsuccessfully trying to conceive 
again—the consulting gynecologist diagnosed 
mild hyperprolactinemia, but after the adminis-
tration of cabergoline (1 × 0.5 mg weekly), men-
strual periods have become regular.

Since the age of 34, she has been suffering 
from nephrolithiasis. Mildly elevated serum 
calcium concentrations were found in the 
patient’s medical records.

Family history: The patient’s father died at 
the age of 48 due to apoplexy of previously 
unrecognized pituitary tumor. Her father and a 
37-year-old sister were diagnosed with nephro-
lithiasis. .  Table 50.2 shows the patient’s labo-
ratory results on admission.

.      . Table 50.2  Patient’s laboratory results on admission

Parameter Results on admission Normal range

Glucose 2.89 mmol/L 3.30–5.60

Insulin 13.37 μU/mL 2.6–24.9

Serum calcium 2.73 mmol/L 2.15–2.55

Serum phosphate 0.6 mmol/L 0.81–1.45

Parathormone 232.5 pg/mL 14.90–56.90

Calcium urine excretion 12.51 mmol/24 h 2.5–8.0

Phosphate urine excretion 24.7 mmol/24 h 13.0–44.0

Prolactin 2478 μIU/mL 102–496

Luteinizing hormone (LH) 7.88 mIU/mL 2.4–12.6 in follicular phase

Follicle stimulating hormone (FSH) 2.26 mIU/mL 2.5–12.5 in follicular phase

Growth hormone (GH) 0.3 μIU/mL 0.2–10.0

?? What are the features and symptoms from 
this case which suggest MEN1 syndrome?

vv The patient’s symptoms including hypo-
glycemia, nephrolithiasis with hypercalce-
mia, and hyperprolactinemia may suggest 
three concurrent neoplasms. Pancreatic 
insulinoma, primary hyperparathyroid-

ism, and prolactin-secreting pituitary 
tumor develop typically in the course of 
MEN1 syndrome.

vv Primary hyperparathyroidism is the 
most prevalent manifestation of 
MEN1, observed in ≥90% of  patients. 
Asymptomatic hypercalcemia is the most 

Multiple Endocrine Neoplasia Type 1
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frequent, but about 25% of  patients have 
evidence of  nephrolithiasis or nephrocal-
cinosis. In contrast to sporadic cases of 
hyperparathyroidism, diffuse parathyroid 
hyperplasia or multiple parathyroid ade-
nomas are more common than solitary 
adenomas.

vv Pancreatic neuroendocrine neoplasms 
(NENs) occur in 30–70% of  patients with 
MEN1 syndrome. About 40% of  pan-
creatic islet cell tumors originate from 
β-cells and secrete insulin, and they are 
diagnosed more frequently in patients 
younger than 40  years of  age. About 
60% of  islet cell tumors originate from 
non-β-cell and often have a later onset 
(>40 years of  age).

vv About 30% of pancreatic tumors are malig-
nant and are disseminated at diagnosis. 
Malignant islet cell tumors occurring in 
MEN1 syndrome often have a less aggres-
sive course than sporadic pancreatic NENs.

vv Pituitary adenomas occur in up to 30–40% 
of patients with MEN1 syndrome, pre-
dominantly in the fourth decade of  life, 
but various ages of  onset have been noted 
(from 5 years to 90 years). The most preva-
lent subtype is prolactinoma (20%), fol-
lowed by somatotropinoma (GH) (10%), 
corticotropinoma adrenocorticotropic 
hormone (ACTH) (5%), and non-function-
ing pituitary adenoma (NFPA) (5%). How-
ever, recent studies have shown increased 
frequency of NFPAs as a result of  radio-
logical screening of  asymptomatic patients.

vv Pituitary tumors in MEN1 patients appear 
to be larger and behave more aggressively 
than sporadic ones. Local tumor expan-
sion may cause visual field defects, head-
aches, and hypopituitarism.

?? How can we diagnose insulinoma?

vv Typical symptoms of  hypoglycemia range 
from sudden hunger with anxiety and irri-
tability, tremor and sweating, and may 
progress to confusion, slurred speech, 

loss of  consciousness, seizures, coma, and 
death if  physiological mechanisms fail to 
increase glucose concentration.

vv The biochemical diagnosis of  insulinoma 
is established in 95% of  patients during a 
prolonged fasting (the classical fasting test 
lasts up to 72 hours). If  at any time of  the 
fasting test, plasma glucose decreases to a 
level of  less than 55 mg/dL (or 3 mmol/L, 
previously 40 mg/dL—2.2 mmol/L), while 
concomitant serum insulin and C-peptide 
concentrations are elevated, the diagnosis 
is confirmed.

vv Imaging could be challenging as many 
pancreatic lesions are very small and 
therefore not detectable by transabdomi-
nal ultrasound imaging, or even computed 
tomography (CT) and magnetic resonance 
imaging (MRI). In such cases, somatosta-
tin receptor imaging, preferably positron 
emission tomography and computed 
tomography hybrid imaging (PET-CT) 
with 68Ga-labeled somatostatin analogue 
(68Ga-DOTATATE), can provide more 
conclusive information. As somatostatin 
receptor imaging may be less efficient in 
case of  insulinomas, endoscopic ultraso-
nography may offer an alternative way of 
tumor detection. For insulinomas, radio-
nuclide imaging with labeled glucagon-
like peptide 1 (GLP-1) has also become 
recently available if  other imaging modali-
ties fail (7  Chap. 46).

vv Due to inconclusive results of  the abdomi-
nal ultrasound, the patient underwent an 
MRI of  the abdomen and pelvis, which 
revealed a pathological mass in the head of 
the pancreas (.  Fig. 50.1). Subsequently, 
to determine the character of  the pancre-
atic lesion, 68Ga-DOTATATE PET-CT 
was performed. Excessive expression of 
somatostatin receptors in the pancreatic 
lesion suggested a neuroendocrine charac-
ter of  the tumor (.  Fig. 50.2). (Insulinoma 
is discussed in detail in 7  Chap. 46)

?? How can we diagnose primary hyperparathy-
roidism?

	 A. Gilis-Januszewska et al.
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vv Most patients with primary hyperpara-
thyroidism have no symptoms at the time 
of  diagnosis. However, typical symptoms 
of  hypercalcemia include increased thirst, 
polyuria, and dehydration. Nephro
lithiasis is the most common manifesta-
tion, but patients often complain about 
bone pain, weakness, depression, and 
confusion. Osteoporosis, especially with 
early onset, may be caused by hyperpara-
thyroidism.

vv Biochemically, elevated serum calcium 
level, decreased level of  serum phosphate, 
increased level of  parathyroid hormone, 
increased urinary calcium, and phosphate 
excretion are observed. Alkaline phospha-
tase concentration may be increased if  
bones are involved.

vv Preoperative parathyroid imaging studies 
have great utility. The imaging techniques 
most frequently used are 99mTc-sestamibi 

a b

.      . Fig. 50.1  Abdominal MRI: a axial T1 scan—a 
hypointense mass (arrow) nicely juxtaposed against the 
T1 hyperintense normal pancreatic parenchyma; b coro-
nal T2 scan—the mildly hyperintensive mass (arrow) is 

visible in the head of  the pancreas (Department of 
Diagnostic Imaging University Hospital in Krakow, 
Poland)

a b c

.      . Fig. 50.2  Axial a, transverse b, and sagittal c fused [68Ga]Ga-DOTATATE PET/CT images of  a pancreatic 
(insulinoma) (arrows)

Multiple Endocrine Neoplasia Type 1
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scintigraphy, neck ultrasound, CT, and/
or MRI.  If  scintigraphy and ultrasound 
results are concordant, the positive pre-
dictive value for correct localization of  a 
parathyroid adenoma can be as high as 
97%.

vv Neck ultrasound revealed a hypoechogenic 
mass located behind the posterior capsule 
of  the thyroid (.  Fig.  50.3). 99mTc-sesta-
mibi scintigraphy confirmed that it was an 
enlarged parathyroid gland (.  Fig. 50.4). 
(Primary hyperparathyroidism is discussed 
in detail in 7  Chap. 22.)

?? How can we diagnose a prolactinoma?

vv Hyperprolactinemia usually manifests 
with abnormalities of  menstrual cycles, 
galactorrhea, and infertility in females, 
and loss of  libido and erectile dysfunc-

tion in male patients. The aforementioned 
symptoms constitute a reason for labora-
tory examination of  prolactinoma.

vv Our patient also was referred to pituitary 
MRI, which detected a tumor in the ante-
rior pituitary (most probably microad-
enoma) (.  Fig.  50.5). (Prolactinoma is 
discussed in detail in 7  Chap. 1.)

?? Is it necessary to perform genetic screening 
to confirm MEN1 in a patient with clinical 
symptoms of the syndrome?

vv Although the clinical diagnosis of  MEN1 
syndrome does not require genetic test-
ing for MEN1 mutations, it is advised in 
every case. Detailed diagnostic procedures 
recommended for patients with suspected 
MEN1 syndrome are summarized in 
.  Fig. 50.6.

a b c

.      . Fig. 50.4  A fused [99mTc]Tc-MIBI SPECT/CT of  a left inferior parathyroid adenoma (arrows)—axial a, trans-
verse b, and sagittal c images

a b

.      . Fig. 50.3  Neck ultrasound (axial a and longitudinal b images)—a large well-defined hypoechoic mass posteroin-
ferior to the left lobe of  the thyroid gland is visible
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a b c

.      . Fig. 50.5  Pituitary MRI. a Coronal T1 non-contrast 
image—a mass (arrow) isointense with the normal ante-
rior pituitary; b coronal T1 contrast-enhanced image—a 
mass (arrow) in the left side of the sella, hypointense com-

pared to intensely enhancing anterior pituitary; c coronal 
T2 image—a mass (arrow) in the left is hyperintense com-
pared to the anterior pituitary (Department of Diagnos-
tic Imaging University Hospital in Krakow, Poland)

.      . Fig. 50.6  Recommended diagnostic procedures and 
care for patients with suspected MEN1 syndrome. 
(Adapted from Thakker et  al. 2012, J Clin Endocrinol 
Metab. Reprinted with permission of Oxford University 

Press.) Ca2+ ionized calcium, PTH parathyroid hormone, 
PRL prolactin, IGF-1 insulin-like growth factor 1, CgA 
chromogranin A, MRI magnetic resonance imaging, CT 
computed tomography, EUS endoscopic ultrasonography

Multiple Endocrine Neoplasia Type 1
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?? What are the indications to perform genetic 
testing?

vv The diagnosis of MEN1 can be established 
in a patient without a first-degree relative 
having MEN1 if  either one or both of the 
following criteria are fulfilled: (i) at least 
two of pituitary, parathyroid, and well-
differentiated endocrine neoplasms of the 
gastro-entero-pancreatic tract and/or (ii) 
the presence of a (heterozygous) pathogenic 
variant of the MEN1 gene. Because of the 
non-exclusive character of the above-men-
tioned criteria, it is reasonable to consider 
genetic testing in all patients who fulfill 
the above-mentioned criteria but also in 
unaffected patients whose family history is 
strongly indicative for MEN1 but for whom 
it is not possible to perform genetic testing 
in an affected family member, for example, 
because of them having passed away. After 
a pathogenic variant has been detected, 
genetic testing is also offered to first-degree 
family members of the mutation-carrier.

?? How is genetic testing being performed?

vv The reason for MEN1 development is an 
inheritable pathogenic variant in the gene 
MEN1. Since MEN1 is an autosomal 
dominant trait, only one allele needs to be 
mutated for a person to be predisposed, 
which means that patients with MEN1 will 
be heterozygotes (i.e., have one mutated 
copy of  the MEN1 gene and one copy with 
no pathogenic alteration). The detection 
of  a pathogenic variant in a patient is an 
unequivocal evidence which allows to diag-
nose him/her with the MEN1 syndrome. 
Inherited genetic variants are present in 
all cells of  the body, and therefore, no par-
ticular tissue source is needed to perform 
the diagnostic procedure. The material of 
choice is most often blood in the case of 
patients who have not undergone bone 
marrow transplantation in the past. Blood 
should be collected into a tube with an 
anti-clotting agent, preferably ethylenedi-
aminetetraacetic acid (EDTA), and sent 
to an appropriate laboratory at room tem-
perature or gently chilled (to 4 °C).

?? How should the results of MEN1 genetic 
testing be read?

vv The report of  MEN1 testing will typically 
inform about the method used for analysis 
and any identified variants and will pref-
erably also provide the physician with a 
brief  comment about how to interpret the 
findings in clinics. However, the type and 
amount of  information given may differ, 
depending on the laboratory.

vv First-line laboratory testing consists of  the 
analysis of  the MEN1 gene sequence, usu-
ally by means of  DNA sequencing (Sanger 
or high-throughput), which is sometimes 
preceded by high-resolution melting anal-
ysis (HRM). The result will typically be 
presented at the DNA and protein level. 
There are no specific hotspot regions in the 
MEN1 gene, which would be preferentially 
mutated; therefore, a large number of  the 
detected variants are family-specific and 
must be interpreted on an individual basis. 
Any changes in the MEN1 gene that will 
impact protein length, structure, or func-
tion are very likely to have a deleterious 
clinical effect but still need to be looked up 
in appropriate databases and/or analyzed 
by bioinformatics tools to deduce their 
clinical interpretation. Clinically, a variant 
may be assigned as benign or likely benign, 
which means that it also appears in the gen-
eral population and is (likely) not causative 
of  MEN1. A pathogenic or likely patho-
genic variant means that there is evidence 
that the detected alteration causes clinical 
features of  MEN1. The most problematic 
interpretation is that of  so-called variants 
of  unknown/uncertain significance (VUS), 
which means that there is conflicting evi-
dence regarding the pathogenicity of  the 
given variant. In the case of  genes with no 
mutation hotspot regions, as it is the case 
with the MEN1 gene, many of  the detected 
allelic variants may be VUSes. Sequencing 
analysis will identify a (likely) pathogenic 
variant in the MEN1 gene in up to 90% of 
all MEN1 patients. If  no potentially caus-
ative variant in the sequence is detected, 
the second line of  laboratory testing may 
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be performed, which is deletion analy-
sis. Large deletions (e.g., encompassing a 
whole exon or even the whole gene) are not 
identified by most sequencing analyses but 
may be present in 1–4% of  all MEN1 cases. 
These kinds of  alterations are identified by 
methods like quantitative PCR, multiplex 
ligation-dependent probe amplification 
(MLPA), or chromosomal microarrays. 
The results obtained for the patient should 
be interpreted collectively, that is, if  any 
among pathogenic sequence variants and/
or large deletion are present in a patient, 
this would confirm MEN1 diagnosis.

?? What if genetic testing is negative (no patho-
genic variant has been detected) in a patient 
with MEN1 phenotype?

vv First of  all, it should be made sure that not 
only the sequence of  the MEN1 gene has 
been analyzed but that also deletion test-
ing has been performed. Some laborato-
ries may do this at once, but others may 
not, and it will be necessary to ask for this 
additional testing. If, however, there is a 
negative result (no pathogenic alteration) 
in both sequence and deletion analysis, 
but the patient and/or his/her family is 
clinically strongly indicative of  MEN1, the 
presence of  a very rare syndrome called 
MEN4 (multiple endocrine neoplasia type 
4) may be suspected. Clinically, MEN4 
and MEN1 may be indistinguishable from 
one another at most stages. However, 
MEN4 is caused by mutations in another 
gene, CDKN1B, the variants of  which are 
identified in an additional genetic test.

?? What is phenocopy?

vv The term phenocopy represents the phe-
nomenon when the clinical picture asso-
ciated with a genetic disease is caused by 
another background. As discussed in the 
preceding question–answer pair, MEN4 
can be a MEN1 phenocopy. Moreover, 
another possibility of  MEN1 phenocopy 
is related to the association of  sporadic 
tumors mimicking the tumor associations 

in MEN1. Since both primary hyperpara-
thyroidism and pituitary adenoma are 
rather frequent diseases, their associa-
tion might raise the clinical suspicion of 
MEN1. Genetic testing is needed to rule 
out phenocopy.

?? Which routine laboratory test can be used to 
make the diagnosis of MEN1 unlikely in el-
derly patients?

vv Since the penetrance of  primary hyper-
parathyroidism in MEN1 is almost 100% 
over the age of  50, a normal serum cal-
cium in elderly patients makes the diag-
nosis of  MEN1 unlikely. Certainly, if  the 
suspicion is strong, genetic testing should 
be performed.

?? What are the recommended diagnostic pro-
cedures in patients with diagnosed MEN1 
syndrome?

vv Patients with two or more tumors typical 
for MEN1 should be actively monitored 
for the presence of  other tumors, even if  
clinically silent. If  the screening results are 
negative, biochemical and radiological re-
evaluation should be performed on a regu-
lar basis.

vv In our case, clinical, biochemical, and 
radiological confirmation of  insulinoma, 
hyperparathyroidism, and prolactinoma 
was established. Thorough physical exami-
nation of  the skin revealed collagenomas, 
which are the atypical skin lesions accom-
panying MEN1 syndrome (.  Fig. 50.7).

?? How should we treat a patient with the 
MEN1 syndrome?

vv The choice of  treatment depends on 
the clinical presentation. In case of  our 
patient with insulinoma and symptomatic 
hypoglycemia, pharmacological treatment 
of  hyperinsulinemia with diazoxide was 
primarily introduced. The clinically stable 
patient underwent surgical resection of  the 
pancreatic lesion.

Multiple Endocrine Neoplasia Type 1



502

50

vv The management of  choice for parathy-
roid adenomas is surgical resection of 
overactive glands. In MEN1 syndrome, 
either subtotal or total parathyroidec-
tomy is advised. However, it must be 
taken into consideration that MEN1 is 
associated with an increased risk of  per-
sistent or recurrent hypercalcemia after 
subtotal surgery, which is thought to be 
secondary to the tendency toward multi-
glandular disease. In case of  total para-
thyroidectomy, some centers implant a 
small parathyroid tissue autograft into 
the forearm (or in the neck) to avoid 
hypoparathyroidism and the autograft 
can be easily removed if  primary hyper-
parathyroidism recurs.

vv The patient underwent subtotal parathy-
roidectomy with confirmatory pathologi-
cal examination. Biochemical screening for 
primary hyperparathyroidism in patients 
with MEN1 should be performed annually 
with the assessment of  serum calcium and 
parathyroid hormone concentrations.

vv In the case of  prolactinomas, unlike 
other subtypes of  pituitary adenomas, 
pharmacological treatment with dopa-
mine agonists is the modality of  choice. 
Neurosurgery is reserved for patients not 
responsive to medical treatment and/or 

with macroadenomas with local tumor 
mass symptoms. In our patient with con-
firmed microadenoma, cabergoline was 
effective in decreasing prolactin concentra-
tions as well as tumor shrinkage observed 
in the follow-up MRI.

?? What features and symptoms in the fam-
ily members raise the suspicion of MEN1? 
Should we screen the family members in case 
of negative results?

vv In our case the patient’s two relatives 
(father and one sister) had a long history 
of  nephrolithiasis which could be associ-
ated with primary hyperparathyroidism. 
The sudden death of  the father at the age 
of  48 due to pituitary apoplexy was prob-
ably the first manifestation of  macroad-
enoma.

vv The familial screening in MEN1 syndrome 
includes the regular clinical and biochemi-
cal assessment of  the asymptomatic first-
degree relatives of  a patient diagnosed 
with MEN1. In the case of  negative results, 
the biochemical and radiological screen-
ing should be repeated annually. Once any 
MEN1-related tumor is diagnosed, they 
should undergo the same screening pro-
cedures as patients with confirmed patho-
genic MEN1 variants.

a b

.      . Fig. 50.7  Collagenomas (indicated with arrows)—one of  MEN1 syndrome skin manifestations
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?? Is it reasonable to perform genetic testing for 
MEN1 variants in unaffected family mem-
bers of a MEN1 patient?

vv Genetic testing in unaffected family 
members makes sense only if  a causative 
genetic alteration has been detected in at 
least one of  their affected first-degree rela-
tives. In such a case, the genetic analysis 
of  the unaffected person is limited down 
to the region in which the familial variant 
would be expected.

vv The detection of  a pathogenic genetic 
variant in MEN1 confirms the diagno-
sis of  MEN1, even in the absence of 
clinical manifestations. The overall pen-
etrance for clinical features of  MEN1 is 
over 95% by age 40 years, which means 
that by the age of  40  years, the disease 
will present clinically in more than 95% 
of  MEN1 pathogenic variant-carriers. 
Therefore, it seems reasonable to offer 
genetic analyses also to unaffected fam-
ily members, as this allows to implement 
additional clinical screening strategies 
in yet asymptomatic patients with a 
mutated MEN1 gene.

?? Is it possible to predict the patient’s  
outcome based on the results of genetic test-
ing?

vv No, genetic testing can only confirm or 
exclude the presence of  MEN1 in MEN1-
suspected patients or the predisposition 
to MEN1  in unaffected family members. 
However, even among patients from the 
same family, whose disease is caused by 
the same mutation in the MEN1 gene, the 
clinical outcome may differ significantly in 
means of  the age of  onset, disease symp-
toms, its dynamics, overall prognosis, and 
so on.

?? Genetic testing for MEN1 can be indicated 
in which forms of sporadic tumors?

vv A significant portion of  some rare tumors 
arise in the context of  MEN1. About 25% 
of  gastrinomas are MEN1-related; there-

fore, genetic testing for MEN1 is indicated 
for patients with gastrinoma. On the other 
hand, a much less proportion of  sporadic 
insulinoma is MEN1-related. Primary 
hyperparathyroidism is mostly sporadic; 
however, parathyroid adenoma in young 
patients (<30  years) or multiple parathy-
roid tumors might also indicate testing for 
MEN1.

Tips

The reader is advised to read the chapters 
on pituitary tumors prolactinoma 
(7  Chap. 1), acromegaly (7  Chap. 2), 
Cushing’s disease and non-functional 
pituitary adenoma (7  Chaps. 3 and 4), 
primary hyperparathyroidism (7  Chap. 
22), insulinoma (7  Chap. 46), gastrinoma 
(7  Chap. 48), and also the next chapter on 
the other major form of  multiple endocrine 
neoplasia (MEN2) (7  Chap. 51).

Take Home Messages
55 Multiple endocrine neoplasia type 1 is a 

rare disease leading to serious 
morbidity.

55 The suspicion for the disease can be 
raised based on the characteristic 
clinical symptoms and biochemical, 
hormonal, and imaging results.

55 Diagnosis of two or more tumors 
typical for MEN1 syndrome implies the 
need to search for other tumors. If  not 
found, the screening should be repeated 
in certain time intervals.

55 Genetic screening should be offered to 
the patient and the family of the patient.

55 The family of the patient with diagnosed 
MEN1 syndrome should be screened 
for typical MEN1 features. If  the 
screening is negative, it should be 
repeated in certain time intervals, even 
in children.
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Opening
Multiple endocrine neoplasia type 2 (MEN2) 
syndrome is a rare, hereditary tumor syn-
drome predisposing affected patients to mul-
tiple tumors including medullary thyroid 
cancer, pheochromocytoma, and primary hy-
perparathyroidism.

?? What is the most probable diagnosis?

vv Based on the symptoms and the adrenal 
mass, an adrenal pheochromocytoma can 
be suspected (7  Chap. 37).

?? How to proceed?

vv The hormonal activity of the tumor should 
be confirmed. Catecholamine metabolites 
should be investigated. Urinary catechol-
amine metabolites were highly elevated 
(metanephrine: 3645  μg/24  h (normal: 64–
302); normetanephrine: 895 μg/24 h (normal: 
162–157)), and serum chromogranin A level 
was also increased (249.7  ng/ml  – normal 
<98.1). Due to the life-threatening elevations 
of blood pressure, after careful preparation 
(introduction of alpha-adrenergic, then beta-
receptor blockers), a laparoscopic right adre-
nalectomy was performed, and the histology 
confirmed pheochromocytoma.

?? Should a hereditary disease be looked for?

vv Recent findings show that at least 40% of 
Pentagastrin is injected intravenously 50% 
of pheochromocytomas may develop as 
manifestations of autosomal dominantly 
inherited hereditary tumor syndromes 
caused by germline mutations (see 7  Chap. 
37 on pheochromocytoma). In case of adre-
nal pheochromocytomas, MEN2 syndrome, 
von Hippel-Lindau syndrome (VHL syn-
drome) and neurofibromatosis type 1 (NF1) 
should be considered, but mutations in suc-
cinate dehydrogenase (SDH) genes, and in 
other more recently described genes such as 
TMEM127 might also be pathogenic.

vv Bilateral pheochromocytomas are most of-
ten caused by VHL and MEN2 syndromes.

?? Which patients suffering from pheochromo-
cytoma should be screened for genetic back-
ground?

vv Given the high proportion of pheochromo-
cytomas occurring in hereditary tumor syn-

Definition of the Disease

The MEN2 syndrome is a rare disease with a 
prevalence of 1:30.000. It is inherited as an 
autosomal dominant trait and is caused by 
mutations of the protooncogene RET (rear-
ranged upon transfection). Its major features 
include medullary thyroid cancer (MTC) 
and pheochromocytoma. There are two ma-
jor subtypes of MEN2 (.  Table 51.1). ME-
N2A (Sipple syndrome) patients are affected 
by MTC, pheochromocytoma, and parathy-
roid tumors resulting in primary hyperpara-
thyroidism. MEN2B (Gorlin syndrome) is a 
very rare form with poor prognosis associat-
ed with very aggressive MTC and pheochro-
mocytoma, and characteristic phenotypical 
signs such as marfanoid appearance, muco-
sal neuroma, and intestinal ganglioneuroma-
tosis. Previously, a third form was classified 
as FMTC (familial medullary thyroid can-
cer) only associated with MTC (without 
pheochromocytoma and hyperparathyroid-
ism), but nowadays it is considered as an 
MEN2A variant.

�Case Presentation

A 31-year-old man was referred to our 
Department with a right adrenal mass of 
5  cm diameter (ultrasound and computed 
tomography (CT)). He had repeated epi-
sodes of chest pains, palpitation, and pallor 
in the past 2 years. He had blood pressure 
as high as 270/150  mmHg during these 
attacks.
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dromes, all patients with pheochromocytoma 
can be proposed to have genetic screening. 
Special circumstances, for example, young 
patients (<50  years), bilateral tumors, chil-
dren, extraadrenal pheochromocytoma, met-
astatic pheochromocytoma, and the presence 
of other endocrine (or non-endocrine) tu-
mors increase the likelihood of hereditary 
disease; therefore in these cases genetic 
screening is absolutely warranted.

?? Which clues could help us in the quest for a 
hereditary disease?

vv Other manifestations of the VHL syn-
drome include cerebellar and retinal hem-
angiomas, renal cancer and cysts, pancreatic 
cysts and neuroendocrine tumors, and epi-
didymis cystadenomas. As the most pene-
trant manifestation of MEN2 is medullary 
thyroid cancer, calcitonin should be taken 
as a tumor marker and a thyroid ultrasound 
should also be undertaken. Neurofibroma-
tosis type 1 is associated with characteristic 
skin manifestations including café-au-lait 
spots (.  Fig.  51.1), neurofibromas (soft, 
usually light brown skin tumors), and char-

acteristic ophthalmological lesions (Lisch-
nodules, i.e., hamartomas of the iris).

vv A careful physical examination and history 
taking including the family is always war-
ranted, and this could help is in guiding the 
order genetic investigations, that is which 
genes should be sequenced first.

.      . Table 51.1  Main forms of  the MEN2 syndrome

Subtypes Manifestations Percentage

MEN2A Classical Medullary thyroid cancer 95–100%

Pheochromocytoma 40–50%

Primary hyperparathyroidism 20–30%

FMTC Medullary thyroid cancer ~100%

MEN2A with cutaneous lichen amyloidosis

MEN2A with Hirschsprung disease

MEN2B Medullary thyroid cancer 100%

Pheochromocytoma 50%

Marfanoid appearance, mucosal neuromas, corneal nerve 
hypertrophy, intestinal ganglioneuromatosis

FMTC familial medullary thyroid cancer

�Case Presentation Continued…

Calcitonin was slightly elevated (29 pg/ml – 
normal <6 pg/ml). Ultrasound of the thy-
roid showed two small lesions of 4x4x5 and 
4x4x6 mm in the left and right lobes, respec-
tively. Fine needle aspiration biopsy con-
firmed medullary thyroid cancer from both 
lesions. Carcinoembryonic antigen (CEA) 
that is also a tumor marker for MTC was 
mildly elevated, as well (6.2 ng/ml; normal 
<4 ng/ml).

Serum calcium and parathyroid hor-
mone should also be measured, as 
MEN2A syndrome also can include pri-
mary hyperparathyroidism. These were, 
however, normal.

Multiple Endocrine Neoplasia Type 2
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?? How to proceed?

vv Total thyroidectomy was performed, and 
histology confirmed the diagnosis of MTC 
in both lobes. Clinically, the diagnosis of 
MEN2 syndrome could be established 
based on the presence of both an MTC and 
a pheochromocytoma in the same individu-
al. Genetic diagnosis was performed using 
DNA isolated from peripheral blood, and 
sequencing of the RET protooncogene ex-
ons known to harbor MEN2-causing muta-
tions was performed. A common missense 
mutation in exon 11 of RET was found 
(Codon 634, TGC634TGG leading to a 
Cysteine-Tryptophan change).

vv Mutations of  codon 634 are found in ap-
proximately 80% of  MEN2A patients, 
and there are strong genotype-phenotype 
correlations, that is certain mutations are 
associated with distinct clinical manifes-
tations.

?? How could the molecular pathogenesis of 
MEN2 be briefly summarized?

vv Mutations of the RET (rearranged upon 
transfection) gene are responsible for MEN2. 
This gene is considered as a protooncogene 
and codes for a cell surface receptor that is a 
receptor tyrosine kinase. The ligands of the 
RET protein belong to the GDNF family 
(glial cell-derived neurotrophic factors) and 
these are important in the development of 
the nervous system. Mutations mostly lead 
to the ligand-independent activation of the 
receptor (e.g., by promoting receptor dimer-
ization, or by directly inducing catalytic ac-
tivity of the intracellular kinase domain that 
is characteristic for exon 16 mutation in 
MEN2B). Mutations are mostly missense, 
that is amino acid changes that activate the 
protein (activating mutations). The RET 
gene has 21 exons, but not all of these were 
found to harbor mutations. There are muta-
tion hot spots where mutations are mostly 
found to occur (exons 11, 10, 8, 9, 14 in ME-
N2A and exon 16 (rarely exon 15) in 
MEN2B).

?? Being a hereditary disease, family screening 
should be performed.

.      . Fig. 51.1  Typical café-au-lait spot in a patient with neurofibromatosis type 1
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vv The family tree of  the patients is shown in 
.  Fig. 51.2. The father of  the patient and 
his 8-year-old son were found to have the 
same mutation. The father was diagnosed 
with metastatic MTC, but no signs of 
pheochromocytoma or primary hyper-
parathyroidism were found. A total thy-
roidectomy was performed, but calcitonin 
levels remained elevated after surgery and 
multiple metastases were confirmed. He 
refused further treatment.

?? What should be done with the mutation car-
rier son?

vv As RET mutation carriers have an almost 
100% chance to develop MTC, prophylac-
tic thyroidectomy should be performed. 
The timing of  surgery depends on the type 
of  RET mutation, as there are strong gen-
otype-phenotype correlations known in 
MEN2. In carriers with mutations associ-
ated with the highest risk for MTC, that is 
codon 918 (exon 16) mutations associated 
with MEN2B, the thyroidectomy should 
be performed during the first year of  life. 
In high-risk mutation carriers (e.g., co-
dons 634 and 883), the operation should 
be performed before the age of  five. The 
timing of  surgery is not defined for carriers 
of  other mutations conveying moderate 
risk (e.g., codons 609, 611  in exon 10, or 
exon 14 mutations, etc.). These patients 
should be operated as children or young 
adults, but there are reports of  some low-
risk mutations whose carriers do not have 

MTC even in the fourth or fifth decades of 
life. In these patients, regular calcitonin 
measurements and/or pentagastrin tests (if  
available) can be performed, and opera-
tion is warranted following the first patho-
logical results.

?? What is pentagastrin and what is it used 
for?

vv Pentagastrin includes the five C-terminal 
amino acids of  gastrin and it is a potent 
stimulus of  calcitonin release and thereby 
can be used for the screening for MTC or 
C-cell hyperplasia. Pentagastrin is injected 
intravenously over 3 minutes (at a dose of 
0.5 μg/kg body weight) and blood is taken 
2 and 5 minutes thereafter. If  the calcito-
nin rises over 200 ng/ml, MTC diagnosis is 
very likely, whereas values <100 ng/ml are 
not suspicious for MTC.  The range be-
tween 100 and 200 ng/ml is uncertain. Al-
ternatively, intravenous calcium can be 
used (2.5 mg Ca/kg body weight) injected 
over 30 seconds.

?? Why not to perform prophylactic adrenalec-
tomy?

vv If  prophylactic thyroidectomy is indicated, 
the question might be raised why prophy-
lactic bilateral adrenalectomy is not. You 
might argue that pheochromocytoma is 
also a life-threatening condition. However, 
the chance for pheochromocytoma is only 
about 50%, whereas that of  MTC is almost 

.      . Fig. 51.2  Family tree of  the 
patient with MEN2A. Note 
that affected patients are found 
in every generation 
characteristic for an autosomal 
dominantly inherited trait. 
Circles: women, squares: men, 
affected patients are black, the 
index patient is indicated by an 
arrow
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100% in MEN2. Pheochromocytoma is 
mostly benign in MEN2. Moreover, thy-
roid hormone substitution is rather easy 
with a fixed dose, whereas the substitution 
of  adrenocortical hormones is not, and 
hydrocortisone doses should be increased 
during stress situations (infections, trau-
ma, surgery, etc.) (7  Chap. 31 on Addi-
son’s disease).

?? How should the patient be followed-up?

vv Calcitonin and serum calcium should be reg-
ularly measured (e.g., every 6  months or 
year). Catecholamine metabolites should also 
be examined yearly even after bilateral adre-
nalectomy. Five years after the removal of the 
right adrenal, a mild elevation of urinary 
metanephrines was observed (540 μg/24 h – 
normal 64–302) and CT showed a discrete 
mass of 2 cm diameter in the left adrenal. 123I-
MIBG scintigraphy showed isotope accumu-
lation in the lesion. Even if the tumor was 
small and the patient’s hypertension could be 
well-controlled by a calcium antagonist (am-
lodipine), based on the genetic background 
and the potential long-term deterioration of 
the clinical situation, a left adrenalectomy 
was also performed. Histology confirmed 
pheochromocytoma. Hydrocortisone and 
fludrocortisone substitution were started.

?? What kind of other variants of the MEN2A 
syndrome are known?

vv FMTC patients have only MTC as a 
MEN2 manifestation. To establish the di-
agnosis of  familial FMTC, ten affected 
patients without other manifestations 
should be found in the same family.

vv MEN2A with cutaneous lichen amyloido-
sis is a form where papular and pigmented 
skin lesions are observed mostly on the ex-
tensor sides of  the extremities and in the 
interscapular regions.

vv MEN2A associated with Hirschsprung dis-
ease is a syndrome that is very interesting 
from a scientific point of view. Hirschsprung 
disease is a congenital disease characterized 

by the absence of autonomic ganglion cells 
leading to intestinal obstruction and mega-
colon. A part of Hirschsprung disease is 
caused by RET mutations, but in contrast 
to MEN2, these are inactivating (with re-
duced protein function). In MEN2A as-
sociated with Hirschsprung, the same RET 
mutation (mostly in codon 620) results in 
tumor formation in the C-cells of  thyroid 
as an activating, and Hirschsprung disease 
as an inactivating mutation. How could 
this be possible? The answer may lie in the 
different activity of the RET protein in the 
enteric nervous system and the organs af-
fected by tumors.

?? What are the features of the MEN2B syn-
drome?

vv MEN2B is associated with a very aggressive 
form of MTC that was reported to metasta-
tize even in children less than 1 year of age. 
Prophylactic thyroidectomy should therefore 
be performed in carriers of RET mutations 
predisposing to MEN2B during the first year 
of life. Due to the aggressivity of MEN2B, 
the syndrome is mostly sporadic. Apart 
from MTC and pheochromocytoma 
(.  Table 51.1), MEN2B patients have typi-
cal phenotypic features including mucosal 
neuroma on the lips (.  Fig. 51.3b), on the 
tongue (.  Fig. 51.3c). Intestinal ganglioneu-
romatosis can lead to chronic obstipation 
and megacolon (.  Fig.  51.4). Note that 
megacolon can also occur in MEN2A in its 
subtype associated with Hirschprung disease, 
but the pathogenesis of this is completely dif-
ferent (ganglioneuromatosis leading to ob-
struction in MEN2B vs. aganglionosis in 
Hirschsprung disease). Marfanoid appear-
ance, kyphoscoliosis (.  Fig.  51.3a), joint 
laxity, and corneal nerve hypertrophy can 
also be observed. In contrast with Marfan 
syndrome, however, aortic abnormalities are 
not observed.

?? What are the main differences between 
MEN1 and MEN2 syndromes?

vv .  Table  51.2 compares some important 
features of  these two tumor syndromes.
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?? Is testing for MEN2 warranted in patients 
with medullary thyroid cancer?

vv Medullary thyroid cancer is a rare, non-
differentiated form of  thyroid cancer. 
About 20–30% of  medullary thyroid can-
cer arises in the context of  MEN2, and 
therefore routine genetic testing for germ-
line RET mutations can be proposed even 
in sporadic MTC.  The chance to find 
MEN2 is greater in younger MTC pa-
tients, but there are reports on positive 
genetic findings even in elderly MTC pa-
tients.

a b

c

.      . Fig. 51.3  Typical features of  a patient suffering from MEN2B. a Kyphoscoliosis. b Neuromas on the lips. c 
Neuromas on the tongue. (Courtesy of  Dr. Géza Nagy, 2nd Department of  Internal Medicine, Semmelweis Univer-
sity)

Tips

The reader is advised to read the chapters 
on medullary thyroid cancer (7  Chap. 19), 
primary hyperparathyroidism (7  Chap. 
22), pheochromocytoma (7  Chap. 37), 
and the next chapter on von Hippel-Lindau 
syndrome (7  Chap. 52).

Take Home Messages
55 Multiple endocrine neoplasia type 2 

(MEN2) is a rare, autosomal dominantly 
inherited tumor syndrome having two 
main subtypes, MEN2A and MEN2B.

55 Major manifestations of MEN2A in-
clude medullary thyroid cancer (MTC), 
pheochromocytoma, and primary hyper-
parathyroidism, whereas MEN2B is as-
sociated with an aggressive form of MTC 
and pheochromocytoma along with char-
acteristic phenotypic features (mucosal 
neuroma, marfanoid appearance, and in-
testinal ganglioneuromatosis).

55 MEN2 is caused by mutations of the 
RET protooncogene, and there are strong 
genotype-phenotype correlations known.

55 Prophylactic thyroidectomy should be 
performed in carriers of RET protoon-
cogene mutations predisposing to 
MEN2, and the timing of surgery is in-
fluenced by the mutation type.

Multiple Endocrine Neoplasia Type 2
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a b

c

.      . Fig. 51.4  a Megacolon due to obstruction caused by 
intestinal ganglioneuromatosis in a MEN2B patient 
(white arrows), coronal CT picture. A part of  the mega-
colon is herniated to the thorax. b Axial CT-imaging of 
a bilateral pheochromocytoma in MEN2B (yellow 

arrows). c 123I-MIBG scintigraphy-SPECT-CT imaging 
of  bilateral pheochromocytoma in MEN2B. (Courtesy 
of  Dr. Géza Nagy, 2nd Department of  Internal Medi-
cine, Semmelweis University)
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Opening
Von Hippel–Lindau syndrome (VHL-syn-
drome) is a rare hereditary tumor syndrome 
predisposing affected patients to hemangio-
blastomas in the central nervous system 
(CNS) and retina, kidney cancer and also 
to neuroendocrine tumors including pheo-
chromocytoma and pancreatic neuroendo-
crine tumors.

.      . Table 52.1  Classification of  the 
VHL-syndrome. Endocrine manifestations are 
highlighted in bold

VHL subtype Manifestations

VHL type 1 Central nervous system 
hemangioblastoma, retinal 
angioma, renal cysts and cancer, 
endolymphatic sac tumor, 
pancreatic cysts and neuroendocrine 
tumor, epididymis cystadenoma

VHL 
type 2

2A Central nervous system 
hemangioblastoma, retinal 
angioma, endolymphatic sac 
tumor, pancreatic cysts and 
neuroendocrine tumor, epididymis 
cystadenoma, pheochromocytoma/
paraganglioma

2B Renal cysts and cancer, central 
nervous system hemangioblastoma, 
retinal angioma, renal cancer, 
endolymphatic sac tumor, 
pancreatic cysts and neuroendocrine 
tumor, epididymis cystadenoma, 
pheochromocytoma/paraganglioma

2C Pheochromocytoma/
paraganglioma

�Case Presentation

The male patient complained of serious diz-
ziness at the age of 22, and brain magnetic 
resonance imaging (MRI) revealed a cerebel-
lar tumor. The tumor could be removed, and 
its histological examination revealed a 
hemangioblastoma. Four years later, a con-
trol MRI revealed a recurrent cerebellar 
tumor of 4 × 5 cm that was again success-
fully operated.

Definition of the Disease

The VHL-syndrome is a rare tumor syn-
drome (prevalence: 1:36,000) inherited as 
an autosomal dominant trait. The syn-
drome is caused by germ-line mutations in 
the tumor suppressor VHL-gene. The ma-
jor manifestations of  the VHL-syndrome 
include hemangioblastomas in the central 
nervous system (mostly in the spinal cord 
and cerebellum) and retina (retinal angio-
ma), renal cysts and clear cell renal carci-
noma, endolymphatic sac tumors of  the 
middle ear, cysts, serous cystadenomas 
and neuroendocrine tumors in the pan-
creas, and cystadenomas of  the epididy-
mis. There are two major subtypes of 
VHL (.  Table 52.1): in VHL type 1, there 
is usually no pheochromocytoma/para-
ganglioma, whereas in type 2 pheochro-
mocytoma/paraganglioma can develop. 
The only manifestation in VHL type 2C is 
pheochromocytoma that is often bilateral. 
The risk for renal cancer is low in VHL 
type 2A and high in type 2B. Patients suf-
fering from VHL usually die due to com-
plications related to central nervous 
system tumors and renal cell cancer. Pheo-
chromocytoma or rarely paraganglioma is 
observed in 10–30% of  VHL-syndrome 
patients, and as these tumors secrete pre-
dominantly norepinephrine, the typical 
symptoms of  pheochromocytoma are 
lacking. Pheochromocytoma in VHL is 
rarely metastatic. In sporadic cases, VHL-
syndrome is often diagnosed due to cen-
tral nervous system manifestations.

The pathogenesis of VHL-syndrome is re-
lated to the activation of hypoxia-inducible 
factor 1α that stimulates angiogenesis and the 
product of VHL-gene is implicated in its deg-
radation. Due to the increased angiogenesis, 
tumors are usually highly vascularized.
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?? Cerebellar hemangioblastoma (Lindau tu-
mor) should wake the suspicion for von Hip-
pel–Lindau syndrome. What should be done 
next?

vv Hemangioblastomas are uncommon tu-
mors of the central nervous system, and 
these are important manifestations of the 
VHL-syndrome. About 40% of VHL-syn-
drome-associated hemangioblastomas oc-
cur in the cerebellum, whereas about 50% in 
the spinal cord.

vv A family tree should be taken to search for 
a potential hereditary case (.  Fig.  52.1 
represents the patient’s family tree), but the 
syndrome can occur sporadically as well. 
Genetic testing is mandatory. Careful his-
tory taking is important. Ophthalmological 
examination should be done for the poten-
tial retinal angiomas.

?? Genetic testing showed a heterozygous Glu94 
STOP mutation in the first exon of the VHL-
gene that is a known pathogenic mutation of 
the VHL-syndrome. What is the chance for 
passing this mutation to the offspring?

vv Being a heterozygous mutation, there is a 
50% chance of  passing it to the next gen-
eration. As VHL is inherited as an autoso-
mal dominant trait, one mutant allele is 
enough for disease manifestation, and 
therefore, half  of  the offspring can be ex-
pected to manifest the disease.

?? What kind of imaging should be performed?

vv Abdominal imaging preferably by MRI (or 
computed tomography (CT)) should be 
done to investigate the kidneys, pancreas, 
and adrenals. The spine should be examined 
for potential spinal cord tumors.

.      . Fig. 52.1  Family tree of  the patient. Note that 
affected patients are found in every generation charac-
teristic for an autosomal dominantly inherited trait. 

Circles: women, squares: men, affected patients are 
black, the index patient is indicated by an arrow

Von Hippel–Lindau Syndrome
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?? Which hormones should be measured?

vv Pheochromocytoma/paraganglioma and 
pancreatic neuroendocrine tumors represent 
the endocrine manifestations of the VHL-
syndrome. Urinary or plasma metanephrines 
(7  Chap. 37) and chromogranin A (CgA) as 
the general neuroendocrine tumor marker 
should be taken (7  Chap. 44). Pancreatic 
neuroendocrine tumors in VHL are usually 
hormonally inactive and indolent, but rarely 
can metastasize to the liver. All hormones 
measured were in the normal range.

?? Should the pancreas tumor be removed?

vv VHL is associated with neuroendocrine 
tumors in the pancreas that are usually 
slowly growing and indolent, and despite 
having metastatic potential, patients usu-
ally do not die of  complications related to 
these. Tumors with a diameter under 3 cm 
should only be followed up.

vv Even for kidney tumors that have more 
serious clinical consequences than pan-
creatic neuroendocrine tumors in VHL, 
current clinical practice is rather conser-
vative and aims to preserve as much nor-
mal kidney as possible. Kidney-sparing 
operations are preferred, and small tu-
mors (<3  cm diameter) are usually only 
followed up.

?? How should the patient be followed up?

vv In patients older than 10 years of  age, an-
nual physical and ophthalmological ex-
aminations, abdominal ultrasound, and 
plasma/urinary metanephrines can be pro-
posed. Abdominal, brain, and spine MRI 
should be performed every 2  years along 
with audiological control (for endolym-
phatic sac tumors of  the middle ear).

?? Is there a medical treatment option available 
for VHL-syndrome?

�Case Continued

a b

.      . Fig. 52.2  a Axial abdominal CT image of  the 
patient showing the pancreatic tumor (white arrow) 
at the pancreas head-corpus boundary and multiple 

cysts in the pancreas and both kidneys (yellow 
arrows). b Coronal CT image showing multiple kid-
ney cysts (yellow arrows)

Abdominal CT showed multiple cysts in the 
pancreas and the kidneys (.  Figs.  52.2a and 
b), but the adrenals were normal. In the left 
kidney, the suspicion for renal cancer was 
raised (solid tumor of 24 × 20 mm). A urologi-

cal consultation was requested, but due to the 
small size (<3 cm diameter) of the tumor, only 
observation was proposed. A small lesion sus-
picious for tumor was described in the pancreas 
at the head-corpus boundary (.  Fig. 52.2a).
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vv There are reports on the successful use of 
the tyrosine kinase inhibitor sunitinib hav-
ing anti-angiogenetic effects in patients 
suffering from VHL-syndrome. Increased 
angiogenesis is a major pathogenic feature 
of VHL-syndrome. Sunitinib is already in 
use for many years in the treatment of spo-
radic clear cell renal cancer, and it is also 
actively used in the treatment of differen-
tiated pancreatic neuroendocrine tumors. 
Moreover, trials are ongoing for the use of 
sunitinib in metastatic pheochromocytoma.
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Tips

The reader is advised to read the chapter 
on pheochromocytoma (7  Chap. 37), the 
chapters on intestinal and pancreatic 
neuroendocrine tumors (7  Chaps. 44, 46 
and 48), and the previous chapter on 
MEN2 syndrome (7  Chap. 51).

Take Home Messages
55 Von Hippel–Lindau syndrome (VHL-

syndrome) is a rare hereditary tumor 
syndrome inherited as an autosomal 
dominant trait.

55 VHL-syndrome predisposes patients to 
central nervous system hemangioblas-
tomas, retinal angiomas, renal cysts and 
cancer, pancreatic cysts and cystadeno-
mas, endolymphatic sac tumors, and 
epididymis cystadenomas.

55 Endocrine manifestations of  VHL-
syndrome include pheochromocyto-
ma and pancreatic neuroendocrine 
tumors.

55 VHL-patients usually die of complica-
tions associated with central nervous 
system hemangioblastomas and renal 
cancer. Pheochromocytoma is rarely 
metastatic, and pancreatic neuroendo-
crine tumors are usually indolent.
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�Appendix

zz Conventional (traditional), SI units and conversion factors for the most important hor-
mones (conventional units should be multiplied by the conversion factor to get the SI 
Units)

SI: Système International

Conventional units Conversion factor to SI SI units

Pituitary hormones

Prolactin ng/mL 20 mIU/L

ng/mL 0.043 nmol/L

GH ng/mL 46.5 pmol/L

IGF-1 ng/mL = μg/L 0.13 nmol/L

TSH μIU/mL 1 mIU/L

ACTH pg/mL 0.22 pmol/L

FSH mU/mL 1 IU/L

LH mU/mL 1 IU/L

Thyroid

fT4 ng/dL 12.87 pmol/L

fT3 pg/mL 1.536 pmol/L

Calcitonin pg/mL 0.293 pmol/L

Thyroglobulin ng/mL 1.0 μg/L

Parathyroid and bone

PTH pg/mL 0.106 pmol/L

25-OH-D ng/mL = μg/L 2.50 nmol/L

Adrenal

  �Steroid hormones

Cortisol μg/dL 27.6 nmol/L

Aldosterone ng/dL 27.7 pmol/L

17-OH-progesterone ng/dL 0.0303 nmol/L

Androstenedione ng/dL 0.0349 nmol/L

DHEA ng/dL 0.0347 nmol/L

DHEAS μg/dL 0.027 μmol/L

  �Catecholamines

Plasma adrenaline
(epinephrine)

pg/mL 0.00546 nmol/L

Plasma noradrenaline
(norepinephrine)

pg/mL 0.00591 nmol/L
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Urinary adrenaline
(epinephrine)

μg/24 h 5.46 nmol/24 h

Urinary noradrenaline
(norepinephrine)

μg/24 h 5.91 nmol/24 h

Urinary metanephrines μg/24 h 5.07 nmol/24 h

Gonads

Estradiol pg/mL 3.67 pmol/L

Progesterone ng/mL = μg/L 3.18 nmol/L

Testosterone ng/dL 0.0347 nmol/L

Dihydrotestosterone ng/dL 0.0344 nmol/L

Neuroendocrine

Chromogranin A ng/mL = μg/L 0.0208 nmol/L

Gastrin pg/mL 0.476 pmol/L

Insulin μIU/mL = mIU/L 6.9 pmol/L

C-peptide ng/mL 0.331 nmol/L

Urinary 5-HIAA mg/24 h 5.23 μmol/24 h

zz Conventional and SI units and conversion factors for some routine laboratory measurements

Conventional units Conversion factor to SI SI units

Serum glucose mg/dL 0.0555 mmol/L

Serum calcium mg/dL 0.2495 mmol/L

Serum creatinine mg/dL 88.4 μmol/L
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Accelerated growth velocity  340
Accelerated hypertension  313
Achlorhydria  474
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ACTH-independent hypercortisolism  290, 322
ACTH-reserve  62
ACTH-stimulation test  61, 331
Acute adrenal insufficiency  330, 331
Acute hypocalcemia  243
Acute suppurative thyroiditis  175
Adamantinomatous craniopharyngioma  51
Addison’s disease  328
Adipsia  91
Adjuvant mitotane therapy  323, 325
Adrenal autoantibodies  415
Adrenal biopsy  284, 323
Adrenal crisis  59, 63, 330, 343
Adrenalectomy  285, 323
Adrenal hemorrhage  328
Adrenal hyperplasia  338, 452
Adrenal incidentaloma (AI)  276, 321
Adrenaline (A)  375
Adrenal insufficiency  355, 360
Adrenal medulla  374
Adrenal tumor  290
Adrenal venous sampling (AVS)  303
Adrenarche  346, 349
Adrenocortical adenoma  277, 290
Adrenocortical cancer (ACC)  277, 293, 320
Adrenocorticotropin/adrenocorticotropic hormone 

(ACTH)  4, 56, 59, 330, 331, 360
Advanced glycosylation endproducts (AGE)  401
Aggressive pituitary tumor  12
AIRE  333
Albright’s hereditary osteodystrophy  246, 408
Aldosterone  310, 360
Aldosterone-producing adenoma  298
Aldosterone-to-renin ratio (ARR)  300
Alendronate  257
Alfacalcidol  243, 244
Allan-Herndon-Dudley syndrome  213
Alpha-methyl paratyrosine  380, 386
α-receptor antagonists  379
Alpha1-receptor blocker  300, 380
Ambiguous genitalia  348
Amiloride  96
Amiodarone  180
Amiodarone-hypothyroidism  182
Amiodarone-induced thyroid dysfunction  180
Anaplastic thyroid cancer  196
Androgen deficiency  421
Androgen excess (AE)  277, 340, 354, 368, 392
Androgen insensitivity syndrome  426

Androgen precursors  360
Androgen receptor (AR)  426
Androgen-secreting tumors (AST)  396
Androstenedione  355, 363, 395
Anemia  329
Angiofibromas  492
Angiotensin II  298, 310
Anorexia  329
Anosmia  66
Anovulation  392
Antibodies to steroidogenic enzymes  332
Anti-CD20 monoclonal antibody  153
Antidiuretic hormone  100
Anti-insulin autoantibodies  469
Anti-müllerian hormone (AMH)  395, 410, 429
Anti-osteoporotic therapy  255
Antiresorptive therapy  256
Anti-thyroglobulin-antibody  118
Anti-thyroid-peroxidase autoantibodies  

(anti-TPO)  118, 333, 415
Aortic coarctation  313
Aortic dissection  408
Apparent mineralocorticoid excess (AME)  362
Aquaporin-2  91
Arginine infusion test  94
Arginine vasopressin (AVP)  91

–– measurements  94
Arginine vasopressin receptor 2 (AVPR2)  91
Aryl hydrocarbon receptor interacting protein 
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Asymptomatic hypercalcemia  232
Atrial fibrillation  133
Attention deficit hyperactivity disorder (ADHD)  212
Atypical carcinoids (AC)  452
Atypical fractures at the femur diaphysis  258
Autoimmune adrenalitis  328
Autoimmune oophoritis  415
Autoimmune polyendocrine syndrome  

(APS)  120, 133, 328
–– APS-3  333
–– APS-4  333
–– type 1  240, 328, 333
–– type 2  328

Autoimmune thyroiditis  128, 220, 415
Autonomous cortisol secretion  282, 283
Azathioprine  78
Azoospermic  423

B
Bartter syndrome  316
Beta-crosslaps  230, 255
β-hydroxy-butyrate (BHOB)  461
β-receptor antagonists (β-blockers)  146, 379
Bethesda system  164
Bilateral adrenalectomy (BA)  32, 295, 456
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Bilateral adrenal hyperplasia  26, 298
Bilateral inferior petrosal sinus sampling  

(BIPSS)  29, 30, 451
Bilateral macronodular adrenal hyperplasia 

(BMAH)  294
Bilateral renovascular stenosis  314
Bisphosphonates  235, 256, 485
Bitemporal hemianopsy/hemianopsia  51, 56
Block-replacement therapy  219
Bone densitometry  251
Bone forming agents  258
Bone mineral density (BMD)  232, 252
Bromocriptine  9
Bronchospam  437
Burch-Wartofsky Point Scale (BWPS)  141
Burch–Wartofsky scores  142

C
Cabergoline  9, 21, 32, 42, 79
Cabozantinib  202
Café-au-lait spots  507
Calcipenic osteopathy  253
Calcitonin  197, 485, 507, 509
Calcitriol  243, 244, 256, 262, 263
Calcium  199, 243

–– chloride  243
–– creatinine clearance ratio  231
–– gluconate  243

Calcium-sensing receptor (CaSR)  230, 240
Canrenoate  305
Capecitabine/temozolamide  444
Captopril challenge test  302
Carbimazole  134, 145
Carboxy-terminal telopeptide of  type I collagen  211
Carcinoembryonic antigen (CEA)  197, 201, 507
Carcinoid  436

–– crisis  442
–– heart disease  439
–– syndrome  436, 473

Cardiovascular abnormalities in Turner syndrome  408
Carney complex  16, 23, 294
Carpenter syndrome  332
Catecholamines (CA)  374

–– metabolites  384, 506
Causes of  primary amenorrhea  428
C-cell  196
CDKN1B  501
Celiac disease  120, 409
Central (secondary) hyperthyroidism  207
Central/pituitary (neurohypophyseal) DI  92
Central pontine myelinolysis  109
Central precocious pubarche  339, 340
Centripetal obesity  291
Cerebral salt wasting syndrome  107
Chemical shift analysis  277
Chemosis  150
Cholecalciferol  243
Cholecystokinin  442
Cholestyramine  146

Chromaffin tissue  374
Chromogranin A (CgA)  375, 384, 440, 455, 462, 518
Chromosomal abnormalities  406
Chronic asymptomatic hyponatremia  109
Chronic diarrhea  196
Chronic diuretic use  316
Chronic hypoparathyroidism  243
Chronic symptomatic hyponatremia  109
Chrousos syndrome  368
Chvostek’s sign  243
Cinacalcet  235
Circadian cortisol rhythm  292
Classical forms of  congenital adrenal hyperplasia  338
Clinical activity score (CAS)  152
Clomiphene citrate  402
Clonidine test  375
Collagenomas  492, 501
Combined oral contraceptives (COC)  399, 416
Complete androgen insensitivity syndrome (CAIS)  426
Computed tomography (CT)  294, 363, 377, 452, 462
Congenital adrenal hyperplasia (CAH)  338, 360, 369, 395
Congenital isolated hypogonadotropic  

hypogonadism  67
Contraindication to GH treatment  63
Contrast-enhanced washout CT  277
Copeptin  91, 94, 104
Corneal nerve hypertrophy  510
Corrected total calcium level  484
Corticosteroids  146
Corticosterone  360
Corticotropin-releasing hormone (CRH)  4, 28

–– stimulation test  29, 450
Cortisol  292, 331

–– deficiency  57, 338, 346, 360
–– overproduction  26, 290, 448

Cortisol-binding globulin (CBG)  369
Cosyntropin  361
C-peptide  461, 468
Craniopharyngioma  50, 75
Creatine kinase  120
Criteria of  PCOS  393
Cushing‘s disease (CD)  26, 290
Cushing’s syndrome (CS)  26, 28, 290, 368, 448
CVD protocol  386
CYP17A1 gene  360, 364
CYP21A2  354
Cyproterone acetate (CPA)  399

D
Dalrymple’s sign  132
Death causes in acromegaly  20
Definition of  amenorrhoea   7
Definition of  osteoporosis  252
Definition of  polyuria  92
Dehydroepiandrosterone (DHEA)  334, 363
Dehydroepiandrosterone sulphate (DHEAS)  293, 331, 

360, 363
Demeclocyclin  109
Denosumab  257, 485
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11-deoxycorticosterone (DOC)  360
De Quervain’s subacute thyroiditis  172
1-desamino-8-D-arginine-vasopressin (DDAVP)  96
Desmopressin  96
Dexamethasone  334
Dexamethasone suppression test (DST)  28, 292, 369
Diabetes insipidus  83, 90
Diabetes mellitus  22, 90, 328
Diagnosis of  PCOS in peri-/postmenopausal 

women  396
Diagnostic whole-body scan (DxWBS)  190
Diazoxide  463
DIDMOAD syndrome  97, 333
Differential diagnosis of  central hyperthyroidism  207
Differentiated thyroid cancer (DTC)  184
Diffuse parathyroid hyperplasia  496
diGeorge syndrome  240
1,25-dihydroxy-vitamin D  230
Dipsogenic DI  92
Direct renin concentration  299
Disorders of  sex development (DSD)  348, 426
Dopamine (DA)  4, 375

–– agonist  8, 21, 79
–– antagonistic  4

Doubling times (DTs)  192, 201
Doxazosin  300, 380
Drug-induced hypophysitis  72
Dual-energy X-ray absorptiometry (DEXA)  252
Dysgerminoma  428, 429
Dyslipidemia  392

E
Ectodermal dysplasia  333
Ectopic ACTH-secreting tumor  448
Ectopic ACTH syndrome  290, 330, 361, 448
Elevated cholesterol  120
Empty sella syndrome  58
Endocardial fibrosis  439
Endocrine causes of  chronic diarrhea  196
Endocrine hypertension  298
Endocrine orbitopathy (EO)  150
Endogenous Cushing’s syndrome  26, 290, 448
Endogenous hypercortisolism  26, 290, 448
Endogenous hyperinsulinism  460, 468
Endoscopic ultrasound (EUS)  462, 496
ENSAT staging system  323
Eosinophilia  329
Epiphyseal closure  422
Eplerenone  305, 365, 366
Erectile dysfunction  420
Ergocalciferol  243
Erroneous gender assignment  348
Essential hypertension  298, 313
Estrogen  257, 415

–– deficiency  414
–– excess  421

Etomidate  295, 455
Everolimus  443, 456, 463
Exogenous insulin  468

Exophthalmos  129, 150
Extraadrenal pheochromocytoma  384
Extracellular fluid volume  102
Extrapontine myelinolysis  109
Eye signs of  Graves’ disease  132, 151

F
Factitious hypoglycemia  460, 468
Fahr disease  240
False positive calcitonin  198
False positive CgA  440
Familial hypocalciuric hypercalcaemia type I  231
Familial isolated hyperparathyroidism (FIHPT)  235
Familial isolated pituitary adenoma (FIPA)  16, 23
Familial paraganglioma syndrome  385
Familial paraganglioma syndrome type 1 (PGL-1)  385
Familial paraganglioma syndrome type 4 (PGL-4)  385
Fanconi syndrome  265
Fasting serum gastrin (FSG)  473
Feminization  322
Ferriman–Gallwey score  393
Fertility  68, 368, 423
Fetal hyperthyroidism  219
18F-fluorodeoxyglucose (FDG)-PET-CT  75, 280,  

323, 452
Fibroblast growth factor-23 (FGF-23)  262
Fibromuscular dysplasia  314
Finasteride  399
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–– biopsy  174
–– cytology  120, 131, 158

First-generation SSAs  21
Fludrocortisone  302, 334
Fluid restriction  109
Flush  437
Flutamide  399
FMR1 premutation  415
Follicle stimulating hormone (FSH)  4, 56, 420, 427
Follicular adenoma  163, 165
Follicular carcinoma  162, 163, 165
Follicular thyroid cancer (FTC)  184
Fractionated radiotherapy  31
Fracture Risk Assessment Tool (FRAX)  258
Fragile X syndrome premutation  414, 415
Functional hypothalamic amenorrhea (FHA)  396
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68Ga-DOTATATE PET-CT  385, 441, 452, 475, 496
Galactorrhea  6
Gamma knife stereotactic radiosurgery  78
Gastric pH  474
Gastrinoma  439, 472, 475, 503
Genetic diagnosis  342
Genetic mosaicism  492
Genetic screening  507
Genetic testing  500
Genomic imprinting  377
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Genotype-phenotype correlations  509
Germ cell tumors  428
Germinoma  76, 83
Gestational DI  92
Gestational transient thyrotoxicosis  135
GH-curve  22
GH-deficiency  59
GH-receptor antagonist  21, 22
Giant pituitary adenomas  36
Gigantism  16
Gitelman syndrome  316
Glinids  462, 469
Glomus tumor  380
Glucagon like peptide 1 (GLP-1)  401, 464, 496
Glucagonoma  436, 439
Glucagon stimulation  61
Glucocorticoids

–– receptor  368
–– remediable aldosteronism  306
–– resistance syndrome  396
–– substitution  62, 334, 346

Goiter/goitre  128, 129
Gonadectomy  406, 428, 430
Gonadoblastoma  406, 409, 428, 429
Gonadotropin  420

–– deficiency  59
Gonadotropinomas  36
Gonadotropin-releasing hormone (GnRH)  4

–– analogue treatment  343
–– deficiency  66
–– stimulation test  343

Gonadotropins  4, 38
Graefe’s sign  132
Granulocytopenia  134
Graves’ disease  128, 141, 150, 218, 332
Growth hormone (GH)  16, 56
Growth-hormone-releasing hormone (GHRH)  16, 61
Gynecomastia  10, 366, 420, 421

H
Hashimoto-encephalopathy  124
Hashimoto’s thyroiditis  116, 150, 332, 408
Hashitoxicosis  121, 124
HCG-induced physiological decrease in the serum 

TSH  218
Head and neck paragangliomas (HNPGL)  374
Hemangioblastomas  516
Hereditary central DI  97
Heterophilic antibodies  207
High-dose dexamethasone suppression test 

(HDDST)  29, 450
High-intensity focused US  167
Hirschprung disease  510
Hirsutism  26, 292, 393
Hook effect  8
Hounsfield units (HU)  276, 377
HSD11B2  292, 449
Human chorinonic gonadotropin (hCG)  68, 218
Human recombinant GH  410

Humoral hypercalcemia of  malignancy (HHM)  482
Hurthle-cell cancer  188
Hurthle-cell thyroid cancer  184
Hydrochlorothiazide  96
Hydrocortisone  62, 84, 334, 366
5-hydroxyindolacetic acid (5-HIAA)  439
1α-hydroxylase  263
17α-Hydroxylase/17,20-lyase deficiency  360
11β-hydroxylase deficiency  360
21-Hydroxylase  354
21-Hydroxylase deficiency (21-OHD)  338, 360
17-Hydroxyprogesterone  346
3β-Hydroxysteroid dehydrogenase 2 (HSD3B2)  360
11ß-hydroxysteroid dehydrogenase 2  292, 449
25-hydroxyvitamin D (25-OH-D)  263, 264, 268
Hyperandrogenemia  395
Hypercalcemia  230, 482, 495
Hypercalciuria  232
Hypercortisolism  26, 321
Hyperemesis gravidarum  136
Hypergonadotropic/primary hypogonadism  66,  

420, 421
Hyperinsulinism  392
Hyperkalemia  329, 338
Hyperparathyroidism-jaw tumor syndrome 

(HPT-JT)  235, 236
Hyperphosphatemia  240
Hyperpigmentation  329, 449
Hyperprolactinemia  4, 495
Hypersecretion of  gastric acid  472
Hyperthyroidism  129, 140, 166, 180, 218, 328
Hypervolemic hyponatremia  108
Hypocalcemia  240
Hypoglcemia  495
Hypoglycemia  61, 329, 468, 496
Hypogonadotropic hypogonadism  66
Hypokalemia  292, 298, 360, 448
Hyponatremia  97, 100, 329, 338
Hypoosmolality  100
Hypoparathyroidism  166, 200, 240
Hypophysitis  72
Hypopituitarism  6, 8, 10, 19, 38, 50, 56, 130
Hyposmia  66
Hypothyroid coma  124
Hypothyroidism  116, 172, 180, 220, 328, 332
Hypovolemic hyponatremia  108
Hypoxia inducible factor 1α  516

I
Iatrogenic Cushing’s syndrome  26
Iatrogenic hypophysitis  84
IGF-1 receptor antibody  153
IgG4-related disease  151, 176
I123-metaiodobenzylguanidine (MIBG)  

scintigraphy  377
131I-MIBG  385, 386
Immune checkpoint inhibitors  58, 84, 334
Impotence  10, 366
Incidentaloma  375
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Incretin mimetic  401
Infectious thyroiditis  175
Inferior petrosal sinus (IPS)  451
Infertility  6, 10
Infrasellar  39
Inhibin  427
111In-octreotide scintigraphy  452
Insensitivity to glucocorticoids  368
Insufficiency fracture  266–267
Insulin  461, 468

–– analogues  469
–– hypoglycemia test  38
–– secretagogue drugs  469
–– sensitivity  401

Insulin-induced hypoglycemia  61
Insulin-like growth factor 1 (IGF-1)  16, 61
Insulin-like growth factor 2 (IGF-2)  469
Insulinoma  460, 468, 495, 496
Insulin tolerance test (ITT)  41, 61
Interferon-α (IFN-α)  442
Intestinal ganglioneuromatosis  506, 510
Intrathyroidal lymphoma  123
Intravenous bisphoshonates  257
Intravenous calcium  509
Iodine  116, 122, 146

–– deficiency  220
Ionized calcium  484
IPEX syndrome  333

K
KAL1  67
Kallmann syndrome  66
Karyotype analysis  408
Kennedy’s disease  430
Ketoconazole  32, 295, 421, 455
Ki-67  440, 444
Kidney cancer  516
Klinefelter syndrome (KS)  420

L
Lagophthalmos  132, 150
Lanreotide  21, 442
Laparoscopic adrenalectomy  323
Large cell neuroendocrine cancer (LCNEC)  453
Late night cortisol  28, 293
Late-night salivary cortisol  28, 292
Late-onset 21-hydroxylase deficiency  354
Lateralization index  304
Lenvatinib  193
Letrozole  402
Levothyroxine replacement  62, 324
Levothyroxine withdrawal  189
Liddle syndrome  316
Lipodystrophy  396
Lipomastia  421
Liraglutide  401
Lisch-nodules  507

Lithium  109, 133, 146, 230
Lithium-induced nephrogenic DI  96
Liver cirrhosis  316
Liver transplantation  444
Lobectomy  188
Long-acting release (LAR)  42
Looser zone  266
Low dose ACTH-test  331
Low dose overnight dexamethasone suppression 

test  28, 292
Lugol’s solution  146
Lung NET-variant/atypical carcinoid syndrome  454
Luteinizing hormone (LH)  4, 56, 420, 427
177Lutetium (177Lu)  443
Lymph node dissection  188, 200
Lymphocytic hypophysitis  58, 72, 75, 76

M
Macimorelin  61
Macroadenoma (macroprolactinoma)  4, 36
Macroprolactinemia  8, 10
Macro-TSH  207
Madelung deformity  408
Magnetic resonance imaging (MRI)  4, 18, 36, 73, 294, 

377, 462
Male breast cancer  424
Male pattern alopecia  393
Malignancy-associated hypercalcemia (MAH)  482
Malignant hypertension  313
Malignant paraganglioma  384
Management of  hypercalcemia  482
Marfanoid appearance  506, 510
Marine-Lenhart syndrome  133
Markers of  bone metabolism  230
Mayer-Rokitansky-Küster-Hauser syndrome  429
Medullary thyroid cancer (MTC)  196, 506, 511
Megacolon  510
Melanocyte stimulating hormone (MSH)  330
MEN2A (Sipple syndrome)  506

–– associated with Hirschprung disease  510
–– with cutaneous lichen amyloidosis  510

MEN2B (Gorlin syndrome)  506, 510
Multiple endocrine neoplasia type 4 (MEN4)  501
Menarche  347
Menin  492
Menstrual irregularity  414
Metabolic alkalosis  298
Metabolic bone disease  250, 262
Metabolic surgery  401
Metaiodobenzylguanidine (MIBG)  386
Metanephrines (MNs)  375, 384, 518
Metastatic gastrinoma  477
Metformin  401
Methimazole  134, 145, 219
Methylprednisolone  78, 174
3-Metoxytyramine  375, 384
Metyrapone  294, 455

–– test  62
Microadenoma (microprolactinoma)  4, 36
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Micronodular adrenal hyperplasia  294
Microwave ablation  167
Mid-aortic syndrome  313
Mifepristone  32, 455
Mild androgen insensitivity syndrome (MAIS)  430
Mild autonomous cortisol secretion (MACS)  282
Mineralocorticoid deficiency  338
Mineralocorticoid excess  360, 368
Mineralocorticoid receptor antagonist  305
Mineralocorticoid responsive hyponatremia in the 

elderly  105, 107
Mineralocorticoid substitution (fludrocortisone)  62, 334
Mitotane  295, 320

–– toxicity  325
Möbius’s sign  132
Mosaicism  406, 420
Mucocutaneous candidiasis  333
Mucosal neurinomas  506, 510
Multinodular goiter  158
Multiple endocrine neoplasia type 1 (MEN1)  16, 23, 

235, 472, 476, 492
Multiple endocrine neoplasia type 2 (MEN2)  196, 200, 

235, 379, 506
Multiple endocrine neoplasia type 4 (MEN4)  16, 23
Multiple parathyroid adenomas  496
Multitargeted kinase inhibitors  193
Myelolipoma  277
Myo-inositol  401
Myxedema  118
Myxedema coma  124

N
Naltrexone  402
Near-total thyroidectomy  134, 188
Neck ultrasound  131, 190, 233
Necrolytic migrating erythema  436
Nelson syndrome  33, 330
Neonatal screening programs  341
Neonatal severe hyperparathyroidism  231
Neonatal thyrotoxicosis  219
Nephrocalcinosis  268
Nephrogenic diabetes insipidus  92, 232
Nephrotic syndrome  316
Nesidioblastosis  463
NET-G1  441
NET-G2  441
Neuroendocrine carcinoma (NEC)  436, 444
Neuroendocrine neoplasm (NEN)  436, 448
Neuroendocrine organs  436
Neuroendocrine system  436
Neuroendocrine tumor  374, 384, 436, 448, 460, 516
Neurofibromas  507
Neurofibromatosis type 1 (NF1)  314, 379, 506, 507
Neuroglycopenia  460
Neuron specific enolase (NSE)  455
90Yttrium (90Y)  443
Nodular goiter  160
Non-alcoholic fatty liver disease (NAFLD)  396, 398
Non-classical 21-hydroxylase deficiency  354, 396

Non-functioning pituitary adenomas (NFPA)  36
Non-steroidal anti-inflammatory drug  

(NSAIDs)  96, 174
Non-surgical therapies of  thyroid nodules  167
Non-thyroidal illness  125
Noonan syndrome  422
Noradrenaline (NA)  375
Normetanephrine (NMN)  375, 384
Null cell adenomas  36

O
Obesity  392, 398
Obesity-induced PCOS  397
Octreotide  21, 42, 442
Oligo/amenorrhea  6
Oligo/anovulation  392, 393
Oligomenorrhea  392
Oncocyte  188
Oncogenic osteomalacia  265
Open surgery for adrenocortical cancer  323
Ophthalmopathy (endocrine orbitopathy)  128, 150
Oral bisphosphonates  257
Oral glucose tolerance test (OGTT)  18, 398
Oral sodium loading test  302
Orbital decompression surgery  153
Orlistat  401
Orthostatic hypotension  59
Osmotic demyelination syndrome (ODS)  109
Osteocalcin  230, 293
Osteodensitometry  292
Osteomalacia  230, 262
Osteonecrosis of  the jaw  258
Osteopenia  253, 415
Osteoporosis  233, 250, 409, 415
Osteoporotic fractures  251
Ovarian dysgenesis  406
Ovarian surgery  402
Overdosage of  vitamin D  256
Overnight thirst test  94
Oxandrolone  410
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Pancreatic neuroendocrine neoplasms  496
Pancreatic neuroendocrine tumors  436, 516
Panhypopituitarism  52, 56
Papillary craniopharyngiomas  50, 52
Papillary thyroid cancer (PTC)  123, 162, 184
Paraganglioma  374, 384
Paraneoplastic endocrine syndrome  100, 436, 448
Paraneoplastic hypoglycemia  469
Parasellar  39
Parasympathetic ganglia  374
Parathyroid carcinoma  236
Parathyroid glands  492
Parathyroid hormone (PTH)  230, 240, 250, 408,  

484, 485
–– replacement  245
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Parathyroid hormone-related protein (PTHrP)  482
Parathyroid tumors  506
Paroxysmal hypertension  374
Partial androgen insensitivity syndrome (PAIS)  429
Pasireotide  22, 32, 42, 442
Pegvisomant  22
Pellagra  439
Penetrance  492, 501, 503
Pentagastrin  199, 509
Pentoxyfilline  153
Peptide receptor radionuclide therapy (PRRT)  386, 

443, 456, 478
Percutaneous ethanol sclerotherapy  167, 191
Phenocopy  501
Phenoxybenzamine  380
Pheochromocytoma/paraganglioma (PPGL)  277, 283, 

322, 374, 506, 516
Pituitary adenomas  4, 496
Pituitary apoplexy  7, 39
Pituitary biopsy  75
Pituitary cancer  12
Pituitary insufficiency  56
Pituitary stalk compression  19
Pituitary tumor  495
Plasma aldosterone concentration (PAC)  299
Plasma osmolality  100
Plasmapheresis  147
POEMS syndrome  333
Polyarteritis nodosa  314–315
Polycystic kidney disease  315
Polycystic ovarian morphology (PCOM)  393
Polycystic ovary syndrome (PCOS)  354, 369, 392
Polydipsia  91
Positron emission tomography–computed tomography 

(PET/CT)  377, 496
Postmenopausal osteoporosis  254
Postpartum thyroiditis  121, 221–224
Postural hypotension  59, 329
Potassium perchlorate  146, 181
Polyuria  91
Precocious pseudopuberty  343
Precocious pubarche  349
Precocious puberty  343
Prednisolone  174, 334
Prednisone  76, 78
Pregnancy-related thyroid disorders  218
Premature ovarian failure (POF)  414
Premature pubarche  354, 395
Pretibial myxedema  133
Primary adrenal insufficiency (PAI)  324, 328, 331, 415
Primary aldosteronism (PA)  283, 298, 361
Primary amenorrhea  7, 406, 426
Primary generalized glucocorticoid resistance 

(PGGR)  368
Primary/hypergonadotropic hypogonadism  406, 414
Primary hyperparathyroidism  230, 485, 492, 495,  

496, 506
Primary hyperthyroidism  128, 129, 140, 166, 180
Primary hypogonadism  66, 420
Primary hypoparathyroidism  333
Primary hypothyroidism  116

Primary insufficiencies  57
Primary ovarian insufficiency (POI)  410, 414
Primary pigmented nodular adrenal hyperplasia 

(PPNAD)  294
Primary polydipsia  92
Progestogen  415
Prognostic factors in gastrinoma  478
Proinsulin  461
Prolactin (PRL)  4, 19, 56
Prolactinoma  4, 498
Prophylactic cholecystectomy  477
Propranolol  144, 146
Propylthiouracil  134, 144, 219
Proton pump inhibitors (PPIs)  474
Pseudo-Cushing  28, 369
Pseudofracture  267
Pseudohyponatremia  101
Pseudohypoparathyroidism  245, 408
Pseudopseudohypoparathyroidism  246
Psychogenic DI  92
Pubarche  343, 346
Pulmonary carcinoids (PC)  452
Pure gonadal dysgenesis (Swyer syndrome)  429

Q
Quinagolide  9

R
Radiofrequency ablation (RFA)  443
Radioiodine (131I)  134, 153, 167, 188
Radiotherapy (RT)  9, 22, 42, 52
RAI-refractory disease  192
Rathke's pouch  50
Receptor activator of  nuclear factor kappa-beta ligand 

(RANKL)  262
RECIST criteria  193
Rearranged upon transfection (RET)  506
Recklinghausen disease  233
Recombinant human PTH  245
Recombinant human TSH (rhTSH) stimulation  189
Recurrent nerve damage  166
Renal agenesis  66
Renal cancer  516, 518
Renal cysts  516
Renal developmental abnormalities  409
Renal salt wasting syndromes  107
Renin  360
Renin-angiotensin-aldosterone system (RAAS)  310
Renin-mediated secondary hypertension  314, 315
Reninoma  316
Renin secreting tumor  316
Renovascular hypertension  315
Renovascular stenosis  314
Resistant hypertension  298, 313
Resmetirom  213
Retinal angioma  516
Reverse T3  125
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Rickets  262
Riedel’s thyroiditis  121, 176
Risedronate  257
Rotterdam criteria of  PCOS  396
RTHα  206
RTHβ  206

S
Saline infusion test  302
Salivary cortisol  28, 293
Salt craving  329
Salt intake  300
Salt tablets  109
Salt wasting  338
Salt wasting crisis  342

–– differential diagnosis  342
Salt wasting syndromes  107
Salt wasting type of  CAH  338
Salycilates  174
Schmidt syndrome  332
Screening patients for PA  300
SECIS-binding protein 2 (SBP2)  213
Secondary  116
Secondary (hypogonadotropic) hypogonadism  10, 57
Secondary adrenal insufficiency (SAI)  38, 41,  

57, 59, 331
Secondary aldosteronism  310

–– without hypertension  316
Secondary amenorrhea  7
Secondary hypergastrinemia  474
Secondary hyperparathyroidism  230, 235, 255, 265
Secondary hypertension  313, 374
Secondary hyperthyroidism  128, 130, 206
Secondary/hypogonadotropic hypogonadism  4, 38, 421
Secondary hypothyroidism  38, 57, 116, 125, 130
Secondary insufficiencies  57
Secondary osteoporosis  254
Secondary/tertiary hypogonadism  66
Second-generation SSA  22
Secretin stimulation test  474
Secretory diarrhea  437
Selective arterial calcium stimulation (SACT)  462
Selective estrogen receptor modulators (SERMs)  257
Selectivity index  304
Selenium  122, 133, 134, 153, 224
Sepsis  328
Serotonin  436, 439
Serum calcitonin  201
72-hour fast test  461, 468
Severe insulin resistant syndromes (SSIR)  396
Sex hormone binding globulin (SHBG)  211
Sex reversal  426
Sheehan syndrome  59
Short ACTH-stimulation test  38, 41, 295, 354
Short ring finger  408
Side effects of  testosterone replacement  423
Simple virilizing type of  CAH (SV-CAH)  346
Single photon emission computed tomography 

(SPECT-CT)  441

Smoking  152
Sodium losing renal tubulopathies  316
Soft tissue calcification  245
Somatostatin analogues (SSA)  21, 79, 441, 456
Somatostatin receptors (SSR)  21, 440

–– scintigraphy  385, 441
Somatostatinoma  436
Sorafenib  193
Spironolactone  305, 365, 366, 399, 421
Spontaneous hypoglycemia  460, 468
Statins  402
Stellwag’s sign  132
Stereotactic radiosurgery  9, 380
Stereotactic radiotherapies  31, 42
Steroid metabolomics  284
Stimulated calcitonin  199
Streptozotocin  463
Subacute thyroiditis  172, 222
Subclinical Cushing’s syndrome  295
Subclinical hyperthyroidism  130, 189
Subclinical hypothyroidism  116, 123, 220
Subtotal/total parathyroidectomy  502
Subtypes of  Hashimoto’s thyroiditis  121
Succinate dehydrogenase (SDH)  16, 376, 385, 506
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