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Foreword by Dr. Ken Ho

Endocrinology is one of the most dynamic disciplines in biomedical science. It is among the most quantitative of 
the clinical specialties in which the marriage of basic and clinical sciences is very strong. The molecular revolution 
has led to an explosion of new information, bringing exciting insights and discoveries that have changed concepts 
of disease causation and treatment. How can all this information reach the practicing endocrinologist or trainee in 
a digestible form? What is required is a book that lays out the endocrine landscape, detailing where and how this is 
changing in ways that advance patient care.

It is this challenging confluence of research and patient care that has driven my work over 30 years as an endocri-
nologist and clinical scientist and now research director at a major teaching hospital in Australia, collaborating with 
likeminded colleagues internationally. My major area of interest is the neuroendocrine basis of metabolic disease 
with particular focus on the role of pituitary hormones. 

I first met Philip and Pierre in London at the Clinical Endocrinology Trust Medallist of the British Endocrine Societies 
in 2000. We formed a strong bond through our shared fascination with, and commitment to, advancing the teaching, 
research, and management of endocrine disease. Philip and Pierre epitomize a rare breed: consultant endocrinologists 
with a passion to bring in advances to clinical practice. They are the beneficiaries of training at St. Bartholomew’s 
Hospital, London, with Professor Michael Besser, and inspired by their mentor, they were drawn to neuroendocrinology, 
a field that demands a deep understanding of systems biology and its relevance to human disease. Together, they have 
made significant contributions: Philip in thyroid and pituitary disease, Pierre in reproductive endocrinology. Philip has 
carved a highly successful career for himself in the pharmaceutical industry while holding a consultant endocrinolo-
gist appointment at University Hospital Lewisham, London. As vice-president of Scientific Affairs at Ipsen, he provides 
strategic direction and opportunities in the development of new compounds, and he also takes collaborative opportunities 
to key opinion leaders at leading centers internationally. He brings an industry perspective to knowledge transfer in the 
advancement of patient care. Pierre, as Director of the Neuroendocrine Centre at the Royal Free Hospital, continues to 
advance research into the genetic basis of central hypogonadism. They both share a love of teaching and mentoring. Pierre 
brings in a particular brand of humor to teaching that is both memorable and highly engaging. Nothing stands clearer 
in my mind than the roars of laughter that interspersed a meet-the-professor delivery by Pierre at a 2007 meeting in Sao 
Paolo, Brazil. Together, they have assembled a distinguished authorship team from the United Kingdom, Europe, and 
the United States, the members of which, like themselves, are not only world leaders but also practicing endocrinologists. 

In this second edition, Philip and Pierre have harnessed advances in clinical practice in a readable and succinct style 
by drawing on their considerable knowledge, experience, and network as leading consultant endocrinologists. This 
is a well-crafted compendium of practical information, invaluable for the clinical endocrine readership who will find 
relevant basic science covering the tenets of endocrine disease dovetailed to practical assessment, investigation, and 
management of the patient. 

Buy it, read it, and keep it.

Ken Ho
Professor of Medicine, University of Queensland 
Chair, Centres for Health Research, Princess Alexandra Hospital
Translation Research Institute, Brisbane, Australia
Past President, Growth Hormone Research Society
President, Pituitary Society
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Preface

The objective of the first edition was to provide cutting-edge information on clinical practice for practicing endo-
crinologists and doctors training in endocrinology. The second edition retains this ethos, but it has been extensively 
updated and modified. Endocrinology is moving toward an increasingly personalized approach to patient manage-
ment. This is reflected by the increased focus on mechanisms of disease and biomarkers.

Certain subjects, such as neuroendocrine disease (Chapter 1), take a more generalized approach to the field, before 
focusing on specific diseases. The chapter is supported by protocols for pituitary function testing in the appendix. 
Separate chapters have been assigned to pituitary radiotherapy and surgery. Other chapters are more specifically 
focused from the outset. There is a dedicated chapter for imaging, which has changed considerably in the past few 
years, particularly with the increasing use of positron emission tomography.

A major stride forward has been achieved in the field of pituitary disease with the identification of aryl hydrocar-
bon receptor–interacting protein mutations in a proportion of patients with familial isolated pituitary adenomas. 
Accordingly, there is a new chapter dedicated to this topic. Neuroendocrine tumors are included for the first time 
as a separate chapter, because the incidence of this disease is increasing rapidly, and endocrinologists frequently take 
a leading role in their management. Closely linked to neuroendocrine tumors, there is a new chapter on hereditary 
primary hyperparathyroidism and multiple endocrine neoplasia. New chapters on disorders in calcium regulation 
and genetics of infertility reflect the mechanistic and genomic advances that have been made in recent times. Finally, 
there is a new chapter on the endocrinology of aging, focusing on the highly relevant endocrinological changes that 
occur in this group of individuals, who form an increasing part of the clinician’s responsibilities.

A separate pharmacopeia has not been included in this edition, because details of pharmacological treatments are 
included in each chapter where relevant.

We are most grateful to our colleagues who have kindly found the time to contribute to this book. Finally, as ever, 
our thanks to our families for their patience and support during this endeavor.

Philip E. Harris
Pierre-Marc G. Bouloux
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1
Neuroendocrine disease
Philip E. Harris

The normal 
hypothalamic–pituitary axis 
(see Chapter 5, Figure 5.1)
Normal anterior pituitary function is under the cen-
tral control of the hypothalamus and higher centers. 
Hypothalamic releasing and inhibitory factors are secreted 
into the capillaries of the hypophysial portal circulation 
at the median eminence. The neurohypophysis consists of 
neurons arising from the magnocellular and parvocellular 
neurons of the supraoptic and paraventricular nuclei. The 
anatomical relationships of the hypothalamus and sur-
rounding brain structures can be clearly demonstrated on 
magnetic resonance imaging (MRI) scan. The posterior 
pituitary (neurohypophysis) characteristically has a high 
signal on T1-weighted images that is lost in cranial dia-
betes insipidus (Figure 1.1).

Classification of hypothalamic–
pituitary disease
Hypothalamic–pituitary disease is associated with 
increased mortality.1 Endocrine dysfunction secondary to 
hypothalamic disease (Table 1.1) usually results in hypopi-
tuitarism. Rarely, activation of the hypothalamic–pituitary 
axis can occur. A well-recognized but rare example of this 
activation is precocious puberty, which may be associated 
with hypothalamic tumors such as neurofibromas, ham-
artomas, and pinealomas. Very rarely, hypothalamic 
tumors can produce releasing factors, resulting in pitu-
itary hyperfunction. Acromegaly has been reported 

to occur as a result of the hypothalamic production of 
growth hormone–releasing hormone (GHRH) from 
hypothalamic tumors.2 Similarly, Cushing’s syndrome 
has been reported in association with the production of 
corticotropin-releasing hormone (CRH) by hypothalamic 
gangliocytomas.3 Hyperprolactinemia is a frequent accom-
paniment of hypothalamic disease, secondary to damage 
of the dopaminergic (D2) neurons in the arcuate nucleus. 
Diabetes insipidus may complicate hypothalamic disease, 
in contrast to primary pituitary disease, where diabetes 
insipidus is almost never seen. There are certain clinical 
features that are indicative of hypothalamic disease rather 
than of pituitary disease. Obesity and hyperphagia pose 
major clinical problems for which there is, at present, no 
simple solution. Somnolence is also a characteristic feature 
that often occurs in conjunction with hyperphagia and 
obesity. Thermodysregulation and psychiatric disturbance 
can also occur4 (Table 1.2).

Pituitary tumors are classified preoperatively in terms 
of function and size (Figures 1.2 through 1.5). There are 
several ways of classifying pituitary tumor size and inva-
sion. In practice, most clinicians classify tumors on the 
basis of MRI or high-resolution computerized tomography 
(CT) imaging as grades 1–4 (Table 1.3). Postoperatively, 
tumors are routinely classified on the basis of histology 
and immunocytochemistry (Figure  1.6). The World 
Health Organization (WHO) 2004 classification of 
pituitary tumors describes typical adenoma; atypical 
adenoma with abnormal morphology: elevated prolif-
erative indices (Ki-67 >3%, >2 mitoses/ 10 high power 
fields) and extensive nuclear p53 immunoreactivity; car-
cinoma. Functional classification is now well established 
but lacks predictive value5 (Table 1.4). The identification 
and application of novel molecular markers is now being 
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used to develop a more accurate prognostic classifica-
tion of pituitary tumors, as clinical practice increasingly 
moves toward the personalized care of patients.6 Pituitary 
carcinomas are very rare.7

Unlike hypothalamic disease that is usually mani-
fested by hormone deficiency syndromes, pituitary 
tumors present with a wide variety of different features. 
In general, pituitary tumors can present with local 
pressure effects (Table  1.5), hypopituitarism, and/or 
syndromes of hormone excess.

An empty or partially empty sella on pituitary imag-
ing (Figure 1.7) does not necessarily indicate an under-
lying pathology because this finding may represent a 
normal anatomical variant. Empty sella may also be 
seen in patients after pituitary surgery, radiotherapy, 
macroprolactinomas treated with dopamine (DA) ago-
nists, and pituitary apoplexy.

Pituitary apoplexy usually occurs as a result of infarc-
tion of a pituitary tumor. It characteristically presents 
with a sudden onset of severe, debilitating headache 
that can last for several days, sometimes in association 
with cranial nerve lesions and acute onset of visual loss 
(Figure 1.8). Occasionally, patients may develop visual 
field defects, due to herniation of the optic chiasm into 
the fossa (see Chapter 24).

The optic chiasm is normally situated directly 
over the pituitary gland (80%), prefixed (15%), and 

postfixed  (5%). The characteristic early field defect 
seen with a symmetrical suprasellar extension imping-
ing on normally located chiasm is a bitemporal superior 
quadrantopia (Figure  1.9). This defect is due to the 
initial involvement of the decussating fibers originat-
ing from the inferior and nasal retinas. Further tumor 
growth involves the upper nasal fibers, with the devel-
opment of the classical bitemporal hemianopia. Other 
patterns of visual disturbance are also frequently seen, 
depending upon the position of the chiasm and the site 
of suprasellar extension (Figure 1.10).

Principles of treatment
Pituitary surgery (see Chapter 3)
Neuroendocrine tumors should be managed in special-
ist centers. The management of these tumors requires 
a multidisciplinary approach involving specialists in 
endocrinology, neurosurgery, neuroradiology, radiother-
apy, and neuropathology who have a particular interest 
in the subject. The cure of a pituitary tumor should aim 
for the complete removal of the tumor, with reversal of 
associated pressure effects such as visual field defects, 
the normalization of abnormal hormone secretion and 

 

Figure 1.1
Coronal MRI scan (T1-weighted) demonstrating the pituitary gland, hypothalamus, and surrounding struc-
tures; scan a is an enlargement of scan b. LV, lateral ventricle; 3rd V, third ventricle; OC, optic chiasm; PS, 
pituitary stalk; ICA, internal carotid artery; CS, cavernous sinus (includes third, fourth, first and second divi-
sions of fifth and sixth cranial nerves).
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associated metabolic abnormalities, the reversal of 
abnormal pituitary function, or the retention of normal 
pituitary function.

Perioperative medical management 
(see also Appendix)
Patients undergoing pituitary surgery should be man-
aged jointly by the neurosurgeon and the endocrinologist. 

Congenital hypophysiotrophic hormone 
deficiencies

Isolated GnRH deficiency (olfactory–genital 
syndrome—Kallman’s syndrome)
Isolated TRH deficiency
Isolated GHRH deficiency

Hypothalamic tumors
Craniopharyngioma
Arachnoid cyst
Hamartoma
Gangliocytoma
Glioma
Choristoma
Chordoma

Hypothalamic infiltration
Sarcoidosis
Histiocytosis X
Metastatic disease, e.g., breast

Infection
Tuberculosis
Meningitis
Viral encephalitis

Trauma
Stalk section, e.g., road traffic accident
Direct hypothalamic damage, e.g., surgery
Cranial irradiation

Vascular
Infarct
Aneurysm, subarachnoid hemorrhage
Arteriovenous malformation

GnRH, gonadotrophin-releasing hormone; TRH, thyrotropin-
releasing hormone; GHRH, growth hormone–releasing hormone.

Table 1.1
Classification of hypothalamic diseases.

Disorders of food intake
Hyperphagia
Anorexia

Disorders of temperature regulation
Hyperthermia
Hypothermia
Poikilothermia

Disorders of drinking
Adipsia
Compulsive drinking

Disorders of sleep and consciousness
Somnolence
Altered sleeping patterns

Disorders of psychological functioning
Behavioral changes
Altered cognition

Disorders of neurological functioning
Raised intracranial pressure
Epilepsy
Impaired motor function
Impaired sensory function
Impaired autonomic function

Table 1.2
Non-endocrine manifestations of hypothalamic 
disease.

Figure 1.2
Coronal MRI scan (T1-weighted) demonstrating a pitu-
itary microadenoma (hypodense area on the right).
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Although some centers elect not to give glucocorticoid 
cover to patients with small microadenomas, it is cer-
tainly a safe policy to routinely provide all patients with 
perioperative glucocorticoid cover. Patients are frequently 
overtreated with glucocorticoids perioperatively, with 

consequent attendant risks of hypertension, glucose intol-
erance, poor wound healing, wound infections, and elec-
trolyte disturbances. It is usually unnecessary to provide 
anything more than a modest increase in what would 
normally be replacement therapy. Patients with Cushing’s 

Figure 1.4
Coronal MRI scan demonstrating an invasive pitu-
itary macroadenoma, extending into the left cavern-
ous sinus, with suprasellar extension.

Figure 1.3
Coronal MRI scan (T1-weighted) demonstrating a 
pituitary macroadenoma with suprasellar exten-
sion, compressing the optic chiasm.

 

Figure 1.5
MRI scan (T1-weighted) demonstrating a giant invasive macroadenoma. (a) Coronal section. (b) Sagittal 
section.
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syndrome should be treated with a higher dose of gluco-
corticoids than other patients. All patients should receive 
routine antibiotic prophylaxis as dictated by local neuro-
surgical preference.

Postoperative diabetes insipidus is not uncommon in 
the first 2–3 days in patients who have undergone surgery 
for macroadenomas, but in most cases it is transient. This 
may be masked if the patient is hypoadrenal. A detailed 
fluid balance chart is mandatory. The diagnosis is con-
firmed by the demonstration of polyuria (urine output 
>200 mL/h), plasma osmolality (>300 mOsmol/kg), and 
inappropriately dilute urine (<150 mOsmol/kg). There 
may be evidence of intravascular fluid depletion, with 
high-normal plasma sodium and high plasma urea and 
creatinine. If treatment is required, the patient should be 
given 1 μg of desmopressin acetate subcutaneous (s.c.). It 
is extremely dangerous for the patient to be given desmo-
pressin without clear documentation of diabetes insipidus.

Ideally, patients should undergo a full endocrine 
assessment before discharge from the hospital, or failing 
this time frame, within 4–6 weeks of discharge. In the 
latter event, the patient should be discharged home on 
glucocorticoid replacement therapy.

Medical treatment
Dopaminergic agonists
Dopaminergic (D2) agonists are the first-line treatment 
of choice for prolactinomas.8 They may also be used in 
acromegaly.9 The first D2 agonist that became available 
was the ergot bromocriptine. A major side effect of bro-
mocriptine is nausea and vomiting. Postural hypoten-
sion is a less frequent problem. Psychiatric complications 
occur very rarely, but they can be extremely serious10 
(Table 1.6).12 Most patients can tolerate bromocriptine 

if it is commenced as a small dose (1–2.5 mg) last thing 
at night with a snack. To minimize the postural effect, 
the patient should be instructed not to get up out of 
bed on the first night. After three nights, the bedtime 
dose can be doubled; thereafter, the total dose can be 
slowly increased according to tolerance, by starting 
doses with breakfast and then later with lunch. If this 
approach is done slowly, the majority of patients will be 
able to tolerate bromocriptine given in split doses, three 
times daily. Some patients may be controlled on twice- 
or once-daily doses. Therapeutic dosages are usually in 
the region of 2.5–15 mg/day. There remains, however, 
a  small group of approximately 10%–15% of patients 
who have genuine intolerance to oral bromocriptine.

Quinagolide is a nonergot that can be administered 
orally once or twice a week. The usual starting dose 
as  provided in the manufacturer’s “starting pack” is 
25 μg/day for the first 3 days, 50 μg/day for the next 
3 days, and then 75 μg/day. The usual maintenance dose 
is between 75 and 150 μg/day.

Cabergoline is a D2 agonist with a more prolonged 
duration of action. It has improved tolerability and effi-
cacy compared with other D2 agonists, and it is the 
recommended D2 agonist of choice by the Endocrine 
Society.11–13 It is usually administered as a once- or 
twice-weekly dose, although it can be given more fre-
quently, up to daily, if necessary. The usual starting dose 
is 0.25 mg, with the dose being titrated as necessary. 
Most patients can be controlled on between 0.25 and 
0.5 mg twice weekly. Some patients may require total 
doses of over 4.5 mg weekly.

The Endocrine Society recommends that women 
with prolactinomas discontinue D2 agonist therapy as 
soon as they discover that they are pregnant.13 There 
may, however, be situations where treatment needs to 
be continued. There are currently no data available to 
suggest that D2 agonist therapy is teratogenic. The 
most extensive safety data available are for bromocrip-
tine.14,15 There are more limited safety data available for 
cabergoline.16

Treatment of patients with Parkinson’s disease with 
high doses of cabergoline (≥3 mg daily) has been shown 
to be associated with an increased risk of valvular 
fibrosis and moderate-to-severe valvular regurgitation. 
This response is due to agonist activity at the 5-HT2b 
receptor. These doses are much higher than those rou-
tinely used in the management of prolactinomas or 
acromegaly. Current published data are largely from 
cross-sectional studies.13,17 Presently, the consensus 
is that there is no increased risk of valvulopathy with 
the typical doses of 1–2 mg/week, but definitive risk 
assessment requires the results of long-term prospective 
follow-up with large cohorts of patients.

Tumor 
grade Tumor size

1 Microadenoma (<1 cm in diameter)
2 Macroadenoma (>1 cm in diameter); 

enclosed within sella, no erosion
3 Macroadenoma with enlarged sella

Localized erosion/destruction
Invasive macroadenoma

4 Giant macroadenoma (>4 cm in diameter)

Table 1.3
Imaging classification of pituitary tumor size (see 
Figures 1.2–1.5).
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Figure 1.6
(a) Normal adenohypophysis; hematoxylin and eosin stain. (b) Adenohypophysis demonstrating normal 
reticulin patterning. (c) Pituitary adenoma; hematoxylin and eosin stain. (d) Pituitary adenoma demonstrat-
ing disruption of reticulin patterning. (e) Prolactinoma demonstrating immunostaining for prolactin.
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Somatostatin analogs
Somatostatin (SS) analogs provide a means for the med-
ical management of somatotroph adenomas. They are 
also efficacious in several other endocrine conditions18 
(Table  1.7). Five G-protein-linked human SS recep-
tors (SST1–5) have been cloned. SS analogs bind 
to  the SST2, 3, and 5.19 SS receptors 2 and 5 are the 
principal mediators of the actions of SS analogs in 
the inhibition of growth hormone (GH) secretion in 
somatotroph adenomas. In addition to the inhibition of 
hormone release, SS analogs produce a variable degree 
of shrinkage of somatotroph adenomas.20 They are also 

effective in thyrotropin-secreting pituitary adenomas 
(TSH-omas).

The presence of SST2 and 5 in vivo can be dem-
onstrated using SST scintigraphy with 111In-labeled 
pentetreotide21 (Figure 1.11). Positive SST scintigraphy, 
however, does not necessarily indicate sensitivity of 
pituitary tumors to SS analog therapy.22

Octreotide is a short-acting SS analog that needs 
to be given by s.c. injection three to four times daily.18 
A usual starting dose is 100 μg three times daily and 
can be titrated upward as necessary. Most acrome-
galic patients can be managed with total daily doses 

Tumor type Transcription factors Hormones, others

Somatotroph adenoma
•	 Densely granulated
•	 Sparsely granulated
•	 Mammosomatotroph/mixed adenoma

Pit-1
Pit-1
Pit-1, ER

GH, α-subunit
GH, keratin whorls (fibrous bodies)
GH, PRL, α-subunit

Lactotroph adenoma
•	 Sparsely granulated
•	 Densely granulated
•	 Acidophil stem cell

Pit-1, ER
Pit-1, ER
Pit-1 ER

PRL, Golgi pattern
PRL, diffuse cytoplasmic
PRL, GH, keratin whorls (fibrous bodies)

Thyrotroph Pit-1, TEF, GATA-2 β-TSH, α-subunit
Plurihormonal Pit-1, ER, TEF, GATA-2 GH, PRL, β-TSH, α-subunit 
Corticotroph adenoma Tpit ACTH, keratins
Gonadotroph adenoma SF-1, ER, GATA-2 β-FSH, β-LH, α-subunit
Hormone-negative/null cell adenoma None None
Unusual plurihormonal adenoma Multiple Multiple

Source:	 Al-Shraim M, Asa SL, Acta Neuropathol, 111, 1–7, 2006. With permission.
ER, estrogen receptor; GH, growth hormone; PRL, prolactin; TEF, thyrotroph embryonic factor; TSH, thyroid-stimulating hormone; ACTH, 
adrenocorticotropic hormone; FSH, follicle-stimulating hormone; LH, luteinizing hormone; SF, steroidogenic factor.

Table 1.4
Classification of pituitary adenomas by cytodifferentiation.

Headache—dural stretching, sudden bleed, or infarction
Visual field defect (see Figure 1.10)
CSF rhinorrhea
Cavernous sinus invasion—cranial nerve palsies: 3rd, 4th, 5th (ophthalmic and mandibular divisions), 6th
Hydrocephalus
Epilepsy—temporal lobe invasion
Facial pain—invasion of maxillary, sphenoid sinuses

Table 1.5
Local complications of pituitary tumors.
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of 600 μg or less. Unlike functioning neuroendocrine 
tumors, tachyphylaxis does not occur. The depot prep-
arations of the SS analogs octreotide and lanreotide 
are now most widely used (Figure  1.12). Octreotide 
LAR (long-acting repeatable octreotide) consists of 
an octreotide-impregnated biodegradable polymer 
matrix, which is given by intramuscular (i.m.) injec-
tion monthly. The starting dose is 10 mg i.m. and may 
be increased to 20 and 30 mg i.m. or to 2 × 20 mg i.m. 
injections monthly.23

There are two lanreotide formulations. Lanreotide 
LA consists of copolymer microparticles in a 30 mg 
dose. It is initially given by i.m. injection every 14 days, 
with adjustment of dosage every 7–10 days, if neces-
sary, to obtain therapeutic control. Lanreotide Autogel 
(lanreotide Depot in the USA) is an aqueous micropar-
ticle formulation in a prefilled syringe. It is available in 
three doses: 60, 90, and 120 mg. It is administered by 
deep s.c. injection.24 An important advantage of lanreo-
tide Autogel is the potential for the patient to self-inject. 

Figure 1.7
Sagittal MRI scan (T1-weighted) demonstrating an 
empty sella. Note the herniation of cerebrospinal 
fluid (CSF) into the fossa.

Figure 1.8
Coronal MRI scan (T1-weighted) demonstrating 
pituitary apoplexy. Note the high signal, indicative 
of hemorrhage.

Figure 1.9
Goldman perimetry demonstrating a bitemporal superior quadrantopia.
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Anterior

Optic
nerve

Optic
tract

Posterior  

Site of lesion Visual field/acuity

1. Optic nerve Ipsilateral reduced 
acuity/blindness
Optic atrophy with 
long-standing lesion

2. Optic nerve/chiasm 
(junctional syndrome)

Ipsilateral scotoma 
with reduced acuity
Contralateral temporal 
hemianopia

3. Optic chiasm Bitemporal 
hemianopia
Superior bitemporal 
quadrantopia

4. Posterior chiasm Bitemporal scotoma
5. Optic tract Homonymous 

hemianopia

Figure 1.10
Classical visual disturbances produced by pituitary tumors. Solid line, uncrossed temporal fibers; dashed 
line, superior nasal fibers; dotted line, inferior nasal fibers. The sites of the lesions are indicated by the num-
bers. (Modified from Melen O, Neuro-ophthalmic Features of Pituitary Tumors. In: Moiltch ME (ed), Pituitary 
Tumors: Diagnosis and Management. Endocrinol Metab Clin North Am 1987; 16:585-608. With permission.)

Somatotroph adenoma
Thyrotroph adenoma
Nonfunctioning pituitary adenoma (rarely)
Medullary carcinoma of thyroid
Neuroendocrine tumors

Functioning carcinoid
Nonfunctioning midgut (tumor stabilization)
Pancreatic

Gastrinoma
Insulinoma
Glucagonoma
Somatostatinoma
Vipoma
Polypeptidoma (PPoma)

Table 1.7
Endocrine tumors responsive to somatostatin 
analogs.

Nausea and vomiting ~60%
Postural hypotension ~25%
Constipation ~10%
Dry mouth
Abdominal pain, dyspepsia
Flushing
Nasal congestion
Headache
Leg cramps
Fatigue, weakness
Psychiatric
Pleuro-pulmonary
Digital vasospasm
Hypertension
Thromboembolic events, particularly postpartum

Source:	 Verhelst J et  al., J Clin Endocrinol Metab 84, 2518–​
22, 1999.

Table 1.6
Side effects of DA agonists.
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Most patients are treated by dose escalation to an opti-
mized dose for therapeutic control. In addition, Autogel 
has extended injection interval on its label, enabling 
the injections to be spaced out up to 6–8 weeks in 
well-controlled patients.25 A new injection pen is now 
available that incorporates a needle guard.

Side effects to SS analogs occur in about 30% of 
patients. The most frequent acute side effect is abdomi-
nal colic. This condition may be associated with diarrhea, 

steatorrhea, and flatulence. These symptoms usually dis-
appear after 10–14 days of treatment. SS inhibits insulin 
secretion, but this effect is not usually of clinical rele-
vance in terms of glucose tolerance. Although SS analogs 
can be effective in the treatment of insulinomas, they 
may be hazardous in this situation, producing paradoxi-
cal worsening of hypoglycemia by the inhibition of glu-
cagon secretion. A longer term problem is cholelithiasis, 
occurring in 20%–30% of patients, due to the inhibi-
tion of gall bladder and intestinal motility, inhibition 
of cholecystokinin, and increased production of deoxy-
cholic acid.18 The development of gallstones is usually 
asymptomatic but can sometimes be clinically relevant, 
requiring medical therapy with chenodeoxycholic acid or 
ursodeoxycholic acid, or cholecystectomy. The presence 
of uncomplicated gallstones or their development dur-
ing treatment is not a contraindication to therapy. All 
patients should, however, have an ultrasound scan of the 
gall bladder carried out before initiating treatment, and 
periodically thereafter.

There are many hybrid formulations of octreotide 
LAR and biosimilar long-acting formulations in devel-
opment that are likely to reach the clinic in the near 
future. Over a longer time frame, oral and transdermal 
formulations may become available.

Pasireotide is a multi receptor-targeted agonist with 
high affinity for SST1–3 and, in particular, for SST5. Unlike 
conventional SS analogs, pasireotide does not induce inter-
nalization of SST2. Hyperglycemia is a frequent side effect 
with pasireotide, due to its high affinity for SST5.26,27

A novel concept is that of SS-DA chimeric mol-
ecules. Chimeric molecules have been shown to have 
markedly increased potency and efficacy compared with 
octreotide or octreotide combined with a DA analog 
in somatotroph adenoma cells in vitro.28 The chimeric 
molecule BIM23A760 has been tested in normal human 
volunteers and in patients with acromegaly. It has been 
shown to be safe and to inhibit GH and insulin-like 
growth factor I (IGF-I) levels. New chimeric analogs are 
currently in development for clinical testing.

Pegvisomant
Pegvisomant is a pegylated recombinant 191 amino acid 
analog of human GH. It has eight mutations at site 1 
that increase binding to the GH receptor. It has a fur-
ther mutation at site 2 that inhibits binding to the GH 
receptor. As a result, the molecule acts as a competitive 
GH receptor antagonist by inhibiting receptor dimer-
ization.29 Pegylation of four or five moieties results in 
an increased half-life of 72 h, with reduced immuno-
genicity. The drug is given by s.c. injection. It is indi-
cated for the treatment of acromegaly. Treatment with 
10–30 mg daily has resulted in the normalization of 

Figure 1.11
Pituitary thyrotroph adenoma demonstrating bind-
ing of 111In pentetreotide. The patient has a goiter 
and is thyrotoxic, as evidenced by the binding of 
111In pentetreotide by the thyroid.

Somatostatin
Ala-Gly-Cys-Lys-Asn-Phe-Phe-Trp-Lys-Thr-Phe-Thr-Ser-Cys

Octreotide

Dphe-Cys-Phe-DTrp-Lys-Thr-Cys-Thr-ol

Lanreotide

DβNal-Cys-Tyr-DTrp-Lys-Val-Cys-Thr-NH2

Figure 1.12
Amino acid sequences of somatostatin-14, octreo-
tide, and lanreotide.
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IGF-I in >90% of patients in clinical trials.30,31 The fall 
in IGF-I is mirrored by similar reductions in serum IGF-
binding protein-3 (IGFBP-3) and acid-labile subunit 
(ALS). In contrast, however, serum GH levels more than 
double.30 The drug is well tolerated, with dose-related 
improvements in symptomatic and metabolic param-
eters. In particular, in contrast to SS  analogs, glucose 
homeostasis tends to improve. Unlike SS and DA ana-
logs, the drug does not target the somatotroph adenoma. 
Although there have been concerns about the possibility 
of tumor growth with pegvisomant, there is no evidence 
of this response at present. Hepatotoxicity has been 
reported in patients treated with pegvisomant, usually in 
the form of elevated transaminases. These levels frequently 
return to normal, even if treatment is continued. A direct 
causal relationship has however been demonstrated in a 
few patients on rechallenging with pegvisomant. In the 
ACROSTUDY observational registry, the frequency of 
abnormal liver function tests ≥3 times the upper limit 
of normal was 2.5%. In consequence, all patients treated 
with pegvisomant should be regularly monitored. Local 
injection site reactions, including lipohypertrophy, are 
occasional complications.32

Temozolomide
There have been recent reports of aggressive pituitary 
tumors and carcinomas that have been refractory to con-
ventional therapies, demonstrating tumor shrinkage and 
reduced hormone secretion in response to treatment with 
temozolamide. Temozolamide is an alkylating chemother-
apeutic agent used in the treatment of glioblastoma multi-
forme. It is administered orally in a cyclical regimen. Low 
expression of the DNA repair enzyme 06-methylguanine 
DNA methyltransferase (MGMT) has been shown to cor-
relate with tumor response to treatment. The relationship 
of MGMT expression and promoter methylation in pitu-
itary tumors to treatment response, however, is unclear.33 
Efficacy has been reported in 24/40 (60%) of the cases, 
although relapse usually occurs. It is generally well toler-
ated. Fatigue is common, and hemotological toxicity may 
occur, requiring dose reduction or drug withdrawal.

New targeted therapies
Chemotherapy has been largely disappointing in the 
management of pituitary carcinomas. The identifica-
tion of new molecular targets for the medical treatment 
of aggressive pituitary tumors is an area of interest 
for many research groups. The mammalian target of 
rapamycin (mTOR) signaling pathway has a central role 
in the control of cell proliferation. The mTOR inhibitor 
everolimus inhibits pituitary cell proliferation and is 
the subject of ongoing clinical trials in patients with 
aggressive pituitary tumors.

Radiotherapy (see Chapter 4)
Conventional radiotherapy is now used much more 
sparingly than in the past. It is usually reserved for 
control of tumor growth rather than secretion. It has a 
slow onset of action and is associated with the develop-
ment of hypopituitarism and other sequelae. In some 
centers, stereotaxic radiotherapy, delivering a single dose 
of irradiation (gamma knife, LINAC, proton beam), is 
being increasingly used.

Hypopituitarism 
(see Chapter 5)
Hypopituitarism is one of the most frequent clinical 
problems in neuroendocrinology. It may occur de novo, 
or as a secondary event, most often as a result of sur-
gery and/or radiotherapy (Table 1.8). Several relatively 

Hypothalamic
Craniopharyngioma
Sarcoidosis
Histiocytosis X
Glioma
Metastatic disease, e.g., breast cancer
Radiotherapy
Trauma
Infection, e.g., tuberculosis, mycoses, syphilis, 
toxoplasmosis, Whipple’s disease
Genetic, e.g., septo-optic dysplasia
Infiltrative/invasive, e.g., meningioma, 
chordoma, dysgerminoma

Pituitary
Pituitary tumor
Pituitary apoplexy
Sheehan’s syndrome
Empty sella syndrome
Lymphocytic hypophysitis
Surgery
Radiotherapy
Genetic, e.g., inactivating mutations of POU-1 
and PROP-1

Table 1.8
Causes of hypopituitarism.
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small, retrospective studies have demonstrated an 
association between hypopituitarism and reduced life 
expectancy.34–37 There has been a particular association 
found with vascular disease in all but one of these stud-
ies. A large retrospective study of 2279 patients with 
presumed nonfunctioning pituitary adenomas included 
in the Swedish Cancer Registry (1958–1991) found an 
increased standardized mortality ratio (SMR) of 2.0. 
The SMR was higher in women. Cardiovascular and 
cerebrovascular diseases were the most common causes 
of mortality. Although endocrine data were not avail-
able, it was assumed that the majority of these patients 
were hypopituitary.38 A prospective study of 1014 U.K. 
patients between 1992 and 2000 with a diagnosis of 
hypopituitarism (111 patients underwent dynamic test-
ing) confirmed an increase in mortality (SMR 1.87), 
with an increased mortality in women (SMR 2.29) 
compared with men (SMR 1.57). Craniopharyngioma, 
in particular, was shown to have a relatively poor 
prognosis (SMR 9.28). The excess mortality was associ-
ated with vascular and respiratory causes.39 The causes 
of increased mortality in hypopituitarism are likely to 
be multifactorial, in part dependent upon the under-
lying pathology, previous radiotherapy, and adequacy 
of pituitary hormone replacement therapy. Growth 
hormone deficiency (GHD), in particular, with its asso-
ciated cardiovascular risk factors, has been considered 
to be relevant, but an unequivocal association has yet to 
be demonstrated.

Hypopituitarism classically develops in the sequen-
tial manner GH > luteinizing hormone (LH)/follicle-
stimulating hormone (FSH) > adrenocorticotropic 
hormone (ACTH) >TSH.40 Prolactin deficiency is usu-
ally a late event and does not appear to be of clinical sig-
nificance, except in women who want to breastfeed. The 
developmental sequence of hormone deficiency can vary, 
although it is true to say that in pituitary adenomas, GH 
is almost invariably affected first. Diabetes insipidus is 
not associated with pituitary adenomas. It is a frequent 
transient phenomenon after pituitary surgery and may 
become permanent. De novo central diabetes insipidus is 
typically associated with hypothalamic disease or other 
pathologies, such as lymphocytic hypophysitis.

Hypopituitary patients who present de novo often give 
a preceding history of severe lethargy and weakness that 
may have been present over many years. Premenopausal 
women are more likely to present earlier than men due to 
the development of secondary amenorrhea. Male patients 
may or may not volunteer a history of erectile dysfunc-
tion and loss of libido, but these symptoms are usually 
described on direct questioning. Patients may describe a 
loss of axillary and pubic hair. Male patients also loose 
body hair, and facial hair growth diminishes. In severe 

cases, patients develop additional symptoms of hypo-
thyroidism, such as cold intolerance. Osteoporosis may 
result in the development of fractures. Ischemic heart 
disease frequently develops. Often, patients are unable to 
participate in normal daily activities and work.

Clinical examination may appear to be unremarkable, 
particularly in women. On closer inspection, however, 
most patients will have a smooth, sallow facial appearance 
and thin skin. Male patients, in particular, develop the 
classical appearance with loss of facial hair. Most patients 
will have a diminution or loss of axillary and pubic hair 
(Figure 1.13). Profoundly hypopituitary patients may be 
hypotensive with cold skin and delayed tendon reflexes. 
Because of its insidious development, hypopituitarism 
is frequently missed and this oversight may have very 
serious consequences for the patient. Hypopituitarism 
is particularly likely to be missed in male patients with 
nonfunctioning pituitary tumors and prolactinomas. It is 
important to enquire about the sudden onset of what is 
often an extremely severe headache, suggesting pituitary 
apoplexy41 (Figure 1.8) (see Chapter 24). In these circum-
stances, the patient will often describe the acute onset of 
symptoms after the event. Similarly, the onset of a severe 
headache in the peripartum period, followed by failure 
of lactation, should suggest the possibility of Sheehan’s 
syndrome.42

The most frequent causes of hypopituitarism are 
pituitary surgery and hypothalamic–pituitary irra-
diation. These causes are predictable and should be 
detected early with specialist follow-up. It is uncom-
mon for radiotherapy to result in the development of 
clinically significant hypopituitarism earlier than 1 year 
after treatment. All patients should have a full pituitary 
assessment immediately after pituitary surgery. Patients 
who receive radiotherapy should have baseline endocri-
nology checked at 6 months posttreatment, followed by 
a full pituitary assessment at 1 year, and regular peri-
odic assessments thereafter.

Differential diagnosis of 
suprasellar and sellar tumors
There is a large differential diagnosis for both supra-
sellar and sellar tumors43 (Table 1.9). In practice, the 
majority of sellar tumors are pituitary adenomas. 
Probably the  most important pathology to consider 
in the differential diagnosis of space-occupying 
lesions in this area is an aneurysm. Aneurysms can 
mimic large pituitary adenomas. If there is any doubt 
about the diagnosis, magnetic resonance (MR) angi-
ography or conventional carotid angiography should 
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be  performed. The presence of diabetes insipidus 
should raise the likelihood of a different pathology to 
a pituitary adenoma.

Lymphocytic hypophysitis
Autoimmune (lymphocytic) hypophysitis44 (Figure 1.14) 
is a chronic inflammatory condition that affects the 
anterior pituitary, posterior pituitary, or both. It has an 
estimated prevalence of about 9 per million. Isolated 
involvement of the anterior pituitary has a striking 
predilection for young females (female:male ratio 6:1), 
particularly in late pregnancy or in the postpartum 
period. Involvement of both the anterior and the pos-
terior pituitary occurs about twice as commonly in 
females, whereas involvement of the pituitary stalk and 
posterior pituitary (infundibular neurohypophysitis) 
appears to affect males and females equally. It typically 
presents with headache, suprasellar pituitary mass, and 
hypopituitarism. Unlike pituitary adenomas, ACTH 
secretion is usually affected first, followed by TSH, 
LH, FSH, and GH and prolactin. Visual field defects 

are  common. Diabetes insipidus occurs with involve-
ment of the posterior pituitary and may be associated 
with thickening of the pituitary stalk on MRI. Failure 
of lactation may occur in the postpartum period. Less 
commonly, hyperprolactinemia may occur, as with other 
large pituitary tumors, presumably at least in part, due 
to stalk compression. An important differential diag-
nosis in the postpartum period is Sheehan’s syndrome42 
and granulomatous conditions such as histiocytosis X 
and sarcoidosis (Figure 1.15). A definitive diagnosis can 
only be made by biopsy. If the diagnosis is considered 
to be a possibility and the patient is not at risk from 
compressive symptoms, then a conservative approach 
should be adopted, as in some patients the endocrine 
dysfunction is only transient. High-dose glucocorticoids 
may be considered in some cases, if interventional ther-
apy is deemed to be necessary.

There is an association between autoimmune hypoph-
ysitis and other autoimmune conditions, such as autoim-
mune thyroid disease (AITD).45 Circulating antipituitary 
antibodies occur in autoimmune hypophysitis and in 
other autoimmune conditions, but their sensitivity and 
specificity are poor.

 

Figure 1.13
Patient with panhypopituitarism secondary to a macroprolactinoma.
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There are many possible diagnoses to be considered 
with suprasellar lesions. Craniopharyngiomas, menin-
giomas (Figures 1.16 and 1.17), and optic gliomas are 
the most common lesions that are likely to come to the 
attention of the endocrinologist.

Craniopharyngioma
Craniopharyngiomas46 are rare embryological remnants, 
arising from the path of the craniopharyngeal duct. They 
account for ~10% of childhood intracranial 
tumors.  There  is a bimodal distribution, with peak 
incidences between 5 and 14 years and between 50 
and 74 years. Two main histological subtypes have 
been described: adamantinomatous and papillary. 
The adamantinomatous subtype occurs at all ages and 
is the most common subtype in young patients. It is 
associated with mutations in the α-catenin gene and 
activation of the Wnt pathway. The tumors have cystic 
and solid components, with fibrous tissue, calcifica-
tion, and necrotic debris. The content may be viscous, 
often described as being like engine oil, or more fluid, 
rich in cholesterol crystals. The  epithelium consists 
of keratinized squamous cells.  The tumors are often 
invasive. In contrast, the papillary subtype almost 
exclusively occurs in adults. It consists of mature 
squamous epithelium, with solid and cystic compo-
nents. The cyst fluid is usually viscous. Calcification is 
uncommon. Papillary tumors tend to be less invasive 
than the adamantinomatous subtype. Calcification in 
craniopharyngiomas gives rise to typical appearances on 
CT scan (Figure 1.17). Calcification can also occasionally 
occur in pituitary tumors. Rathke’s cleft cysts are usu-
ally small and asymptomatic, but they may present 
with similar features to craniopharyngiomas, although 
calcification is not a feature. Craniopharyngiomas are 
frequently adherent to surrounding structures and can 
give rise to problems during surgical removal. They 
are associated with a significant morbidity and mor-
tality. They can have aggressive growth character-
istics and tend to recur. A progression rate of ~60% 
has been reported in patients with residual tumor on 
imaging, compared with ~20% recurrence in patients 
who have not. Recurrence was also found to be asso-
ciated with male sex, intracranial hypertension, onset 
in childhood before the age of 10 years, and surgery 
using the pterional approach.47 Patients usually present 
with features of hypopituitarism, frequently in associa-
tion with visual field defects. In children, there is the 
additional problem of growth failure. Unlike pituitary 
tumors, diabetes insipidus may also be present. Rarely, 
patients may also be adipsic, resulting in serious man-
agement problems. Large craniopharyngiomas may 
be associated with headaches and raised intracranial 
pressure. They are usually clearly suprasellar in their 
localization, but occasionally they may be intrasellar, 
mimicking pituitary tumors. Craniopharyngiomas 
elaborate β-human chorionic gonadotrophin (β-HCG) 
in the cyst fluid. This gonadotrophin is present in high 

Embryological cell rests
Craniopharyngioma
Rathke’s cleft cyst
Chordoma

Germ cell tumors
Germinoma
Dermoid
Teratoma
Pinealoma

Other tumors
Optic nerve glioma
Oligodendroglioma
Astrocytoma
Ependymoma
Meningioma

Vascular
Aneurysm
Angioma
A-V malformation

Inflammatory
Sarcoidosis
Wegener’s granulomatosis
Langerhan’s cell histiocytosis
Autoimmune hypophysitis
Lymphocytic adenohypophysitis
Lymphocytic infundibuloneurohypophysitis
Lymphocytic panhypophysitis
Infectious diseases
Tuberculosis
Abscess

Metastatic (e.g., breast, bronchus)
Miscellaneous

Arachnoid cyst
Sphenoid sinus mucocele

Table 1.9
Differential diagnosis of sellar and suprasellar 
lesions from pituitary adenomas.
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Figure 1.14
MRI scan (T1-weighted) of lymphocytic hypophysitis. (a) Coronal section demonstrating homogenous 
enhancement of the pituitary mass with gadolinium, with suprasellar extension. Note the thickening of the 
pituitary stalk. (b) Sagittal section demonstrating tongue-like extension of the enhancing tissue along the 
base of the hypothalamus. This extension is typically seen in granulomatous disease and in lymphocytic 
hypophysitis.

Figure 1.15
Coronal MRI scan (T1-weighted) of pituitary sar-
coidosis. Note the thickening of the pituitary stalk, 
with enhancing tissue extending along the base of 
the hypothalamus.

Figure 1.16
Coronal MRI scan (T1-weighted) demonstrating a 
left-sided suprasellar meningioma.
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concentrations and provides a useful diagnostic marker. 
Occasionally, the β-HCG may also be measurable in the 
cerebrospinal fluid (CSF).48

The treatment of choice is surgical excision. This 
excision often needs to be carried out using a transcranial 
approach. Incomplete removal is frequent, particularly if 
the tumor is closely adherent to surrounding structures. 
Radiotherapy reduces tumor recurrence and should be 
considered in such patients. Stereotactic radiosurgery 
may be considered for small lesions, well-delineated sur-
gical remnants, or recurrences. Some tumors continue 
to grow in spite of surgery and radiotherapy. In  addi-
tion, cystic fluid reaccumulation can be a recurrent 
problem. In this situation, a reservoir can be implanted 
to facilitate repeated cyst aspiration. Persistently raised 
intracranial pressure may require ventricular shunt-
ing. Other approaches to deal with recurrent disease 
include intracystic implantation of a β-emitting radio-
active source and the use of cytotoxic substances, such 

as alcohol, during surgery in an attempt to destroy the 
cyst lining. In spite of these measures, a small number 
of craniopharyngiomas continue to grow and are ulti-
mately fatal.

Prevalence of pituitary 
adenomas
Recent data have demonstrated a higher prevalence of 
clinically relevant pituitary adenomas than had been 
previously reported.49 A cross-sectional study in Liege, 
Belgium, has reported an overall prevalence of 94 ± 19.3 
per 100,000. The mean age at diagnosis was 40.3 years. 
Macroadenomas comprised 43% of adenomas. The most 
common tumor was prolactinoma (66%), of which 80% 
were microadenomas occurring in females.50 A subse-
quent cross-sectional study in the United Kingdom has 
confirmed this finding, with an overall prevalence  of 
77.6  per 100,000. The mean age of diagnosis was 37 
years. The distribution of pituitary adenomas was also 
confirmed. The proportion and prevalence per 100,000 
of each subtype were, respectively, prolactinoma, 44 
(57%); nonfunctioning pituitary adenoma (NFPA), 22.2 
(28%); somatotroph adenoma, 8.6 (11%); corticotroph 
adenoma 1.2 (2%); and unknown functional status, 1.2 
(2%). The marked female preponderance in prolactino-
mas was confirmed, with 89% occurring in females and 
81% being microadenomas.51 Part of the reasons for the 
higher reported prevalences in these recent studies can 
be explained by the systematic methodologies followed 
in well-defined populations, together with an increasing 
awareness of pituitary disease in primary care and in the 
general population.

Incidental pituitary adenomas are sometimes detected 
on imaging studies that are carried out for unrelated rea-
sons. Guidelines for the management of pituitary inciden-
talomas have recently been published by the Endocrine 
Society.52

Most pituitary tumors are sporadic. They may how-
ever occur as part of familial syndromes such as multi-
ple endocrine neoplasia type 1 (MEN1) (see Chapter 9), 
Carney complex, and the more recently identified famil-
ial isolated pituitary adenomas (FIPAs) (see Chapter 2).53

Non-functioning pituitary 
adenomas
Non-functioning pituitary adenomas form part of a 
spectrum of phenotypes, ranging from the truly null 

Figure 1.17
Axial CT scan of a craniopharyngioma. There is a 
central hypodense mass with a surrounding ring 
of calcification. There is associated hydrocephalus 
and effacement of the brain, indicative of raised 
intracranial pressure.
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cell adenoma to the gonadotrophinoma that may be 
associated with elevated serum gonadotrophin levels. 
As such, NFPAs and gonadotrophinomas are almost 
certainly derived from the same gonadotroph cell lin-
eage. The majority of NFPAs express mRNA, immu-
nostain, or both for glycoprotein hormone subunits. 
Similarly, a majority will secrete one or more of these 
subunits in vitro. Gonadotrophinomas secrete intact 
FSH more frequently than LH, which may be biologi-
cally active. More commonly, tumors secrete biologi-
cally inactive β-subunits. In addition, paradoxical LHβ 
and FSHβ responses to thyrotropin-releasing hormone 
(TRH) are present in a large proportion of these tumors. 
There is often associated hypersecretion of glycoprotein 
hormone α-subunit. A proportion of NFPAs secrete 
α-subunit alone.54

Unlike other types of pituitary tumors, most 
NFPAs and gonadotrophinomas present with pres-
sure symptoms, hypopituitarism, or both, rather than 
with clinical syndromes related to hormone hyperse-
cretion. Impaired visual acuity and visual field defects 
are common presenting symptoms.40 Occasionally, they 
may be associated with clinical evidence of gonadotro-
phin hypersecretion.55 Macroadenomas are frequently 
associated with hyperprolactinemia due to stalk com-
pression.56 Consequently, they may be mistaken for 
prolactinomas and vice versa. Any patient presenting as 
an emergency with visual disturbance must have serum 
prolactin measured as a matter of urgency.

It is important that the rare, but highly aggressive, 
“silent corticotroph adenoma” is not misdiagnosed as 
NFPA at this stage. These tumors may be associated 
with elevated serum ACTH levels, but no clinical 
or biochemical evidence of hypercortisolemia. They 
tend to have aggressive growth characteristics and 
may present at a later stage with clinical Cushing’s 
syndrome.57,58

NFPAs are frequently invasive, with extension into 
the cavernous sinuses. As such, they present a particu-
lar challenge to the surgeon. The standard treatment 
for NFPAs is transsphenoidal surgery. Visual impair-
ment can be expected to improve in the majority of 
patients who undergo surgery within a year of the 
onset of symptoms.40 A recent study has demonstrated 
improved surgical outcome at 1 year, after endoscopic 
surgery, compared with conventional microscopic sur-
gery.59 The problem is that even with good surgical 
clearance, there is a high recurrence rate. This high 
rate may in part be due to dural invasion, microscopic 
evidence of which has been demonstrated in 88% of 
intrasellar macroadenomas and in 94% of suprasel-
lar tumors.60 A  recent retrospective review of 155 
patients in Oxford, United Kingdom, who underwent 

surgical treatment between 1984 and  2007 demon
strated relapse rates of 23%, 47%, and 68% at 5, 
10, and 15  years, respectively, indicating the need 
for prolonged follow-up. Recurrence rates were 
higher in patients with visible residual tumor after 
surgery and in younger patients61 (Figure  1.18). 
Radiotherapy reduces tumor recurrence after surgery 
and may be considered for patients at high risk of 
recurrence.62

The abnormal secretion of gonadotrophins or their 
glycoprotein subunits provides a useful additional 
means of monitoring individual tumor responses 
to treatment. Medical therapy of these tumors is 
largely ineffective. Tumors often express DA recep-
tors, and there are case reports of patients who 
have responded  to  DA analogs.63 Similarly, tumors 
frequently express SS receptors as demonstrated by 
radiolabeled scintigraphy. As for DA analogs, there 
have been case reports of patients demonstrating 
variable responses to SS analogs.64 Ophthalmologic 
responses are sometimes seen in patients without 
observable effects on tumor size, suggesting that SS 
analogs may be acting on the optic pathways through 
different mechanisms.65 Analogs of gonadotropin-
releasing hormone (GnRH) have been found to be 
unhelpful and may, in fact, stimulate glycoprotein 
production by tumors.66

The development of an effective, safe, and well-
tolerated antiproliferative medical therapy for NFPAs 
is one of the major challenges in pituitary disease. 
The availability of such a therapeutic option would 
dramatically change the treatment paradigm for these 
patients.
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Figure 1.18
Relapse rates with three subgroups of patients 
according to post-operative scan classification. 
(From Reddy R et al., Eur J Endocrinol 165, 739–44, 
2011. With permission.)
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Thyrotropin-secreting 
pituitary adenomas
TSH-omas (see Chapter 14) are very rare, accounting 
for ~1% of pituitary adenomas. They may be plurihor-
monal, secreting TSH alone (72%) or cosecreting GH 
(16%) and prolactin (11%).67 These tumors are charac-
teristically large and invasive. Patients may present with 
local pressure effects, symptoms of thyrotoxicosis, or 
both. There may be an associated diffuse goiter. Unlike 
primary hyperthyroidism, thyroid function tests dem-
onstrate elevated levels of thyroid hormones in associa-
tion with inappropriately normal or elevated serum TSH 
levels. Thyrotropin-secreting adenomas characteristi-
cally secrete glycoprotein α-subunit, with an elevated 
molar α-subunit to TSH ratio of >1 (α-subunit μg/L ÷ 
TSH mU/L × 10).68 An important differential diagnosis 
is the syndrome of thyroid hormone resistance.

Surgery is the treatment of choice for TSH-omas. Due 
to the size and invasiveness of many of these tumors, 
complete resection can be difficult. These tumors typi-
cally express SST (Figure  1.11). Patients who cannot 
undergo surgery or who are not cured by surgery can 
be offered SS analog therapy. Most patients will demon-
strate a reduction in TSH levels, and levels will normal-
ize in the majority of patients. About 50% of patients 
demonstrate a variable degree of tumor shrinkage. 
Radiotherapy should be considered for invasive tumors.

Hyperprolactinemia
Hyperprolactinemia is a common clinical problem. 
Several different types of clinicians are likely to see 
patients with hyperprolactinemia, including primary 
care physicians, urogenital physicians, urologists, 
obstetricians and gynecologists, and endocrinologists. 
A guiding principle is that any patient with hyperpro-
lactinemia should be fully investigated by a specialist 
endocrinologist. Clinical and treatment guidelines have 
been published recently by the Endocrine Society.13

Clinical features of 
hyperprolactinemia
The most frequent pathological cause of hyperprolac-
tinemia is the microprolactinoma. Most microprolactino-
mas remain small. Microprolactinomas typically occur 
in young women of reproductive age.69,70 The commonest 
presentations are oligomenorrhea or amenorrhea. Some 
patients present with infertility. There may be associated 
symptoms of estrogen deficiency. Galactorrhea has been 

reported as having a variable prevalence of 30% upward. 
It is important to realize, however, that galactorrhea 
per se is not necessarily indicative of hyperprolactinemia.

Although microprolactinomas occur in males, they 
are less common than in women; most patients present 
with macroprolactinomas.

Hyperprolactinemia in males tends to present more 
insidiously than in females, with a reduction in libido 
and associated erectile dysfunction.71,72 The patient 
develops clinical features of hypogonadism. Infertility 
is a presenting problem in about 10% of patients. 
Galactorrhea occurs occasionally.

Macroprolactinomas behave quite differently from 
microprolactinomas. These tumors usually grow, and 
a small proportion demonstrate aggressive growth 
characteristics, particularly in males. Apart from the 
effects of hyperprolactinemia, patients may present 
with symptoms and signs of other hormone deficiencies. 
Male patients, in particular, may present with panhy-
popituitarism. Symptoms and signs resulting from local 
tumor compression occur frequently. A serum prolactin 
must always be requested as the priority investigation 
in any patient presenting with signs of chiasmal 
compression.

Investigation of hyperprolactinemia
Normal prolactin levels vary according to the assay 
used but are about <400 mU/L (20 μg/L) in males 
and <500  mU/L (25 μg/L) in females. There are sev-
eral causes in the investigation of hyperprolactinemia 
(Table 1.10). The history and examination of the patient 
are particularly important. The possibility of pregnancy 
should be considered in all amenorrheic women of 
reproductive age. Clinical features of hypopituitarism, 
visual disturbance, and acromegaly (50% of patients 
with acromegaly have associated hyperprolactinemia) 
should be sought. A detailed drug history is essential. 
Baseline renal, liver, thyroid, and gonadal function 
should be assessed.

Stress-induced hyperprolactinemia can be excluded 
by the measurement of serum prolactin 2 h after can-
nulation. More than 80% of prolactin circulates as 
a monomeric form with a molecular mass of 23 kDa. 
Prolactin also circulates as big prolactin (45–60 kDa). 
Macroprolactin (big prolactin) refers to high-molecular-
weight complexes of prolactin (≥100 kDa). A proportion 
of macroprolactin is due to immune complex formation. 
Macroprolactin exhibits lower bioactivity than mono-
meric prolactin. It occurs in about 15% of patients 
with serum prolactin <3500 mU/L. Patients with 
asymptomatic hyperprolactinemia should be checked 
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for macroprolactin. Macroprolactin measurement with 
polyethylene glycol precipitation is now routinely avail-
able in most clinics.73,74

Some drugs, particularly antipsychotics, may be 
associated with serum prolactin levels of >4000 mU/L 
(200 μg/L). There may be associated galactorrhea and 
hypogonadism. Serum prolactin levels usually return 
to normal within a few days of stopping the medica-
tion. In many patients, however, stopping medication is 
not possible. Hypogonadism may be treated by estrogen 
or testosterone supplementation if necessary. If hyperp-
rolactinemia is confirmed and no alternative cause has 
been identified, hypothalamic–pituitary disease needs 
to be considered. A serum prolactin of ≥3000 mU/L 
(150 μg/L) is nearly always indicative of a prolactinoma.8 
Serum prolactin levels generally correlate with prolacti
noma size, although there are exceptions.75 In a retro-
spective study of histologically verified nonfunctioning 
pituitary adenomas with suprasellar extensions, 98.7% 
of patients had serum prolactin levels <2000  mU/L 
(100 μg/L), indicating that stalk compression is unlikely 
to be responsible for hyperprolactinemia in patients 
with higher serum prolactin levels.76

An important assay artifact to be aware of is the high-
dose “hook” effect that is due to saturation of antibodies 
in a two-site immunoradiometric assay.77 This satura-
tion produces erroneously low levels of prolactin and 
is of critical importance in patients who present with a 
large macroadenoma with visual impairment. Prolactin 
should always be checked with serial dilutions. In this 
situation, if the tumor is nonfunctioning, the patient 
should undergo surgical decompression. If, however, 
the patient has a macroprolactinoma, the treatment is 
medical, with a DA agonist.

All patients should have MRI (T1-weighted) imag-
ing of the hypothalamus and pituitary, with gadolinium 
enhancement. A high-resolution CT scan with contrast 
may be performed if the MRI scan is contraindicated. 
Dynamic assessment of hypothalamic–pituitary–adrenal 
reserve (see Appendix) is carried out in patients with 
identifiable abnormalities. GH reserve is assessed in 
patients with pituitary macroadenomas. Visual fields are 
performed where appropriate.

The diagnosis of microprolactinomas and most 
macroprolactinomas is usually straightforward. There 
remains, however, the gray area where it is unclear 
whether the patient has a prolactinoma or a nonfunc-
tioning pituitary adenoma. In most cases, these tumors 
are small macroadenomas. It is often appropriate to con-
sider a trial of a DA agonist. If there is no evidence of 
tumor shrinkage after 3 months of treatment, the diag-
nosis of prolactinoma can effectively be discounted and 
the patient can be referred for consideration of surgery. 

Physiological
Stress
Pregnancy
Lactation

Macroprolactin
Pharmacological

Major tranquilizers
Antiemetics
Tricyclic antidepressants
 Estrogens, e.g., oral contraceptive pill
Verapamil
Methyl dopa
Reserpine

Systemic disease/trauma
Hypothyroidism
Liver disease
Renal failure
Polycystic ovary syndrome
Chest wall trauma

Hypothalamic disease/stalk damage
Trauma
Radiotherapy
Infiltrative diseases, e.g., histiocytosis X, 
sarcoidosis
Infection, e.g., tuberculosis
Metastatic disease, e.g., breast cancer
Craniopharyngioma
Glioma
Meningioma
Astrocytoma
Stalk compression from suprasellar extension 
of pituitary mass
Stalk section

Pituitary disease
Microprolactinoma
Macroprolactinoma
Mixed lactotroph somatotroph adenoma
Mammosomatotroph adenoma
Plurihormonal adenoma
Lymphocytic hypophysitis
Empty sella

Table 1.10
Causes of and associations with hyperprolactinemia.
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Occasionally, larger tumors may cause diagnostic prob-
lems, particularly if the MRI scan demonstrates cystic 
or hemorrhagic areas in the tumor. In the absence of 
acute compression symptoms and signs and after neu-
rosurgical review, it may be appropriate to consider the 
trial of a DA agonist, with close monitoring of visual 
fields.

Management of prolactinomas
The first question to be asked is whether the patient 
requires any treatment. The majority of micropro-
lactinomas are small benign tumors that will never 
grow.78 There will, however, be a small group of tumors 
that are destined to become macroadenomas. Patients 
with microprolactinomas that are unassociated with 
reproductive dysfunction or galactorrhea do not need 
treatment. A proportion of the population has small 
pituitary microadenomas unassociated with any clinical 
abnormality. Postmortem and MRI analyses have dem-
onstrated that these microadenomas occur in up to 30% 
of the population. The majority are prolactinomas.52,79,80

In microprolactinoma patients with amenorrhea, 
who are not desirous of pregnancy, treatment can be 
with either cabergoline or an oral contraceptive. Patients 
who wish to conceive or who have troublesome galactor-
rhea should be treated with cabergoline. About 18% of 
macroadenomas and 10% of microadenomas are resis-
tant to DA agonist therapy. Many of the tumors resis-
tant to bromocriptine or to quinagolide are sensitive 
to cabergoline and demonstrate better tolerability.11,12 
Thus, cabergoline is recommended in preference to 
other DA agonists.13 Discordant effects between pro-
lactin response and tumor shrinkage may occur. Some 
tumors that are resistant to DA agonists have a reduc-
tion in D2 receptor expression.81 In addition, there is a 
decrease in Gi2α that couples the D2 receptor to adeny-
lyl cyclase.82

High-dose cabergoline (mean dose 5 mg/week), 
with prolonged treatment up to 12 months, has been 
reported to normalize prolactin in poor-responding 
patients.83 Cabergoline doses of 3 mg daily or more, 
however, have been reported to be associated with car-
diac valvular fibrosis in patients with Parkinson’s dis-
ease.84,85 There have been several reported studies of 
cardiac function in patients treated with cabergoline 
for hyperprolactinemia and acromegaly. Most of these 
cases are cross-sectional. Although there have been some 
reports of mild, clinically nonsignificant valvular fibro-
sis, the evidence indicates that patients treated with the 
usual doses of cabergoline, ≤2mg/week, are not at risk of 
cardiac valvular fibrosis.13,17,86,87 Long-term prospective 

studies are required to confirm this hypothesis. Periodic 
echocardiography should be performed in patients who 
are found to have a cardiac murmur or in those treated 
with higher doses of cabergoline.

The majority of microprolactinomas (~90%) will 
respond rapidly to a small dose of DA agonist, with 
normalization of serum prolactin. The normal start-
ing dose of cabergoline is 0.25 mg twice weekly. Most 
patients are controlled with doses up to 2 mg/week. 
A  meta-analysis of clinical studies reporting the pro-
portion of patients with persisting normoprolactinemia 
after withdrawal of DA agonist has demonstrated that 
normoprolactinemia is achieved in 21% of patients. The 
probability of treatment success was highest for patients 
with idiopathic hyperprolactinemia and with treatment 
of 2 years or more.88 In practice, most patients recur 
after treatment withdrawal. Nonrecurrence may be 
related to tumor apoplexy.

Surgery may be considered in patients who are 
resistant to, or are unable to tolerate, DA agonists or 
for whom a DA agonist is considered to be contrain-
dicated, for example, in patients with valvular heart 
disease or psychiatric disorders. It is also an option 
for patients with microadenomas who do not wish to 
take a DA agonist. Microprolactinomas and intrasel-
lar macroadenomas can be successfully managed sur-
gically in specialist centers, with remission rates of 
70%–80%.89–92 Children and adolescents have been 
shown to respond to medical treatment equally as well 
as adults.93,94

Macroprolactinomas should be managed medically 
whenever possible. They usually respond to DA ago-
nist therapy, with evidence of tumor shrinkage, and in 
patients with visual field defects, with an improvement 
in visual fields within a few days12,95–98 (Figures 1.19 
and 1.20). Even if patients are hypopituitary at pre-
sentation, normal endocrine function may return with 
DA agonist therapy. Continued tumor shrinkage may 
occur over many months.98,99 It is therefore important 
to continue medical therapy alone, without recourse to 
other treatment modalities, unless there are specific 
indications. In spite of this therapy, some large invasive 
macroprolactinomas may only demonstrate a partial 
response, sometimes discordant, to medical treatment 
in terms of serum prolactin levels, tumor size, and 
invasion of surrounding structures.11,12,95,100 In these 
situations, it may be necessary to consider surgery, 
radiotherapy, or both.

Overall, about 10% of patients are resistant to DA 
agonists, defined as the failure to achieve a normal pro-
lactin with a maximally tolerated dose of DA agonist 
and/or a failure to achieve at least a 50% reduction in 
tumor size.95
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Of course, large macroadenomas do not have such 
a successful surgical outcome as microadenomas. 
A  recent retrospective study has reported follow-up 
remission rates of 46% (suprasellar), 12.5% (suprasellar 
with visual field defects), and 30.8% (parasellar and/
or sphenoidal). In addition, there is the risk of new 
anterior pituitary hormone deficiencies and additional 
morbidities.92

Radiotherapy does not have a place as primary treat-
ment of macroprolactinomas, although it may be used 
for patients with aggressive macroprolactinomas. The 
results for both conventional and stereotactic radio-
therapies appear to be similar, with normalization of 
prolactin in up to 30% of patients. There is a long 
latency over many years before maximal efficacy is 
achieved with conventional radiotherapy. Stereotactic 
radiotherapy appears to have the advantage of a more 
rapid effect.95

Aggressive prolactinomas
A subset of macroprolactinomas is particularly aggres-
sive in their behavior, showing only a partial response to 
DA agonist therapy. These tumors are usually large and 
invasive. Giant prolactinomas are defined as tumors with 
a diameter ≥4 cm and/or suprasellar extension ≥2 cm.95 
The suprasellar extension may be associated with hydro-
cephalus. Lateral extension into the cavernous sinuses may 
result in cranial nerve palsies, most frequently third nerve 
palsy. The tumors frequently invade downward into the 
sphenoid sinus (Figure 1.20). A particular problem with 
such large tumors is pituitary apoplexy41 (Figure 1.8) that 

typically presents with sudden onset of severe headache 
(see Chapter 24). If there are associated acute compres-
sive effects (e.g., new visual field defects), urgent surgi-
cal decompression is required. Serum prolactin levels can 
be very high, sometimes greater than a million mU/L 
(>50,000 ng/L). Even if a substantial reduction in serum 
prolactin levels occurs with DA agonist therapy, the lev-
els often remain markedly elevated. Similarly, tumor 
shrinkage is very variable. Tumor shrinkage may result 
in a dural tear, with CSF rhinorrhea. Surgical debulking 
may be undertaken, but it is rarely curative. Radiotherapy 
may be required for tumors that continue to grow. 
Occasionally, growth remains uncontrolled in spite of DA 
agonist therapy, surgery, and radiotherapy. Very rarely, the 
tumors become malignant and metastasize7 (Figure 1.21). 
Chemotherapy is generally ineffective. If the patient is 
experiencing severe pain from local tumor invasion, palli-
ation may be obtained from a SS analog.101 More recently, 
temozolomide has been demonstrated to be effective in 
reducing tumor/metastases size and prolactin secretion 
in some aggressive prolactinomas/carcinomas. Responses 
are usually seen within the first 3 months of therapy, but 
relapse may occur a few months later. Current data do not 
allow a prediction of response, based on MGMT expres-
sion or promoter methylation status.33,102

Predicting pituitary tumor behavior remains a 
challenge. A retrospective study of 94 patients who 
underwent surgical treatment of prolactinomas (54% 
macroadenoma or giant cell adenoma) classified the 
tumors as noninvasive, invasive, and aggressive–
invasive (corresponding to WHO “atypical adenoma”5). 

 

Figure 1.19
Coronal MRI scan (T1-weighted) of an intrasellar macroprolactinoma (a) before and (b) after DA agonist 
therapy.
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Figure 1.20
Sagittal MRI (T1–weighted) of a giant macroprolactinoma (a) before and (b) after DA agonist therapy.
Goldman perimetry (c) before and (d) after DA agonist therapy.
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There  was a preponderance of females in the noninva-
sive group (53/61), 85% of whom remained in long-term 
remission. In contrast, 18/22 patients in the invasive 
group were men. All but one patient had persistent dis-
ease or progression. All of the invasive aggressive group 
(five females, six males) demonstrated tumor progression. 
In addition, based on previous work, seven genes were 
identified that were associated with tumor recurrence 
or progression, with five of these genes being highly up-
regulated in the aggressive-invasive tumors (ADAMTS6, 
CRMP1, ASK, CCNB1, and CENPE).6 Confirmation of 
these data in a larger cohort of patients would enable a 
more robust prognostic classification of prolactinomas 
than is presently available.

Prolactinomas in pregnancy
The management of prolactinomas in pregnancy is 
covered in the Endocrine Society Clinical Practice 
Guideline.13 The normal pituitary gland approximately 

doubles in size during pregnancy as a result of lac-
totroph hyperplasia caused by estrogens. This size 
increase is accompanied by a rise in serum prolactin 
levels. The increase in prolactin level is very variable 
but may be as high as 10-fold by term. After delivery, 
the volume of the gland rapidly decreases, with nor-
malization in size by 6 months, accompanied by a fall 
in prolactin levels. There is no evidence that estrogens 
per se cause prolactinomas to grow. Microprolactinomas 
very rarely grow during pregnancy (2.6%). The risk for 
macroadenomas surgically resected before pregnancy 
is also low (5%), but medically treated macroadeno-
mas have a higher risk of growth (31%).75,95 Growth 
of macroprolactinomas in pregnancy is often associ-
ated with pituitary apoplexy that may be estrogen 
induced. Surgical resection, however, carries the risk of 
hypopituitarism.

Patients frequently ovulate shortly after starting DA 
agonist therapy. It is essential that they are warned to 

Figure 1.21
MRI scan (T1-weighted) of a malignant prolactinoma. (a) Coronal section demonstrating extension of the tumor 
into the right orbit, sphenoid and maxillary sinuses. (b) Axial scan demonstrating extension of the tumor into the 
right orbit, together with a cystic cerebral metastasis. The tumor had also metastasized to the cervical nodes.
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take appropriate contraceptive precautions. Ideally, this 
precaution should be a barrier contraceptive method. 
There is no evidence that bromocriptine is teratogenic.103 
Similarly, there is no evidence for cabergoline, but the 
safety database is smaller than for bromocriptine.16 The 
safety data for quinagolide are very limited; conse-
quently, it should not be prescribed for patients who are 
attempting conception.

Patients should immediately stop taking a DA ago-
nist as soon as pregnancy is confirmed, unless there is 
a real risk of clinically significant tumor expansion, for 
example, invasive macroadenoma or tumor in proxim-
ity to optic chiasm. If the decision is made to treat a 
patient with a DA agonist throughout pregnancy, the 
Endocrine Society Guideline recommends the use of 
bromocriptine.

Because serum prolactin levels normally rise in 
pregnancy, monitoring of levels in prolactinoma 
patients is not normally helpful (Table 1.11).104,105 
Patients with microadenomas should be reviewed with 
clinical examination of visual fields during each trimes-
ter. Patients with macroadenomas should be reviewed 
similarly. If they have not undergone surgical resection 
before conception, definitive evaluation of visual fields 
should be made. Visual fields should also be assessed 
in patients where there is a medical concern for poten-
tial clinically significant tumor growth. Patients who 
develop severe headaches or visual disturbances should 
have visual field assessment, followed, if indicated, by 
an MRI scan without contrast. Symptomatic growth 
of a prolactinoma in pregnancy should be treated 
with bromocriptine. Cabergoline can be used if bro-
mocriptine is not tolerated. In some circumstances, for 
instance, if the patient is unable to tolerate DA agonist 
therapy, if the tumor continues to grow or if there is 
acute compression from pituitary infarction, surgery 
may be necessary.

Breastfeeding in prolactinoma patients is generally 
safe. DA agonists should be avoided because they inhibit 
lactation. If a patient develops symptomatic growth of 
a prolactinoma, breastfeeding should be stopped and 
treatment with a DA agonist reinstated.

Acromegaly
Acromegaly is insidious in onset and has often been 
present for many years at the time of diagnosis. It most 
frequently presents in early middle age, with an equal 
sex balance. A somatotroph adenoma occurring in 
childhood/adolescence before epiphysial fusion results 
in gigantism. Recent data have demonstrated a preva-
lence for acromegaly that is higher than was previously 
thought, about 8–13 per 100,000.50,51 It is apparent 
that the disease is frequently unrecognized for many 
years before it comes to the attention of an endocri-
nologist. There has been much debate as to how earlier 
diagnosis could be made. The problem is exemplified 
by the fact that general practitioners might only be 
expected to see one or two new patients with acro-
megaly in their professional lifetime. Recently, facial 
recognition programs have reported that acromegaly 
can be detected with increased sensitivity compared 
with general physicians and specialist endocrinolo-
gists.106,107 Possibly, the use of facial recognition pro-
grams in national photograph databases, such as 
passports and driver’s licenses, could lead to an earlier 
identification of patients.

Many retrospective studies have reported an 
approximately two- to threefold increase in mortality 
compared with the general population.1 About 60% 
of deaths are due to cardiovascular disease, 25% to 
respiratory disease, and 15% to malignancy.108 Much 
of the variability in reported mortality data is likely 
to be confounded by changes in clinical practice, such 
as the much lower use of pituitary irradiation, and the 
more rigorous assessment of adequate control and cure. 
A recent meta-analysis has reported an overall increase 
in mortality of 72%. Restriction of the analysis to 
patients who had undergone transsphenoidal surgery 
as primary therapy demonstrated an increased mortal-
ity of 32%.109

Acromegaly is almost invariably caused by a somato-
troph adenoma of the pituitary. Most tumors are 
sporadic. Approximately 40% are associated with acti-
vating mutations of Gs (gsp),110,111 and as such they are 

Units Non-pregnant Female First Trimester Second Trimester Third Trimester

ng/mL 0–20 36–213 110–330 137–372
µg/L 0–20 36–213 110–330 137–372
pmol/L 0–859 1565–9261 4783–14,347 5957–16,174

Table 1.11
Serum levels of prolactin in non-pregnant female, first, second and third trimesters of pregnancy.
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a feature of the McCune–Albright syndrome (MAS).112 
MAS is an example of a multiple endocrinopathy syn-
drome. Unlike MEN, however, it is sporadic. Patients 
have been shown to have widespread tissue expression 
of the gsp oncogene that presumably arises early on in 
somatic development, providing a mosaic expression 
in different tissues. The syndrome includes polyos-
totic fibrous dysplasia of bones, pigmented skin lesions, 
precocious puberty, autonomous functioning thyroid 
nodules, pituitary somatotroph adenomas, and adrenal 
disease, which may be associated with hypercorti-
solemia. Patients tend to present early on in childhood. 
The clinical presentation is highly variable.113 About 
20% of patients have GH excess. Excessive growth in 
childhood may be erroneously ascribed to precocious 
puberty. Fibrous dysplasia of the skull is a particular 
problem, because it is often associated with thicken-
ing of the skull base and thus may preclude the use 
of transsphenoidal surgery. In addition, radiotherapy 
is generally avoided because there is an increased 
risk of sarcomatous transformation. In consequence, 
most patients with MAS and acromegaly are treated 
medically.114

Familial syndromes associated with acromegaly 
include MEN1 (see Chapter 9),115 FIPA (see Chapter 2),53 
and Carney complex (see “Cushing’s syndrome” 
below).116 Very rarely, acromegaly is associated with 
ectopic GHRH or GH production. Thorner et al.117 and 
Sassolas et  al.118 originally described two acromegalic 
patients who  had endocrine tumors of the pancreas. 
Subsequently, GHRH was isolated and characterized 
from these tumors by Rivier et  al.119 and Guillemin 
et  al.120 Ectopic production  of GHRH has now been 
described in many cases, most notably in association with 
carcinoid tumors of the lung and gastrointestinal tract 
and with islet cell tumors of the pancreas. Occasionally, 
ectopic production of GHRH has been described in 
association with intracranial gangliocytomas and other 
tumors.121

Clinical features of acromegaly
Clinical features may relate primarily to the somatic 
overgrowth engendered by elevated GH and IGF-I 
levels, to the size of the tumor itself, and/or due to 
symptoms of associated hypopituitarism. Key features 
of the condition relate to the somatic overgrowth that 
results in the characteristic symptoms (Table 1.12) and 
signs (Table 1.13) of acromegaly. Frequently, the features 
can best be appreciated by retrospective comparison of 
the patient’s photographs (Figure 1.22). Thickening of 
the skin is a cardinal physical sign. This thickening can 

be objectively demonstrated by the measurement of 
heel pad thickness on x-ray. As a result, venipuncture is 
often difficult. Skin cuts tend to heal quickly. Patients 
frequently describe excessive sweating and greasy skin. 
Skin tags are a common feature, particularly in the 
axilla and around the nape of the neck. Glossomegaly 
is also a cardinal sign. The glossomegaly can interfere 
with mastication that is exacerbated by prognathism 
and dental malocclusion.

Thick, greasy skin
Acne
Hirsutism
Hyperhidrosis
Skin tags
Soft, “fleshy” hands (“spade-like”)
Large feet with thickened heel pads
Thick “fleshy” lips
Prominent supraorbital ridges
Rhinomegaly
Prognathism
Interdental separation
Glossomegaly

Table 1.13
Classical signs of acromegaly.

Increase in shoe size
Increase in ring size
Increased linear growth before epiphysial fusion 
(gigantism)
Coarsening of facial features
Headaches
Carpal tunnel syndrome
Arthralgia
Snoring
Sweating
Difficulty with mastication
Tongue biting
Difficulty with phonation
Deepening of voice

Table 1.12
Frequent presenting complaints in acromegalic 
patients.



Endocrinology in Clinical Practice

26

 

 

 

Figure 1.22
(a-e) Patient with acromegaly in 1999. (f) Sequential photographs over time are useful to assess the dura-
tion of disease: 1984, 1986, 1988, 1995, 1999.
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There are numerous clinical and metabolic complica-
tions arising from acromegaly (Table 1.14).

Glossomegaly, together with pharyngeal and laryn-
geal swelling, can result in significant upper airway 
obstruction. Sleep apnea has been reported to be present 
in up to 80% of patients with acromegaly. It is predomi-
nantly obstructive in nature, but there may also be a 
central component.108

Cardiomyopathy is a hallmark of acromegaly and 
is characterized by biventricular hypertrophy, exac-
erbated by concomitant hypertension. Over a period 
of time, diastolic and systolic dysfunction develops. 
In a retrospective study using Doppler echocardiog-
raphy in 205 patients with active acromegaly com-
pared with age- and sex-matched nonacromegalic 
control subjects, the relative risk of developing left 
ventricular hypertrophy (LVH) was at least 11.9 times 
higher in the acromegalic patients. Disease duration 
was found to be the most important criterion for the 
prevalence  and severity of cardiomyopathy. Patients 
with disease activity of 10 years or more had a three-
fold higher average relative risk of LVH, associated 
with diastolic and systolic dysfunction, compared 
with patients with shorter disease duration. This 
study also demonstrated an ~1.7-fold increased risk 
of hypertension and a 4.9-fold increased risk of car-
diac arrhythmias.122 There is an increased prevalence 
of concomitant valvular heart disease, represented by 
thickening of the aortic and mitral valves, and result-
ing in aortic and mitral regurgitation.123,124

A causative association between acromegaly and 
neoplasia remains to be proven. Several studies have 
reported the occurrence of benign (adenomatous and 
hyperplastic) colonic polyps in ~45% of patients with 
acromegaly.125 The incidence does not differ from that 
of the general population, using cumulative data from 
autopsies and screening colonoscopy studies. The polyps 
are, however, more frequently right-sided, larger, and of 
advanced histology.126 The recurrence of adenomatous 
polyps correlates with serum IGF-I levels.127 Particular 
care needs to be taken with patients who have a fam-
ily history of colon cancer, and a history of previous 
polyps and multiple skin tags. Current guidelines rec-
ommend that all patients with acromegaly should have 
a colonoscopy at baseline and that patients with colonic 
polyps should be followed according to the interna-
tional guidelines for colon cancer.9 A report has also 
described an increased incidence of gallbladder polyps 
in acromegaly.128

Degenerative joint disease, affecting both the axial 
and the appendicular skeletons, is common. In the early 
stages, where there is thickening of the synovium and 
articular cartilage, it is potentially reversible.129 In the 

Pituitary
Visual field defects
Headaches
Hyperprolactinemia
Hypopituitarism

Cardiovascular
Cardiomyopathy
Arrhythmias
Hypertension

Musculoskeletal
Acral enlargement
Coarse facial features with prognathism and 
splayed dentition
Enlarged sinuses
Excessive long bone growth before epiphysial 
fusion
Degenerative joint disease
Mild proximal myopathy

Neurological
Carpal tunnel syndrome
Cranial nerve palsies (cavernous sinus 
invasion by tumor)
Headaches
Cerebral aneurysms

Gastrointestinal
Colonic polyps with potential risk of malignancy
Gall bladder polyps

Respiratory
Upper airways obstruction (macroglossia, 
pharyngeal)
Sleep apnea (obstructive and central)
Ventilatory dysfunction

Metabolic
Insulin resistance
Impaired glucose tolerance
  Type 2 diabetes mellitus
Dyslipidemia
Hypercalciuria—risk of nephrolithiasis
Hyperphosphatemia

Endocrine
Multinodular goiter
Thyrotoxicosis
Oligomenorrhea, amenorrhea

Impaired quality of life

Table 1.14
Complications of acromegaly.



Free ebooks ==>   www.Ebook777.com

Endocrinology in Clinical Practice

28

majority of patients, however, by the time of diagnosis, 
irreversible degenerative changes will have occurred. In 
the spine, intervertebral spaces are typically widened, 
with vertebral enlargement and osteophyte forma-
tion. Axial changes may be present in up to 60% of 
patients at the time of diagnosis. Severe morphological 
and structural changes can develop.130 Clinical symp-
toms are present in the majority of patients. Long-term 
uncontrolled disease can lead to severe debilitating 
arthropathy. Even after disease control, chronic arthrop-
athy remains an important cause of reduced quality of 
life (QoL).131

Headaches are a frequent complaint and are usu-
ally unrelated to the size of the pituitary adenoma. The 
headaches in acromegaly may be rapidly relieved by 
SS analogs, which are unrelated to the effects on GH 
secretion. There is an increased prevalence of intra-
cranial saccular aneurysms in acromegaly. A report 
describes the presence of 40 newly diagnosed aneurysms 
in 26/152 (17%) of patients who underwent neuroimag-
ing of the Circle of Willis. Ten of the patients had mul-
tiple aneurysms. A further two patients had previously 
undergone aneurysm clipping after subarachnoid hem-
orrhage. This increased prevalence needs to be borne in 
mind when patients undergo intracranial imaging.132

Carpal tunnel syndrome is associated with edema of 
the median nerve in the carpal tunnel and is a frequent 
finding in acromegaly. Approximately 50% of patients 
have symptoms, but the majority will be found to have 
evidence of median nerve compression with nerve con-
duction studies. Although there does not appear to be 
a relationship with disease duration or GH and IGF-I 
levels, it may be ameliorated with disease control.108

Acromegaly is associated with impaired QoL. A 
specially designed questionnaire, AcroQol, has been 
developed to assess the QoL in patients with acro-
megaly. This questionnaire consists of 22 questions 
subdivided into two main categories: physical and 
psychological functions. The psychological category is 
further subdivided into appearance and personal rela-
tionships. Each question is scored out of 5, with a score 
of 110 representing best possible QoL. A re-evaluation 
of 56 patients demonstrated that AcroQol is able to 
demonstrate changes in QoL that would not be detected 
using generic questionnaires. In addition, a significant 
negative correlation was demonstrated between change 
in IGF-I and AcroQol scores.133,134

Metabolic changes in acromegaly
Impaired glucose tolerance and diabetes mellitus are 
well recognized in acromegaly. GH excess leads to 
hepatic and peripheral insulin resistance. A study of 

519 patients in the French Acromegaly Registry esti-
mated the prevalence of diabetes to be 22%.135 Diabetes 
was associated with increasing age and weight. There 
was no significant difference between the levels of GH 
and IGF-I between diabetic and nondiabetic patients. 
Diabetes was diagnosed in half the patients at the same 
time as acromegaly. Diabetes improves with control of 
acromegaly. This improvement is particularly seen after 
transsphenoidal surgery or treatment with pegviso-
mant. SS analogs tend to be relatively neutral in their 
effects because there is a concomitant inhibition of 
insulin secretion with improved control of GH.31,136 An 
association between hypertension and diabetes was seen, 
although this association has not been reported in other 
studies.137–139 A recent retrospective study of “uncon-
trolled,” “divergent” (high IGF-I, normal GH), and 
“controlled” patients has reported that in comparison 
with the controlled group, the divergent group dem-
onstrated higher systolic blood pressure, higher fasting 
blood glucose, and diabetes mellitus. The total choles-
terol was lower in the divergent group than the uncon-
trolled group, but there was otherwise no difference in 
lipid profiles between the three groups.140 There is no 
consistently abnormal lipid profile that has been iden-
tified in acromegaly. Total cholesterol levels have been 
reported to be low in some studies, returning to normal 
population levels after treatment with pegvisomant.141,142 
In another study with pegvisomant, cholesterol levels 
were elevated, and neither cholesterol nor triglyceride 
levels changed after treatment.31 Acromegaly has been 
reported to be associated with hypertriglyceridemia and 
elevated levels of apolipoprotein E and A-1 and Lp-a.143

GH stimulates the activity of 1-α-hydroxylase 
activity in the kidney, resulting in elevated levels of 
1,25-hydroxyvitamin D levels. Hypercalciuria occurs 
and may result in nephrolithiasis.144

Diagnosis of acromegaly
The measurement of GH and age-matched IGF-I con-
centrations are the key determinants in the diagnosis of 
acromegaly. The diagnostic criteria for GH levels have 
changed with the advent of highly sensitive immuno-
radiometric assays (IRMAs), making comparison with 
historic data difficult, when the older polyclonal radio-
immunoassays (RIAs) were used. A further complicating 
factor has been the use of different international stan-
dards. It is now recommended that the WHO standard 
98/574 is used, with the results expressed as micrograms 
per liter.145 An additional problem is a lack of unifor-
mity with IGF-I assays, with RIAs as well as IRMAs 
still in use. In addition, there is a lack of robust age-
related normative data available for individual  assays. 

www.Ebook777.com

http://www.ebook777.com


Neuroendocrine disease

29

A  single standard is recommended, the IGF-I WHO 
first international standard (WHO IS 02/254).

GH is secreted in a pulsatile manner. In acromegaly, 
the GH pulses are increased in frequency about two-
fold.146 Random GH levels therefore can be misleading 
in the diagnosis of acromegaly or in the follow-up of 
patients posttreatment. Unlike GH that has a half-life 
of about 22 min, total serum IGF-I has a half-life of 
about 15 h, and as such provides an integrated reflec-
tion of GH secretion over the previous few days. The 
demonstration of an elevated IGF-I level in the clinic 
is a useful screen, although it is recommended that 
this elevation should be confirmed by the oral glucose 
tolerance test (OGTT). This approach has the added 
advantage of screening for hyperglycemia. In most 
cases, the diagnosis is straightforward, with the dem-
onstration of unequivocally elevated GH levels that fail 
to suppress. In a small proportion of patients, however, 
the interpretation can be more difficult. The current 
consensus is that failure to suppress GH below 1 μg/L 
is diagnostic of acromegaly.9 This value may however 
be too high for a small number of individuals. A GH 
nadir of ≤0.3 μg/L appears to provide adequate dis-
crimination from normal in most cases.147 This nadir 
diagnostic detection limit is more of an issue when 
assessing disease activity after surgery. False positives 
may occur in diabetes mellitus, liver disease, renal dis-
ease, hyperthyroidism, adolescence, anorexia nervosa, 
and other forms of malnutrition. An elevated serum 
IGF-I together with failure of suppression of GH on 
OGTT is required to make the diagnosis of acromegaly. 
There are, however, also potential confounding factors 
in which serum IGF-I may be affected.147 Important 
variables to be aware of are diabetes mellitus, anorexia 
nervosa, and malnutrition, all of which can be asso-
ciated with lower levels of serum IGF-I. Increasing 
age is also associated with a concomitant reduction 
is serum IGF-I levels, emphasizing the importance of 
using well-validated age-dependent normal ranges for 
a specific assay. Adolescents may have levels that are 
outside of the quoted normal range for a given assay. 
Serum IGF-I levels rise throughout pregnancy, under 
the influence of placental GH.

Serum IGFBP-3 and ALS are additional biomarkers 
that are usually elevated in acromegaly. IGFBP-3 is a 
less robust biomarker than ALS. Postsurgically, ALS has 
been shown to have a sensitivity comparable with IGF-I, 
with a slightly lower specificity.148

The majority of somatotroph adenomas are mac-
roadenomas.149 In consequence, a proportion of these 
tumors will have hyperprolactinemia related to stalk 
compression. Approximately 20% of patients have 
tumors that also produce prolactin. The majority are 

mixed somatotroph–lactotroph tumors, with about 
5% being mammosomatotrophs. Acidophil cell adeno-
mas are characteristically associated with hyperpro-
lactinemia, often with relatively low GH production5 
(Table 1.4).

All patients must have a full endocrine assessment, 
including a dynamic assessment of the hypothalamic–
pituitary–adrenal (HPA) axis. Ring size provides a 
simple objective measurement for clinical assessment 
of treatment efficacy. A generalized enlargement of the 
pituitary without a discrete tumor being demonstrated 
on MRI scanning should raise the possibility of ectopic 
GHRH production.

Management of acromegaly
Guidelines on the consensus of cure have been published 
by the Endocrine Society.145 Optimal disease control is 
defined as IGF-I level in the age-adjusted normal range, 
with a random GH measurement ≤1 μg/L. An OGTT 
has been shown to be inappropriate for patients who are 
on treatment with SS analogs, where a large proportion 
of results have been found to be discordant with IGF-I 
levels.150 Due to its action of GH receptor antagonism, 
disease control for patients on pegvisomant therapy can 
only be assessed using serum IGF-I.30 Although there is 
a strong correlation between serum GH and IGF-I levels, 
a discordance have been reported in >30% of patients 
with persisting active disease. Most of the discordance 
is from patients with persistently elevated serum IGF-I 
with “normal” serum GH. If stricter criteria detailed 
above are applied using highly sensitive IRMAs for 
GH, the discrepancies are greatly reduced. Nonetheless, 
discrepant results remain for some patients. After radio-
therapy, some patients demonstrate low serum GH 
levels, with persistently elevated IGF-I.151 It is impor-
tant to exclude potential confounding factors for low 
IGF-I and elevated GH detailed above. Serum IGF-I 
levels can take a few months to normalize after surgery. 
If a persistently elevated IGF-I is seen with apparently 
normal GH levels, patients should be periodically reas-
sessed for evidence of disease recurrence. The use of 
IRMAs, together with the stricter definition of disease 
control, renders the assessment of historical efficacy data 
for surgery, radiotherapy, and medical therapy in acro-
megaly difficult.

Surgery
The first-line treatment of choice is transsphenoi-
dal surgery (see Chapter 3). This approach is par-
ticularly the case with readily resectable intrasellar 
micro- and macroadenomas and where the tumor is 
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causing compressive symptoms. Surgery should also be 
considered in tumors where total removal is not possible 
because surgical debulking facilitates subsequent disease 
control with medical therapy/radiotherapy.152–154 The key 
consideration for surgical treatment, as for any pituitary 
surgery, is performance by an experienced pituitary sur-
geon. Transsphenoidal surgery is the usual approach. 
Many surgeons are now using endoscopic surgery, and 
intraoperative MRIs are being used in a few centers. 
Overall, biochemical control can now be expected in 
>70% of patients with surgically resectable tumors. 
In contrast, biochemical control for macroadenomas is 
about 50%.155–158 Surgical pretreatment with SS analogs 
has been undertaken with the rationale of improved sur-
gical outcome after metabolic control and tumor shrink-
age. This approach is unproven at the present time. One 
prospective randomized study reported biochemical con-
trol in 16% of patients with macroadenomas (n = 32), 
a value that is extremely low, compared with 50% in the 
pretreated group (n = 30), a value that is in line with 
the current literature for macroadenomas.159

Medical therapy is indicated in the following 
situations:

1.	 Failure to achieve control with surgery.
2.	 Primary medical therapy is an option for patients 

with tumors that are not considered to be curable 
by surgery, bearing in mind that surgical debulk-
ing facilitates subsequent medical control. It should 
be considered in patients for whom surgery is con-
traindicated, for example, serious associated comor-
bidities and in MAS. Primary medical therapy is not 
appropriate for patients who have evidence of tumor 
compression, in particular, visual field defects.

3.	 Surgical pretreatment, although the effects on sur-
gical outcome remain to be demonstrated.

4.	 Maintenance of disease control pending the effects 
of radiotherapy.

Medical treatment
DA agonists
Cabergoline has had a limited use in acromegaly.160 
Published data on the efficacy of DA agonists in acro-
megaly are very variable. A meta-analysis of published 
data on 149 patients has been performed. None of the 
studies involved were randomized or placebo-controlled. 
The meta-analysis demonstrated that the overall efficacy 
of cabergoline in these studies was dependent upon the 
basal IGF-I level, although some patients normalized 
IGF-I from high baseline levels.161 Hyperprolactinemia 
was not found to be predictive of response, contrary 
to previously held views. This finding is not particu-
larly surprising because the majority of somatotroph 

adenomas express dopamine D2 receptors and demon-
strate inhibition of GH secretion to DA agonists in vitro. 
The coexpression of SST2 and D2 receptors by somato-
troph adenomas has provided the rationale for the devel-
opment of SS-DA analog chimeras for the treatment of 
acromegaly.28 Overall, 34% of patients achieved normal 
IGF-I levels, with increasing efficacy over time. There was 
no clear dose relationship demonstrable. In the responder 
patients, the mean dose of cabergoline was 2.5 mg/week. 
There was no evidence of tachyphylaxis. This dose is 
higher than the dose generally required for patients with 
prolactinomas (<2 mg/week). It is unknown whether 
patients with acromegaly are at increased risk of devel-
oping cardiac valvular fibrosis with exposure to caber-
goline. The dose remains much lower than that used 
for Parkinson’s disease; nevertheless, given the inherent 
increased risk of cardiac valvular disease in acromegaly, 
periodic echocardiography should be undertaken.123,124 
Tumor shrinkage may occur and, in contrast to biochem-
ical response, is related to hyperprolactinemia.161

In summary, cabergoline therapy may be consid-
ered after surgery, for some patients, particularly those 
with IGF-I levels <150% the upper limit of normal. 
Cabergoline may also be considered as additional ther-
apy for some patients who remain uncontrolled on SS 
analogs.162–164 Its advantages are oral administration and 
cost. It is not possible to predict whether a patient will 
respond, so a therapeutic trial is required. The long-
term safety in terms of cardiac valvular fibrosis in acro-
megaly is unknown. It is also important to note that it 
is not an approved treatment for acromegaly.

SS analogs
SS analogs are the approved first-line medical therapy 
for acromegaly. The GH response to an octreotide test 
dose of 50 μg s.c. can give an indication of the likely 
responsiveness to long-term treatment, but it is not 
definitive.165 In practice, most patients are started on SS 
analog therapy. A good indication of responsiveness can 
be obtained within 3 months of treatment, although 
efficacy continues to improve over time with continued 
treatment.166 In addition, unlike functioning carcinoid 
tumors, tachyphylaxis does not occur.167

The true efficacy of SS analogs is difficult to gauge, 
because most studies have reported data using less strin-
gent criteria of control than are used today. In addition, 
data have often been on preselected populations. Some 
studies define a biochemical response as a “safe” GH of 
≤2.5 μg/L, together with age-related IGF-I within the 
normal range. This is, in fact, more generous than the 
≤1.0 μg/L defined in the Endocrine Society definition 
of disease control.145 Data for studies where patients 
have not been preselected, using the predefined study 
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criteria, and with treatment for at least 6 months, are 
detailed in Table  1.15.166,168,169 Safe GH levels were 
obtained in between 42% and 69% of patients, with 
normal IGF-I levels in between 34% and 70%. The effi-
cacy of SS analogs in de novo patients (primary medical 
therapy) is comparable to that in patients who have first 
undergone pituitary surgery.166,168–170 In a recent study 
(PRIMARYS) of 90 de novo patients with acromegaly 
treated with lanreotide Autogel 120 mg monthly for 
48 weeks, 65% achieved GH ≤2.5 µg/L, 39% achieved 
normal age- and sex-matched IGF-I levels, and 34% 
achieved normal control with both. Two recent stud-
ies have demonstrated similar efficacies for octreotide 

LAR and lanreotide Autogel (lanreotide depot).171,172 
Control of acromegaly with Autogel may be maintained 
by increasing dosing intervals between injections.25,172 
SS analogs may also be effective in patients with ectopic 
production of GH.173

Surgery is the definitive means of achieving tumor 
control and is indicated in patients who have clinical 
evidence of tumor compression. Somatotroph adeno-
mas demonstrate variable responses in terms of tumor 
shrinkage to SS analogs (Figure 1.23). The criteria for sig-
nificant tumor shrinkage varies between studies, ranging 
from 10% to >45%. A systematic review of studies of 
pituitary tumor shrinkage during primary medical 

 Study details GH ≤2.5 μg/L (%) Normal age-related IGF-I (%)

Cozzi et al. 2006 Median follow-up 48 weeks
octreotide LAR
n = 67

68.7 70.1

Mercado et al. 2007 24 weeks
48 weeks
octreotide LAR
n = 68 (ITT 98)

42
44

38
34

Lombardi et al. 2009 48–52 weeks
lanreotide Autogel
n = 51

63 37

n = number of patients; ITT, intention to treat; GH, growth hormone; IGF-I, insulin-like growth factor I.

Table 1.15
Efficacies of octreotide LAR and lanreotide Autogel in unselected patients with acromegaly.

 

Figure 1.23
Coronal MRI scan (T1-weighted) of a somatotroph adenoma (a) before and (b) after 9 months of treatment 
with somatostatin analog. Note the high signal hemorrhagic component of the tumor.
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therapy with SS analogs in patients with acromegaly 
concluded that overall 37% of patients demonstrated 
significant shrinkage according to the study criteria. Of 
these patients, an approximately 50% reduction in tumor 
mass was seen in patients on primary medical therapy, or 
before surgery or radiotherapy.174 There is a wide range 
of variability between patients, with some demonstrat-
ing little or no shrinkage effect and others  >60%.175 
The greatest effect is seen in patients who are treated with 
SS analogs as primary therapy.176 The recent PRIMARYS 
study with lanreotide Autogel demonstrated ≥20% 
tumor volume reduction in 75% of the per protocol 
population (n = 60). The tumor  shrinkage effects and 
antisecretory effects of SS analogs may not be concordant 
in individual patients.20,175,176 Tumor growth may occur 
in a small proportion (<3%) of patients.20

The novel multireceptor ligand SS analog pasire-
otide has completed clinical development. In a phase 
II study, 60 patients with active acromegaly (14% 
de novo, 35% prior surgery, 9% prior radiotherapy, 42% 
prior medical therapy) received octreotide 100 μg s.c. 
three times daily for 28 days, followed by pasireotide 
200, 400, and 600 μg s.c. twice daily in random order 
for 28 days each. After 3 months of pasireotide treat-
ment, 27% had achieved a biochemical response (GH 
≤2.5 μg/L, normal IGF-I). In addition, 39% of subjects 
demonstrated ≥20% reduction in pituitary tumor vol-
ume. After treatment with pasireotide, 7% of subjects 
developed hyperglycemia, 5% an increase in HbA1c, and 
5% diabetes mellitus.26 A subsequent extension study 
has demonstrated that biochemical control was main-
tained, with further reductions in tumor volume. The 
phase III development program has used a long-acting 
formulation, pasireotide LAR 40/60 mg. In a 12-month 
comparator study with octreotide LAR 20/30  mg in 
medically naïve patients, 31.3% achieved complete 
biochemical control with pasireotide LAR, compared 
with 19.2% with octreotide LAR. Some patients with 
low serum IGF-I levels were considered to be noncon-
trolled. The full response including these patients was 
35.8% for pasireotide LAR, compared with 20.9% for 
octreotide LAR. Mean GH and IGF-I levels plateaued at 
3 months, with control being maintained at 12 months. 
Similar degrees of tumor shrinkage were seen with both 
treatments. Hyperglycemia-related events were seen in 
57.3% of patients treated with pasireotide LAR and in 
21.7% of patients treated with octreotide LAR. In a sub-
sequent extension study, patients who were inadequately 
controlled could switch treatment; 21% of patients inad-
equately controlled on octreotide LAR achieved full bio-
chemical control after switching to pasireotide LAR, and 
2.6% of patients inadequately controlled on pasireotide 
LAR achieved control after switching to octreotide LAR. 

Of the patients who continued to receive their random-
ized therapy, at month 19, full biochemical control was 
achieved in 45.9% (n = 74) with pasireotide LAR and in 
45.7% (n = 46) with octreotide LAR.

In summary, the phase III data indicate that pasire-
otide LAR offers a modest improvement in efficacy 
compared with conventional SS analogs, although at 
19 months, there appears to be comparable efficacy with 
octreotide LAR. This efficacy is at the expense of an 
increased risk of hyperglycemia and development of 
diabetes mellitus. Pegvisomant has a clear advantage in 
this regard. In consequence, the positioning of pasire-
otide in the medical treatment algorithm of acromegaly 
remains to be defined.

Pegvisomant
The GH antagonist pegvisomant is indicated for 
patients who remain uncontrolled on therapy with SS 
analogs. The U.S. label also allows for the possibility of 
first-line medical therapy, although most clinicians use 
it second line.

Pegvisomant is administered as an s.c. injection. The 
starting dose is 10 mg, and dose can be titrated up to 
30–40 mg to achieve normal serum IGF-I. Due to its 
mechanism of action, GH levels rise two- to threefold dur-
ing treatment,30 meaning that measurement of GH levels 
is not possible to monitor control. In addition, pegviso-
mant cross-reacts with commercial GH assays. It is highly 
effective in normalizing IGF-I which, in theory, should 
be possible in all patients.31 The ACROSTUDY patient 
registry, however, has demonstrated that this is not the 
case in practice. In the first 5-year report, IGF-I was nor-
malized in 62% of patients. From the weekly dosing infor-
mation, it is apparent that many patients had received 
suboptimal dosing. Sixty-seven percent were on pegviso-
mant monotherapy, 23% on combination therapy with an 
SS analog, 6% on combination therapy with a DA analog, 
and 4% in combination with an SS analog and a DA ana-
log. Importantly, IGF-I control remained the same, with 
monotherapy and with the combination therapies.177

A safety review of 1288 subjects in the ACROSTUDY 
registry has reported elevated hepatic transaminases 
of ≥3  times the upper limit of normal in 2.5% (30) of 
patients.32 There were no reports of hepatic failure. 
Drug-induced hepatitis has been reported in a patient 
after rechallenge with pegvisomant.31 Injection site 
reactions were reported to occur in 2.2% (28) of cases. 
Lipohypertrophy is a recognized side effect that may 
occur due to the local effect of GH antagonism at the 
injection site.178 Injection site rotation may reduce the 
risk of lipohypertrophy developing. Increases in pitu-
itary tumor size were confirmed in 3.2% of cases. This 
increase has been a theoretical concern because unlike SS 
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analogs, pegvisomant does not target the pituitary tumor. 
Furthermore, GH levels rise on pegvisomant therapy, 
although this rise should be mitigated by GH receptor 
antagonism. Tumor growth after conversion of SS analog 
therapy to pegvisomant may be due to a rebound effect 
of stopping SS analog therapy. In addition, a small pro-
portion of tumors will grow anyway, as is evidenced in 
patients on SS analogs.20 Presently, there are limited long-
term follow-up data on patients treated with pegvisomant. 
Patients who are treated with pegvisomant should con-
tinue to have periodic monitoring of tumor size by MRI.

The conversion of treatment from SS analogs to 
pegvisomant has been shown to be associated with 
improved insulin sensitivity and glycemic control.140,179 
In a 32-week study of conversion from octreotide LAR 
to pegvisomant in 53 patients with acromegaly, HbA1c 
was improved by >1.0% in patients with diabetes. The 
improved glycemic control in patients treated with pegvi-
somant is a useful feature to consider in the treatment of 
patients with impaired glucose tolerance and diabetes mel-
litus. In this same study, the proportion of patients with 
normalized IGF-I rose from 29%  to  78%  at  week  32. 
In the first 3–4 months of conversion, there is an overlap-
ping effect of both drugs. This overlap is demonstrated 
by the study data in which there was a fall in the pro-
portion of patients with normal IGF-I levels between 3 
and 5 months. Thereafter, control improved as the dose 
of pegvisomant was titrated upward136. There was no 
change in median pituitary volume, although the tumor 
volume increased ~1 cm in two patients with macroade-
nomas. One of these patients had previously been treated 
with pegvisomant without a change in tumor size, and 
there was no further change in tumor size with continued 
treatment for a further year. The other patient had a large 
aggressive tumor that grew despite multiple different 
treatment modalities, including SS analog therapy.

An alternative approach to conversion is combina-
tion therapy with SS analog and pegvisomant. In this 
case, the patient remains on the same dose of SS ana-
log and additional pegvisomant is added, titrating 
the dose up until IGF-I is normalized. Dose titration 
is more straightforward because it is not being done 
against a waning effect of SS analog. In a head-to-head 
comparison of pegvisomant monotherapy (n = 27) with 
octreotide LAR and pegvisomant combination (n = 29) 
in patients uncontrolled on SS monotherapy, there was 
no difference in IGF-I normalization rates between the 
two groups of patients at 40 weeks.180 The median dose 
of pegvisomant monotherapy was 20 mg/day and in the 
combination therapy 15 mg/day. There was improved 
glycemic control in the pegvisomant monotherapy 
group. Hepatic transaminases were increased by >10 
times upper limit of normal (ULN) in three patients 

in the combination group. Two of these patients had 
received high doses of octreotide LAR (60 mg/month). 
Another patient in the combination group and one in 
the monotherapy group had increases in hepatic trans-
aminases >3 times ULN. MRI evidence of tumor 
growth occurred in one patient in the pegvisomant 
monotherapy group and in one patient in an octreotide 
LAR safety comparison group. In another study, pegvi-
somant was administered weekly (40–120 mg) in com-
bination with lanreotide Autogel 120 mg/month for 
28 weeks to patients uncontrolled on SS analog mono-
therapy (n = 92).181 Normalization of IGF-I occurred 
in 58% of patients. The median dose of pegvisomant 
was 60 mg/week. There was no evidence of an overall 
change in tumor size during treatment. Two patients 
developed transient elevations in hepatic transaminases 
(ALT >5 times ULN) that returned to normal after 
treatment discontinuation. Hepatic transaminases were 
transiently increased >2 times ULN in a further four 
patients. Importantly, there was no relationship between 
diabetic status and elevated hepatic transaminases, a 
finding that differs from other study data.182 Another 
study with patients who were controlled on octreotide 
LAR or lanreotide Autogel has demonstrated compa-
rable efficacy using low-dose pegvisomant (15–30 mg 
twice weekly) together with 50% of the previous dose 
of  SS analog.183 Overall, no efficacy benefit has been 
demonstrated with combination therapy compared with 
pegvisomant monotherapy. Liver function needs to be 
regularly monitored. There are currently no data to sug-
gest an effect on tumor growth compared with patients 
on pegvisomant monotherapy. There is the potential for 
dose-sparing and reduced injection frequency. A com-
parison of the potential advantages and disadvantages 
of SS analog and pegvisomant therapies is summarized 
in Table 1.16.

An alternative combination to SS analog and pegvi-
somant is cabergoline. In the ACROSTUDY registry 
5-year report, 6% of patients were treated with DA 
analog–pegvisomant combination therapy.32 In a study 
of 24 patients with acromegaly, cabergoline monother
apy normalized IGF-I in two (8%) of patients, after 
titrating up to a maximum dose of 3.5 mg/week. The 
addition of 10 mg of pegvisomant daily for 12 weeks 
normalized IGF-I in 68% of patients, which compares to 
54% with 10-mg monotherapy in the pegvisomant piv-
otal study. Twelve weeks after cabergoline withdrawal, 
only 26% of patients maintained a normal IGF-I whilst 
continuing with pegvisomant.184 The data are interest-
ing, because the response to cabergoline was much lower 
than in a previously reported study.161 In addition, in the 
pegvisomant pivotal study, 54% of patients normalized 
IGF-I after 12 weeks treatment with 10 mg.30
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Radiotherapy
Radiotherapy (see Chapter  4) is used much less fre-
quently than in the past. Its most frequent use is the 
control of tumor growth in aggressive tumors that have 
not responded to surgery and/or medical therapy. Its 
utility for biochemical control is much reduced because 
most patients can now be controlled with SS analogs 
and pegvisomant. It may be used to avoid potentially 
expensive long-term medical therapy, but there is a high 
risk of rendering the patient hypopituitary.

Conventional conformal fractionated radiotherapy 
can ultimately achieve biochemical control in about 
60% of patients at 10 years, rising to >70% at 15 years. 
Normalization of GH and IGF-I is dependent on the 
pretreatment levels.185,186 Stereotactic radiotherapy 
or single-fraction radiosurgery may be preferred for 
patients with smaller, more discrete tumors. Presently, 
there is insufficient evidence to favor one technique over 
another. Treatment choice is largely dependent upon 
local facilities and expertise.

Pregnancy in acromegaly
There is little information available on the effects of 
uncontrolled pregnancy and its treatment in the liter-
ature. This discrepancy may be in part because acro-
megaly is associated with gonadal dysfunction. If  a 
patient is planning pregnancy, the optimal scenario 
would be to obtain biochemical control by surgery. 

The management of pregnancy in patients with active 
disease remains controversial. Many patients will be 
on medical therapy until conception, but then stop. 
A recent report has reviewed the outcomes of 47 preg-
nancies in acromegalic women. Nine patients had no 
medical treatment, six patients had DA agonist, six 
patients had combination with DA agonist and SS 
analog, one patient had pegvisomant SS combination, 
24 patients had SS analog alone, and one patient had 
pegvisomant. After gestation, medical therapy contin-
ued in 19 patients, in 10 for <20 weeks: 14 SS analog, 
three DA agonist, and two pegvisomant. None of the 
patients developed endocrine or neurological complica-
tions. All babies reached full term with normal weights. 
An extended review of a further 59 pregnancies demon-
strated that 81% were without complication; three with 
gestational diabetes mellitus; seven with preeclampsia; 
and nine with exacerbations of symptoms of acromeg-
aly, in particular headaches. Eighty-three of the babies 
were normal weight, seven were microsomic (five SS), 
and five were macrosomic (two DA).187 A case report of 
pegvisomant treatment throughout pregnancy resulted 
in a normal baby delivered at 40 weeks by caesarian sec-
tion. Importantly, fetal GH and IGF-I levels remained 
normal throughout the pregnancy. Fetal pegvisomant 
levels were minimal. Pegvisomant levels in the breast 
milk were undetectable.188 In contrast, a case report 
of octreotide LAR treatment throughout pregnancy 

 SS analog Pegvisomant SS and pegvisomant

Disease control Normal IGF-I ~50% Potential for control in most 
patients

Potential for control in most 
patients

Tumor Shrinkage ~50% No evidence of tumor 
growth

No evidence of tumor growth

Glycemic control Neutral Improved ++ Improved +
Hepatic Biliary tract disease 

~35%; usually 
asymptomatic

Elevated transaminases 
<5% 

Biliary tract disease ~35%; 
usually asymptomatic

Gastrointestinal Intolerance ~10% Elevated transaminases <10% Intolerance ~10%
Injection site 
reactions

Lipohypertrophy

Frequency of 
administration

Monthly (6–8 
weeks, lanreotide 
Autogel)

Daily (less frequent 
injections may be possible in 
well-controlled patients)

Daily to weekly pegvisomant

Table 1.16
Comparison of the potential advantages and disadvantages of somatostatin (SS) analog therapy, 
pegvisomant monotherapy, and SS and pegvisomant combination therapy.
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demonstrated evidence of maternal–fetal transfer of 
drug. The dose of octreotide LAR was reduced from 20 
to 10 mg at 21 weeks gestation due to concerns of intra-
uterine growth retardation. A normal, healthy baby was 
delivered by caesarian section at 38 weeks, with normal 
postnatal development, weight, and height reaching the 
50th centile at 3 months.189 In summary, from the lim-
ited data that are available, acromegaly is usually associ-
ated with normal pregnancy outcomes. Medical therapy 
should be avoided whenever possible because of the 
potential effects on fetal size.

Aggressive somatotroph adenomas
These tumors are generally sporadic, but they may 
occur as a result of an underlying genetic defect, as in 
MEN1115 (see Chapter 9), FIPA53 (see Chapter 2), Carney 
complex (usually microadenomas),116 and MAS.113,114 
They are most frequently seen in young adults. It has 
recently been demonstrated that the aryl hydrocarbon 
receptor–interacting protein (AIP) mutations seen in 
some FIPA patients also occur in sporadic tumors.190 
These tumors are often sparsely granulated with a dot-
like keratin pattern. There are no predictive molecular 
markers. They characteristically have a poor response to 
SS analogs. Pegvisomant can usually provide biochemi-
cal control. Radiotherapy may be necessary to control 
tumor growth.

Summary of management
Surgery remains the first-line therapy in most patients 
(Figure  1.24). If surgical cure is not obtained, treat-
ment should be started with SS analog. Cabergoline 

may be considered in patients with mild residual dis-
ease. If the patient remains uncontrolled, treatment 
should be switched to pegvisomant. Pegvisomant 
combination therapy with SS analog is an alterna-
tive option. In patients who have aggressive disease, 
radiotherapy may be required in addition to medical 
therapy. The positioning of pasireotide in the medical 
treatment of patients with acromegaly remains to be 
defined.

Cushing’s syndrome
Harvey Cushing first described the chromophobe pitu-
itary adenoma as being the underlying cause of some cases 
of the condition,191 thereafter referred to as Cushing’s 
disease. Although florid cases of Cushing’s syndrome are 
easy to diagnose, subtler cases can be extremely difficult. 
Alcohol abuse, obesity, and depression can all give rise 
to “pseudo-Cushing’s syndrome,” not only mimicking 
Cushing’s syndrome clinically but also, on occasion, bio-
chemically. In addition, some cases of Cushing’s disease 
“cycle” in and out of active disease. A recent review of 
201 patients identified 30 (14%) patients with a median 
intercyclic period of 4 years, although the period can 
be highly variable.192 Once the diagnosis of Cushing’s 
syndrome has been confirmed, it is necessary to make 
a specific etiological diagnosis. Although the differen-
tiation of Cushing’s syndrome into ACTH-dependent 
and ACTH-independent disease is usually straightfor-
ward, the identification of the source of ACTH in the 
former can be very difficult. Neurosurgery should only 

Pituitary MRI

Somatotroph adenoma Normal/enlarged pituitary
- consider extra-pituitary acromegaly

Transsphenoidal surgery

Pegvisomant +/–SS analog

Primary medical therapy
SS analog

Radiotherapy

SS analog

Monitor 6 monthly Identify ectopic source

Surgery

Control

Surgery
contraindicated

Mass e
ectUncontrolled

Uncontrolled Uncontrolled

Uncontrolled

SS analog
DA analog mild disease?

Figure 1.24
Treatment algorithm for patients with acromegaly.
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be carried out by a dedicated neuroendocrine surgeon. 
An experienced endocrine surgeon should be available 
for bilateral adrenalectomy, and there should be ready 
access to thoracic surgery.

Clinical features of 
Cushing's syndrome
The clinical signs of Cushing’s syndrome are well rec-
ognized (Figures 1.25 and 1.26) and are summarized in 
Table 1.17. Patients most commonly present complain-
ing of rapid weight gain. Growth retardation occurs 
in >80% of children and adolescents. This growth 
retardation, together with weight gain, is an impor-
tant discriminating feature of Cushing’s syndrome in 
this age group. Oligomenorrhea and amenorrhea are 
commonly associated presentations in women. Some 
patients complain of weakness, particularly if their 
work involves a great deal of physical activity. Difficulty 
with climbing stairs is a frequent complaint. Recurrent 
infections are occasionally a presenting problem. The 
majority of patients will have some form of psycho-
logical disturbance, ranging from mild symptoms to a 
severe psychosis.

Cushing’s syndrome is associated with severe mor-
bidities (Table  1.18). A 2-year review of 481 patients 
with Cushing’s syndrome from the European Registry 
on Cushing’s syndrome (ERCUSYN) summarizes 
the  morbidities associated with the different etiolo-
gies of the disease.193 Patients characteristically have 
a  rounded, plethoric face. There is typically a central 
distribution of body fat with contrastingly thin arms 
and legs. The acquisition of body fat can be rapid, 
occurring predominantly in the abdomen, both subcu-
taneously and intra-abdominally. Intra-abdominal fat is 
particularly distributed around the viscera and can be 
clearly demonstrated on CT or MRI scans (Figure 1.27). 
In  contrast, children tend to have generalized obesity. 
The skin is thin compared with an individual of com-
parable age and sex. Bruising is frequently present. 
Striae, typically violaceous or red, occur most com-
monly around the axillae and abdomen, but they can 
also occur in the lumbar or gluteal regions, around 
the thighs, upper arms, and breasts. Acne frequently 
occurs and may be associated with hirsuties and alope-
cia. Acanthosis nigricans may be present, indicative of 
hyperinsulinemia. There may be evidence of cutaneous 
infections with viral warts, oral candidiasis, and fun-
gal infections, reflecting immunosuppression. Proximal 
myopathy should always be sought and is best assessed 
by asking the patient to rise from a squat without using 
a support, with the back kept straight.

Osteoporosis can be extremely rapid in onset, with 
serious sequelae. The ERCUSYN review found that 
osteoporosis had a higher prevalence in men, with 
more vertebral and rib fractures, than women.193 QoL is 
severely affected. A disease-specific QoL questionnaire, 
CushingQoL, has been developed.194

Psychiatric complications occur in >60% of patients 
with Cushing’s syndrome, most commonly depression. 
There are significant associations with increasing age, 
female sex, and higher urinary free cortisol levels.195 
It is essential that all patients with Cushing’s syndrome 
undergo a formal psychiatric assessment both at pre-
sentation and after their treatment. It is important to 
realize that the psychiatric/psychological component of 
the disease is often extremely severe and may take many 
months to remit after curative treatment. It is most 
important that patients are warned of this before treat-
ment is undertaken.

Mortality of Cushing’s syndrome
The early reports of Cushing’s syndrome documented a 
mortality of about 50% in 5 years.191,196 These patients 
almost certainly reflected the extreme end of the spec-
trum. In a review of 60 Cushing’s disease patients at a 
single U.K. center, the overall SMR was 4.8 (95% CI, 
2.8–8.3), with 9/13 deaths due to cardiovascular disease. 
SMR for persistent disease was 16 (6.7–38.4) and 3.3 
(1.7–6.7) for those in remission. Hypertension and dia-
betes mellitus were associated with significantly poorer 
survival.197 Mortality was further analyzed in a meta-
analysis in seven studies that demonstrated an overall 
SMR of 2.2 (1.45–3.41). Data from four of the studies 
(which included the U.K. center) demonstrated an SMR 
of 5.5 (2.7–11.3) for patients with persistent disease but 
an SMR of 1.2 (0.45–3.2) for patients in remission.197 
A single-center study of the mortality of 80 patients with 
Cushing’s disease, treated by transsphenoidal surgery, has 
demonstrated a similar overall SMR of 3.17 (1.7–5.43), 
with an SMR of 4.12 (1.12–10.54) in the persistent dis-
ease/recurrence groups, but a persistently increased SMR 
of 2.47 (0.8–5.77) in the cure group. Although comor-
bidities such as hypertension and body mass index (BMI) 
improved after surgery, there was evidence of long-term 
cardiovascular damage with LVH and ischemic heart 
disease on electrocardiogram.198 A retrospective review 
of 346 patients operated on by the same surgeon identi-
fied increased mortality to be associated with duration 
of preoperative symptoms until postoperative remission 
was achieved by any means, older age at diagnosis, and 
preoperative ACTH concentration. In the groups who 
achieved overall (immediate and late) and immediate 
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Figure 1.25
Patient with Cushing's disease (a) 2 years before presentation and (b-d) at presentation.
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remission, depression at diagnosis and male sex were 
associated with increased risk of death.199

Inevitably, over such long periods of review, treat-
ment paradigms have changed. The data emphasize the 
importance of optimizing the control of cardiovascular 
disease and diabetes in all patients after surgery or other 
treatments, regardless of cortisol status. The long-term 
mortality risk in patients who have undergone curative 
surgery remains to be demonstrated in adequately pow-
ered long-term follow-up studies.

Causes of Cushing’s syndrome
Cushing’s syndrome is ACTH-dependent in about 80% 
of cases. About 70% of cases are caused by a corticotroph 
adenoma of the pituitary gland (Cushing’s disease), with 
the remainder being caused by ectopic ACTH produc-
tion. Primary adrenal disease accounts for about 20% of 

cases of Cushing’s syndrome200 (Table 1.19). MEN1 may 
be associated with Cushing’s disease and also adrenal 
tumors.201

Cushing’s disease
Cushing’s disease is very rare, with a currently estimated 
prevalence of 1.2–2.4 per 100,000. It is 3 to 4 times 
more common in females.202 The  majority of cortico-
troph adenomas are microadenomas. Crooke’s hyaline 
change due to corticotroph suppression may be present 
in surrounding normal corticotrophs and also occasion-
ally within tumor cells themselves.203 Macroadenomas 
are often aggressive in their behavior and occur more 
frequently in males, particularly for the so-called silent 
corticotroph adenoma.57,58 These tumors present as clin-
ically nonfunctioning pituitary adenomas, often with 
mass effects. Immunostaining of the tumor is posi-
tive for ACTH. The tumors tend to be recurrent and 

 

Figure 1.26
Teenage girl with Cushing's syndrome secondary to the production of a CRH-like peptide (a) 18 months 
before presentation and (b) at presentation.
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increasingly aggressive in time, associated with increas-
ingly severe Cushing’s disease. Rarely the tumors metas-
tasize.7,58 Nelson’s syndrome describes the rapid growth 
of a corticotroph adenoma after medical or surgical 
adrenalectomy. The reported incidence varies between 
8% and 43% over long-term follow-up. This incidence 
is associated with a rapid increase in serum ACTH 
levels, manifested by increasing skin pigmentation204 
(Figure  1.28). Nelson’s tumors can be highly aggres-
sive and can become resistant to treatment. They tend 

to occur in tumors with an underlying propensity for 
aggressive behavior, such as silent corticotroph adeno-
mas. Prophylactic pituitary irradiation after bilateral 
adrenalectomy reduces the risk.205–207

Corticotroph hyperplasia rather than a cortico-
troph adenoma is occasionally seen. The presence of 

Best discriminators
Plethoric, rounded face
Bruising
Livid, purple/red striae
Proximal myopathy

Other typical features
Central distribution of body fat, with 
correspondingly thin arms and legs
“Buffalo” hump (cervical fat pad)
Thin skin
Poor wound healing, scarring
Acne
Alopecia
Hirsuties
Edema

Table 1.17
Clinical signs of Cushing’s syndrome.

Infection
Poor wound healing
Hypertension
Diabetes mellitus
Deep venous thrombosis/pulmonary embolism
Ischemic heart disease
Oligomenorrhea/amenorrhea
Myopathy
Osteoporosis
Glaucoma
Reduced QoL
Psychiatric

Table 1.18
Clinical associations with Cushing’s syndrome.

Figure 1.27
Coronal abdominal MRI scan (T1-weighted) of a 
patient with Cushing’s syndrome, demonstrating 
retroperitoneal fat and an enlarged left nodular 
adrenal gland (arrow).

ACTH dependent %
Corticotroph adenoma (Cushing’s 
disease)

70

Ectopic ACTH production 10
ACTH independent

Adrenal adenoma 10
Adrenal carcinoma 5
Nodular adrenal hyperplasia 5

Primary pigmented nodular adrenal 
disease
Massive macronodular adrenal 
hyperplasia
Ectopic receptor expression

ACTH, adrenocorticotropic hormone.

Table 1.19
Causes of Cushing’s syndrome.
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hyperplasia should always raise the possibility of an 
ectopic source of CRH.

Ectopic hormone production
Cushing’s syndrome secondary to ectopic production of 
CRH or ACTH is most commonly due to a bronchial 
carcinoid, but it may be associated with several other 
tumors, notably gastroenteropancreatic tumors, thy-
mic carcinoid, medullary carcinoma of the thyroid, and 
pheochromocytoma.208,209 Ectopic ACTH production by 
small cell carcinoma of the lung is usually associated 
with a rapidly progressive wasting disease, with pig-
mentation and hypokalemic alkalosis.

Adrenal disease
Adrenal adenomas account for about 60% of cases of 
ACTH-independent Cushing’s syndrome (Figure 1.29). 
The majority of the remainder is accounted for by adre-
nal carcinomas.200 Adenomas range in size from about 
1 cm to 7 cm and often present with a relatively pro-
longed history, sometimes over a few years. Adrenal 
carcinomas, in contrast, tend to be larger at presenta-
tion, often >6 cm. The patients often have typical symp-
toms of malignant disease, either from the local effects 
of the tumor or from metastatic disease. The patients 
may have a short history of rapid onset of Cushing’s 
syndrome, or present with a wasting disease, similar 
to ACTH-producing small cell carcinoma of the lung. 

The tumors often produce high levels of steroid precur-
sors, resulting in virilization of females, hypertension, 
and hypokalemic alkalosis.210

Primary pigmented nodular adrenal disease
Patients with primary pigmented nodular adrenal 
disease (PPNAD) present at a younger age than other 

   

Figure 1.28
Nelson’s syndrome. (a) Patient at presentation with a recurrent corticotroph adenoma. (b and c) Two years 
later, after bilateral adrenalectomy. The tumor finally developed into a pituitary carcinoma. The patient 
originally presented with a visual field defect from a silent corticotroph macroadenoma.

Figure 1.29
CT scan demonstrating an adrenal tumor (arrow) in 
a patient with Cushing's syndrome.
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causes of Cushing’s syndrome. The disease ranges from 
subclinical or mild to severe. About 50% of patients 
have autosomal dominant disease, as described by 
Carney et  al.211 The Carney–myxoma endocrine com-
plex exists in at least two genetically distinct forms, 
one of which maps to chromosome 17 and the other 
to chromosome 2. The chromosome 17 form, Carney 
complex type 1, has been shown to be due to muta-
tions in the protein kinase A regulatory subunit 1α.212 
This condition is heterogeneous, typically consisting 
of pigmented/blue naevi and lentigines, in association 
with many different tumors, such as somatotroph ade-
nomas, cutaneous myxomas, cardiac myxomas, breast 
tumors, testicular tumors, and peripheral nerve lesions. 
Imaging of the adrenal glands can be variable, rang-
ing from apparent normality to bilateral enlargement, 
or asymmetric nodularity. Pathological examination 
reveals small, unencapsulated, pigmented adrenal nod-
ules, ranging from 1 cm upward. There is atrophy of 
the surrounding adrenal tissue, unlike in macronodular 
adrenal hyperplasia (MAH). Adrenocortical cancer has 
been reported in a family with Cushing’s syndrome due 
to Carney complex.213

Macronodular adrenal hyperplasia
MAH describes a radiological appearance, rather than 
a distinct disease entity. The adrenal glands exhibit 
nodules varying in size from 0.5 to 7 cm. Unlike 
PPNAD, there is hyperplastic adrenal tissue between 
the nodules. It is not uncommonly seen in patients 
with Cushing’s syndrome and can give rise to diag-
nostic confusion. Investigations may demonstrate 
biochemical evidence of ACTH-dependent disease or 
adrenal autonomy. Between 20% and 40% of patients 
with Cushing’s disease develop adrenal nodular dis-
ease (Figure 1.30). It is likely that some patients with 
Cushing’s disease develop a degree of secondary adrenal 
autonomy.214 Nodular adrenal autonomy may be seen 
in the MAS.112,113,215 Adrenocorticotropic-independent 
MAH has also been recognized as a result of aberrant 
expression of G-protein-coupled receptors (GPCRs), 
first described with aberrant expression of glucose-
dependent insulinotropic peptide (gastric inhibitory 
polypeptide [GIP]) in patients who developed bio-
chemical evidence of hypercortisolemia after food.216,217 
Since then, ectopic expression of other GPCRs such 
as β-adrenoreceptor, V1-vasopressin receptor, interleu-
kin-1 receptor, 5-HT4 receptor, and LH receptor has 
been described, associated with MAH and also with 
solitary adrenal adenomas.218 The identification of 
the ectopic expression of an aberrant GPCR is impor-
tant because it provides the opportunity to target the 
receptor with specific medical treatment, for example, 

propranolol for ectopic β-adrenoreceptor and GnRH 
analogs for ectopic LH receptors.

Occasionally, there may be massive MAH associated 
with ACTH-independent adrenal function.219

Investigation of suspected Cushing’s 
syndrome (Figure 1.31)
A guideline to the diagnosis of Cushing’s syndrome has 
been provided by the Endocrine Society.220

A detailed history of medication (oral, inhaled, topi-
cal steroids) must be taken. Hypercortisolemia (pseudo-
Cushing’s) may be associated with chronic excessive 
alcohol consumption, psychiatric illness, morbid obe-
sity, and poorly controlled diabetes mellitus.

Initial screening is undertaken to demonstrate the 
presence or absence of hypercortisolemia. One of the fol-
lowing tests is recommended.221,222

Twenty-four hour urinary 
free cortisol (UFC)
UFC provides an integrated measure of cortisol 
secretion over 24 h. It measures free cortisol, ren-
dering it free from potential confounding factors 
that may affect cortisol-binding globulin (CBG). 
UFC excretion in Cushing’s syndrome is very vari-
able so that at least two collections should be taken. 

Figure 1.30
Axial CT of abdomen of a patient with ACTH-
dependent Cushing’s syndrome, demonstrating 
bilateral macronodular adrenal hyperplasia (arrows) 
and retroperitoneal fat.
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Consistently  recorded measurements outside of the 
normal range have high sensitivity and specificity. 
This test will effectively exclude normal patients, 
with the exception of patients who are in the quiescent 
phase of cycling.192 If cyclical Cushing’s is suspected, 
patients should carry out repeat urine collections at 
periodic intervals. It is important to note that UFC 
measurements may be misleading in patients with 
renal impairment, as glomerular filtration rate falls 
below 60 mL/min.

Late night salivary cortisol
Salivary cortisol (SC)223 is in equilibrium with free 
blood cortisol (~4% circulating cortisol). It is stable at 
room temperature for 7 days or refrigerated for several 
weeks. Loss of cortisol circadian rhythm, with elevated 
midnight cortisol, is a key feature of Cushing’s syn-
drome, although it can also occur in pseudo-Cushing’s 
states.214 The measurement of serum cortisol at mid-
night requires hospitalization and should be done 

when the patient is stress-free and sleeping, that is, 
not on the first night in the hospital. A major advan-
tage of SC is the ability to assess midnight cortisol 
status in a stress-free environment at home. The major 
disadvantage of SC is that there is presently no stan-
dardized assay in use, each assay having its own nor-
mal ranges. A potential drawback is the expression of 
the enzyme 11β-hydroxysteroid dehydrogenase type 
2 (11β-HSD2) in the salivary glands, which catalyzes 
the conversion of cortisol to cortisone. Inhibition of 
11β-HSD2 by liquorice or tobacco (contain glycyrrhi-
zic acid) could result in false elevation of SC. Overall, 
SC appears to have high sensitivity and specificity 
comparable to UFC.

Dexamethasone suppression tests
The overnight dexamethasone suppression test can 
be performed in the outpatient clinic: 1 mg of dexa-
methasone at 2300–2400 hours, with measurement of 
serum cortisol at 0900 hours the following morning. 
The optimum sensitivity is achieved using a  cut-off 

24 hour urinary free cortisol
Low-dose dexamethasone suppression test

Midnight salivary cortisol

Cushing’s syndrome con�rmedACTH suppressed

Adrenal imaging

Adrenal hyperplasia
Adrenal adenoma

Nodular adrenal disease
Adrenal carcinoma

Adrenal Cushings

ACTH Inappropriately normal or high

MRI pituitary

*High dose dexamethasone 
suppression test

+CRH test

*Suppression
+Stimulation

Cushing’s disease

Positive

Inferior petrosal sinus sampling

*No suppression
+No stimulation

Negative

Ectopic ACTH

Negative MRI
Equivocal results

ACTH gradient

Positive

Negative

CRH test EquivocalEquivocal

Figure 1.31
Algorithm for the investigation of Cushing's syndrome; * High dose dexamethasone suppression test; 
+ CRH test. See text for biochemical criteria.
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of 50 nmol/L (1.8 μg/dL). Women taking the oral 
contraceptive pill (OCP) should stop for 6 weeks 
before the test, due to the stimulatory effect of estro-
gens on CBG. Drugs, in particular anticonvulsants, 
can induce the hepatic clearance of dexamethasone 
through CYP3A4, thereby reducing the sensitivity of 
the test.

The low-dose dexamethasone suppression test is an 
alternative option: 0.5 mg of dexamethasone 6 hourly 
for  48 h, with measurement of serum cortisol at 
0900 hours after the last dose. The same 50  nmol/L 
(1.8 μg/dL) criterion can be used. This test is the pre-
ferred one to use to exclude pseudo-Cushing’s. Patients 
should abstain from alcohol for at least 2 weeks before 
the test.

Differential diagnosis of Cushing’s 
syndrome (Figure 1.31)
The first determination to be made is whether the 
patient has ACTH-dependent disease. Patients 
with primary adrenal disease will usually have sup-
pressed 0900 hour serum ACTH levels, in contrast to 
patients with ACTH-dependent disease (Figure  1.32). 
There may be uncertainty in some patients with nodular 

adrenal  disease. In this situation, a CRH test can be 
used to differentiate between the two. Patients with 
suppressed serum ACTH levels should proceed directly 
to adrenal imaging, and if an adrenal tumor is identi-
fiable, then proceed to surgery. Patients with ACTH-
dependent disease require further investigations.

The differential diagnosis of Cushing’s disease from 
ectopic ACTH secretion can be difficult. The most 
definitive test is inferior petrosal sinus sampling, but 
this test is not available in all centers. There is no con-
sensus on the optimal approach. Many centers will use 
the high-dose dexamethasone suppression test, together 
with the CRH test.

The rationale for the high-dose dexamethasone 
(2  mg 6 hourly for 48 h) is that the corticotroph 
adenoma retains a degree of responsiveness to 
glucocorticoid negative feedback. In Cushing’s dis-
ease, the serum cortisol should suppress to <50% of 
baseline values. Dexamethasone suppressibility should 
be absent in patients with ectopic ACTH production. 
This test has a sensitivity of >80%, with a specific-
ity of about 60%. Similar results can be  obtained 
using an overnight 8-mg dexamethasone  sup-
pression test or a  7-h intravenous dexamethasone 
suppression test.224,225

The CRH test is a useful, well-validated adjunct in 
the investigation of Cushing’s syndrome.226 Both ovine 
and human CRHs are available. The response to ovine 
CRH may be slightly greater due to its longer half-life. 
Typically, patients with Cushing’s disease demonstrate 
clear rises in cortisol of >20% and in ACTH of >35% 
over basal values, giving sensitivities and specificities of 
about 90%.227 Combined testing with high-dose dexa-
methasone and CRH improves the diagnostic accu-
racy of the investigation.226,227 Patients with Cushing’s 
disease frequently demonstrate ACTH and cortisol 
responses to desmopressin, but up to 50% of ectopic 
ACTH-producing tumors can also respond, limiting 
its use in the differential diagnosis of ACTH-secreting 
tumors.227

A pituitary MRI scan will identify a corticotroph 
adenoma in about 60% of cases. Cushing’s disease is 
diagnosed in most patients with dexamethasone sup-
pression and CRH testing indicative of pituitary disease, 
together with a clearly identifiable pituitary adenoma. 
Because most corticotroph adenomas are small micro-
adenomas, there is a small potential risk of identifying a 
pituitary “incidentaloma” (usually <5 mm in diameter) 
as a corticotroph adenoma.52 More problematic is the 
patient with the normal MRI scan.

In patients who do not have an identifiable pituitary 
adenoma, or in whom the diagnosis remains unclear, 
inferior petrosal sinus sampling (IPSS) with CRH 
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offers an additional diagnostic approach.228 A central-
to-peripheral ACTH gradient of >2, or an ACTH rise 
of >300% over peripheral ACTH values after CRH, is 
indicative of Cushing’s disease (Table  1.20).229 There 
are exceptions, with some patients with Cushing’s dis-
ease, failing to reach the diagnostic threshold and some 
patients with ectopic ACTH reaching the threshold 
criteria. It has a sensitivity of about 90%, possibly a 
lower specificity. A positive test for a pituitary adenoma 
is highly predictive, whereas a negative test predic-
tive of an ectopic source of ACTH is much lower.229 
Anomalous results can also be obtained in patients with 
hypoplastic or plexiform inferior petrosal sinuses230 and 
also in the rare cases of ectopic CRH production.231 In a 
single-center review of 501 consecutive patients with 
confirmed corticotroph adenomas, IPSS confirmed a 
pituitary source of ACTH in 491 patients (98%). The 
10 patients with false-negative results had peak IPSS 
ACTH concentrations of <400 ng/L. Interpetrosal ratios 
were ≥1.4 in 491 (98%) of patients, correctly predict-
ing lateralization in 273/396 (positive predictive value 
69%) of patients with a lateral adenoma. When the pre-
operative MRI was positive, however, the positive pre-
dictive value was 85% (171/201). These data indicate 
that when positive, MRI imaging is superior to IPSS 
in determining the intrapituitary localization of an ade-
noma. Lateralization with IPSS can be used to guide an 
initial pituitary exploration if the MRI is negative, but 
if an adenoma is not found, the whole pituitary should 
be explored.232

Patients with ectopic production of ACTH often 
process proopiomelanocortin (POMC) abnormally. 

In  cases where the differential diagnosis remains in 
doubt, the measurement of serum ACTH precursors 
may help. Ectopic ACTH-secreting tumors process 
ACTH precursors less efficiently than corticotroph 
adenomas, resulting in much higher levels in the circu-
lation that can be measured using two-site immunora-
diometric assays.233

Imaging
The majority of corticotroph adenomas are microad-
enomas. Patients suspected of Cushing’s disease should 
undergo a pituitary MRI with and without gadolinium 
enhancement. The presence of a microadenoma may be 
due to a pituitary “incidentaloma” rather than to a cor-
ticotroph adenoma.

Adrenal imaging should be performed with CT or 
MRI. Patients with ACTH-dependent disease gener-
ally demonstrate adrenal hyperplasia, although the 
adrenal glands may appear to be normal. Nodular 
adrenal hyperplasia may be seen in >20% of patients 
with Cushing’s disease (Figure  1.30). Incidental adre-
nal adenomas have been reported to be present in up to 
5% of autopsies (see Chapter 10). A plasma ACTH level 
is essential to avoid misdiagnosis (Figure  1.32). Some 
adrenal incidentalomas are associated with subclinical 
hypercortisolism.234

Patients who have biochemical evidence of ecto-
pic ACTH production should be screened for medul-
lary carcinoma of the thyroid, pheochromocytoma, 
islet cell tumors, carcinoid tumors, and small cell 
lung cancer.208,209 The majority of patients have bron-
chial carcinoid tumors, often <1 cm in diameter. These 
tumors can be difficult to localize. High-resolution 
CT is the best imaging modality. Pentetreotide scan 
(Figure 1.33), 68Ga positron emission tomography (PET) 
scan, and selective venous imaging may aid with tumor 
localization.

Management of Cushing’s Syndrome
Surgery and Radiotherapy
All patients with Cushing’s syndrome require glucocor-
ticoid cover for surgery and postoperatively.

Cushing’s disease
The treatment of choice is transsphenoidal surgery. 
Overall, up to approximately 70%–80% of patients 
can expect to experience remission after surgery.235–237 
Up to 90% of patients with a microadenoma can expect 
to experience remission after surgery with an experi-
enced surgeon.235,238 Macroadenomas, in contrast, have 

 

ACTH (ng/L)

Peripheral LIPS RIPS

Baseline 64 78 356
CRF + 5′ 85 110 482
CRF + 10′ 96 260 595

ACTH, adrenocorticotropic hormone; CRH, corticotropin-releasing 
factor; LIPS, left inferior petrosal sinus; RIPS, right inferior 
petrosal sinus. The test demonstrates elevated basal serum ACTH 
levels that clearly rise after CRF. In addition, there is a central-
to-peripheral gradient, with lateralization to the RIPS. This patient 
was found to have a right-sided corticotroph adenoma. False 
lateralization can, however, occur, due to anomalous venous 
drainage from the contralateral side.

Table 1.20
Inferior petrosal sinus sampling with CRF (100 μg i.v.).
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lower  overall remission, depending on the size of the 
tumor and extrasellar extension.235,238 Frequently, at 
least in part due to the small size of the tumor, a cor-
ticotroph adenoma is not identified histologically. In 
one series, 50% achieved remission, probably due to a 
reduced rate of surgical removal.236 The most accurate 
postoperative assessment of remission remains a subject 
of debate. In  addition, there appears to be a minority 
of patients, who demonstrate a delayed onset of remis-
sion within the first 3 months after surgery, possibly 
reflecting residual adrenal autonomy.237 Patients who 
are biochemically hypoadrenal (0900 hour cortisol 
<50 nmol/L, <1.8 μg/dL) in the immediate postopera-
tive period have the lowest rate of relapse of approxi-
mately 10% at 10  years. Patients with cortisol levels 
>140 nmol/L (5 μg/dL) within the first 3 months require 
further evaluation. Patients whose cortisol values are 
between these two values may be considered to be in 
remission. A simultaneously measured plasma ACTH of 
>20 ng/L in the perioperative period has been reported 
as being highly predictive of future disease recurrence.239 
Overall, recurrence rates over long-term follow-up range 
from about 9% to 25%.235–239 Failure of surgery at the 
first attempt may be followed by a repeat procedure with 
a success rate of between 50% and 70%.240 Inevitably, 

reoperation is associated with an increased risk of post-
operative hypopituitarism.

Radiotherapy (see Chapter  4) may be considered 
in patients who fail control with surgery or who have 
aggressive, invasive tumors. Pituitary radiotherapy 
in patients with Cushing’s disease reduces the risk of 
developing Nelson’s syndrome after bilateral adrenalec-
tomy. Remission occurs in about 50% of patients, with 
reports between 42% and 83%.241 It has a slow onset, 
but the majority of patients respond within the first 3 
years, with a slower ongoing rate of response thereaf-
ter. The different radiotherapy modalities, fraction-
ated or single-dose stereotactic, appear to have similar 
results. Recurrence after radiotherapy is infrequent. 
Radiosurgery may be used in some centers as first-
line treatment, depending on the availability of local 
expertise. Patients will require medical treatment until 
remission is achieved, unless the patient is referred for 
bilateral adrenalectomy.

There is a small group of patients who have 
relentlessly aggressive pituitary disease that cannot 
be controlled by repeated surgery and radiother-
apy. Occasionally, the tumors undergo malignant 
transformation.7,58 Data have demonstrated that a 
proportion of patients with highly aggressive corti-
cotroph adenomas and carcinomas will respond to 
temozolomide.33,102

Bilateral adrenalectomy provides immediate control 
of hypercortisolism in patients who have severe disease 
that has failed to respond to pituitary surgery and medi-
cal treatment. It is highly effective when performed by 
an experienced endocrine surgeon. In the past, bilat-
eral adrenalectomy has tended to be reserved as a last-
resort treatment, and patients were often in extremis. 
It should be considered as a third-line treatment option 
for patients who cannot be controlled by pituitary sur-
gery or medical therapy. Many clinicians now give ear-
lier consideration to bilateral adrenalectomy than in the 
past. The associated morbidity of surgery can be mini-
mized by endoscopic surgery. An inevitable consequence 
is life-long hypoadrenalism, with the requirements for 
both glucocorticoid and mineralocorticoid replacement 
therapies. Regular pituitary MRI scans and ACTH 
assays should be undertaken to monitor potential cor-
ticotroph progression. Patients who have residual pitu-
itary tumors exhibiting aggressive behavior should be 
referred for pituitary radiotherapy to minimize the risk 
of Nelson’s syndrome.

Adrenal tumors
It is essential that a clear diagnosis of adrenal auton-
omy is made before a patient is referred for surgery. 
Adrenal tumors are treated by unilateral adrenalectomy, 

Figure 1.33
111In-pentetreotide scan, demonstrating a carcinoid 
tumor in a patient with ectopic ACTH production.
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generally performed by laparoscopic surgery. Patients 
will require postoperative glucocorticoid replacement 
therapy, due to contralateral adrenal suppression, that 
can take a prolonged period to recover. Massive mac-
ronodular hyperplasia requires bilateral adrenalectomy. 
These conditions are cured by surgery. In contrast, adre-
nal carcinomas have a poor prognosis, with best results 
being for patients undergoing adrenalectomy with grade 
I and grade II disease.242

Ectopic ACTH/CRF-producing tumors
The choice of treatment depends on the tumor iden-
tification, localization, and staging. Surgical resection 
is the treatment of choice and can be curative, par-
ticularly for small, localized carcinoid tumors. These 
tumors may remain occult, in spite of strenuous efforts 
at localization. In this situation, medical therapy can 
be given to control hypercortisolism, and in those who 
fail to respond, consideration can be given to bilateral 
adrenalectomy. Tumor-directed therapy can include 
SS analogs, interferon-α, molecular-targeted thera-
pies, chemotherapy, embolization, and radiofrequency 
ablation.

Glucocorticoid replacement 
therapy after surgery
It is essential that the patient with Cushing’s syndrome 
understands that full recovery often takes many months 
after successful surgery. Cognitive functioning may take 
a considerable period to return to premorbid levels. This 
period of time can be extremely difficult for the patient, 
and it is most important that the clinician provides par-
ticular support and reassurance for the patient and their 
family.

Regardless of the etiology of the Cushing’s syn-
drome, the patient will require glucocorticoid therapy 
after successful surgery. The hypothalamic–pituitary 
axis and the contralateral adrenal gland, in the case of 
an adrenal tumor, may take many months to return 
to normal functioning. Ideally, patients should be 
placed on a low replacement dose of glucocorticoids 
immediately after surgery, for example, hydrocortisone 
20–25 mg daily in a split dose. Many patients, however, 
have severe symptoms of glucocorticoid deficiency, and 
it may be necessary for them to have a slightly increased 
dose for a period of time, for example, 25–30 mg daily, 
but the dose should be reduced again as soon as pos-
sible. The patient should be maintained on as low a 
replacement dose as possible. Recovery of the HPA axis 
should be assessed by the short Synacthen (cosyntropin, 
tetracosactin) test. A cortisol response of ≥500 nmol/L 
(18 μg/dL) indicates that the replacement therapy can 
be stopped.

Medical treatment of Cushing’s 
syndrome (see Chapter 24)
Patients with Cushing’s syndrome have a hyper-
coagulable state and are at increased risk of deep 
venous thrombosis and venous thromboembolism.243 
In consequence, consideration should be given to 
anticoagulant prophylaxis of patients with active 
disease. In particular, patients undergoing surgery 
should receive thromboprophylaxis.244 Recent evi-
dence suggests that the hypercoagulable state may 
persist, at least for the first few weeks, after medical 
control.245

Medical therapy may be used preoperatively to 
control hypercortisolism and improve metabolic con-
trol. Medical therapy should be given to patients with 
persisting disease after surgery, radiotherapy, or both. 
Efficacy of therapy is usually assessed by measurement 
of 24 h UFC.

Steroidogenesis inhibitors
Steroidogenesis inhibitors246 such as metyrapone block 
cortisol (F) production by inhibiting 11-β-hydroxylase, 
with a consequent rise in serum 11-deoxycortisol (S) 
levels. This cross-reacts with some cortisol assays 
and hence may lead to the erroneous impression that 
cortisol production is not fully blocked. Although 
serum ACTH levels rise, the block is not overcome. 
Aldosterone production is also blocked, but there is 
an increased production of mineralocorticoid precur-
sors, such as 11-deoxycorticosterone, with the poten-
tial development of hypertension, hypokalemia, and 
edema. Similarly, there is an increased production 
of androgens that may result in acne and hirsutism. 
Metyrapone acts rapidly to reduce cortisol levels 
within 2 h and needs to be given 6–8 hourly with 
food. Patients should start on 250 mg 8 hourly, 
increasing as necessary to achieve full blockade. 
Concomitant replacement therapy may be given with 
dexamethasone (does not cross-react with cortisol 
assays) 0.25–0.5 mg.

Ketoconazole is an imidazole that was originally 
developed as an antifungal agent. It is, however, also a 
potent inhibitor at several levels of adrenal steroidogen-
esis. Its most important action is at the 20–22 desmo-
lase step that catalyzes the conversion of cholesterol to 
pregnenolone. As a result, the accumulation of andro-
genic steroid metabolites is avoided. The corollary of 
this is that ketoconazole is potentially teratogenic to 
male fetuses. Ketoconazole has a slower onset and a 
more prolonged duration of action than metyrapone. 
Consequently, it is usually easier to stabilize adre-
nal blockade, often without the need for concomitant 
dexamethasone replacement. It may take several weeks 
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for the full effects of ketoconazole to be seen. Unlike 
metyrapone, ketoconazole is not associated with a com-
pensatory rise in ACTH and may represent an adjust-
ment of the sensitivity of this HPA axis, rather than a 
direct inhibitory action on ACTH.240 The most worry-
ing side effect is hepatotoxicity. Biochemical evidence 
of abnormal liver function occurs in about 10% of 
patients and is usually reversible. Liver function should 
be routinely monitored, and the drug should be stopped 
if abnormalities develop. Some patients develop gastro-
intestinal disturbances with high doses. Patients should 
be started on 200 mg daily and the dose adjusted up 
to 1200 mg daily if necessary, to achieve normal 24 h 
UFC excretion. Ketoconazole should be avoided in 
pregnancy.

Mitotane (o,p’DDD) blocks adrenal cortisol produc-
tion by inhibiting cholesterol side-chain cleavage and 
11-β-hydroxylase and, in addition, has a direct cortical 
adrenolytic action. In consequence, ACTH levels raise 
about threefold. Its primary use is in adrenal carci-
noma, although it may also be used in patients with 
Cushing’s syndrome if control cannot be achieved by 
other means. It has a slow onset of action over sev-
eral weeks and similarly has a prolonged action due 
to its accumulation in adipose tissue. Patients with 
Cushing’s syndrome can be managed with doses of 
up to about 2.5 g/day, a dose that is much lower than 
the doses required for adrenal carcinoma patients, in 
whom the dose is optimized to achieve a therapeutic 
threshold of >14 mg/L. Intolerance to the dose used 
in Cushing’s disease is about 10%. Side effects include 
nausea, vomiting and diarrhea, abnormal liver function 
tests, hypercholesterolemia, and elevated low-density 
lipoprotein (LDL) cholesterol.247 Mitotane should be 
avoided in pregnancy.

Patients who require emergency control of hypercor-
tisolism can be managed with the imidazole derivative 
etomidate. It has a rapid duration of action and is given 
intravenously. It is usually given in an intensive care set-
ting, although it has rarely been used for longer term 
management.248

Glucocorticoid receptor antagonists
Mifepristone is the only glucocorticoid receptor 
antagonist249 available. It is also a potent antiproges-
togen and a weak androgen antagonist. Blockade of 
the glucocorticoid receptors leads to a marked increase 
in cortisol and ACTH levels. As a result, stimulation 
of the mineralocorticoid receptors can lead to pro-
found hypokalemia in about 30% of patients and 
also to hypertension. Furthermore, because it is not 
possible to monitor disease control by measurement 
of serum cortisol and ACTH levels, there is a risk of 

hypoadrenalism. If hypoadrenalism occurs, the drug 
should be immediately stopped and dexamethasone 
given in parallel (0.25 mg for 100 mg of mifepristone 
over 48 h).

It has a rapid onset of action, with improvement in 
signs of hypercortisolism, psychiatric symptoms, and 
hypertension in about 50% of patients. In the pivotal 
study in the United States of 50 patients who failed 
or relapsed after surgery, with glucose intolerance or 
hypertension, 6-month treatment with 300–1200 mg/
day resulted in improvement in HbA1c from 7.4% to 
6.3%. In the hypertension group, 38% of the 21 patients 
achieved a ≥5  mm reduction in blood pressure. As a 
result, it has gained approval for the control of hyper-
glycemia secondary FDA to hypercortisolism in patients 
with Cushing’s syndrome, who have failed surgery or are 
not candidates for surgery. Mifepristone is available as 
300 mg tablets, once a day. Treatment should be started 
at the lowest dose, and the dose increased every 2–4 
weeks based on clinical efficacy and tolerability. Patients 
should be closely monitored for hypokalemia and signs 
of adrenal insufficiency. Endometrial hyperplasia may 
occur in up to 50% of premenopausal women and may 
be associated with vaginal bleeding. This condition 
should be monitored by regular pelvic ultrasound.

DA agonists and cabergoline
Approximately 80% of corticotroph adenomas express 
D2 receptors. There is evidence that some patients 
with Cushing’s disease respond to cabergoline treat-
ment, although the number of patients is small and 
one study  was retrospective. Long-term control (2–5 
years) has been reported in 30%–40% of patients. 
A proportion of patients (25% in one study) may escape 
control. Higher doses of cabergoline may be required 
than those used for hyperprolactinemia and acromeg-
aly.250–252 The use of high doses of cabergoline has been 
associated with the development of cardiac valvular 
fibrosis in patients with Parkinson’s disease.84,85 In con-
sequence, patients should be regularly monitored with 
echocardiography.

SS analogs
Corticotroph adenomas predominantly express SST5, 
perhaps explaining why the conventional SS analogs 
octreotide and lanreotide, which predominantly act via 
SST2, are ineffective in Cushing’s disease. This expres-
sion forms the rationale for the treatment of patients 
with Cushing’s disease with the multireceptor-targeted 
SS analog pasireotide. The pivotal phase III study with 
pasireotide was in patients with Cushing’s disease, with 
UFC at least 1.5 times the ULN. Patients were ran-
domized to receive pasireotide s.c. at a dose of 600 μg 
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(82 patients) or 900 μg (80 patients) s.c. twice daily. 
At 6 months, 15% (95% CI, 7–22) patients in the 600 μg 
group and 26% (95% CI, 17–36) in the 900 μg group 
achieved normal UFC (Figure 1.34). This response was 
associated with a concomitant improvement in serum 
corticotropin levels, symptoms, and signs, including 
body weight, systolic and diastolic blood pressure, LDL 
cholesterol, and health-related QoL. Normalization of 
UFC was more likely to be achieved in patients with 
relatively low baseline UFC. The effects of pasireotide 
occurred quickly. Patients who are likely to respond can 
be identified within the first 2 months of treatment. 
Pasireotide has the typical class adverse events for SS 
analogs. In addition, it is associated with hyperglycemia 
that has been shown to be associated with inhibition 
of insulin and incretin release. Hyperglycemia occurred 
soon after the initiation of treatment. Overall, 118/162 
(73%) of patients had a hyperglycemic event. Mean 
HbA1c increased from 5.8% at baseline in both treat-
ment groups to 7.2% in the 600 μg group and 7.4% 
in the 900 μg group at 6 months. Preexisting diabe-
tes mellitus or impaired glucose tolerance increased 
the risk of hyperglycemia-related events. New antidia-
betic medication was initiated in 74 of the patients.253 
The 24-month efficacy and safety profiles of pasireotide 
were similar to those seen at 12 months.

Pasireotide offers a new medical therapy for 
patients with Cushing’s disease who have failed to 

respond to surgery. The most important side effect to 
be aware of is hyperglycemia, which may respond to 
hypoglycemic agents.

Combination therapies and other approaches
There have been reports of the use of various drug com-
binations for the treatment of Cushing’s syndrome.

A study of 12 patients with Cushing’s disease dem-
onstrated that cabergoline in doses between 2 and 3 mg/
week for 6 months normalized UFC in 3 (25%) of the 
patients. The addition of ketoconazole to the nine uncon-
trolled patients resulted in normalization of UFC levels in 
six (66.7%) at doses of between 200 and 400 mg/day.254

The stepwise medical therapy using pasireotide 
(100–250 μg three times daily), cabergoline (0.5–1.5 mg 
on alternate days), and ketoconazole (300 mg daily) in 
17 patients with Cushing’s disease resulted in overall 
biochemical control in 88% of patients, with concomi-
tant improvement in clinical signs.255

The combination of high-dose mitotane (3.0–5.0 
g/24 h) with metyrapone (3.0–4.5 g/24 h) and 
ketoconazole (400–1200 mg/24 h), given concomitantly 
to 11 patients with severe hypercortisolism, resulted in 
a rapid fall in UFC over 24–48 h. In seven patients, 
metyrapone and ketoconazole were withdrawn after 3.5 
months, with continued control with mitotane. This 
approach provides a medical approach which may be 
considered in place of bilateral adrenalectomy.256

Patients

600 µg, twice daily

900 µg, twice daily

Baseline urinary free cortisol

6 month urinary free cortisol

6 month urinary free cortisol ≤ ULN

0

500

100

1,500

U
rin

ar
y 

fr
ee

 c
or

tis
ol

 (n
m

ol
/2

4 
h)

2,000

4,000

7,000

Figure 1.34
Pasireotide treatment in Cushing’s disease: absolute changes in urinary free cortisol (UFC) levels from 
baseline to month 6. UFC at baseline and at 6 months in 103 patients; 61 patients had a reduction of at least 
50% in UFC. Black dashed line represents ULN [145 nmol/24 h (52.5 μg/24 h)]. (From Colao AM et al., N Engl 
J Med, 366, 914–24, 2012.)
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Although these data are from small, open studies, 
they demonstrate that combination therapies can be 
effective in the management of patients with Cushing’s 
syndrome. The medical control of a patient rather than 
the need for bilateral adrenalectomy could be particu-
larly advantageous.

Cushing’s syndrome in pregnancy
Pregnancy in patients with Cushing’s syndrome is very 
uncommon. The signs of Cushing’s syndrome can be dif-
ficult to detect because of the physiological changes that 
take place in pregnancy. The majority of cases are due 
to ACTH-independent adrenal disease. When it occurs, 
Cushing’s syndrome is associated with a high maternal 
and fetal morbidity, with an increased risk of spontane-
ous abortion. Surgical treatment should be considered 
whenever possible. Treatment with adrenal steroido-
genesis inhibitors should be avoided if possible because 
of potential deleterious effects on the fetus. The role of 
pasireotide in the management of pregnant patients 
with Cushing’s disease remains to be established.240

Summary
Cushing’s syndrome remains a diagnostic and therapeutic 
challenge. Surgery is the first-line approach for both adre-
nal and ACTH-dependent Cushing’s syndrome. Even suc-
cessful surgery in Cushing’s disease, however, is associated 
with a relapse rate of up to 25% over time. Macroadenomas 
are particularly difficult to manage. Radiotherapy is 
indicated for tumors with aggressive growth character-
istics and maybe used to obtain long-term biochemi-
cal control. There are several medical options available, 
but they all have drawbacks in terms of efficacy and 
side effects. Bilateral adrenalectomy remains an effec-
tive option if surgery and medical therapy fail. In this 
situation, patients with Cushing’s disease need to be care-
fully monitored for the development of Nelson’s syndrome. 
The risk can be reduced with pituitary radiotherapy.

Surgery is likely to remain the first-line option for most 
patients with Cushing’s syndrome. There is, however, also 
the need for reliably safe and effective medical therapy(ies), 
providing biochemical and antiproliferative control. The 
availability of a robust medical option(s) for patients with 
Cushing’s syndrome would provide a major advance in the 
optimization of treatment for these patients.
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Familial isolated pituitary adenomas
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Introduction
Pituitary adenomas are generally benign tumors with 
diverse functional characteristics, and they can have  a 
significant impact on patients and medical specialists. 
Their prevalence in the population has long been a mat-
ter of debate because of controversial data coming from 
pathological and imaging studies and earlier clinical 
series. A  meta-analysis of autopsy and magnetic reso-
nance imaging (MRI) studies suggests that pituitary 
tumors occur quite frequently at 14.4% and 22.5% 
in unselected populations, respectively.1 Conversely, 
the few epidemiological studies performed in the past 
estimated their prevalence to be as low as 19–28 cases 
per 100,000 inhabitants.2 The issue was addressed by 
a large community-based cross-sectional study in the 
province of Liège, Belgium, revealing that clinically 
relevant pituitary adenomas are present in 94 of every 
100,000 individuals.3 These data were later confirmed 
in Banbury, United Kingdom, where similar prevalence 
was observed: 78 cases per 100,000 individuals.4 Such 
comparatively high prevalence, together with the vari-
able clinical presentation, unpredictable growth, and 
the complex and expensive management, raises the need 
for in-depth understanding of the pathological processes 
that underlie their development.

Pituitary adenomas are generally considered to orig-
inate from clonal expansion of a single mutated cell,5 
and molecular studies have identified several genetic 
and epigenetic abnormalities that may have a possible 
causative role in pituitary tumorigenesis. These abnor-
malities include somatic mutations in gsp oncogene, 
disruptions in cell cycle regulation and intracellular 
signaling pathways, and rarely mutations of classic 

oncogenes.6,7 The majority of pituitary adenomas occur 
sporadically, and inherited germline mutations that 
are responsible for familial presentation are quite 
infrequent. Altogether, familial/genetically inherited 
pituitary tumors account for approximately 5% of all 
pituitary adenomas.8 Traditionally, inherited genetic 
susceptibility can be expected when pituitary pathol-
ogy is associated with extrapituitary presentations typ-
ical for some multiple endocrine neoplasia syndromes. 
Multiple endocrine neoplasia type 1 (MEN1) is by far 
the most common condition with familial pituitary 
adenomas and accounts for approximately 3% of all 
pituitary tumors.9 In addition to pituitary pathology, 
it is also associated with primary hyperparathyroid-
ism and entero-pancreatic neuroendocrine tumors, 
and >70% of the cases may be attributed to inacti-
vating mutations of the tumor suppressor gene MEN1 
on chromosome 11q13.10,11 Carney complex (CNC) is 
another syndromic disease that presents infrequently 
with pituitary adenomas, mostly acromegaly.12 The 
majority of cases can be related to germline muta-
tions of the gene encoding type 1A regulatory sub-
unit of protein kinase A  (PRKAR1A).13,14 Familial 
pituitary adenomas can also develop as a part of mul-
tiple endocrine neoplasia type 4 (MEN4) character-
ized by inactivating mutations of the CDKN1B gene. 
This condition, however, seems to be extremely rare 
with only few cases documented in literature so far15,16 
(Table 2.1).

Apart from syndromic diseases, there has been evidence 
for familial pituitary adenomas arising in an isolated set-
ting, from the beginning of the 20th century (Figure 2.1). 
By the 1990s, only occasional cases of familial pituitary 
tumors unrelated to MEN1 or CNC were described, with 
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most of them presenting with acromegaly.17 Initially, the 
condition was termed isolated familial somatotropino-
mas, but with the accumulation of cases it became obvi-
ous that although less common, other functional types 
may also be present.18–21 The first single-center study to 
specifically search for cases of familial pituitary adenomas 
was performed in Liège, Belgium, in the late 1990s and 
led to the identification of an initial cohort of 27 patients 
that included both familial somatotropinomas and other 
pituitary tumor phenotypes.22 To accurately reflect this 
more complex presentation of the condition, the term 
familial isolated pituitary adenomas (FIPA) was coined 
to describe families with two or more related members 
with pituitary adenomas in the absence of MEN1 and 
CNC.23–25 Because FIPA encompasses a broader clinical 

spectrum, cases with familial acromegaly could now be 
referred to a subgroup of the new condition. The defini-
tion of FIPA expanded the search internationally, and by 
2012, >200 affected families were reported.26,27 FIPA is 
currently considered to be as frequent a cause for inher-
ited pituitary pathology as MEN1 and accounts for 
approximately 2% of pituitary adenomas.28

Clinical characteristics of 
FIPA (see Chapter 1)
The syndrome of FIPA is defined as the hereditary 
presentation of any type of pituitary adenoma in the 

Disease Gene and location Mode of inheritance Associated pathology

MEN1 MEN1, 11q13 
(>80% of cases)

AD with high 
penetrance

Hyperparathyroidism
Gastroenteropancreatic tumors
Pituitary adenomas
Adrenal adenomas
Carcinoid tumors
Facial angiofibromas
Lipomas
Collagenomas

CNC PRKAR1A, 17q22–24 
(>70% of cases)

AD with high 
penetrance

Spotty skin pigmentation
Lentiginosis
Myxomas
Primary pigmented nodular adrenal 

dysplasia (PPNAD)
Large cell calcifying Sertoli cell tumors 

(LCCSCT)
Acromegaly
Thyroid nodules
Schwannomas

MEN4 CDKN1B, 12p13 AD, unknown 
penetrance

Hyperparathyroidism
Acromegaly
Corticotropinoma
Testicular tumor
Renal angiolipoma
Cervical carcinoma

FIPA AIP, 11q13 (25% of 
cases)

AD with incomplete 
penetrance

All kinds of pituitary adenomas
No known extrapituitary pathology

MEN1, multiple endocrine neoplasia type 1; CNC, Carney complex; MEN4, multiple endocrine neoplasia type 4; FIPA, familial isolated 
pituitary adenomas; AD, autosomal dominant.

Table 2.1
Conditions associated with familial pituitary adenomas.
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absence of clinical and genetic evidence for MEN1 and 
CNC.29 After the initial description of the condition, 
the clinical characteristics of a large international 
cohort of 64 families made up of >140 patients from 
22 tertiary referral centers were reported in 2006.28 
Genealogical information suggested that FIPA is 
inherited in an autosomal dominant pattern with 
low or variable penetrance. According to the tumor 
phenotype in the individual families, FIPA can be 
divided in two almost equal subgroups: homogeneous 
when all affected members harbor the same type of 
adenomas, and heterogeneous when different pituitary 
tumors arising within the family. Altogether, prolac
tinomas and somatotropinomas encompass >70% of 
all tumors, and although in heterogeneous FIPA all 
functional types can be observed, there is at least 

one prolactin- or growth hormone (GH)–secreting 
adenoma in almost all affected families. Females 
tend  to be more frequently affected (62%) because 
prolactinomas are the most common phenotype. 
Prolactin-secreting adenomas make up 40% of all 
FIPA patients, and their features are usually similar 
to matched sporadic patients in terms of sex, age at 
diagnosis, and proportion of microadenomas. In het-
erogeneous FIPA families, however, they exhibit more 
aggressive behavior with significantly higher rates of 
suprasellar expansion and cavernous sinus invasion 
than sporadic prolactinomas. GH-secreting adenomas 
account for 30% of FIPA tumors, and mixed secre-
tion of GH and prolactin is observed in another 7% 
of them. They are equally distributed between homo-
geneous and heterogeneous families, but unlike FIPA 
prolactinomas, somatotropinomas are more aggressive 
when occurring in a homogeneous setting. In homoge-
neous FIPA, acromegaly is usually diagnosed 10 years 
earlier, with tumors more frequently displaying extra-
sellar growth compared with heterogeneous kindreds 
and sporadic populations.29 Nonsecreting adenomas 
are predominantly associated with heterogeneous fam-
ilies and account for 13% of FIPA patients. They are 
also characterized by more aggressive evolution, being 
diagnosed earlier and exhibiting more invasive proper-
ties than sporadic adenomas. Gonadotropinomas, cor-
ticotropinomas, and thyrotropinomas are rare in FIPA 
(Figure  2.2). They are usually associated with other 
adenoma types in heterogeneous kindreds, although 
individual families with homogeneous presentation 
have been reported previously.29 The descendants in 
FIPA families with multiple affected generations are 
diagnosed considerably earlier than their parents/
grandparents.

Molecular genetics of FIPA
The elucidation of the responsible genetic causes of 
FIPA started with the identification of loss of het-
erozygosity in locus 11q13 in kindreds with famil-
ial acromegaly who lacked mutations in the MEN1 
gene.30,31 Further research in a Finnish cohort of 
patients with familial pituitary tumors revealed inac-
tivating mutations in the gene for aryl hydrocarbon 
receptor (AhR)–interacting protein (AIP).32 The 
causative role of AIP in FIPA was soon confirmed 
with the discovery of new germline mutations in a 
large series of 73 families.33 Loss of heterozygosity in 
tumor tissues suggests a tumor suppressor function 
for AIP, but the exact molecular mechanisms leading 
to pituitary tumorigenesis are not completely known. 

Figure 2.1
The famous brothers Baptiste and Antoine Hugo 
and their family in the beginning of the 20th century. 
Antoine Hugo was found to harbor a giant pituitary 
adenoma after his death.
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The  AIP gene is universally expressed in various 
tissues throughout the body, and in normal pituitary, 
it is associated with secretory granules in somatotrope 
and lactotrope cells. In sporadic pituitary adenomas, 
AIP is expressed in all tumor types, but in prolactino-
mas, nonsecreting adenomas, and corticotropinomas 
it can only be identified in the cytoplasm, whereas 
in somatotropinomas it is localized within secretory 
vesicles.34 Homozygous AIP–/– knockout mice die in 
the early embryonic period of severe cardiovascular 
abnormalities, suggesting that AIP may play a role 
in cardiovascular development.35 Heterozygous AIP+/– 
animals, however, develop a phenotype that is very 
similar to human pituitary disease, with the majority 
of the mice presenting with aggressive somatotropi-
nomas.36 The AIP gene consists of six exons and codes 
a 330 amino acid protein whose sequence is highly 
conserved among different species.37 AIP takes part 
in numerous protein–protein interactions, mediated 
through its C-terminal end that contains three tet-
ratricopeptide repeats (TPRs) and a terminal α-helix. 
Among the first identified partners of AIP was the 
AhR, a ligand-inducible transcription factor that 
modulates cellular responses to various xenobiotic tox-
ins, such as dioxins, as well as some endogenous com-
pounds, such as cAMP.38 In the absence of ligands, the 
AhR binds to two molecules of the 90 kDa heat-shock 
protein (hsp90), acting as chaperone, with AIP and 

p23 proteins, acting as cochaperones, to form a multi-
protein complex in the cytoplasm.39 The activation of 
the complex by its xenobiotic ligand results in nuclear 
translocation where AhR binds to the AhR nuclear 
translocator (ARNT) and promotes the transcription 
of specific genes coding various drug-metabolizing 
enzymes as well as other proteins, such as the cyclin-
dependent kinase inhibitor p27Kip1.40 The  effect of 
AIP on the functional status of AhR is still not clear 
because conflicting results have been reported, but it 
seems that it maintains the stability of the complex by 
protecting AhR from ubiquitin-dependent degrada-
tion.41 Data on the effect of AhR activation on cell pro-
liferation are controversial, but it has been shown that 
reduced AIP expression in pituitary adenomas, posi-
tive for AIP mutations, is associated with decreased 
AhR activity, suggesting an inhibitory function of 
AhR in pituitary tumorigenesis.42 Furthermore, AIP 
overexpression in cell cultures including pituitary cell 
lines slows down cell proliferation rates.34 Another 
possible pathophysiological link between AIP and 
pituitary tumorigenesis lies in the interaction with 
two specific types of phosphodiesterases: PDE4A5 and 
PDE2A. These enzymes inactivate cyclic nucleotides 
such as cAMP by disrupting the phosphodiester bond 
in their molecules. Thus, they may participate in the 
regulation of the various signaling pathways using 
cAMP as intracellular second messenger, including 

Thyrotropinoma; 1%

Prolactinoma; 41%

Gonadotropinoma; 4%

Corticotropinoma; 4%

Nonsecreting adenoma; 13%

Somatoprolactinoma; 7%

Somatotropinoma; 30%

Figure 2.2
Frequency distribution of the different functional tumor types in patients with familial isolated pituitary 
adenomas.
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the growth hormone–releasing hormone (GHRH) 
receptor cascade in pituitary cells. Disruptions in sig-
nal transduction that lead to abnormally high cAMP 
concentrations are associated with pituitary hyperpla-
sia and adenoma formation in some conditions such as 
Carney complex and McCune–Albright syndrome.43 
AIP binding to PDE4A5 reduces its catalytic activ-
ity. It is unclear whether this interaction plays a role 
in pituitary tumorigenesis, because loss of AIP would 
presumably result in low cAMP levels. The interac-
tion with PDE2A interrupts the nuclear translocation 
of the AhR complex, possibly by local reduction in 
cAMP levels.44 AIP was recently shown to interact 
with the tyrosine kinase receptor, encoded by the 
RET protooncogene. Depending on the presence or 
the absence of its specific ligand glial cell line–derived 
neurotropic factor (GDNF), RET promotes cell 
growth and migration or induces apoptosis, respec-
tively. Moreover, the domain responsible for the pro-
apoptotic activity is the same that is responsible for 
AIP interaction.40 This RET–AIP binding presum-
ably prevents the formation of a complex between AIP 
and surviving, a recently identified inhibitor of apop-
tosis and cell cycle regulator. Without the stabilizing 
role of AIP, survivin is degraded rapidly, with conse-
quent increase in apoptosis.45 These effects, however, 

are contrary to the proposed tumor suppressor role of 
AIP, and their true relevance is unclear. Apart from 
stabilizing the AhR complex, AIP may also bind to 
a set of nuclear receptors including the peroxisome pro-
liferator-activated receptor α (PPARα), glucocorticoid 
receptor, and α-thyroid hormone receptor 1  (TRα1). 
Furthermore, AIP has been proposed to have a role in 
virus-induced tumorigenesis as a potential partner of 
hepatitis B virus X antigen and Epstein–Barr virus-
encoded nuclear antigen 3 (EBNA-3).40 The signifi-
cance of these interactions, however, still remains to 
be fully elucidated.

More than 50 different mutations in the AIP 
sequence have been identified in FIPA families world-
wide, and they are spread through the entire length 
of the gene37,46 (Figure  2.3). Most of them affect the 
C-terminal end and the TPR motifs, supporting their 
essential role in AIP function. Nonsense and frame-
shift mutations lead to premature stop codons with 
resultant truncated protein, whereas missense muta-
tions tend to affect the TPR domains and the terminal 
α-helix. Whole gene deletions have also been identi-
fied, suggesting the use of multiple ligation-dependent 
probe amplification (MLPA) method in FIPA patients 
in whom sequencing fails to identify abnormalities.47,48 
Mutations in codons R304, R271, and R81 have been 

c.40C>T R22X
c.286-287delGT

c.424C>T c.649C>T

c.794-832dup
c.7I5C>T
c.713G>A

c.804A>C
c.807C>T

c.854-857deIAGGC
c.9I9insC

c.986C>T

hsp90 and AhR
binding sequence

c.9I0C>T
c.9IIG>A

c.824-825insA

c.880-89 I deICTGGACCCAGCC

IVS3-IG>A

c.70G>T

c.47G>A

c-270-269CG>AA
c.66-7IdeIAGGAGA

c.5I7-52IdeIGAAGA

c.542deIT c.72IA>G

c.8IIC>T

c.24 I C>T

c-220G>A

c. I38-I6Idel24

Promoter
region

FKBP-PPI TPR1 TPR2 TPR3

Figure 2.3
AIP gene and some of the known mutations. AhR, aryl hydrocarbon receptor; FKBP-PPI, FK506 binding 
protein-type peptidyl-propyl cis-trans isomerase; TPR, tetratricopeptide repeat domain; hsp90, heat-shock 
protein 90.
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reported in independent FIPA  kindreds, indicating 
possible hot spots.37 No  genotype–phenotype  correlati
ons have been observed to date in AIP-mutated FIPA 
patients, although some observations may imply a 
less aggressive character for mutations with conserved 
C-terminal part of AIP.49

Mutations in AIP gene, however, are found only 
in approximately 25% of all FIPA patients and in 
40%–50% in the subgroup of patients with acromeg-
aly from homogeneous FIPA families.26 The genetic 
cause for the rest of the cases is still unknown, but 
several other loci, such as 2p16, 3q28, 4q32, 8q12, 
19q13, and 21q22, may be involved in the develop-
ment of the syndrome, although no particular genes 
have been yet identified at this sites.50 In contrast, the 
penetrance of AIP mutations is estimated at about 
30% in the largest reported families,29,48,51 implying 
that other genetic or environmental modifying factors 
may also be present.

Clinical features of AIP-
mutated FIPA patients
AIP-related pituitary adenomas are also shown to 
exhibit some specific clinical characteristics that dif-
ferentiate them from patients with wild-type AIP 
alleles.52 In contrast to the overall female predomi-
nance in FIPA, male sex is more common in the sub-
group of patients harboring AIP mutations. All types 
of pituitary tumors may occur in association with 
mutated AIP, but GH-secreting adenomas largely 
predominate, occurring in about 80% of patients, and 
cosecretion of prolactin is observed in >50% of them. 
A direct comparison of 75 AIP-mutated somatotro-
pinomas with 232 mutation-negative control subjects 
with acromegaly revealed that AIP anomalies are asso-
ciated with much earlier onset and more aggressive 
evolution of the disease. Invasive macroadenomas are 
manifested in childhood or adolescence in more than 
half of the patients with AIP mutations and almost 
a third of somatotropinomas present with gigantism. 
Disease control is also harder to achieve and main-
tain because somatostatin analogs are less effective for 
lowering GH and insulin-like growth factor I (IGF-I) 
levels and inducing tumor shrinkage in acromegaly 
due to AIP mutations. Moreover, these patients have 
significantly worse long-term therapeutic control, 
although they frequently receive multiple surgeries 
and radiotherapy. AIP-mutated prolactinomas also 
present with large tumors size and invasive features. 
Resistance to dopamine agonists may be observed in 

50% of them, resulting in the need for surgery, radio-
therapy, or both.

Clinical management
Treatment of familial pituitary adenomas practically 
does not differ from the management of their sporadic 
counterparts regarding indications and therapeutic 
approaches. The identification of an underlying genetic 
susceptibility, however, may provide significant bene-
fits for the patients and their relatives in terms of early 
diagnosis and treatment, as well as preventive screen-
ing for associated pathological conditions in syndromic 
diseases (Figure  2.4). Moreover, pituitary tumors 
developing as a part of MEN1 and FIPA, especially 
in patients with AIP mutations, have more aggressive 
evolution, present earlier, and often respond poorly 
to therapy, thus constituting additional challenge for 
endocrinologists and neurosurgeons. Thorough physi-
cal examination for extrapituitary involvement and 
comprehensive family history should be initially per-
formed, and any suspicion for syndromic conditions or 
FIPA should be appropriately confirmed before refer-
ring patients to genetic screening. Currently, there are 
no consensus protocols for the management of AIP-
mutated FIPA patients, and although mutations of 
AIP gene are observed in only a quarter of the cases, 
genetic testing in at least one affected member may be 
valuable from a clinical perspective because patients 
with mutations are associated with more aggressive 
disease. Identifying mutations among nonaffected rel-
atives indicates the need for regular prospective screen-
ing with MRI and endocrinological evaluation. It also 
enables screening to be avoided in relatives who do not 
carry the mutation. It may be appropriate to start the 
MRI monitoring from early childhood because mac-
roadenomas and gigantism have been diagnosed in 
patients as young as 6–8 years.48,52 In the absence of a 
tumor on MRI, prospective surveillance may be carried 
out clinically and biochemically (IGF-I and prolactin). 
AIP mutations are, however, discovered in approxi-
mately 12% of young patients <30 years old and in 
20% of pediatric patients presenting with large pitu-
itary adenomas, suggesting that these groups are good 
candidates for focused genetic screening.46,53 Particular 
attention should also be paid to genetic counseling of 
FIPA patients and their relatives because of the rela-
tively low prevalence of AIP mutations and the uncer-
tain degree of penetrance. Widespread screening for 
AIP mutations among apparently sporadic pituitary 
adenomas may not be warranted because the preva-
lence of AIP alterations is low.54
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Conclusions
Genetic predisposition to pituitary adenomas is increas-
ingly being recognized, and the array of the known 
familial pituitary pathology has recently been enriched 
with the definition of FIPA. Thanks to the collabora-
tive efforts from different centers around the world, the 
clinical features of the new condition have been char-
acterized. The identification of AIP gene mutations 
as the underlying molecular defects in a proportion of 
FIPA patients has provided the opportunity for genetic 
screening in affected families. Consensus guidelines 
concerning the management and follow-up of FIPA 
patients are still lacking but will hopefully be developed 
with the accumulation of data from large international 
cohorts and long-term monitoring studies. Further 
research is also needed for the elucidation of the genetic 
defects in the subset of patients with no AIP mutations. 

The  thorough understanding of the molecular patho-
physiology of familial pituitary tumors may provide 
basis for the future development of specifically targeted 
therapeutic tools and translate in better prevention and 
appropriate management of individual patients.
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Surgical management of pituitary adenomas
Garni Barkhoudarian, Edward R. Laws, Jr.

Introduction
Pituitary lesions are a relatively common finding 
among neurosurgical patients. Autopsy studies have 
demonstrated that up to 20% of individuals harbor 
pituitary tumors or cysts, with many of them asymp-
tomatic and incidentally discovered upon autopsy. 
Among symptomatic intracranial lesions, pituitary 
surgery accounts for approximately 20% of neuro-
surgical procedures. Given the intersection of the 
pituitary gland, cerebral vasculature, cranial nerves, 
and the optic apparatus in the sellar and parasellar 
region, the management of lesions in this location 
can be quite complex and involves a multidisciplinary 
approach.

Sellar and parasellar lesions can be superficially 
categorized as lesions arising from cells within 
the  pituitary gland as opposed to extrapituitary ori-
gins  secondarily affecting the pituitary gland and 
surrounding structures. The types of lesions in this 
region are numerous and have a wide range of patho-
physiology (Table  3.1). The most common lesions 
include pituitary adenomas, Rathke cleft cysts (RCCs), 
arachnoid cysts, and craniopharyngiomas. Among 
pituitary adenomas, there are numerous subtypes and 
clinical scenarios, including hormonally active lesions, 
lesions primarily causing mass effect, lesions causing 
pituitary insufficiency, and a combination of these 
effects (see Chapter 5).

This chapter focuses on the management of pituitary 
adenomas, evaluating the various hormone-secreting 
subtypes, nonfunctioning adenomas, medical and surgi-
cal management of these lesions, and pitfalls using each 
therapeutic modality.

Clinical presentation 
(see Chapter 1)
Pituitary adenomas can present with various clinical 
signs and symptoms, many of which are often subtle 
or overlooked. Given the size and pathological charac-
teristics of these tumors, primary complaints can vary 
from headaches—both acute and chronic—to visual 
loss, endocrine dysfunction, or hormone hypersecretion. 
Various other signs and symptoms have been reported 
with these lesions (Table 3.2).

Headaches can be a common symptom in patients 
harboring pituitary lesions. It can sometimes be diffi-
cult to associate the lesion with the patient’s headaches. 
Numerous patients suffer from chronic headaches due to 
other etiologies, such as migraines or tension headaches, 
and undergo imaging identifying a small pituitary 
lesion. It is important to counsel these patients preop-
eratively regarding the chance of headache improvement 
postoperatively. Headaches associated with pituitary 
tumors tend to radiate to the vertex or remain retro-
orbital in location. Often, the pain lateralizes to one side 
of the head, reflecting cavernous sinus involvement.

In the setting of headaches with acute or abrupt 
onset, pituitary tumor apoplexy should be suspected. 
Depending on the size of the hemorrhage, the presenta-
tion can vary. Often, these are isolated symptoms that 
spare vision. Acute visual loss with or without headache 
can be a surgical emergency (see Chapter 24).

Visual complaints are another common finding 
with pituitary adenomas. Bitemporal hemianopsia or 
other visual field deficits can occur. Other associated 
findings such as decreased visual acuity, diplopia, and 
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nystagmus should be evaluated. Close communication 
with a neuro-ophthalmologist can help discern ocular 
from chiasmal etiology of the visual deficits.

Among the anterior pituitary gland cells that secrete 
hormones, most can be involved in hypersecretion syn-
dromes. The most common hypersecreted hormone is 
prolactin. This oversecretion can be due to lactotroph cell 
adenomas (prolactinomas) or disinhibition from  infun-
dibular compression (pseudoprolactinomas). Adreno
corticotropic hormone (ACTH) hypersecretion results 
in excessive cortisol production and Cushing’s disease. 
Growth hormone (GH) oversecretion results in acromeg-
aly or gigantism, depending on the age of onset. Thyroid-
stimulating hormone (TSH) oversecretion is rare, but 
when present, it can result in central hyperthyroidism. 
These syndromes, along with secretion of gonadotrophs, 
are described in detail in subsequent sections.

Either because of mass effect compressing the normal 
gland or from hormonal inhibition, various levels of 
pituitary insufficiency can occur, sometimes in conjunc-
tion with hypersecretion syndromes. In particular, ele-
vated prolactin can inhibit the gonadotropes producing 
luteinizing hormone (LH) and follicle-stimulating hor-
mone (FSH) insufficiency, resulting in hypogonadism, 
decreased libido, amenorrhea, and infertility. It is impor-
tant to identify hypothyroidism and hypocortisolism in 
the preoperative setting because significant deficiencies 
can result in clinical complications if not repleted.

Adenomas 324 76.6%
Nonfunctional adenoma 154 47.5%
Acromegaly 51 15.7%
Prolactinoma 46 14.2%
Cushing’s disease 33 10.2%
Silent ACTH adenoma 17 5.2%
GH/prolactinoma 15 4.6%
Mammosomatotroph 6 1.9%
Pituitary hyperplasia 1 0.3%
Pituitary carcinoma 1 0.3%

Cysts 50 11.8%
Rathke cleft cyst 39 78.0%
Arachnoid cyst 8 16.0%
Pituitary cyst 2 4.0%
Colloid cyst 1 2.0%

Nonadenomatous tumors 31 7.3%
Craniopharyngioma 18 58.1%
Metastases 4 12.9%
Chordoma 3 9.7%
Oncocytoma 2 6.5%
Granular cell tumor 1 3.2%
Lymphoma 1 3.2%
Meningioma 1 3.2%
Pituitary carcinoma 1 3.2%

Inflammatory disease 8 1.9%
Lymphocytic hypophysitis 4 50.0%
Wegener’s granulomatosis 1 12.5%
Giant reparative granuloma 1 12.5%
Granulomatous lesion 1 12.5%
Pituitary inflammation 1 12.5%

Bone lesions 3 0.7%
Fibrous dysplasia 1 33.3%
Basilar invagination 1 33.3%
Lipomatous bone cyst 1 33.3%

Miscellaneous 6 1.4%
Nondiagnostic 3 50.0%
Spontaneous CSF leak 2 33.3%
Aneurysm 1 16.7%

Total 423

Table 3.1
Typical lesions of the sellar and parasellar region—
experience at the Brigham and Women’s Hospital 
(April 2008–January 2012).

Hormone oversecretion
Prolactin
Growth hormone
Adrenocorticotropic hormone
Thyroid-stimulating hormone

Mass effect
Headaches
Optic nerve compression
Cavernous sinus
Third ventricle

Hypopituitarism
Anterior lobe dysfunction
Diabetes insipidus

Other
Cerebrospinal fluid rhinorrhea
Incidental finding

Table 3.2
Signs and symptoms of pituitary adenomas.
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In the age of advanced neuroimaging and frequent 
use of magnetic resonance imaging (MRI), the inciden-
tal pituitary adenoma is becoming increasingly com-
mon and can pose as a dilemma for the clinician for 
its management. It is important to obtain a baseline 
pituitary endocrine laboratory evaluation and baseline 
visual field examination. Patients may harbor subclini-
cal pituitary hypofunction or visual loss. If conservative 
management is chosen, any change in these studies can 
help guide more definitive therapies.

Prolactinoma (see Chapter 1)
The prolactin-secreting pituitary adenoma, or prolacti-
noma, is the most common type of pituitary adenoma. 
These tumors can present with hypogonadism and 
galactorrhea. In women, this results in amenorrhea and 
infertility. Men typically present with erectile dysfunc-
tion and decreased libido. Galactorrhea is rare in men 
and pregravid women. Prolactinomas can often be mac-
roadenomas causing mass effect, visual loss, and pitu-
itary insufficiency.

It is critically important to differentiate prolactinoma 
from pseudoprolactinoma. Given that prolactin secre-
tion is tonically inhibited by dopamine produced in the 
hypothalamus, compression or disruption of the pituitary 
infundibulum results in a modest hyperprolactinemia. 
“Stalk effect,” as it is otherwise known, can result in 
serum prolactin levels ranging from 20  to  200  μg/L 
(400–4000  mU/L). Generally, a microprolactinoma 
typically has prolactin levels less than <100 μg/L 
(2000 mU/L) and a macroprolactinoma has levels greater 
than >200 μg/L (4000 mU/L), although exceptions occur.

The decision to treat a prolactinoma medically or 
surgically relies on accurate laboratory information. 
A known diagnostic phenomenon with the prolactin 
assay is the “Hook effect.”1 This effect is commonly 
seen with many radiometric immunoassay, such as for 
prostate-specific antigen (PSA) and β-human choriogo-
nadotropin hormone (βHCG). The high concentrations 
of antigen overwhelm the bound and soluble antibodies, 
resulting in the formation of fewer antibody–antigen 
complexes. This effect is circumvented by serial dilu-
tions of the serum that should routinely be used in the 
laboratory diagnosis of prolactinomas.2,3

Currently, prolactinoma is the pituitary adenoma 
that can most successfully be treated with medical 
therapy. Dopamine agonist therapy has been well estab-
lished as a primary strategy to treat prolactinomas. This 
treatment is more efficacious for microadenomas (85%–
90%) than macroadenomas (65%–70%).

The two most commonly used dopamine agonists 
are bromocriptine and cabergoline. Bromocriptine is 
a fast-acting agent with a short half-life, necessitat-
ing daily dosing. Its effect on tumor size can be seen 
within hours and may restore vision rapidly. Given its 
pharmacokinetics, too rapid dose escalation of bro-
mocriptine may result in adverse effects such as nausea, 
orthostatic hypotension, headache, and other systemic 
effects. Hence, the use of cabergoline, a long-acting 
but less toxic dopamine agonist, allows for weekly or 
biweekly dose schedules and improved medication toler-
ance. Cabergoline has been found to normalize prolac-
tin levels more reliably than bromocriptine.4 Typically, 
patients must remain on dopamine agonist therapy for 
life-long tumor suppression.

Despite the advances in medical therapy, surgi-
cal intervention may be necessary in some scenarios. 
These scenarios include medication side effect intoler-
ance, tumor resistance to treatment, cerebrospinal fluid 
(CSF) rhinorrhea due to tumor shrinkage, persistent 
mass effect from cystic lesions, and lesions that are not 
histologically prolactinomas. By far, the most common 
of these scenarios is medication intolerance. Headaches, 
orthostatic hypotension, fatigue, and mood changes are 
frequent detractors of patient compliance. High doses of 
dopamine agonists may produce cardiac valvular disease 
(23%–28.6%).5,6 Frequent echocardiograms are neces-
sary to detect this serious complication.

Prolactinomas can be resistant to the dopamine 
agonist effect and continue to grow despite medical 
therapy. The likely mechanism for resistance is decreased 
transcription of the dopamine receptor (D2) gene and 
its associated G protein.7 Frequently, these tumors will 
be more susceptible to cabergoline than bromocriptine, 
but resistance can exist to all agents, and may require 
surgical resection.8

In the setting of large pituitary adenomas that have 
eroded the floor of the sella turcica and the sellar dura, 
occasionally treatment with dopamine agonists can 
result in CSF rhinorrhea. In a series of 114 patients with 
macroprolactinomas treated without surgery, CSF rhi-
norrhea was encountered in 8.7% of patients. The inci-
dence of spontaneous CSF rhinorrhea was 2.6%, and 
dopamine agonist–induced CSF rhinorrhea was 6.1%. 
There was no CSF rhinorrhea seen in their cohort of 
nonfunctional adenomas (181 patients).9

Prolactinomas that have cystic components are less 
likely to respond to dopamine agonist therapy.10,11 If 
the cysts are causing mass effect, the patient’s symp-
toms may not be alleviated with medical therapy alone. 
Occasionally, associated cysts can be extratumoral, 
such as RCCs and arachnoid cysts. When symptomatic, 
surgery is the definitive therapy for these cysts. 
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Medical therapy has significantly reduced the frequency 
of surgical indications for prolactinomas. Regardless, the 
role of surgery is still an important part of tumor man-
agement, as indicated above. The most common indica-
tion is medication intolerance. In addition, in the setting 
of an ambiguous tumor size and prolactin correlation 
(e.g., a 10 mm adenoma with a prolactin level of 150 
μg/L–3000 mU/L), surgical resection may be considered 
as a first-line therapy. Pituitary apoplexy of known prolac-
tinomas with acute visual loss or other neurological deficit 
remains a third surgical indication. The mass effect of the 
hematoma decreases the efficacy of dopamine agonists to 
reduce tumor size and improve visual symptoms.

The goals of surgery are to achieve a gross total 
resection (when safely possible) or significant cytore-
duction of the prolactinoma, to obtain a diagnosis of 
the tumor (when in question), and to normalize serum 
prolactin levels. The latter is most necessary when 
the patient presents with amenorrhea, infertility, or 
galactorrhea.

Overall, dopamine agonist therapy of prolactinomas 
has been shown to achieve normalization of prolactin 
levels and restoration of gonadal function in 85%–90% 
of microadenomas and 65%–70% of macroadenomas. 
In addition, >50% decrease in tumor size can be seen in 
more than half of presenting prolactinomas.

Surgical resection of prolactinomas can normalize pro-
lactin levels and restore gonadal function in 60%–87% 
of microadenomas and 40%–60% of macroadenomas.12 
Gross total resection as measured by MRI has been 
reported in 98% of microadenomas, 64% of macroad-
enomas, and 24% of giant adenomas.13 The overall rate of 
major complications is approximately 5%, with epistaxis 
and sinus infection the most common.

Stereotactic radiosurgery and stereotactic fractionated 
radiotherapy are alternatives for the management of pro-
lactinomas. These modalities are typically prescribed in 
the setting of medically or surgically refractory tumors. 
Frequently, these tumors can invade the cavernous sinus. 
Clinical remission from radiosurgery is achieved in 
approximately 25% of patients, although higher remis-
sion rates have been reported in select series.14,15

Cushing’s disease 
(see Chapter 1)
Cushing’s disease occurs in the setting of a pituitary 
adenoma secreting ACTH. It is a rare disorder occurring 
in approximately one to two cases for 1 million people. 
The clinical syndrome of weight gain, truncal obesity, 
moon facies, dorsocervical and supraclavicular fat-pad 

deposition, abdominal striae, hirsutism, hypertension, 
and diabetes can have serious deleterious effects on over-
all health and survival. Cognitive deficits and cerebral 
atrophy have also been reported.16

The diagnosis of Cushing’s disease is made in the 
setting of clinical suspicion affirmed with laboratory 
results of hypercortisolemia. Typically, serum cortisol 
is elevated with an inappropriately normal or mod-
erately elevated ACTH level. Given the daily fluctua-
tions of cortisol levels, the midnight serum or salivary 
cortisol levels are more sensitive in confirming hyper-
cortisolemia. Elevated 24 h urine free cortisol (UFC) 
is the standard to establish Cushing’s syndrome. The 
dexamethasone suppression test can help differentiate 
Cushing’s disease from nonpituitary sources of elevated 
circulating cortisol.

Neuroimaging of the pituitary gland will often 
demonstrate a microadenoma (90%) or macroadenoma 
(10%). Dynamic MRI with contrast can help differen-
tiate microadenomas from the surrounding gland by 
varying the timing of contrast in the sella. In the setting 
of ambiguous imaging or laboratory findings, direct 
sampling of the cavernous sinus via inferior petrosal 
sinus sampling (IPSS) can confirm the source of ACTH 
secretion.

Currently, the optimal primary therapy for Cushing’s 
disease is surgical resection of the pituitary tumor. 
Postoperative remission rates have been reported in 
70%–93% of patients. Remission rates are higher in 
microadenomas (82%–93%) than in macroadenomas 
(40%–86%). Tumor recurrence has been detected in 
up to 26% of cases with long-term (20 year) follow-
up.17,18 Favorable factors predicting remission include 
the identification of a microadenoma on MRI.19,20 
Negative pathological findings for ACTH immunore-
activity were associated with a 66% remission rate.21 
Baseline serum cortisol and ACTH levels do not predict 
surgical outcomes.22 Macroadenomas are more likely to 
invade the cavernous sinus and are more difficult to cure 
surgically.23,24

Operative mortality is relatively low (0.9%), but 
overall complication rates can be as high as 15%.25 The 
increased rate of morbidity compared with other pitu-
itary lesions is due to the increased medical comorbidi-
ties that occur in Cushing’s disease patients. Obesity, 
diabetes, hypertension, and coronary artery disease con-
tribute to these factors. Deep vein thrombosis (DVT) 
is disproportionately present postoperatively in these 
patients relative to other pituitary disorders.26

Diligent postoperative care is critical to prevent 
these medical complications. DVT prophylaxis with 
aspirin or other anticoagulants can be useful and 
is initiated as early as the first postoperative day. 
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Frequent  serum cortisol measurement is necessary to 
confirm the expected hypocortisolemia, and replace-
ment therapy should begin before symptomatic hypo-
cortisolemia occurs.27 Tight blood-sugar control can 
help prevent wound healing complications. It is impor-
tant to obtain daily weight measurement to assess the 
patient’s fluid status. This measurement can be helpful 
in the management of postoperative sodium fluctua-
tions and diabetes insipidus.

Cushing’s disease can be difficult to cure. Any amount 
of residual tumor can result in persistence of disease 
without clinical improvement. Remission of Cushing’s 
disease does not guarantee recurrence free survival. 
Postoperative data suggest disease recurrence in 
5%–27% of patients with long follow-up (33–59 
months) who had achieved clinical remission after 
pituitary adenectomy.22,28–32 In a long-term study with 
a mean follow-up of 49 months, Patil et  al.33 report a 
recurrence rate of 17.4%. The mean time-to-recurrence 
was 39 months.

Reoperative management of patients with recurrent 
Cushing’s disease from an ACTH-secreting tumor, 
when possible, is ideal. Locatelli et al.34 advocate imme-
diate postoperative management when the postopera-
tive cortisol remains above 2 μg/dL (56 nmol/L). They 
report 12 patients with such management, of which 
eight achieved clinical remission without additional 
therapy.34 Others report 53%–70% remission with this 
approach.31,35 In specific settings, hemi-hypophysectomy 
or total hypophysectomy may be indicated. Tumors 
demonstrating invasion on imaging or histopathology 
are not likely to benefit from hypophysectomy.36,37

If reoperation is not an option, radiosurgery/radia-
tion therapy or medical therapy are viable options and 
can be used in tandem. Radiosurgery is a safe and effi-
cacious option.38 Sheehan et al.39 report a 63% clinical 
remission at 12 months after gamma-knife radiosur-
gery. In their series of 43 patients, they encountered new 
endocrine deficits in 16% of patients and one patient 
with new visual loss (see Chapter 5).

Medication treatment options include cortisol syn-
thesis inhibition in the adrenal cortex, neuromodu-
lator agents acting on the hypothalamic–pituitary 
system, and glucocorticoid antagonists. Metyrapone 
and ketoconazole are well-established cortisol synthe-
sis inhibitors. They inhibit 11β-hydroxylase necessary 
for converting 11-deoxycortisol to cortisol. Metyrapone 
works well to decrease cortisol levels, but it has sig-
nificant androgenous side effects, including hirsutism 
and acne. Although efficacious in decreasing corti-
sol levels, ketoconazole is associated with a 5%–10% 
risk of  reversible hepatotoxicity with occasional seri-
ous hepatic injury.40 Etomidate is a parenterally 

administered imidazole derivative anesthetic. Although 
its uses are limited, it remains an option for severe, 
life-threatening Cushing’s disease.41,42 Newer suppres-
sive agents such as mifepristone and paseriotide have 
been used in clinical trials and now have Food and 
Drug Administration (FDA) approval for treatment of 
Cushing’s disease.

Neuromodulator agents, such as octreotide and bro-
mocriptine, exert effect on the hypothalamic pituitary 
axis to decrease cortisol secretion. Octreotide is a syn-
thetic long-acting somatostatin analog that has applica-
tions for numerous neuroendocrine tumors. This class 
of medications has been shown to effectively decrease 
ACTH secretion in Nelson’s syndrome, although its 
efficacy in Cushing’s disease has been equivocal.43,44 
Pasireotide has recently been approved for Cushing’s 
disease. It provides control in approximately 20% of 
patients but is associated with aggravation of diabe-
tes mellitus.45 The dopamine agonist bromocriptine 
has been used to treat refractory Cushing’s disease. 
Its efficacy varies widely among published reports. 
Corticotrophic hyperplasia and “normal gland” variants 
of Cushing’s disease appear to be more responsive to this 
therapy.46

Potent glucocorticoid antagonism is seen with the 
abortifacient agent mifepristone. This agent blocks cor-
tisol systemically at the cellular level. As a result, the 
clinical effects of Cushing’s disease can be reversed with 
a subsequent rise in circulating ACTH and cortisol.47,48 
Because there are no biochemical markers to monitor 
this therapy, close clinical follow-up is necessary for safe 
administration of this agent.49

In the setting of persistent disease despite hypophy-
sectomy, radiosurgery, and/or medication therapy, the 
option of bilateral adrenalectomy remains. When this 
operation is possible, circulating cortisol levels dimin-
ish consistently. Patients do report increased fatigue, 
and cortisol replacement is necessary. Because this 
operation can be performed laparoscopically, complica-
tion rates have diminished with significant morbidity at 
7.5%–12%.50,51

Nelson’s syndrome can occur once the negative 
feedback of cortisol is removed with bilateral adre-
nalectomy.52 Residual tumor cells are uninhibited 
and  tumor growth can be seen in 15%–50% of 
patients.53,54 Smith et al.55 report 40 patients who had 
undergone bilateral adrenalectomy. Of these patients, 
33% developed ACTH levels >200 ng/mL. Seven of 
these patients (54%) required further therapy to the 
pituitary gland. De Tommasi et  al.56 affirm the dif-
ficult management of Nelson’s syndrome with one 
patient (of six) achieving disease remission with a 
variety of interventions.
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Acromegaly (see Chapter 1)
Acromegaly is a well-described condition that occurs in 
the setting of excess GH exposure. The disease is typi-
cally due to a pituitary adenoma secreting GH. GH and 
its effector hormone insulin-like growth factor I (IGF-I) 
have an effect on every organ in the body. The most 
common findings include bony and soft-tissue enlarge-
ment in the face and extremities. Hand and foot size can 
increase. Hyperhidrosis and increased fluid retention can 
occur. Facial features include frontal bossing, increased 
jaw size, increased tooth spacing and bite mismatch, 
and increased tongue size. Obstructive sleep apnea can 
occur and can result in sleep disorders and pulmonary 
hypertension in more severe cases. Arthritic changes 
can occur, as well as nerve entrapment syndromes, most 
commonly carpal tunnel syndrome.

Systemically, these patients often have diabetes mel-
litus with insulin resistance and hypertension. Skin tags 
are common. Colonoscopy can demonstrate polyp for-
mation. In growing children, elevated GH can result 
in gigantism, because the epiphyseal plates have not 
yet fused. If left untreated, acromegaly can result in a 
shortened life expectancy, with a 1.6–3.3-fold increase 
in age-matched mortality.57

The diagnosis of acromegaly is established with a 
laboratory evaluation. GH levels >5 μg/L that do not 
suppress below 1 μg/L with the oral glucose tolerance 
test (OGTT) are indicative of acromegaly. IGF-I levels 

greater than age- and sex- specific levels are indicative of 
acromegaly as well. Frequently, the GH level is equivo-
cal and can fluctuate widely throughout the day. Hence, 
IGF-I levels are more reliable for diagnosis and manage-
ment of acromegaly.

It is important to obtain echocardiograms to evalu-
ate for hypertrophic cardiomegaly. Frequent colonos-
copy is necessary to screen for colonic polyps.

At present, the optimal primary therapy for acro-
megaly is surgical resection of the offending adenoma. 
Surgical series demonstrate a 70% normalization of 
IGF-I at 1 year postresection.58 This outcome is higher 
for microadenomas at upwards of 85%–91%.59,60 Factors 
that determine tumor recurrence include dural invasion 
and involvement of surrounding structures such as the 
cavernous sinus. Significantly elevated preresection GH 
predicts higher recurrence rates.61

Surgical nuances for the transsphenoidal approach for 
these adenomas vary from other tumors. Because of the 
effect of acromegaly, the nasal mucosa is engorged and 
thickened. The paranasal structures are enlarged with 
more atypical sphenoid sinus architecture. Often, these 
tumors erode the floor of the sella with growth inferi-
orly (Figure 3.1). Increased bleeding can occur from the 
mucosa, necessitating meticulous hemostasis to achieve 
adequate visualization of the tumor. In the postopera-
tive setting, these patients can diurese much of their 
excess interstitial fluid, mimicking diabetes insipidus. 
In patients with obstructive sleep apnea, continuous 

Figure 3.1
Sagittal and coronal postcontrast MRI of a patient with acromegaly demonstrating sellar floor remodeling 
without significant suprasellar extension.
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positive airway pressure (CPAP) machines should be 
avoided in the setting of an intraoperative CSF leak. 
Close monitoring and treatment of the patient’s blood 
pressure and blood sugars is necessary and may require 
intensive care unit (ICU) management.

The goal of surgery is to achieve a gross total resec-
tion of the adenoma when possible and maximal cyto-
reduction if there is invasive disease. Any reduction 
of the postoperative IGF-I can help with medical and 
radiosurgical management. Yearly monitoring of IGF-I 
levels after resection is necessary as recurrence rates 
can be as high as 8% at 10 years. Persistent postopera-
tive acromegaly occurs in 10%–40% of patients, more 
commonly with macroadenomas and invasive tumors. 
In this situation, there are several options. If an obvious 
postoperative residual or recurrent tumor that is safe 
to resect is seen on imaging, then reoperation may be 
indicated. If surgery is not feasible, nonsurgical man-
agement is possible with medications and/or radiation.

Medications for acromegaly include somatostatin 
analogs, dopamine agonists, and GH receptor antago-
nists. Somatostatin analogs, such as octreotide or 
lanreotide, are agonists of the somatostatin receptor 
(SSTR). Because these analogs are peptides, they must 
be given parenterally. Freda et al.62 demonstrated 67% 
normalization of IGF-I and 80% normalization of GH 
levels with medical therapy using a somatostatin ana-
log. Pretreatment of a de novo acromegaly adenoma can 
decrease tumor size in approximately 50% of patients; 

however, overall outcomes are no different if treatment 
is initiated after surgery63 (Figure 3.2).

A subset of patients with acromegaly will have 
elevation in prolactin levels. Often, immunohisto-
chemistry will demonstrate coexisting lactotrope ade-
noma cells (Figure 3.3). Dopamine agonists may be a 
helpful adjunct in some patients. Bromocriptine and 
cabergoline have been reported to normalize IGF-I 
levels in 10% and 40%, respectively, of patients with 
acromegaly.64

The most effective medical agent is the GH recep-
tor antagonist pegvisomant. This injectable molecule 
prevents dimerization of the GH receptor, hence decreas-
ing its effect on target tissues. As a result, the IGF-I can 
be normalized in 89%–97% of patients.65,66 There is an 
expected concomitant increase in GH levels. In addition 
to the cost of this medication, side effects include the risk 
of liver dysfunction and lipohypertrophy at injection sites.

Stereotactic radiosurgery (SRS) or stereotactic radia-
tion therapy is an occasionally useful adjunct to treat 
persistent or recurrent acromegaly. A recent prospective 
study demonstrated normalization of IGF-I and GH lev-
els in 23% and 37% of patients, respectively.67 Similar 
results have been reported in retrospective series.68,69 
The average time to normalization of GH occurred at 1.4 
years after stereotactic radiosurgery (SRS). Conventional 
radiation therapy has a higher incidence of complica-
tions (optic nerve, pituitary function) and a slower rate 
to normalization (7 years). Because of the effectiveness 

Figure 3.2
Pre- and posttreatment contrast-enhanced MRI of a patient with acromegaly treated preoperatively with 
octreotide.
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of medical therapy, fewer patients with acromegaly are 
being referred for radiotherapy or radiosurgery.

Reoperation for recurrent acromegaly is a well-
established option. As with de novo tumors, the goals of 
surgery are to achieve gross total resection when safely 
possible and maximal cytoreduction with invasive 
tumors. The overall remission rate ranges from 19% to 
56%.70–73

The ultimate goal for the management of acromegaly 
is normalization of IGF-I levels. This normalization is 
associated with amelioration of the signs and symptoms 
of acromegaly, improved quality of life, and normaliza-
tion of mortality data.74,75 Carefully balancing the risks, 
benefits, and costs of the various therapeutic modalities 
is critical and should be done on a case-by-case basis.

Other hormone-secreting 
adenomas
As expected, adenomas secreting thyrotropin and gonad-
otropins have been described, but they are much rarer 

than prolactinomas, acromegaly, and Cushing’s disease. 
These adenomas often present with mass effect or vision 
loss, and the patients may be asymptomatic from their 
hypersecretion syndrome. It is prudent to routinely check 
all the anterior pituitary gland laboratory markers and 
target gland hormones. Even if subclinical, these can 
serve as biomarkers to track tumor recurrence.

Thyroid-stimulating 
hormone–secreting adenomas 
(see Chapters 1, 14)
Patients with hyperthyroidism have been reported to 
harbor pituitary adenomas secreting thyrotropin (TSH). 
As this is quite a rare condition, many these patients have 
had thyroidectomy under the assumption of primary 
hyperthyroidism. The primary differentiating factor is 
an elevated TSH as opposed to a suppressed TSH with 
elevated free T3 and free T4 levels. Occasionally, these 
can present with cosecretion of other pituitary hormones 
such as ACTH or prolactin.76–78

GHPRL

MIB-1 = 2.37%LH, FSH, TSH, ACTH

Figure 3.3
Immunohistopathology of a patient with a mammosomatotroph adenoma causing both acromegaly and 
amenorrhea due to elevated IGF-I and prolactin.
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Surgery remains the mainstay treatment for these 
adenomas. Goals of surgery include establishing a 
diagnosis with immunohistochemical analysis and nor-
malizing thyroxine levels. Remission rates range from 
23% to 62.5%, with further improvement achieved 
with adjuvant medical therapy (somatostatin analogs). 
Similar to other tumors, remission rates in microadeno-
mas are superior to macroadenomas.76,77,79,80

Persistent disease can occur after surgery. Octreotide 
and similar compounds have been used to normalize 
thyroxine levels. This treatment has been quite success-
ful, with almost all patients responding to treatment 
and up to 73% with normal thyroid hormone levels.81 
In  some cases, somatostatin analog therapy was used 
primarily with comparable results. Radiation therapy 
and radiosurgery have been reported to be somewhat 
efficacious for these tumors (62.5%).82

Gonadotropin-secreting adenomas
Although symptomatic gonadotropin-secreting adenomas 
are exceedingly rare, frequently adenomas demonstrate 
immunoreactivity for FSH, LH, or the α-subunit. These 
adenomas are typically grouped with the nonfunction-
ing adenomas, and the secreted proteins are thought to 
be dysfunctional and not bioactive.83–85 In one series, 
35% of patients had elevation in at least one of these 
proteins (45% men and 25% premenopausal women). 
There were no obvious related clinical manifestations of 
hypersecretion.85

Ovarian hypersecretion syndrome has been described 
in the setting of gonadotropic pituitary adenomas. These 
patients present with pelvic pain, multicystic ovaries, 
and metromenorrhagia. Pituitary adenoma resection can 
reverse these symptoms.86–89

In men, a similar syndrome of testosterone hyper-
secretion has been reported.90,91 The clinical effects of 
elevated testosterone are unclear in these patients, but 
elevated sperm count has been noted. In these rare cases, 
hypogonadism is a potential complication after resection 
of the gonadotropin-secreting adenoma.

Multiple hormone-secreting 
adenomas
Within adenomas themselves, coexpression of mul-
tiple cell types has been reported. Often, these adeno-
mas are detected at the histopathological level without 
hormonal consequences. Sometimes, there may be nor-
mal pituitary gland cells trapped within the adenoma. 
The most common hormonally active combined lesion 

is the mammosomatotroph. This adenoma secretes both 
prolactin and GH from the same cell line, resulting in 
symptoms of both syndromes.92 A similar clinical sce-
nario is the finding of GH and prolactin expressed by an 
adenoma with dual cell lines.93,94 If surgical therapy is not 
successful, combined medical therapy with somatostatin 
analogs and dopamine agonists is somewhat successful.

Nonfunctional adenomas 
(see Chapter 1)
Nonfunctional adenomas can present with headaches, 
visual loss, hypopituitarism, or other neurological defi-
cits. A subset of these tumors is found incidentally. It is 
key to evaluate all the pituitary hormone axes because 
subclinical hypopituitarism or hypersecretion syn-
dromes can be seen. Preoperative replacement of cor-
tisol and thyroid hormone is critical to prevent cardiac 
complications when there is profound hypopituitarism. 
Formal visual field evaluation is helpful in patients 
where visual deficits are suspected. These evaluations 
can be used to detect subclinical deficits before surgery 
and to follow visual recovery after surgery.

Primary indications for tumor resection include visual 
deficits and pituitary insufficiency. If headaches are the 
presenting symptom, one must differentiate typical ten-
sion and migrainous headache symptoms from tumor-
related headaches because these symptoms can often 
overlap. Typical differentiating factors include headaches 
upon awakening, retro-orbital or vertex in location, and 
lateralizing to one side. Although many patients’ head-
aches improve after surgery, preoperative counseling is 
necessary to caution against the converse. Incidentally 
found tumors, if truly asymptomatic, may be managed 
conservatively until evidence of tumor growth, new 
visual symptoms, or endocrine deficits appear.

Surgical results for nonfunctional adenomas are 
excellent, with symptomatic improvement common 
and a relatively low recurrence rate. Visual symptoms 
are normalized or improved in up to 64%–91% of 
patients.95–98 Headache improvement is seen in most 
patients with preoperative headaches. Some stud-
ies report up to 100% of patients with improvement 
or resolution of headaches.99 Pituitary insufficiency 
improvement is less consistent, with studies reporting 
15%–57% improvement.96,100–103 This variability may 
be due to laboratory assay differences and criteria for 
establishing hormone deficiency, along with age of the 
patient and duration of preoperative hypopituitarism.

In the immediate postoperative period, serial visual 
examinations are the most sensitive tests to diagnose 
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postoperative optic apparatus compression. Cortisol and 
sodium levels are obtained to diagnose hypocortisolism, 
diabetes insipidus, and syndrome of inappropriate antid-
iuretic hormone secretion (SIADH), each of which could 
have life-threatening consequences if left untreated. 
These assays should be repeated at the 1-week follow-
up as delayed hypopituitarism and SIADH can occur. 
Routine MRI should be performed yearly at first to moni-
tor for recurrent adenoma. Recurrence in grossly resected 
tumor occurs between 10% and 21% at 10 years.96,103 
Tumors with atypical features (Ki-67 >3%) tend to be 
more invasive with a higher recurrence rate. They should 
be monitored with more frequent neuroimaging.

There are two distinct scenarios of postresection 
tumor management. The first scenario is tumor recur-
rence after a gross total resection and no evidence of 
tumor on initial postoperative imaging (typically per-
formed at 3 months). The second scenario is known 
tumor residual left behind due to invasion into sur-
rounding structures (cavernous sinus, carotid artery), 
adherence to critical structures (cranial nerves), or 
tumor not visualized at initial exposure.

If there is tumor recurrence after gross total resec-
tion, then surgical reoperation is the ideal first therapy 
for noninvasive tumors. If residual tumor is detectable 
in initial postoperative scans and is surgically accessible, 

then reoperation may be indicated. A different surgical 
approach may be necessary (endoscopic, endonasal, or 
craniotomy). In our experience, reoperation for recurrent 
tumor is associated with similar complication rates as 
de novo tumors with comparable tumor resection outcomes.

For aggressive tumors such as atypical adenomas and 
pituitary carcinomas, radiotherapy/radiosurgery or medi-
cal therapy such temozolomide may be efficacious.104,105 
In one series, three of eight patients responded to temo-
zolomide therapy with three cycles of therapy necessary to 
determine response. Radiosurgery or stereotactic radio-
therapy is a safe option for residual tumor. The control 
rate for these tumors ranges from 92% to 100%. The 
major detriment is anterior pituitary insufficiency that is 
mainly dose-volume dependent. Tumors >4 cc in volume 
had a 58% risk of endocrine dysfunction at 5 years.106

Combined lesions
Often, lesions in the pituitary gland can be a combi-
nation of two differing pathologies. Because RCCs and 
arachnoid cysts are common sellar abnormalities, they 
can be associated with pituitary adenomas as well107 
(Figure 3.4). Arachnoid cysts, in particular, can develop 
as the tumor erodes through the dura or after tumor 

Figure 3.4
Sagittal postcontrast MRI and coronal T2 MRI of a patient with bitemporal hemianopsia harboring a cystic 
macroadenoma. Intraoperative findings confirmed a posterior dural defect confirming the source of the 
arachnoid cyst.
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shrinkage with medical therapy. Hence, it is important 
to always inspect the walls of a cyst to ensure that occult 
tumors are fully resected.

A rare intrasellar finding is the gangliocytoma.108 To 
date, fewer than 80 reported cases of this tumor have 
been reported. When intrasellar, these tumors are usually 
associated with pituitary adenomas. Most are hormonally 
active (75%), with GH secretion in the majority of cases. 
Cushing’s disease and prolactinomas are less common.109 
Occasionally, the neuronal cells demonstrate immunore-
activity for releasing hormones, such as growth hormone-
releasing hormone (GHRH). The paracrine stimulation 
of adenohypophysial cells is one proposed mechanism for 
the development of these combined lesions.110 Treatment 
is surgical resection of the combined lesion and close 
monitoring in the postoperative phase. Long-term out-
comes have not been reported with this disease.

Hypopituitarism 
(see Chapter 5)
Hypopituitarism can be encountered in the preopera-
tive evaluation. This condition can improve or worsen 
postoperatively. Hypopituitarism has been associated 
with a long-term risk of increased vascular disease and 
morbidity.111 In a large retrospective study, Nomikos 
et  al.112 characterized the incidence of hypopituitarism 
before and after tumor resection; 85% of patients with 
macroadenomas had insufficiency in at least one pitu-
itary axis. Gonadotroph deficiency was the most common 
(76%), followed by ACTH deficiency (31%) and TSH 
deficiency (19%). After transsphenoidal surgery, pitu-
itary deficiency normalized in 19.6%, improved in 30%, 
and worsened in 1.4%. Forty-nine percent had persistent 
deficits. In patients with normal preoperative endocrine 
function, only 4% developed postoperative insufficiency. 
Factors predicting pituitary hypofunction include tumor 
size, prolactin level, and age. Transcranial surgery had a 
much higher incidence of postoperative hypopituitarism.

Visual deficits
Given the unique anatomy of the suprasellar region, 
visuals disturbances are a common finding with pitu-
itary tumors. The classic presentation is a bitemporal 
hemianopsia resulting from optic chiasm compression, 
which may be asymmetric. Fibers from the medial ret-
ina that reflect the temporal visual field decussate in the 
optic chiasm. Hence, the nasal fields are often spared 
(see Chapter 1).

In the setting of chronic optic apparatus compres-
sion or with a large intracranial mass, these patients 
can also have an enlarged central scotoma, which often 
can be overlooked. Homonymous hemianopsia, mon-
ocular blindness, and junctional scotomas can also be 
found, depending on the portion of the optic apparatus 
affected. Preoperative, formal, quantified visual fields 
are necessary to evaluate patients with visual loss or a 
macroadenoma with significant suprasellar extension. 
Optical coherence tomography (OCT) can be help-
ful to determine the severity and longevity of optic 
nerve damage. Because of cortical compensation, some 
patients will not notice visual field loss, and a thorough 
preoperative exam can often detect subtle visual defi-
cits. Without coexisting ocular pathology such as glau-
coma or cataracts, visual acuity can be preserved even 
with severe hemianopsia. A pin hole–corrected visual 
exam can elucidate this finding. The duration of visual 
loss can help guide the urgency of treatment. Pituitary 
apoplexy with acute onset visual loss is an emergency 
that necessitates rapid surgical intervention.113,114

Postoperative outcomes of visual recovery vary 
based on patient age and duration of visual symptoms. 
Various studies with objective visual evaluations dem-
onstrated 74%–80% improvement of visual fields 
after tumor resection.115,116 Comparing transcranial and 
transsphenoidal surgery for macroadenomas with visual 
impairment, outcomes are significantly better with the 
transsphenoidal approach (57% vs. 83%).117 Typically, 
visual improvement stabilizes at the 3-month time 
point.

Diplopia can occur when there is tumor involvement 
of the cavernous sinus. The most common finding is an 
abducens nerve paresis, causing lateral gaze diplopia. 
Oculomotor and trochlear nerve diplopia can also occur. 
Hemifacial hypesthesia can also occur due to trigemi-
nal nerve-based involvement. Cavernous sinus compres-
sion or invasion is the etiology of these findings. In one 
series, 9 of 64 patients with pituitary macroadenomas 
were diagnosed with extraocular muscle weakness.118 
Seven of these patients had full recovery of their diplo-
pia at 6 months after surgery.

Pitfalls of surgery
The key for successful surgical results is vetted in appro-
priate patient selection. It is important to weigh the risks 
and benefits for each patient, taking in to account the 
chances of complications and cure. Occasionally, medi-
cal intervention or optimization may need to precede 
surgical resection of a tumor. A second operation can be 
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the better option over radiosurgery. This selection pro-
cess can also be applied in the operating room, deciding 
between transsphenoidal and transcranial approaches to 
reach suprasellar pathology.

In addition to the goal of gross total resection of the 
tumor, complication avoidance is crucial. Complication 
avoidance is accomplished with careful analysis of the 
neuroimaging before surgery, including identifying the 
optic chiasm, normal gland, and carotid arteries in rela-
tionship to the tumor. Intraoperative neuronavigation is 
helpful and essentially necessary for recurrent tumors, 
where the anatomy may be distorted and surgical planes 
altered. Patient positioning should not be overlooked. 
Ideally, the head should be elevated and the neck neu-
tral to reduce venous bleeding. Preoperative hypocor-
tisolemia should be treated with stress-dose steroids 
during and after surgery. Adequate repair of CSF fistu-
lae should be addressed and monitored postoperatively. 
Early surgical repair of a postoperative CSF fistula can 
shorten hospital stay and reduce temporizing procedures.

The postoperative management of patients is as 
important as the attention in the operating room. Close 
monitoring of fluid status, including body weight and 
sodium levels, should be performed to aid in the diag-
nosis and management of SIADH or diabetes insipidus. 
Early ambulation can help prevent DVT, pulmonary 
embolism, atelectasis, and pneumonia. Because delayed 
SIADH can occur in up to 10% of patients, typically 
at around 5–7 days after surgery, routine early post-
operative laboratory evaluation is necessary for early 
identification.119

Conclusions
The diagnosis, treatment, and perioperative manage-
ment of pituitary adenomas lie at the intersection of 
multiple disciplines. Cohesive collaboration among fel-
low clinicians can help deliver the best possible care to 
these patients. A thorough discussion with the patient 
regarding all treatment options, risks, and benefits is 
necessary. Frequent follow-up with neuroimaging or 
laboratory evaluation is necessary to monitor treatment 
efficacy, remissions, and recurrence.
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Pituitary radiotherapy
Thankamma Ajithkumar, Michael Brada

Introduction
External beam radiotherapy (RT) remains an important 
component of management of patients with pituitary 
adenoma, and a significant proportion of patients receive 
it during the course of their illness.

Traditional policy had been to use RT for all patients 
with residual nonfunctioning pituitary adenoma 
(NFPA) after surgery because the majority were con-
sidered to progress, achieving tumor control in >90% 
of patients at 10 years and in 85%–92% of patients in 
20 years.1–9 With improvement in surgical techniques 
and access to magnetic resonance (MR) imaging, post-
operative RT is no longer routinely used, even in the 
presence of residual tumor. The use of RT is based on 
relative risk assessment, generally withholding further 
treatment until progression, unless there is a perceived 
threat to function, particularly vision, or further sur-
gery is risky if the tumor were to progress. Currently, 
RT is used in patients with progressive NFPA demon-
strated on interval imaging.

RT remains an integral component of treatment of 
patients with secreting adenoma who fail to achieve 
biochemical cure after surgery and optimal medical 
treatment and for patients with progressive/recurrent 
tumor mass, regardless of the status of hypersecretion. 
The slow rate of decline in hormone levels means that 
normalization takes months to years and that the delay 
is primarily related to pretreatment hormone levels.10 
Nevertheless, RT leads to normalization of excess hor-
mone secretion in the majority of patients.

The past two decades has seen improvements in 
RT that can largely be considered as refinement of existing 
technology. The principal aim of modern high-precision 

RT is to treat the tumor with a uniform therapeutic dose 
with least possible dose to surrounding normal tissues, 
thereby minimizing the risk of normal tissue injury. The 
higher precision relies on increased accuracy of tumor 
delineation using modern imaging and improved immo-
bilization techniques during treatment. The overall suc-
cess of modern high-precision treatment is more likely 
to be related to the treatment center infrastructure and 
expertise and the accuracy in identifying the tumor than 
to the exact equipment used.

Review of modern 
RT techniques
Three-dimensional 
conformal radiotherapy 
The current standard of care is the use of three-
dimensional (3D) conformal radiotherapy (CRT) using 
computed tomography (CT) and MR imaging, com-
puterized 3D planning, and the use of multiple shaped 
beams. The practical steps before treatment delivery 
include noninvasive method of patient immobilization, 
coregistered 3D imaging with CT and magnetic reso-
nance imaging (MRI), and 3D computerized treatment 
planning followed by quality assurance (QA) procedures 
in the form of image guidance to ensure the accuracy 
of the whole process both before and during treatment.

Immobilization is critical to the accuracy of treat-
ment, and the device should be comfortable and repro-
ducible, and should minimize movement during the 
preparation steps and during treatment. Patients are 
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usually immobilized in a custom-made closely fitting 
plastic mask made of lightweight thermoplastic material 
applied directly to the face in a single procedure. The 
repositioning accuracy is in the region of 3–5 mm11 and 
can be reduced to 2–3 mm with a more closely fitting 
though frequently less comfortable mask.12

Imaging for the purpose of treatment planning is 
performed in the immobilization device and includes an 
unenhanced thin-slice MRI and a coregistered CT scan. 
The extent of the pituitary adenoma visible tumor on 
MRI is outlined in all orthogonal planes. It should take 
into account all previous imaging, particularly preoper-
ative scans, to ensure that all areas of uncertainty, which 
may contain residual tumor, are included. It is not 
standard practice to include the whole extent of tumor 
before a debulking procedure, especially when normal 
anatomical structures have returned to their normal 
position. The outline of the visible and presumed tumor 
is defined as the gross tumor volume (GTV). A margin 
of 5–10 mm is added in the treatment planning pro-
cess to account for the technical uncertainty of immo-
bilization, treatment planning, and delivery, and this is 
defined as the planning target volume (PTV). The exact 
margin applied should be based on the measurement 
of uncertainty specific to each center and the system 
used. Surrounding normal structures, such as the optic 
chiasm and optic nerves, the brain stem, and the hypo-
thalamus, may also be outlined.

The computerized treatment planning process 
defines the number, shaping, and orientation of radia-
tion beams to achieve uniform dose within the PTV 
and as low a dose as possible to the surrounding normal 
tissue. With conventionally fractionated RT, the dose to 
the adenoma is below the radiation tolerance of the sur-
rounding neural structures, with the exception of hypo-
thalamus, and in fractionated CRT no specific measures 
are generally taken to avoid the optic apparatus, hypo-
thalamus, and brain stem, particularly because in many 
patients requiring RT some or all of the structures are 
within or in proximity to the adenoma. Nevertheless, 
the preferred beam paths tend to avoid the eyes.

The usual CRT arrangement is three fixed radiation 
beams shaped to conform to the PTV with a multi-
leaf collimator (MLC). The MLC leaves are automati-
cally preset to the shape of the PTV as defined in the 
planning process. Radiation dose intensity can also 
be altered across the beam by MLC leaves placed in the 
beam path, and this is described as intensity-modulated 
radiotherapy (IMRT). IMRT is a form of CRT that can 
spare critical structures within a concave PTV. This is 
rarely required for pituitary adenomas, and IMRT offers 
neither technical nor clinical advantage compared with 
CRT for most sellar and suprasellar tumors.13

Stereotactic CRT and radiosurgery
Stereotactic techniques are a refinement of CRT with 
improved immobilization, more accurate image coregis-
tration, and high-precision treatment delivery. The term 
“stereotactic,” derived from neurosurgery, denotes the 
method of determining the position of a lesion within a 
space defined by coordinates based on the immobiliza-
tion system, usually a stereotactic frame.

Stereotactic irradiation can be given in multiple 
doses as fractionated stereotactic radiotherapy (fSRT) 
and as fractionated stereotactic conformal radiother-
apy (fSCRT), or in a single dose when it is described 
as stereotactic radiosurgery (SRS), although despite 
the terminology, this remains a radiation and not a 
surgical procedure. fSRT/fSCRT is generally delivered 
using a linear accelerator. SRS can be delivered using 
either a multiheaded cobalt unit (gamma-knife [GK]) 
or a linear accelerator. The precision of modern linear 
accelerators does not require modification for stereo-
tactic irradiation. Smaller linear accelerators have been 
mounted on a robotic arm (CyberKnife) that allows 
for  nonisocentric movement. However, the access to 
the lesion is restricted by the robotic arm geometry, 
and the small size of the accelerator produces smaller 
beams at a lower dose rate. In comparative studies, the 
robotic arm–mounted linear accelerator does not offer 
better target and normal tissue dose distribution14 and 
no advantage in the accuracy of treatment delivery com-
pared with other high-precision techniques.

Fractionated treatment
For fSRT patients are immobilized in a noninvasive relo-
catable frame with a relocation accuracy of 1–2 mm15,16 
or a precisely fitting mask system with an accuracy of 
2–3 mm.12 As in conventional RT, GTV is outlined on 
MRI coregistered with a CT scan. The PTV margin is 
smaller than for conventional RT, usually in the region 
of 3 mm, and this is based on the overall accuracy of the 
system of which the principal determinant is the repo-
sitioning accuracy of the patient in the immobilization 
device.17 The most important aspect of treatment prepa-
ration is precise definition of the tumor. This precision 
is essential to avoid treatment failure due to exclusion of 
a part of the tumor from the high-dose radiation.

SRT uses larger number of beams than conventional 
RT (usually four to six), each conforming to the shape 
of the tumor using a narrow leaf MLC (5-mm width 
described as mini MLC or 3 mm width as micro MLC). 
fSRT/fSCRT combine the precision of the stereotactic 
positioning and treatment delivery, treating less normal 
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neural tissue, with fractionation that preferentially spares 
damage to normal tissue. In addition, complete avoidance 
of critical structures such as the optic apparatus is not nec-
essary, especially because the dose fractionation schemes as 
used for conventional RT are below radiation tolerance of 
normal brain structures. fSRT technique is therefore suit-
able for pituitary adenomas of all sizes, regardless of the 
relationship to critical structures.

Single-fraction treatment
For single-fraction SRS, patients are immobilized in 
an invasive neurosurgical frame fixed to the skull. It 
requires all the preparation procedures and treatment 
to be done in 1 day.

GK delivers a spherical dose distribution of 6–18 mm 
in diameter. Larger nonspherical tumors, represent-
ing the majority of pituitary adenomas, are treated by 
combining several radiation spheres, and this is defined 
using a 3D computerized treatment planning system 
similar to that used for linear accelerator RT. The use 
of multiple isocenters results in dose inhomogeneity 
within the target with small areas of high radiation 
dose (hot spots) in the region of overlap of the radiation 
dose spheres. The dose delivered to the periphery of a 
target is approximately half the dose delivered to the 
geometric center of the target, and the dose prescription 
in gamma-knife radiosurgery (GKS) is the dose deliv-
ered to the margin of the target. This may lead to radia-
tion damage if critical normal structures such as cranial 
nerves are within the hot spots of the target.

Linear accelerator–based radiosurgery can be carried 
out either in a relocatable or a fixed stereotactic frame. 
Computerized treatment planning defines the arrange-
ment of beams as in SRT/SCRT. At the inception, this 
was as multiple arcs of rotation, simulating GK treat-
ment, producing small spherical dose distributions 
and such techniques are no longer in use. Treatment 
is usually given as for fSRT using multiple fixed fields, 
although single-fraction SRS is rarely used using linear 
accelerator.

Because of the potential damaging effect of large 
single radiation doses to normal neural structures, SRS 
is only suitable for small pituitary adenomas 3–5 mm 
away from the optic chiasm.

CyberKnife can be used for single-fraction and 
fractionated treatment. The robotic arms linked with 
real-time image guidance using linked orthogonal 
X-rays can apply adjustments based on patient setup 
variation. The treatment uses multiple small beams 
with conformality similar to GKS and linear accelera-
tor fSRT. Because the dose rate is relatively low, each 

treatment session takes longer compared with other 
linear accelerator–based RT, and the course of treat-
ment tends to be given in fewer fractions (described as 
hypofractionated RT).

Proton therapy
The biological effect of protons is equivalent to the ion-
ization damage caused by photons. The principal benefit 
is more localized deposition of energy of a monoener-
getic proton beam described as the Bragg peak, with 
little ionizing radiation beyond the peak.18 The prepara-
tion steps are as would be used for other conformal RT 
techniques. The principal dose-sparing effect of modu-
lated proton beams is beyond the target.

Dose fractionation of RT
The therapeutic benefit of RT in malignant tumors is 
considered to be due to cell attrition either as apop-
tosis or reproductive cell death as a consequence of 
radiation-induced DNA damage. The time taken to 
manifest radiation effects is related to the rate of cell 
proliferation in the tissue irradiated. In rapidly prolif-
erating cells, radiation effects are expressed either dur-
ing or immediately after the course of RT, whereas in 
slowly proliferating cell population, they take months 
or years to manifest. It is assumed that the beneficial 
effects of radiation in pituitary adenomas conform to 
the same mechanism with depletion of tumor cells 
where adenomas are considered as slowly proliferating 
tissue. The surrounding normal brain parenchyma is 
also considered to consist largely of slow proliferating 
cell population, although critical cell populations with 
faster turnover, such as blood vessels, are also present 
and affected by radiation.

Conventional RT/CRT and fractionated SCRT are 
given to total dose of 45–50 Gy at 1.8 Gy per fraction-
ation, once a day, 5 days per week. The dose is below the 
tolerance of the central nervous system, and the risk of 
structural damage is <1%.

Although single large doses of radiation may result 
in higher cell kill than the same dose given in a small 
number of fractions, this is also true for normal tis-
sue cell population leading to toxicity that may not be 
acceptable if affecting eloquent regions such as optic 
chiasm. Because the majority of pituitary adenomas 
requiring radiation lie in proximity to the optic appa-
ratus and the nerves in the cavernous sinus, radiosur-
gery is suitable only for small lesions located away from 
the critical structures, and dose to the optic apparatus 
should not exceed beyond 8–10 Gy.
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Indications for RT in pituitary 
adenoma (see Chapter 1)
Nonfunctioning pituitary adenoma
There is no consensus on the optimal postoperative 
management of NFPA after subtotal excision. After 
gross resection of tumor, 17% of NFPAs recur and the 
rate of recurrence after incomplete resection is 43%.19 
A  recent study of NFPA reported relapse rate of 23% 
at 5 years, 47% at 10 years, and 68% at 15 years after 
surgery alone.20 The 5-year recurrence rate was 53% with 
extrasellar compared with 20% with intrasellar residual 
tumor, and younger patients had a higher risk of recur-
rence (HR, 0.975; 95% CI, 0.974–0.998; p  =  0.034). 
Brochier reported a postoperative relapse rate of 25% 
at 5 years, 43% at 10 years, and 61% at 15  years in 
patients with NFPA in a cohort of 142 patients. At a 
mean follow-up of 7 years, the risk of recurrence was 
higher in those with residual tumor (47%) compared 
with those who had a complete macroscopic resec-
tion  (24%).  Invasion of cavernous sinus and absence 
of  immediate postoperative RT were independent risk 
factors for recurrence.21,22

In summary, young age, cavernous sinus invasion, 
extent of suprasellar extension, and macroscopic residual 
disease are associated with increased risk of recurrence/
progression, and the risk also increases with longer follow-
up.19,21–23 In the absence of randomized controlled trials 
evaluating the role of routine postoperative RT in pituitary 
adenoma, it is not clear whether patients with or without 
the risk factors for recurrence should receive immediate 
postoperative treatment or be treated at the time of pro-
gression. With the routine use of MRI, the previous policy 
of routine postoperative RT has largely been replaced by a 
risk-based approach. Currently, RT is reserved for aggres-
sive tumors, significant residual tumors near eloquent 
structures, and progressive tumors on imaging.

Secretory pituitary adenoma
Acromegaly
Surgery remains the first-line treatment followed by 
somatostatin analogs to correct hypersecretion of growth 
hormone (GH)/insulin-like growth factor I (IGF-I). 
Optimal management of the 10%–50% of patients with 
GH-secreting tumors who fail to achieve a biochemical 
remission after surgery and the 20% who develops bio-
chemical recurrence remains unclear.24,25 The current 
options include prolonged use of somatostatin analogs, 
GH receptor antagonists in patients resistant to soma-
tostatin analogs, and RT. The indications for RT include 

poor tolerance and resistance to systemic treatment and 
progressive tumor mass threatening function, particu-
larly vision.10

Cushing’s disease
Persistent Cushing’s disease after surgery is a frequent 
indication for RT because medical treatment is a less 
effective option.26

Prolactinoma
Prolactinoma are successfully treated with medical 
management with or without surgical resection. RT is 
reserved for patients who fail medical management or 
recur after surgery and medical treatment,27 although in 
this setting it is not as effective in normalizing hormone 
levels as in other secretary tumors.28

Assessing clinical outcome 
of pituitary RT
The clinical efficacy of RT for pituitary adenoma should 
be assessed in terms of survival, actuarial tumor con-
trol [progression-free survival (PFS)], and quality of life. 
The commonly reported endpoints for nonfunctioning 
pituitary adenoma are local tumor control measured 
as PFS and long-term morbidity, and in patients with 
secreting pituitary adenoma, normalization of elevated 
hormone levels. The rate of hormonal decline after RT 
varies with the type of secreting tumor, and the time to 
reach normal levels is dependent on the initial hormone 
level. The appropriate comparative measure for each hor-
mone is the time to reach 50% of pretreatment hormone 
level, and this should be corrected for the confounding 
effect of medical treatment. Surrogate endpoints such as 
“control rate” without indication of time and duration 
of follow-up and the proportion of patients achieving 
normal hormone levels without a clear relationship to 
pre-RT values do not provide comparative information 
on the efficacy of different treatment approaches and are 
potentially misleading.29

The reporting of efficacy of various techniques of RT 
is also subject to selection bias. Although fractionated 
RT is suitable for all pituitary tumors, irrespective of 
size, shape, or proximity to critical structures, radiosur-
gery is only suitable for small tumors away from the 
optic chiasm. Studies reporting efficacy of SRS therefore 
mostly deal with small tumors that are often associated 
with lower hormone levels. Varying biochemical end-
points, length of follow-up, differing indications, and 
evolution of RT over time make comparison of different 
RT techniques difficult.
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Efficacy and toxicity 
of conventional RT
Tumor control
The long-term results after conventional fractionated RT 
are listed in Table 4.1.30,31 The actuarial PFS is in the region 
of 80%–90% at 10 years and 75%–90% at 20 years.30,31 
The largest series of patients with pituitary adenoma treated 
at The Royal Marsden Hospital in the 1970s and 1980s 
reported a 10-year PFS of 92% and a 20-year PFS of 88%.3

Endocrine control
Fractionated irradiation leads to normalization of excess 
hormone secretion in the majority of patients, albeit 
with delay. Using a strict remission criteria of GH 
below 2 ng/mL and/or normalized IGF-I, normaliza-
tion is achieved in 30%–50% of acromegalic patients 
at 5–10 years and in 75% of patients at 15 years after 
treatment30,31 (Table  4.1), and the time to normaliza-
tion of GH is related to pretreatment of GH. Patients 
with higher initial levels of GH and IGF-I take longer 
to achieve a remission and have a lower remission rate.24 

Authors
Type of 
adenoma

Number 
of 
patients

Follow-up
Actuarial PFS Late toxicity (%)Median 

(years) % Visual Hypopituitarism

Grigsby et al 1989 NFA, SA 121 11.7 89.9 at 10 years 1.7 NA
McCollough et al. 

1991
NFA, SA 105 7.8 95 at 10 years NA NA

Brada et al. 1993 NFA, SA 411 10.8 94 at 10 years 1.5 30 at 10 years
88 at 20 years

Tsang et al. 1994 NFA, SA 160 8.7 87 at 10 years 0 23c

Zierhut et al. 1995 NFA, SA 138 6.5 95 at 5 years 1.5 27c

Estrada et al. 1997 SA (ACTH) 30 3.5 73 at 2 yearsb 0 48c

Rush et al. 1997 NFA, SA 70 8 NA NA 42c

Breen et al. 1998 NFA 120 9 87.5 at 10 years 1 NA
Gittoes et al. 1998 NFA 126 7.5 93 at 10 and 15 

years
NA NA

Barrande et al. 
2000

SA (GH) 128 11 53 at 10 yearsb 0 50 at 10 years

Biermasz et al. 
2000

SA (GH) 36 10 60 at 10 yearsb 0 54 at 10 years

Sasaki et al. 2000 NFA, SA 91 8.2 93 at 10 years 1 NA
Epaminonda et al. 

2001
SA (GH) 67 10 65 at 15 yearsb 0 NA

Minniti et al. 2005 SA (GH) 45 12 52 at 10 yearsb 0 45 at 10 years

Langsenlehner 
et al. 2007

NFA, SA 87 15 93 at 15 years 0 88 at 10 years

Minniti et al. 2007 SA (ACTH) 40 9 78 and 84 at 5 
and 10 yearsb

0 62 at 10 years

NFA, nonfunctioning adenoma; SA, secreting adenoma; NA, not assessed, ACTH—Cushings, GH—acromegaly.
a	 For details of individual papers, please see references [19] and [20].
b	 Hormone concentration normalization.
c	 no time specified.

Table 4.1
Summary of results of published series on conventional RT for pituitary adenomas.a
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The rate of decline is log-normal, with an apparent ini-
tial faster drop followed by a slower decline. The time 
to achieve a 50% reduction of GH is in the region of 
2 years, with IGF-I reaching half of pretreatment levels 
over a longer period.32,33

After conventional fractionated RT in Cushing’s 
disease, urinary free cortisol (UFC) reduces to 50% of 
pretreatment value in 6–12 months and plasma cor-
tisol in 12 months.34 The median time to reaching 
normal cortisol level is in the region of 24 months.34 
The reported tumor and hormone control at a median 
follow-up of 8  years are 97% and 74%, respectively 
(Table 4.1).

The majority of patients with prolactinoma are 
treated with surgery and optimal medical management. 
Less than 10% of patients do not achieve hormonal nor-
malization after surgery and medical management.35 
Following with fractionated RT, the 10-year tumor and 
biochemical control is in the region of 90% and 50%, 
respectively.36–38

Toxicity of conventional RT
The toxicity of modern fractionated RT with doses of 
45–50 Gy at <2 Gy per fraction is low. The reported 
incidence of presumed radiation optic neuropathy result-
ing in visual deficit is 1%–3%,3,4 and risk of necrosis of 
normal brain structures is almost unknown, although 
reported in 0.2% of patients.39 Hypopituitarism rep-
resents the most commonly reported late complica-
tion, occurring in 30%–60% of patients 10 years after 
RT.3,4,31 GH secretion appears to be most frequently 
affected, followed by gonadotrophin, adrenocorticotro-
phin (ACTH), and thyroid-stimulating hormone (TSH) 
deficiency. Long-term routine testing for pituitary 
deficiency of all pituitary axes is therefore an essential 
component of management of patients after all types of 
pituitary RT.

An increased incidence of cerebrovascular acci-
dents and excess cerebrovascular mortality have been 
reported in patients with pituitary adenoma treated 
with conventional RT. The cause is multifactorial, 
including the metabolic and cardiovascular conse-
quences of hypopituitarism, the effects of individual 
endocrine syndromes, the consequences of surgical 
intervention, and vascular effects of RT. The relative 
contribution of radiation to its frequency remains to be 
determined.40–43

Radiation is associated with the development of a 
second, radiation-induced brain tumor. The reported 
cumulative incidence of development of gliomas and 
meningiomas after treatment of pituitary adenoma is 

in the region of 2% at 20 years, and the median time 
interval between RT and second intracranial tumor was 
17 years.43–46

RT to large volumes of normal brain, particularly 
in children, is associated with neurocognitive impair-
ment. The effect of small-volume irradiation on neu-
rocognitive function in adults is not clear, particularly 
because  the effect of RT cannot be clearly differenti-
ated from the effect of other interventions and the 
tumor itself.47,48 Some studies found clear worsening of 
cognitive function,49,50 whereas others did not.47–49,51–53 
Most of the studies consisted of small sample sizes and 
heterogeneous study population.

Efficacy and toxicity of GKS
Tumor control
The published results of SRS in patients with non-
functioning and secreting pituitary adenomas are sum-
marized in systematic reviews30,31 and are shown in 
Table  4.2.30,31,54,55 The majority of published reports 
provide information on control rate without specifying 
a time and provide little useful information on the effi-
cacy of SRS. In a study of 380 patients, for both secre-
tory and nonsecretory tumors, the tumor control rate 
(defined as unchanged or smaller tumor volume) was 
90% at a median follow-up of 31 months.56 In this study, 
cessation of antisecretory medication was not associated 
with better tumor control. The summary figure of the 
actuarial 5-year control rate (PFS) after SRS for non-
functioning adenomas is in the region of 94% (there are 
few reliable 10-year results). This rate of tumor control, 
when only small tumors suitable for SRS are treated, is 
below that reported after fractionated RT for adenomas 
of all sizes.

Endocrine control
The outcome of GK-SRS in acromegaly is shown in 
Table 4.3.24,30,31,54,55,57–59 In the summary of published 
literature, 40% of patients achieved normalization of 
serum GH, at a median follow-up of 39 months. The 
time to reach 50% of baseline serum GH, reported in 
only three studies, is in the region of 1.5–2 years with 
a slower reduction in IGF-I levels,60–62 similarly to 
the rate reported after conventional fractionated RT, 
suggesting the rate of decline in GH level after SRS 
is no faster than after conventional RT. Lower pre-
treatment levels of GH and IGF-I levels, higher total 
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integral dose, higher maximal dose to the adenoma, 
and small tumor size are predictors of earlier nor-
malization.59,61,63 IGF-I level of <2.5 times the upper 
limit was also reported to predict the likelihood of 
remission (HR, 2.9).24 A  recent systematic review of 
radiosurgery in patients with new, persistent, and 
recurrent acromegaly reported a biochemical remis-
sion rate of 44.5% in patients who were off medical 
therapy and 60.3% in those still on medical therapy 
although this rate was not related to initial hormone 
levels, and the persistent use of medical treatment 
may simply represent a group of tumors with higher 
initial values.64,65

Fifty-one percent of patients with Cushing’s dis-
ease achieved biochemical remission (as defined by 
plasma cortisol and 24 h UFC level) at a corrected 
median follow-up of 42 months after SRS24,30,31,54,55,57,58 
(Table  4.4). The reported time to hormonal response 
ranged from 3 months to 3 years, with no clear differ-
ence in the rate of decline of hormone level compared 

with fractionated RT. SRS for Cushing’s disease recorded 
a remission rate of 54%, with 20% of patients who 
achieved remission subsequently relapsing, suggesting 
a higher failure rate than after fractionated treatment.66

Hormonal normalization in patients with prolac-
tinoma treated with SRS ranges from 5 months to 40 
months24,30,31,54,55,67,68 (Table 4.5). At a corrected median 
follow-up of 29 months (median range, 6–55 months), 
33% of patients had normalization of serum prolactin 
concentrations after SRS.31 One study of 35 patients 
reported a hormonal normalization of 80% at a median 
of 96 months and a tumor control of 97%.68 Large-
volume tumors are associated with low probability of 
remission.69 There is insufficient information to assess 
the rate of decline of prolactin in comparison with frac-
tionated RT.

Early studies of linear accelerator SRS report a 
small number of patients, and the results are broadly 
equivalent to those reported for GK-SRS.13 The largest 
study of 175 patients with pituitary adenoma treated 

Authors

Number 
of 
patients

Follow-up

Tumor growth 
control rate (%)

Late toxicity %
Median 
(months) Visual Hypopituitarism

Martinez et al. 1998 14 26–45 100 0 0
Pan L et al. 1998 17 29 95 0 0
Ikeda et al. 1998 13 45 100 0 0
Mokry et al. 1999 31 20 98 NA NA
Sheehan et al. 2002 42 31b 97 2.3 0
Wowra & Stummer 2002 45 55 93 at 3 years 0 14
Petrovich et al. 2003 56 36 94 at 3 years 4 NA
Pollock & Carpenter 2003 33 43 97 at 5 years 0 28 and 41 at 2 

and 5 years
Losa et al. 2004 56 41b 88 at 5 years 0 24
Iwai et al. 2005 34 60 93 at 5 years 0 6
Mingione et al. 2006 100 45b 92 0 25
Liscak et al. 2007 140 60 100 0 2
Pollock et al. 2008 62 64 95 at 3 and 

7 years
0 32 at 5 years

Kobayashi 2009 60 >3 years 97 4.3 8.2 worsening

NA, not assessed.
a	 For details of individual papers, please see references: [19] and [20].
b	 Mean follow-up.

Table 4.2
Summary of results of published series on SRS for nonfunctioning pituitary adenomas.a
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Authors

Number 
of 
patients

Follow-up
Hormone 
normalizationb 
(%)

Late toxicity (%)
Median 
(months) Visual Hypopituitarism

Thoren M et al. 1991 21 64 10 0 15
Martinez et al. 1998 7 26–45 NA 0 0
Pan L et al. 1998 15 29 NA 0 0
Morange Ramos et al. 

1998 
15 20 20 6 16

Lim et al. 1998 20 26 30 5 5
Kim et al. 1999 11 27 35 NA NA
Landolt et al. 1998 16 17 50 0 16
Mokry et al. 1999 16 46 31 0 NA
Hayashi et al. 1999 22 >6 41 0 0
Inoue et al. 1999 12 >24 58 0 0
Zhang et al. 2000 68 >12 40 NA NA
Izawa et al. 2000 29 >6 41 0 0
Pollock et al. 2002 26 36 47 4 16
Attanasio et al. 2003 30 46 23 0 6
Choi et al. 2003 12 43 30 0 0
Jane et al. 2003 64 >18 36 0 28
Petrovich et al. 2003 6 36 100 0 NA
Castinetti et al. 2005 82 49.5b 17 0 18
Gutt et al. 2005 44 22 48 NA NA
Kobayashi et al. 2005 67 63 17 0 NA
Jezkova et al. 2006 96 54 50 0 26
Pollock et al. 2007 46 63 11 and 60 at 2 

and 5 years
0 33 at 5 years

Jagannathan et al. 2009 95 57 (mean) 53 5c 34 (new)
Kobayashi 2009 49 63 17 (normal or 

nearly normal)
11 15

Wan 2009 103 60 (minimum) 37 0 1.7d

Castinetti 2009 27 60 (minimum) 42 at 50 months 1.3d 23d

Iwai 2010 26 84 38 0 8
Hayashi 2010 25 36 (mean) 40 0 0
Erdur 2011 22 60 55 0 29
Sheehan 2011 130 30 53 at 30 months 0 34

NA, not assessed.
a	 For details of individual papers, please see references [19] and [20].
b	 Mean follow-up.
c	 3 had previous RT.
d	 Whole series.

Table 4.3
Summary of results of published series on SRS for growth hormone–secreting pituitary adenomas.a
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Authors

Number 
of 
patients

Tumor 
growth 
control 
rate 
(%)

Hormone 
normalizationb 
(%)

Late toxicity (%)
Follow-up

Median 
(months) Visual Hypopituitarism

Degerblad et al. 
1986 

29 3–9 years 76 48 NA 55

Ganz et al. 1993 4 18 NA NA 0 NA
Seo et al. 1995 2 24 100 NA 0 NA
Martinez et al. 1998 3 26–45 100 100 0 0
Pan L et al.1998 4 29 95 NA 0 0
Morange Ramos 

et al. 1998 
6 20 100 66 0 16

Lim et al. 1998 4 26 NA 25 2 2
Mokry et al.1999 5 26 93 20 0 2
Kim et al. 1999 8 26 100 60 NA NA
Hayashi et al. 1999 10 >6 100 10 0 5%
Inoue et al.1999 3 >24 100 100 0 0
Izawa et al. 2000 12 >6 100 17 NA 0
Sheehan et al. 

2000 
43 44 100 63 2 16

Hoybye et al. 2001 18 17 yr 100 83 0 66
Kobayashi et al. 

2002 
20 60 100 35 NA NA

Pollock et al. 2002 11 36 85 35 35 8
Choi et al. 2003 9 43 100 55 0 0
Jane et al. 2003 45 >18 100 63 1 31
Petrovich et al. 

2003 
4 36 NA 50 0 NA

Devin et al. 2004 35 35 91 49 0 40
Castinetti et al. 

2007 
40 54 100 42 0 NA

Jagannathan et al. 
2009

90 45 96 54 5 22

Kobayashi 2009 25 64 (mean) 100 35 NA NA
Wan 2009 68 60 (minimum) 90 28 0 1.7
Castinetti 2009 18 60 (minimum) – 50 at 28 months 1.3c 23c

Hayashi 2010 13 36 (mean) 97 38 0 0
Sheehan 2011 82 30 – 54 0 22

NA, not assessed.
a	 For details of individual papers, please see references [19] and [20].
b	 Time not specified.
c	 Whole series.

Table 4.4
Summary of results of published series on SRS for ACTH-secreting pituitary adenomas.a
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with linear accelerator SRS with a single dose of 20 Gy 
reported local tumor control rate of 97% at a minimum 
of 12 months follow-up.70 Actuarial 5-year PFS is not 
reported. Hormonal normalization rates were 47% for 
GH-secreting adenomas, 65% with Cushing’s disease, 
and 39% with prolactinomas, with a mean time for 
hormone normalization of 36 ± 24 months. Within the 
limited follow-up, 12% developed additional pituitary 
dysfunction, 3% radiation-induced tissue damage, and 
1% radiation-induced neuropathy. These results are 
difficult to evaluate but are broadly similar to those 
achieved with GK-SRS.

Toxicity of GK-SRS
The most commonly observed complication after SRS 
is hypopituitarism, with a crude incidence ranging 
from 0% to 66%30,31; the actuarial incidence is not 
fully defined. Some reports suggest a lower incidence 
of hypopituitarism with GKS, most likely a reflection 
of selection of patients with small intrasellar tumors. 
In  patients who had previous transphenoidal surgery, 
lack of enhancing tumor on MRI and pituitary stalk 
dose of >7.7 Gy are associated with a higher risk of 
hypopituitarism.71,72 The doses to the residual pituitary 

Authors
Number of 
patients

Follow-up
Hormone 
normalization 
(%)

Late toxicity (%)
Median 
(months) Visual Hypopituitarism

Ganz et al. 1993 3 18 0 0 NA
Martinez et al. 1998 5 26–45 0 0 0
Pan L et al. 1998 27 29 30 0 0
Morange Ramos 

et al. 1998
4 20 0 0 16

Lim et al. 1998 19 26 50 NA NA
Mokry et al. 1999 21 31 57 0 19
Kim et al. 1999 18 27 16 NA NA
Hayashi et al. 1999 13 >6 15 NA 5
Inoue et al. 1999 2 >24 50 0 0
Landolt 2000 20 29 25 0 NA
Pan L et al. 2000 128 33 41 0 NA
Izawa et al. 2000 15 >6 16 0 NA
Polllock et al. 2002 7 26 29 14 16
Choi et al. 2003 21 43 23 0 0
Jane et al. 2003 19 >18 11 0 21
Petrovich et al. 2003 12 36 83 0 NA
Pouratian et al. 2006 23 55 26 7 28
Jezkova et al. 2009 35 96 80 na na
Kabayashi 2009 27 37 (mean) 17 0 0
Wan 2009 176 60 (minimum) 23 0 1.7
Castinetti 2009 15 60 (minimum) 46 at 24 months 1.3b 23b

Sheehan 2011 32 30 26 at 25 months – 38

NA, not assessed.
a	 For details of individual papers, please see references [19] and [20].
b	 Whole series.

Table 4.5
Summary of results of published series on SRS for prolactin-secreting pituitary adenomas.a
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gland and to the distal infundibulum are independent 
factors for predicting the risk of hypopituitarism.73,74 In 
NFPA, the risk of new pituitary deficiency is also cor-
related with adenoma volume.75

The frequency of visual complications should be 
low if SRS is only offered to patients with adenoma 
at a safe distance from the optic chiasm and nerves 
(≥5 mm). Only 10 studies of radiosurgery in acromeg-
aly report visual complications.65 Optic nerve deficit 
and cranial nerves palsies were reported in up to 11% 
of cases.76,77 Patients with Cushing’s disease have a 
reported 10% incidence of new cranial nerve deficit, 
with 6% incidence of optic neuropathy, and patients 
with prolactinoma have 10% incidence of cranial 
nerve deficit, a high incidence not seen after fraction-
ated treatment.66,78 Long-term risks of cerebrovascular 
events and the incidence of second tumors are not yet 
defined.

A small study of 14 patients of which five received 
GKS reported no impairment of neurocognitive 
function.79

Efficacy and toxicity of 
CyberKnife radiosurgery/RT
A study of 100 patients with NFPA treated with 
CyberKnife to a dose of 21 Gy in three fractions or 
25 Gy in five fractions reported a 3-year survival of 
98% and local control rate of 98%. Three patients 
developed transient cystic enlargement, and one 
patient developed new visual problem.80 Cho et  al.81 
reported a tumor control rate of 92% in 26 patients 
treated with CyberKnife radiosurgery at a mean of 30 
months. Hormonal normalization was achieved in four 
of the nine (44%) patients, within a mean duration of 
16 months; two patients (7.6%) developed worse visual 
acuity due to cystic enlargement of tumor. A small 
study of nine patients with acromegaly reported 44% 
biochemical remission.82 Other studies also report 
a  tumor control of 95%–100% with radiosurgery or 
hypofractionated radiotherapy.83,84 However, long-term 
follow-up is needed to establish the safety and efficacy 
of this technique.

Efficacy and toxicity 
of fSCRT
A review of the efficacy and toxicity of fSCRT in pitu-
itary adenoma is shown in Table  4.6.13,30,31,85–87 At a 

corrected median follow-up of 39 months (median 
range, 10–60 months), tumor control was achieved 
in 98% of patients. The 5-year actuarial PFS of 92 
patients (67 nonfunctioning, 25 secreting) treated at 
The Royal Marsden Hospital was 97%.88 The results 
are similar to patient cohorts treated with conventional 
RT (Table 4.1).

In the Royal Marsden series, 6 of 18 acromegalic 
patients (35%) had normalization of GH/IGF-I at a 
median follow-up of 39 months.88 Similarly, in a study 
of 20 patients treated with SCRT, normalization of GH 
levels was reported in 70% and local control in 100% 
at a median follow-up of 26 months.89 Data on the rate 
of decline are not available, although it is expected to 
be similar to that seen after conventional RT because 
the same dose fractionation is used. There is limited 
data on SCRT in patients with Cushing’s disease. In a 
small series of 12 patients, control of elevated cortisol 
was reported in nine of 12 patients (75%) at a median 
time of 29 months.90

In a study of 34 patients with acromegaly, SCRT 
results in 50% hormonal normalization at 30 months.85 
Tumor was stable or reduced in size in 91%; 29% 
patients developed new pituitary deficiency.

Hypopituitarism was reported in 20%–30% of 
patients at an overall corrected median follow-up of 60 
months. Other late complications were rarely recorded. 
Although the incidence appears low, longer follow-up is 
necessary to detect toxicity appearing many years after 
treatment.

In summary, SCRT achieves tumor control and nor-
malization of hormone hypersecretion at rates similar 
to the reported rates after conventional fractionated 
RT. Longer follow-up is required to demonstrate the 
presumed lower incidence of long-term morbidity com-
pared with conventional CRT.

Efficacy and toxicity 
of proton treatment
An early study of 30 patients with acromegaly reported 
80% decrease in GH at 4.5 years, whereas pituitary 
deficiency and oculomotor nerve palsies were more com-
mon.91 The use of proton SRS in 22 patients with acro-
megaly reported 59% normalization of GH at a median 
of 42 months. New pituitary deficiency was reported 
in 38% of patients.92 A study of 47 patients treated 
with fractionated proton RT reported tumor stabiliza-
tion in only 41 (87%) patients at a minimum 6 months 
follow-up; one patient developed temporal lobe necrosis, 
three developed new significant visual deficits, and 11 
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developed hypopituitarism.93 The available peer review 
reports of protons for pituitary adenoma demonstrate 
disappointing efficacy and toxicity.

Factors affecting the 
efficacy of radiation
Hormone levels and tumor size
There are no studies demonstrating dose response for 
conventional RT, with no clear improvement in tumor 
control after higher radiation doses beyond 45–50 Gy. 
With radiosurgery, the suggestion is that the tumor 
margin dose correlates with tumor control, although 
this correlation may also be related to the size of the 
residual tumor.57

With conventional RT in acromegalic patients, 
the proportion of patients achieving hormonal remis-
sion increases with time, and this is a function of 
the steady rate of decline in hormone hypersecretion. 
Consequently, patients with lower initial hormone levels 

reach normalization earlier,94 and this is also seen after 
radiosurgery.95

Smaller tumors associated with lower levels of pre-
treatment hormones are also associated with better 
response.56,67,78,82,96,97 The rate of endocrine remission 
was increased by a factor of 1.30 (95% CI, 1.05–1.61), 
with each 1 cc reduction in treatment volume.56

Medical treatment during radiation
Some studies suggest an increased rate of biochemical 
response in secretory adenoma irradiated while off med-
ical treatment,56,78,97,98 although this is not substantiated 
and may simply reflect the suppressed hormone levels 
with medical treatment not reflective of the true level. 
Hence, the time to reach normal level may appear longer 
than would be the case for similar levels in patients not 
on medical therapy.

Dose of radiosurgery
A higher margin dose while using GKS results in 
a better chance of endocrine remission and control of 

Authors
Number of 
patients

Follow-up

Tumor growth 
control rate (%)

Late toxicity (%)Median 
(months) Visual Hypopituitarism

Coke et al. 1997 19b 9 100 0 0
Mitsumori et al. 1998 30b 33 86 at 3 years 0 20
Milker-Zabel et al. 2001 68b 38 93 at 5 years 7 5
Paek et al. 2005 68 30 98 at 5 years 3 6
Colin et al. 2005 110b 48 99 at 5 years 2 29 at 4 years
Minniti et al. 2006 92b 32 98 at 5 years 1 22
Selch et al. 2006 39b 60 100 0 15
Kong et al. 2007 64b 37 97 at 4 years 0 11
Snead et al. 2008 100b 6.7 years 98 at 10 year for 

NFA and 73 SA
1 35

Roug 2010 34b 34 91(50% hormonal 
normalization)

– –

Schalin-Jantti 2010 30 5.3 years 100 0 23
Weber 2011 27b 72.4 96 4 8

a	 For details of individual papers, please see references [19] and [20].
b	 Series include secreting pituitary adenomas.

Table 4.6
Summary of results on published studies on SCRT for pituitary adenomas.a
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tumor growth.56 The odds ratio (OR) of adenoma vol-
ume control for each 1 Gy increase in margin dose was 
1.062 (95% CI, 1.008–1.118) for all tumors and 1.15 
(95% CI, 1.022–1.294) for secretory adenoma. Tumor 
margin dose was also correlated with time to remission. 
A 5 Gy reduction in dose increased the time to remis-
sion by a factor of 1.36 (95% CI, 1.05–1.79).

Re-irradiation for recurrent 
pituitary adenoma
Re-irradiation for progression of pituitary adenoma 
after RT is considered risky because of the pre-
sumed cumulative radiation damage to optic appa-
ratus, cranial nerves, and normal brain. Fractionated 
re-irradiation using conventional or stereotactic tech-
niques is feasible with acceptable toxicity,29 providing 
there is 3–4 year gap from primary RT to doses of 45 
Gy at <1.8 Gy fraction. SRS has also been used for 
small recurrent lesions99 with hormonal normalization 
in some patients with acromegaly and a proportion of 
patients with ACTH-secreting adenoma.28,99 Although 
the impression is that late toxicity of re-irradiation is 
uncommon, there are insufficient long-term data to 
demonstrate it.

Choice between 
radiosurgery and RT
Many arguments have been put in favor of radiosurgery, 
such as convenient single-day treatment, shorter period 
to achieve biochemical remission, lower incidence of 
new hormonal deficits, and lower risk of radiation-
induced tumors.100 Although there are no direct 
comparative studies of RT with radiosurgery, the ret-
rospective RT and radiosurgery cohorts corrected for 
confounding factors such as the technique, dose, pre-
treatment hormone levels, and tumor size should pro-
vide some information on which to base an informed 
judgment.

An example of inappropriate comparison is an 
apparently superior results of an early report of radio-
surgery in patients with acromegaly treated between 
1994 and 1996 when compared with a cohort of patients 
treated at another institution between 1973 and 1992 
with low-dose conventional RT who had higher GH 
levels and likely larger tumors than those suitable for 
radiosurgery. In addition, the measure for comparative 
efficacy was time to reach normalization, which is not 

the appropriate comparative endpoint to provide a mea-
sure of rate of GH decline in the different cohorts.101 
Although the unfounded belief in faster decline of GH 
levels persists, the majority of published studies and sys-
tematic reviews fail to show superiority of radiosurgery 
over fractionated irradiation in terms of rate of hormone 
decline.30,31

Loss of pituitary function is cumulative over a 
period of 10–15 years.102 Although there are many 
studies reporting long-term pituitary dysfunction 
with RT, radiosurgery data have not been reported 
in cumulative actuarial manner and are frequently 
not mature enough to assess long-term effect on pitu-
itary function. The only study with minimum 10-year 
follow-up reported 46% endocrine remission in acro-
megaly patients with 50% developing new pituitary 
insufficiency where the majority of hypopituitarism 
appeared >5 years after radiosurgery.103 Currently, 
there is therefore no evidence that radiosurgery results 
in lower incidence of new hypopituitarism. A similar 
argument exists for the incidence of second tumors, 
where radiosurgery series do not have sufficient length 
of follow-up and are generally not large enough to 
detect a change from the low 20-year rate reported for 
fractionated RT.

In conclusion, although patients with small residual 
pituitary adenomas away from critical structures can 
be treated with single-fraction radiosurgery as safely as 
with fractionated treatment, the tumor control results 
are inferior to fractionated RT, and it remains unclear 
whether this group, particularly with NFPA, should 
be treated at all. In patients with larger tumors requir-
ing RT, fractionated high-precision conformal radiation 
remains the treatment of choice.

Conclusions
Fractionated RT is an effective treatment achieving excel-
lent disease control and normalization of hormone levels. 
Although overall safe, it is not devoid of side effects, and 
it should only be used when the risks from the disease 
itself are considered to outweigh the risks from the treat-
ment. The balance of risks should consider not only early 
consequences of the disease and treatment, measured in 
terms of disease control and immediate morbidity, but 
also late effects, particularly the effect on survival and 
quality of life, both of which are not so well defined.

Residual tumors, most of which have indolent natu-
ral history, pose little threat to function, unless close 
to the optic apparatus, or when destructively invading 
surrounding structures, which is an uncommon event. 
The risks are therefore minimal and in the absence of 
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progression or hormone hypersecretion, there is cur-
rently little justification to offer adjuvant treatment 
whether in the form of fractionated or single-fraction 
treatment. However, the policy of surveillance requires 
close monitoring, usually in the form of annual MRI 
proceeding with timely irradiation, before the need 
for further surgery. The aim is to arrest tumor growth 
without the additional risks of reoperation.

In secreting tumors, irradiation is generally offered 
to patients with persistent hormone elevation that is 
not decreasing at the expected rate after previous inter-
vention. That generally means persistent elevation in 
patients with acromegaly, Cushing’s disease, and other 
secreting adenomas, regardless of the actual level, as 
the aim in most instances is to reach normalization. 
In patients with acromegaly treated with somatostatin 
analogs, the expense and inconvenience of protracted 
systemic treatment would also argue for early RT to 
allow for gradual withdrawal of medical treatment. 
The alternative is to continue medical management 
indefinitely without RT. It is not clear which policy is 
associated with better long-term survival and quality 
of life, and this should ideally be tested in a prospec-
tive randomized trial. The proposed phase II RTOG 
trial 0930 is planned to evaluate radiosurgery for the 
treatment of persistent acromegaly after transphenoidal 
surgery.

The current practice is therefore to offer treatment to 
patients with progressive nonfunctioning (or secretory) 
adenomas considered to be of threat to function and to 
patients with secretory adenomas with persistent hyper-
secretion. On the evidence available, single-fraction 
radiosurgery, although apparently more convenient, is 
less effective in achieving long-term disease control of 
adenoma tumor masses and without faster decline in 
hormone levels in secreting tumors. In addition, single-
fraction treatment of larger adenomas close to critical 
structures carries a significant risk of radiation-induced 
damage. Fractionated irradiation either as CRT or 
SCRT therefore remains the standard of care with SRS 
considered as an experimental and in some instances less 
effective treatment.

The availability of radiosurgery has in some centers 
led to the policy of adjuvant single-fraction radiosur-
gery in patients with small residual tumors. It is not 
clear that such practice is appropriate because the risks 
from small nonfunctioning adenomas are unlikely to be 
greater than the risks of SRS. Similarly, some patients 
with slow decline in hormone levels, particularly in 
acromegaly, have been offered additional SRS. There is 
no clear evidence that further irradiation significantly 
speeds up the hormone decline while carrying addi-
tional morbidity of re-irradiation.

Modern conformal techniques of fractionated irra-
diation have become standard practice, with many cen-
ters offering the additional accuracy of high-precision 
treatment with “stereotactic” guidance. Such practice 
relies on the expertise of accurate target definition using 
modern imaging, on the precision of the system based 
on exhaustive QA program, and infrastructure, particu-
larly in the form of expertise of staff in complex tech-
niques of treatment planning and delivery. In the final 
analysis, it is likely that the expertise at all levels of staff 
is more important to the success of pituitary RT than 
the equipment and the precise technique of treatment. 
Although proton therapy is currently under investiga-
tion and may have a potential of treating less normal 
brain, the complexity of the technology and the limita-
tion in our understanding of the biological and clinical 
effects mean that carefully designed prospective studies 
are required before accepting it as an effective and safe 
alternative to photon irradiation.
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Replacement therapy in adult hypopituitarism
Anna G. Nilsson, Gudmundur Johannsson

Introduction
The function of the hypothalamic–pituitary axis is 
essential for the regulation of key endocrine systems1 
(Figure 5.1). Already in the third century B.C., Aristotle 
concluded that the brain was necessary for the mainte-
nance of the body.2 The experimental evidence of the 
role of the hypothalamus and the pituitary in the regu-
lation of several endocrine systems is, however, relatively 
recent.3,4 It was not until the beginning of the 20th 
century that the role of the pituitary as a regulator of 
growth and maturation was described when injections 
of pituitary extracts in rodents resulted in stimulation 
and maturation of peripheral glands.5 The clinical syn-
drome of hypopituitarism was first described in 1914.6 
The history of the management of hypopituitarism has 
been influenced by the availability of the hormone used 
for replacement therapy. Desiccated thyroid hormone 
became available in 1891, synthetic estrogen and tes-
tosterone became available in the third decade of the 
20th century, synthetic hydrocortisone (HC) became 
available in 1948, and the first placebo-controlled trials 
of growth hormone (GH) replacement therapy in adults 
were published in 1989.7,8

In the early 1990s, it was described that the mortality 
rate in adults with hypopituitarism was twofold in men 
and nearly threefold in women9 (Figure 5.2). The reason 
for this observation was that GH was not replaced in 
adults with hypopituitarism because its importance for 
adults was not generally recognized. Another putative 
possibility is that other hormones were not adequately 
replaced, in particular, an unphysiological or inappro-
priately high dose with glucocorticoids because a similar 
increased mortality rate was later described in patients 
with Addison’s disease.10

The scope of this chapter is to summarize today’s 
management of pituitary insufficiency, from a clinically 
practical point of view. The importance of an individu-
alized approach for each of the hormones to be replaced 
is emphasized, together with the importance of consid-
ering different phases of the patient’s life in the overall 
management of patients with hypopituitarism.

Hypopituitarism 
(see Chapter 1)
Hypopituitarism occurs when the pituitary gland is 
unable to produce its hormones, either due to a disease 
in the pituitary or due to inadequate stimulation of the 
pituitary from the hypothalamus. Patients with hypo-
thalamic pituitary disease may develop anterior pituitary 
hormone deficiency due to the underlying disease or its 
treatment. Some of these patients will also develop pos-
terior pituitary hormone deficiency with loss of arginine 
vasopressin (AVP) secretion, causing diabetes insipidus 
(DI). The management of these patients requires treat-
ment and monitoring of their pituitary hormone defi-
ciencies and monitoring of the underlying cause of their 
hypopituitarism, often by a hypothalamic–pituitary 
tumor. The clinical syndrome of adult hypopituitarism 
includes fatigue, infertility, loss of muscle mass and 
strength, abdominal adiposity, and osteoporosis. The 
symptoms depend on which of the pituitary hormones 
are affected. When there is deficiency of all the hormones 
of the adenohypophysis, it is termed panhypopituitarism.

Because most adult patients with hypopituita-
rism have multiple pituitary hormone deficiencies, the 
treatment requires knowledge of hormone–hormone 
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interactions, such as between thyroid hormones and 
glucocorticoids. Another important feature in the man-
agement of these patients is the fertility because a large 
proportion of patients are at an age when family plan-
ning occurs. Patients with hypopituitarism need to be 
informed of the possible and specific managements that 
may be offered related to fertility.

Causes of hypopituitarism 
(Table 5.1)
The major cause of hypopituitarism is a disorder in the 
hypothalamic–pituitary area. The majority of patients 
will have a benign tumor in this area, but other reasons for 

hypopituitarism are traumatic, as a consequence of radio-
therapy involving the hypothalamic–pituitary region, 
infiltrative disorders, and autoimmune mechanisms.

Identification of genetic causes of hypopituitarism 
is becoming more frequent because the knowledge of 
mutations causing hypopituitarism is growing rap-
idly11 and because genetic tests are becoming easier to 
perform, are more readily available, and cost less. The 
diagnosis is usually established during childhood in a 
child with growth failure. The importance of genetic 
testing and a correct diagnosis is evident for some of the 
genetic disorders that lead to progressive and sequential 
loss of the anterior pituitary function that often follows 
a specific pattern. When such a mutation is known, the 
surveillance of that patient can be tailored accordingly. 
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Figure 5.1
Overview of the hypothalamic–pituitary–target gland system. Hypopituitarism may occur due to loss of 
function in the hypothalamus or the pituitary or due to processes disturbing the pituitary stalk function. The 
anterior pituitary (adenohypophysis) produces ACTH, TSH, LH, FSH, PRL (prolactin), and GH in response 
to hypothalamic factors and is under negative feedback from their peripheral hormones. The posterior 
pituitary (neurohypophysis) stores and releases the hypothalamic hormones ADH and oxytocin. (Reprinted 
from Schneider HJ et al., The Lancet, 369, 1461–70, 2007. Copyright (2007), with permission from Elsevier.)
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The most common genetic cause in hypopituitarism is 
the PROP1 mutation. At presentation, GH and central 
hypothyroidism are present, hypogonadotropic hypo-
gonadism is usually detected when the patient enters 
puberty, and finally adrenal insufficiency may develop 
later in life.

There is also increased awareness of the risk of hypo-
pituitarism in patients suffering from traumatic brain 
injury (TBI) and subarachnoid hemorrhage (SAH). 
In these patients, an unrecognized hypopituitarism may 
lead to death due to adrenal crisis or influence the reha-
bilitation potential and long-term morbidity. The true 

Causes 
Estimated 
Percentage

Nonfunctioning pituitary adenoma 26–57
Craniopharyngioma 4–12
Prolactinoma 9–13
Idiopathic 11–15
Empty sella syndrome 2–7
Parasellar lesions/tumors 3–5
Other pituitary tumors; acromegaly, Cushing’s disease, gonadotropinomas, 

TSH-secreting tumors, pituitary apoplexy, pituicytoma/choristoma
<20

Infiltrative; sarcoidosis, eosinophilic granuloma, tuberculosis, syphilis, Wegener’s 
granulomatosis, Langerhans cell histiocytosis, basilar meningitis

?

Traumatic ?
Autoimmune: lymphocytic hypophysitis <1
Radiation therapy (linked to underlying tumor) ?
Genetic ?
Other: Sheehan’s syndrome

Source:	 Adapted from Sherlock M et al., Endocr Rev, 31, 301–42, 2010.
Note:	 ?, unknown

Table 5.1
Causes of hypopituitarism in adults.
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Figure 5.2
Death rates from vascular disorders in patients with hypopituitarism and in age- and sex-matched controls. 
Solid lines represent observed death rates and dotted lines represent the expected death rates in men (the 
left panel), women (the middle panel), and the total study population (the right panel) (Reprinted from 
Rosén T and Bengtsson B-Å, The Lancet, 336, 285–8, 1990, Copyright 1990, with permission from Elsevier.)
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frequency of hypopituitarism in TBI and SAH is not 
known, but data indicate that any type of anterior pitu-
itary hormone deficiency may be found in 30% or more 
in these patients.1

Epidemiology of hypopituitarism
The epidemiology of hypopituitarism is not very well 
studied. Data have been collected before the increased 
awareness of hypopituitarism in TBI and SAH, suggest-
ing that published data may underestimate the true 
prevalence of hypopituitarism.

There is only one study that has estimated both inci-
dence and prevalence of hypopituitarism. This study 
examined an average population sample of 146,000 
adult inhabitants in South Galicia, Spain.12 The study 
demonstrated an increase in the prevalence from 29 to 
45.5/100,000 between 1992 and 1999, with an average 
annual incidence rate of 4.21 cases/100,000. A Swedish 
study on the incidence of pituitary adenomas, the 
most common cause of hypopituitarism in adults, 
demonstrated an increased incidence from 0.6 to 1.1 
cases/100,000 between 1975 and 1991.13 The combined 
results from these studies indicate an increase in the 
prevalence of hypopituitarism. Whether this is a true 
increase in the prevalence or an increased awareness of 
hypopituitarism is not known.

Mortality in adults with 
hypopituitarism
The first indication of excess mortality in hypopituitary 
adults came from a retrospective study by Rosén et al.9 
showing doubled overall standardized mortality rate 
in hypopituitary patients compared with the normal 
population (Figure 5.2). Several additional retrospec-
tive studies, and one prospective study, have confirmed 
that overall mortality rate is increased by twofold and 
even higher in the women with hypopituitarism14,15 
(Figure 5.3). Another study more specifically investigat-
ing the impact of GH deficiency on mortality rate also 
demonstrated that young age at diagnosis was associ-
ated with a more marked increase in the standardized 
mortality rate.16

Several studies have shown that the observed excess 
mortality rate in hypopituitarism was mainly due to an 
increased rate of death of cardiovascular causes. These 
studies have not been able to show in a consistent pat-
tern that the increased mortality is due to any specific 
hormone deficiency. Some studies have suggested that 
untreated GH deficiency may be the most important 

contributor to the increased mortality rate. Other likely 
contributing factors are unphysiological replacement 
with glucocorticoids, both in terms of the actual dose 
and the cortisol exposure time profile; poor replacement 
of sex steroids in women; the presence of DI; underly-
ing disease, such as craniopharyngioma; and previous 
treatment with radiotherapy.17 Some studies have in fact 
demonstrated that the presence of adrenal insufficiency 
and the actual daily dose of glucocorticoids is associated 
with the excess mortality rate.18,19

Symptoms and signs
The initial clinical presentation varies considerably due 
to the numerous underlying causes of hypopituitarism, 
the speed at which the pituitary insufficiency develops, 
and what hormones are lost. Because most patients have 
an insidious and slow onset of the disease, nonspecific 
complaints are common, such as weakness, lethargy, 
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Figure 5.3
Standard mortality rates (SMRs) and 95% con-
fidence intervals (CIs) in individual studies on 
patients with nonmalignant pituitary diseases not 
associated with excess ACTH or GH secretion, and 
in the weighted meta-analysis (bottom line). Results 
are shown for men (open boxes) and women (black 
boxes) separately. Weighted SMR values for men 
(SMR = 2.06; CI 1.94–2.20) and women (SMR = 2.80; 
CI 2.59–3.02) were calculated using the inverse vari-
ance method. (Reprinted from Nielsen EH et al., Clin 
Endocrinol (Oxf), 67, 693–7, 2007. With permission. 
Copyright 2007, Blackwell.)
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fatigue, reduced muscle strength, reduced energy and 
vitality, and reduced exercise tolerance. More specific 
symptoms or signs indicating hypopituitarism may also 
be found.

Pituitary tumors are the most common cause of 
hypopituitarism and may present either with symp-
toms due to expansion—headache, visual field defects, 
and even obstructive hydrocephalus, if the tumor 
obstructs the third ventricle—or with symptoms and 
signs associated with hypopituitarism. Patients with-
out tumors will, however, only present with symptoms 
and signs of hypopituitarism. These symptoms and 
signs are in most cases slowly progressive over years. 
The initial symptoms and signs are therefore vague, 
are not easily detected, and are often even ignored 
by the patients and nonspecialist physicians. In con-
sequence, therefore, there is frequently a delay in the 
time of diagnosis, which may thus be very prolonged. 
A few causes of hypopituitarism have, however, a very 
rapid onset, such as in postpartum pituitary necrosis, 
where absence of lactation is associated with a rapid 
decline in general health.

In some cases, hypopituitarism presents itself as loss 
of only one hormone deficiency. This is most commonly 
seen in isolated growth hormone deficiency (GHD) with 
short stature in childhood or isolated hypogonadotropic 
hypogonadism. Other isolated losses may occur, but 
clinical hypopituitarism in adults usually presents itself 
as combined deficiencies, making the initial presenta-
tion more complex and at the same time more ambigu-
ous. In general, the order of loss of anterior pituitary 

function is predictable, particularly if the cause is a 
tumor or due to the radiotherapy. The order of loss is 
usually GH, the gonadotropins luteinizing hormone 
(LH) and follicle-stimulating hormone (FSH), thyroid-
stimulating hormone (TSH) or adrenocorticotropic 
hormone (ACTH), and finally prolactin. A notable 
exception to this occurs in patients with lymphocytic 
hypophysitis where ACTH secretion is often lost first 
followed by TSH, gonadotropins, and prolactin.

General considerations
In the initial diagnosis of hypopituitarism, an underly-
ing tumor should always be suspected because this is 
by far the most common cause in adults. This means 
that early in the diagnostic process visual field and 
visual acuity should be assessed because if there is 
indication of optic nerve compression, neurosurgical 
decompression is required. Symptoms of an expansive 
process, a history of severe head trauma, and symp-
toms of pituitary hormone deficiency should be sought 
(Table 5.2). It is important to early gain insight into 
whether the patient has symptoms or signs that could 
be associated with adrenal insufficiency because this 
may need urgent attention. If adrenal insufficiency is 
suspected, the patient should be supplied with HC 
tablets that should be taken in case of an intercur-
rent illness, together with steroid cards and bracelet, if 
medical attention is needed before the final diagnosis 
is made.

Hormone 
deficiency Symptoms Signs

ACTH Weakness, dizziness, lethargy, fatigue, 
anorexia, weight loss, infections

Pallor, wasting, loss of body hair

TSH Fatigue, weight gain, cold intolerance, 
constipation

Bradycardia, sallow complexion, slow-
relaxing reflexes

FSH/LH Men: reduced libido, erectile dysfunction, 
infertility, reduced muscle and 
strength, fatigue

Fine wrinkling of skin, loss of beard, loss of 
bodily hairs (male pattern), muscle atrophy, 
abdominal obesity, reduced or soft testes

Women: oligo/amenorrhea, infertility, 
loss of libido, dyspareunia

Fine wrinkling of skin, breast atrophy

GH Reduced energy and vitality, reduced 
exercise tolerance

Reduced muscle mass, central adiposity

ADH Polyuria and polydipsia

Table 5.2
Common symptoms and signs seen in patients with hypopituitarism.



Endocrinology in Clinical Practice

108

Secondary adrenal 
insufficiency (see also 
Appendix)
Secondary adrenal insufficiency or ACTH deficiency is 
estimated to occur among approximately 60%–80% of 
adults with hypopituitarism.14 Because this pituitary 
hormone deficiency often occurs late in the order of loss 
of anterior pituitary deficiency, it usually occurs in com-
bination with other pituitary hormone deficiencies.

The symptom and signs occurring in hypopituitarism 
(Table 5.2) are therefore present in most of the patients 
with adrenal insufficiency. More specific symptoms and 
signs may be fatigue, pallor, anorexia, and weight loss. 
Glucocorticoid deficiency may also mask the presence of 
DI so that when replaced, diuresis and thirst develop.

A specific and important situation in adrenal insuf-
ficiency is the occurrence of an intercurrent infection or 
major physical stress that may trigger the development 
of an adrenal crisis. Adrenal crisis occurs in patients 
with secondary adrenal insufficiency, although the fre-
quency is lower than seen in patients with Addison’s 
disease.21 Patients with secondary adrenal insufficiency 
may develop severe hyponatremia during an illness if 
not adequately replaced with glucocorticoids.

Definition and diagnosis
Secondary adrenal insufficiency is when there is a 
hypothalamic–pituitary reason for the adrenal insuffi-
ciency, that is, ACTH deficiency. In contrast to primary 
adrenal insufficiency, these patients have a functioning 
renin–angiotensin–aldosterone system and therefore no 
mineralocorticoid deficiency and they have no need for 
such replacement therapy. The women with hypogo-
nadotropic hypogonadism and ACTH deficiency have 
very low circulating androgens levels, due to insuffi-
cient ovarian and adrenal androgen secretion, that may 
contribute to their symptoms and signs.

The diagnostic approach to a patient with 
hypothalamic–pituitary disease and suspected adrenal 
insufficiency is somewhat different from the approach 
used in patients with primary adrenal insufficiency. The 
first line of evidence is to demonstrate low serum morn-
ing cortisol concentration in combination with a serum 
ACTH that is not elevated. The second line of evidence, 
if needed, is the short Synacthen test (SST). Finally, the 
reference test used for secondary adrenal insufficiency is 
the insulin tolerance test (ITT) (Box 5.1). In the event 
of a clearly low serum cortisol concentration without any 
other confounders, such as concomitant synthetic steroid 
use (topical, inhalation, oral), further testing may not be 
necessary. In other situations, further testing should be 
performed. The SST dose has been debated, but there is 
no evidence that the low dose (1 µg) is superior to the high 
dose (250 µg) despite the theoretical possibility that the 
low dose may be more appropriate in testing for secondary 
adrenal insufficiency.22 Because the SST test only evalu-
ates the responsiveness of the adrenal cortex, there is a risk 
for a false-negative test, particularly in patients with short 
duration of secondary adrenal insufficiency (<3 months).

Management
The aims of glucocorticoid replacement therapy (Box 5.2) 
are to mimic the circadian serum steroid profile and to 
respond to the increased need for cortisol during physi-
cal and physiological stimulation. Most patients receive 
HC or cortisone acetate for replacement, although syn-
thetic steroids are still used in a minority of patients.23 In 
patients with secondary adrenal insufficiency, the most 
common dose is 30 mg, but the trend is to use lower 
doses. This is based on data on cortisol production rate 
that is lower than previously thought, corresponding 
to approximately 15.5–19 mg/day in an average adult 
subject,24 and the outcome data showing an increase in 
cardiovascular risk factors among patients with a mean 
daily HC equivalent dose >20 mg/day25 (Figure 5.4). 
Moreover, because most patients with hypopituitarism 

Box 5.1  Assessment of secondary adrenal insufficiency

•	 Morning serum cortisol (0700–0900 hours)
•	 <100 nmol/L: hypocortisolism
•	 >550 nmol/L: hypocortisolism excluded

•	 Morning ACTH
•	 Normal or low

•	 Short Synacthen test (250 or 1 µg i.v.)
•	 Cortisol <550 nmol/L: hypocortisolism

•	 Insulin tolerance test
•	 Cortisol <550 nmol/L: hypocortisolism
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and adrenal insufficiency also have GHD, it is likely that 
they are particularly sensitive to glucocorticoids because 
there is an increased local 11β-hydroxysteroid dehydro-
genase (HSD) type 1 activity in adipose tissues, result-
ing in increased local cortisol exposure in GHD that is 
reduced after GH replacement.26,27 This adds further to 
the unfavorable metabolic features associated with hypo-
pituitarism in patients being replaced for adrenal insuf-
ficiency. The diagnosis of adrenal insufficiency may also 
be affected in such a manner that the patient may pass 
tests for adrenal insufficiency before GH replacement 
and fail after commencement of GH therapy.28

Another indication that current replacement ther-
apy may be inadequate is the outcome data of patients 
with primary and secondary adrenal insufficiency 
showing increased mortality rate from cardiovascular 
disorder and infectious diseases.10,18 A possible explana-
tion for this increased mortality rate is inappropriate 
glucocorticoid replacement therapy with excessive main-
tenance doses, unphysiological glucocorticoid exposure, 
and inadequate glucocorticoid exposure in response to 
stress and intercurrent illness.

The previously recommended dose of 30 mg/day HC 
is probably too high for most patients with adrenal insuf-
ficiency.29 The daily dose should therefore be lower and 

the dose divided in such a manner that the normal corti-
sol exposure time profile more resembles the endogenous 
serum cortisol profile, with the largest dose in the morn-
ing and less during the day and afternoon. For example, 
HC 10+5+5 mg is preferable over 10+10 mg. An oral dose 
too late during the day results in excessive exposure dur-
ing late evening that may affect sleepiness and the sleep 
quality during the night. This may occur in particular 
if the dose is administered together with a meal because 
this will increase bioavailability and delay the exposure 
time profile. Exciting new developments for the treatment 
of adrenal insufficiency has been presented, where a more 
physiological cortisol exposure is achieved30,31,32. The 
outcome data of these new hydrocortisone preparations 
suggest that outcome can be improved.

Adrenal insufficiency also leads to androgen deficiency, 
including dehydroepiandrosterone (DHEA) deficiency.33 
Studies on DHEA replacement have been performed in 
patients with secondary adrenal insufficiency, and some 
but not all studies have shown beneficial effects on well-
being and sexuality.34,35 Addition of 20–50 mg DHEA 
may be considered in female patients with hypopituita-
rism and low serum levels of DHEA who report reduced 
well-being and libido. Side effects that may occur are 
increased sweating, acne, and undesired hair growth.

Box 5.2  Glucocorticoid replacement therapy

Preferred glucocorticoid is HC that is chemically identical to endogenous cortisol.

The daily dose should be individualized using the lowest dose to maintain well-being without increas-
ing the risk of adrenal insufficiency and crisis.

An appropriate daily dose is likely to be between 10 and 20 mg in most patients.

The treatment regimen should consider that cortisol exposure is highest in the morning and low dur-
ing evening and night.

The daily dose should be divided, and three daily doses may have benefit over two daily doses.

During intercurrent illness, there should be a high awareness of the risk of developing acute adrenal 
insufficiency.

•	 For milder clinical conditions, the normal daily replacement dose must be increased 
temporarily—at least doubled.

•	 Parenteral administration of glucocorticoids is warranted during transient illnesses such 
as infections, in particular gastroenteritis; high fever of any etiology; or extensive physical 
stress such as surgery under general anesthesia when oral administration is not possible.

•	 The patient must be carefully informed and also advised to immediately seek medical 
attention should an acute deterioration occur, especially in cases of gastroenteritis, vomit-
ing, and/or diarrhea.

•	 Some patients may be taught to self-administer parenteral HC.
•	 To minimize risk during an emergency, patients should carry a “steroid treatment” card that 

gives clear guidance on the precautions to be taken during an intercurrent illness or any 
emergency situation where extra administration of HC is urgently needed.
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Mean waist circumference in cm at baseline with 95%
CI by HC equivalent dose category (adjustment for age,
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Figure 5.4
Hydrocortisone equivalent dose categories in ACTH-deficient and ACTH-sufficient (AS) hypopituitary 
patients. The broken line represents a dose–response analysis within the glucocorticoid-treated groups. 
(a)  Waist, #, p < 0.001 versus AS. (b) Total cholesterol, *, p < 0.0001 versus AS; #, p < 0.0001 versus 
<20  mg/day. (c) Triglycerides, logarithmic-transformed triglycerides are provided to achieve a nor-
mal distribution. *, p < .001 versus AS. (d) LDL cholesterol, #, p < 0.05 versus <20 mg/day. (Reprinted 
from Filipsson H et al., J Clin Endocrinol Metab, 91, 3954–61, 2006. With permission. Copyright 2006, 
The Endocrine Society.)
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Central hypothyroidism 
(see also Appendix)
TSH deficiency or central hypothyroidism is considered 
to occur late in the development of hypopituitarism, 
in particular when the underlying lesion is a pituitary 
tumor or due to radiotherapy. Among the general symp-
toms seen in hypopituitarism, more specific symptoms 
and signs related to hypothyroidism are cold intoler-
ance, constipation, dry skin, hoarseness, cognitive slow-
ing, weight gain, and bradycardia.

Diagnosis
In central hypothyroidism, the bioactivity of circulat-
ing TSH is reduced because the pituitary gland secretes 
an abnormally glycosylated TSH. TSH in this form has 
a longer half-life than normal TSH,33 explaining the 
normal or sometimes slightly elevated concentrations of 
TSH that may be seen in central hypothyroidism.34 This 
is a common pitfall in the diagnosis of central hypo-
thyroidism because the expected reduction in TSH is 
frequently not seen. A reduced serum free T4 concen-
tration in combination with a low, normal, or slightly 
elevated TSH is the single best criterion for diagnosis 
of central hypothyroidism. Dynamic testing such as the 
thyrotropin-releasing hormone (TRH) stimulation test 
and the evaluation of the nocturnal surge of TSH does 
not, in general, add to the diagnostic reliability.

The correct diagnosis may however sometimes be dif-
ficult. For example, in mild central hypothyroidism free 
T4 may be within the lower normal range due to the large 

intraindividual variation of the measurement.35 Patients 
with untreated GHD have higher free T4 levels than 
those on GH replacement, which may unmask central 
hypothyroidism. This is supported by data from hypo-
pituitary patients with thyroid hormone concentrations 
in the lower range of normal, who often need l-thyroxine 
replacement when commenced on GH replacement.36 
Hypopituitary patients with free T4 concentration in the 
lower part of the normal range should be carefully evalu-
ated clinically and have thyroid hormone status repeated 
regularly. Patients with nonthyroid illness may have a 
similar thyroid hormone pattern as patients with mild 
central hypothyroidism, except that they may have higher 
T3 concentrations. The thyroid hormone data should 
therefore always be evaluated in their clinical context.

Management
Central hypothyroidism is treated with l-thyroxine (T4) 
replacement (Box 5.3). The commencement of therapy 
should be individualized based on the patients’ overall 
medical state and the degree of insufficiency. Therefore, 
the initial dose should be lower and dose titration done 
more carefully in the elderly and in those patients who 
have a very severe insufficiency. In patients with central 
hypothyroidism, it should be recognized that the degree 
of insufficiency cannot be defined as well as in patients 
with primary hypothyroidism where the increase in TSH 
reflects the severity of the insufficiency. Moreover, it is of 
particular importance in hypopituitary patients with cen-
tral hypothyroidism that the status of the hypothalamic–
pituitary–adrenal (HPA) axis is assessed and adrenal 

Box 5.3  Thyroid hormone replacement therapy

Initial starting dose 12.5–50 µg depending on age, clinical condition, and severity of deficiency.

Patients >60 years of age and those with known or suspected ischemic heart disease should get a low 
initial dose, and slow dose titration should be done.

Always correct concomitant adrenal insufficiency before commencing thyroid hormone replacement 
therapy.

Maintenance dose is individual and should be guided by

•	 Serum free T4 in the upper range of normal
•	 Serum TSH concentration low or suppressed (<0.1 mIU/L)
•	 Total daily dose 1.6 µg/kg/day in patients <60 years of age
•	 Clinical response

Commencement of GH replacement reduces serum free T4.

Simultaneous intake of oral calcium and iron reduces gastrointestinal absorption of l-thyroxine.

Some antidepressive medications increase the peripheral catabolism of thyroxine.
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insufficiency is corrected before initiating treatment with 
l-thyroxine. Failure to do this may trigger an adrenal crisis 
in patients with untreated adrenal insufficiency, due to the 
accelerated metabolic clearance of cortisol and the general 
increase in the overall metabolic rate after T4 replacement.

Monitoring serum TSH concentrations for judging the 
appropriate l-thyroxine replacement dose in central hypo-
thyroidism is not very useful, making the fine-tuning of 
the therapy difficult. This is supported by a large trial of 
hypopituitary adults with GH deficiency, where it could be 
anticipated that the replacement dose was in many cases 
arbitrary, based on available tablet strengths.37 The study 
also indicated that patients with an average l-thyroxine 
dose of 1.4 μg/kg/day had the most appropriate replace-
ment dose, whereas patients with lower doses had increased 
body mass index (BMI) and waist circumference and 
patients with higher doses had lower BMI and waist cir-
cumference, compared with TSH-sufficient hypopituitary 
patients. These results are in agreement with previous care-
ful dose-titrating studies suggesting that free T4 should 
be in the upper range of normal, TSH levels should be low 
or suppressed, and the target dose of l-thyroxine should be 
dependent on the patient’s age. The dose titration studies 
have found the most appropriate mean l-thyroxine dose to 
be 1.6 µg/kg/day.38–40 The optimal dose may also be age-
dependent, with an l-thyroxine dose between 1.1 and 1.4 
μg/kg/day if >60 years and between 1.41 and 1.7 μg/kg/
day in patients <60 years.40 Other studies have also sug-
gested that TSH should be suppressed (<0.1 mIU/L)38,41 
and serum free T4 concentrations should be in the upper 
part of the normal range39,42 to achieve euthyroidism.

The importance of adequate dose titration of 
l-thyroxine is demonstrated by data showing increased 
cardiovascular disease, increased fractures, and dys-
rhythmias in patients with primary hypothyroidism 
with high or suppressed TSH concentration.43

GH replacement increases the conversion of T4 to 
T3.8 Therefore, careful monitoring of thyroid function is 
mandatory during GH treatment because it may induce 
changes in the dose of l-thyroxine or uncover central 
hypothyroidism.

Hypogonadotropic 
hypogonadism (see also 
Appendix)
Women
Hypogonadotropic hypogonadism is common in pituitary 
disease. Disturbed secretion of gonadotropin-releasing 

hormone (GnRH) and/or LH/FSH typically results in 
dysmenorrhea and amenorrhea, which in fertile women 
often are among the first signs of hypothalamic or pitu-
itary disease. Infertility is another symptom that may 
lead to the diagnosis of secondary hypogonadism.

Gonadotropin synthesis is dynamically regulated via 
pulsatile secretion of GnRH from the hypothalamus. 
Pulsatility is needed for stimulation of LH/FSH synthe-
sis and secretion, whereas continuous stimulation with 
GnRH results in reduced gonadotropic activity.

Diagnosis
The diagnosis of hypogonadotropic hypogonadism in 
women is based on clinical history and the presence 
of low estrogen levels in the circulation and normal 
or reduced levels of FSH and LH. In postmenopausal 
women, the diagnosis is based on the absence of ele-
vated levels of FSH and LH. Hyperprolactinemia 
needs to be excluded as prolactin per se suppresses the 
hypothalamic–pituitary–gonadal axis.

Management
Oral replacement of estrogen with cyclic addition of 
progestin is the most common replacement modality. 
Typically, the younger adult woman with pituitary 
insufficiency will be treated with an oral contraceptive 
pill with a combination of estrogen and progestin. In 
the middle-aged woman approaching the age of the 
physiological menopause, oral formulations with lower 
dose of estrogen may be preferred. If the patient has a 
uterus, cyclic treatment with progestin is necessary for 
regular bleeding.44

It has been suggested that transdermal estrogen is 
advantageous because the first passage metabolism 
of the liver is avoided, thereby reducing the negative 
effects on lipids, coagulation factors, and systemic 
inflammation seen in oral estrogen treatment. Insulin-
like growth factor I (IGF-I) production in the liver is 
suppressed by oral estrogens,45 which may explain the 
need for higher replacement doses of GH in women.

Estrogen replacement therapy in hypopituitarism is, 
in general, not subject to individual dose titration. The 
dose is somewhat reduced in middle-aged women, with 
a switch to preparations used for perimenopausal estro-
gen replacement therapy. After the age of 50 years, when 
menopause may be expected in most women, estrogen 
treatment is usually withdrawn. The rationale for this is 
based on the increased morbidity from malignancies in 
large studies of postmenopausal women using estrogen 
in higher age groups.46

Ovulation and fertility may be achieved in women 
with hypopituitarism via pulsatile GnRH or gonadotro-
pin therapy. The outcome of such therapy in hypopituitary 
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women is not well documented, but limited data in a 
selection of patients suggest a good likelihood of induc-
ing ovulation and a successful pregnancy.47

Men
In contrast to women, men suffer from less distinct 
symptoms from their hypogonadotropic hypogonad-
ism. The symptoms and signs of testosterone deficiency 
include fatigue, decreased muscle strength, decreased 
body hair, decreased libido, erectile dysfunction, osteo-
porosis, anemia, and infertility.

Diagnosis
In hypogonadotropic hypogonadism, serum testoster-
one concentrations are low and serum FSH and LH are 
normal or lower than normal. In panhypopituitarism, 
serum testosterone concentrations may be unmeasur-
able, whereas in partial hypopituitarism they may be 
only slightly below normal levels. If the clinical symp-
toms are vague, expectance and repeated measure of 
testosterone may be needed before the correct diagnosis 
is made. Hyperprolactinemia as a cause of the hypogo-
nadotropic hypogonadism needs to be excluded.

Management
Before the start of testosterone replacement, prostate 
cancer needs to be excluded. Digital rectal examination, 
measurement of serum prostate-specific antigen (PSA), 
and in selected cases referral to an urologist are recom-
mended, in particular, in middle-aged and elderly men. 
During testosterone replacement, repeated measure-
ments of PSA (more frequent in middle-aged or elderly 
men) should be performed. The increased risk of polycy-
themia and sleep apnea should also be considered.

The aim of testosterone replacement therapy in hypo-
gonadotropic hypogonadism is to provide as near physi-
ological exposure as possible.48 Intramuscular injections 
have for long been the preferred modality for testosterone 
replacement. Depot formulations allow periods for up to 

12 weeks between injections. Transdermal preparations 
are also available with patches and gels. Transdermal 
testosterone requires daily application and may in some 
men cause irritation to the skin. The instructions to the 
patient are important and must include information to 
secure absorption of the hormone as well as safety for fam-
ily members because there is a risk that testosterone on the 
skin can be transferred to a female or a child. Oral prepara-
tions are available in some countries, but some have signif-
icant hepatic toxicity and others result in fluctuating levels 
of serum testosterone and need multiple daily dosing.49

To induce spermatogenesis in a man with hypogo-
nadotropic hypogonadism (Box 5.4), testosterone treat-
ment needs to be stopped and replaced with pulsatile 
GnRH or human chorionic gonadotropin (hCG) and/or 
FSH.50,51 Though it is possible to achieve sperm produc-
tion with hCG and FSH injections in most men with 
hypopituitarism, it may take months and in some cases 
even 2–3 years. Small testicular volume is a negative 
predictor for achieving spermatogenesis.52 Doses of hCG 
and FSH are guided partly by the serum testosterone 
levels achieved, and treatment is monitored by regular 
testicular palpation and sperm counts (in most cases 
every third month).

Growth hormone deficiency 
(see also Appendix)
In the beginning of the 1990s, it was proposed that 
GHD was one of the reasons for the increased mor-
tality rate seen in hypopituitary patients. This led to 
insights of the role of GH for several cardiovascular 
risk factors in adults, such as hypercholesterolemia, 
abdominal adiposity, and increased body fat mass.10,53 
Furthermore, untreated GHD patients have a higher 
risk for osteoporosis and reduced quality of life com-
pared to healthy subjects.54 Studies on GH replacement 
have demonstrated increased psychological well-being, 
improvement in several cardiovascular risk factors, and 

Box 5.4  Stimulation of spermatogenesis in hypogonadotropic hypogonadism

•	 Withdraw testosterone replacement
•	 Sperm count at baseline and every third month until spermatogenesis has been achieved
•	 Serum testosterone and serum sex hormone-binding globulin (SHBG) every third month
•	 hCG injections 1500–3000 IU s.c. 2–3 times/week
•	 Testicular volume below 4 mL or no effect on spermatogenesis after 6 months: add FSH 

injections 150–225 IU s.c. 2–3 times/week
•	 In case of pregnancy, switch to maintenance dose of hCG alone (to maintain spermatogenesis 

until decision regarding further pregnancies)
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increased bone mineral density.55 Insulin resistance is 
slightly increased but the net effect on cardiovascular 
risk of GH replacement is considered to be positive.56,57

Symptoms and signs
The symptoms of GHD in adults include fatigue, 
increased abdominal adiposity, mild depression, and 
anxiety. These symptoms are not specific, and it is there-
fore recommended that the clinical diagnosis and inves-
tigation of GHD is performed in patients with stable 
replacement treatment for other hormonal deficiencies.57

Diagnosis
The diagnosis of GH deficiency in adults is based on 
stimulation tests. Insulin-induced hypoglycemia (ITT) 
stimulates both ACTH and GH22 and provides infor-
mation on both hormonal axes. It is very important to 
note that ITT is contraindicated in patients with epi-
lepsy, cardiovascular disease, or untreated hypocorti-
solism. In recent years, the combined stimulation with 
arginine and GH-releasing hormone (Arg-GHRH) has 
been validated as a diagnostic test in adult GH defi-
ciency.58 Arg-GHRH stimulation does not test the 
function of the hypothalamus and can be misleading 
in patients with a recent hypothalamic injury because 
the pituitary may still respond. The best validated tests 
for adult GH deficiency are the ITT, Arg-GHRH, Arg-
GH-releasing peptides, and glucagon.56 The cut-off val-
ues for the diagnosis of GHD vary between the tests, 
and the response may be influenced by age and adipos-
ity. The Arg-GHRH test has BMI-dependent cut-offs, 
and higher cut-off values for the diagnosis of GHD may 
be applicable in young adults who have previously been 
diagnosed with childhood onset GHD.59 It is recom-
mended that the retesting in young adults after child-
hood GH replacement is performed after withdrawal of 
GH for at least 1 month.

Serum IGF-I can be low but can also be within the 
age-adjusted reference range in adult hypopituitarism 
and is therefore not useful for the diagnosis of GHD in 
adults. However, low IGF-I levels in a patient with three 
or more deficiencies in other pituitary hormones are con-
sidered enough for establishment of the diagnosis.56

Management
In adults, the goal of GH replacement is to improve 
well-being, to reduce cardiovascular risk, to increase 
bone density, and to normalize body composition. GH 

is available as subcutaneous injections. In adults, the 
treatment with daily subcutaneous injections needs to 
be initiated at a low dose with dose increments every 
second to fourth week (Box 5.5). If the dose is increased 
too fast, there is a substantial risk that the patient will 
suffer from fluid retention with muscle and joint stiff-
ness and/or pain and in some cases edema. The same 
symptoms may occur if the replacement dose is too 
high. To relieve the symptoms of fluid retention, GH 
injections can be withdrawn for 3–5 days and then 
restarted at a lower dose.

Serum IGF-I concentrations and the clinical effect 
on well-being and body composition are the variables 
that need to be taken into account in the individual 
dose titration.60 Other biomarkers, for example, IGF-
binding protein 3 and its acid-labile subunit (ALS), have 
been investigated but have not proven useful.61 Positive 
effects on psychological well-being and quality of life 
are often detectable by the patient after 3–12 months 
of therapy, and a disease-specific quality of life ques-
tionnaire allowing objective assessment of treatment 
response has been developed.62

With advancing age56 the dose of GH needs to be 
reduced because the IGF-I levels should not exceed the 
age- and sex-adjusted reference range. Oral estrogen 
replacement increases the GH dose needed for the same 
IGF-I response, and withdrawal of estrogen replacement 
may elicit side effects due to fluid retention and overly 
high serum IGF-I concentrations unless the GH dose 
is reduced. Commencement of GH replacement may 
unmask central hypothyroidism and secondary adrenal 
insufficiency as discussed above, and in some patients, 
dose adjustment of the l-thyroxine may be needed.28,36

GH is mitogenic and it has been feared that GH 
replacement may increase the risk for de novo cancer or 
tumor growth. The presence of malignant disease is a 
contraindication for GH replacement. If a patient with 
GH replacement treatment is diagnosed with a malignant 
disease, GH should be withdrawn. Current data do not 
suggest increased risk of de novo malignancies during long-
term GH replacement in adults.63 Many patients with 
hypopituitarism have residual pituitary tumor. Long-
term follow-up studies have not shown any increased risk 
for progress or regrowth of pituitary tumors during GH 
replacement.20,64 Long-term studies of GH replacement 
have shown that the beneficial effect on cardiovascular 
risk factors is sustained with time.65 Also, the increase 
in bone mineral density remains after long-term follow-
up,66 but the fracture risk may still be elevated in the male 
patients.67 Several factors may influence the risk of fracture 
in these patients besides GHD and GH replacement, such 
as long-standing untreated hypogonadism and excessive 
replacement therapy with glucocorticoid and/or thyroxine.
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Diabetes insipidus 
(see Chapter 24)
Definition and etiology
The primary stimuli of AVP secretion from the poste-
rior pituitary are stimuli from pressure receptors sens-
ing reduced pressure and osmotic receptors sensing 
increased serum osmolality. DI comes in two forms: 
central DI due to AVP deficiency; and renal DI due to 
renal insensitivity to the action of AVP. AVP binds to 
its receptor (AVP receptor subtype 2 [V2]) in the renal 
distal tubule and collecting duct.

Central DI has three distinct clinical features: an 
inappropriately dilute urine (aquaresis) despite strong 
osmotic or nonosmotic stimuli for AVP secretion, 
absence of renal disease, and an increase in urine osmo-
lality after the administration of AVP.68

The causes of DI are similar to those of 
hypopituitarism, with the majority of patients hav-
ing an underlying hypothalamic lesion, or it devel-
ops after surgery for a pituitary tumor (Table 5.1). 

It is uncommon for a patient with a pituitary tumor 
to present de novo with DI. A significant number of 
patients however have idiopathic causes at the initial 
presentation. It is recommended in these cases that a 
careful and continuous re-evaluation of the etiology is 
performed, because the underlying cause may appear 
later. A rare form of central DI is a hereditary autoso-
mal dominant form that is caused by a mutation in the 
AVP-neurophysin gene.

Approximately 90% of the hypothalamic–pituitary 
AVP containing neurons need to be lost before symp-
toms of DI appear. This is the most likely reason why 
most patients with pituitary disease and panhypopitu-
itarism do not have DI.

Symptoms and signs
The primary symptoms of DI are persistent polyuria 
(increased aquaresis, electrolyte-free urine), with thirst 
and polydipsia as a consequence. The volume of urine 
may vary from 3 to 6 L/day in most cases to a maximum 
of about 18 L/day, the average volume of glomerular 

Box 5.5  Suggested approach to GH replacement therapy in adults

Start with 0.1–0.2 mg s.c. before bedtime.
Increase the dose with 0.1 mg every second to fourth week, after:

•	 monitoring of side effects indicating overreplacement, mainly symptoms of fluid retention 
(peripheral edema, muscle and joint stiffness and/or pain)

•	 measuring serum IGF-I concentration

Individualize the maintenance dose according to:

•	 serum IGF-I (should be within the normal range, usually in the upper part of the age-adjusted 
reference range)

•	 effects on psychological well-being and body composition after 6–12 months of GH 
replacement

•	 reducing the dose if symptoms or signs of fluid retention occur (mild symptoms may be tran-
sient during the first days after dose increment)

The maintenance dose is usually higher in young adults and in women with (oral) estrogen replace-
ment therapy (0.6–1.0 mg/day).

Dose adjustment is to be expected when route of estrogen replacement is changed, replacement 
commenced, or discontinued.

During long-term GH replacement, serum IGF-I and glucose metabolism should be monitored at least 
yearly, and regular assessment of body composition and bone health preferably using DEXA should 
be done regularly.

Withdraw GH replacement if a malignant disease is suspected or diagnosed.

Source:	 Ho KK, Eur J Endocrinol, 157, 695–700, 2007.
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filtrate delivered to collecting ducts in the total absence 
of AVP. The urinary concentration is typically below 
that found in serum (<280 mOsm/kg).

Most patients with central DI have an abrupt onset 
of polyuria and polydipsia with a debut they can trace 
back to a certain time of a particular day. Patients with 
severe untreated DI who are unable to drink, do not 
have access to enough fluid, or have impaired thirst sen-
sation develop volume depletion with hypertonic hyper-
natremia. Subjects with normal thirst and free access to 
fluid usually have normal sodium and volume status.

Patients with partial central DI have milder symp-
toms that are less troublesome. Particularly of impor-
tance in the older patients is to differentiate partial DI 
from nocturia and pollakiuria due to urological condi-
tions. Patients with DI may report thirst during night 
time, which is less often reported in patients with pol-
lakiuria without polyuria.

Diagnosis
The diagnosis of DI in a patient with polyuria and 
polydipsia requires documentation of elevated levels of 
serum sodium and osmolality and low urine osmolality. 
In some instances, the criteria are met without formal 
water deprivation, such as in the clinical setting of a 
large pituitary tumor with multiple pituitary insuffi-
ciency. In these instances, a therapeutic trial of desmo-
pressin (1-desamino-8-d-arginine vasopressin) is all that 
is required. In other instances, particularly in patients 
with partial DI, water deprivation test (Box 5.6) is 
needed. The test should be done in a controlled setting 
where blood pressure and clinical status can be moni-
tored because patients with complete AVP deficiency 
may become dehydrated quickly.

Maximal dehydration is typically achieved when the 
patient has lost 3%–5% of total body weight. In patients 
with central DI during a water deprivation test, weight is 
lost due to loss of water, urine osmolality does not exceed 
serum osmolality, sodium concentration increases, and 
plasma AVP concentration will be low or undetectable. 
After administration of desmopressin, urine osmolality 
levels increase by 50% or above 800 mOsm, urine vol-
ume will decrease, and the thirst will improve. Patients 
with nephrogenic DI do not respond to desmopressin.

Replacement therapy
Desmopressin is a modified form of the normal human 
hormone AVP, a peptide containing nine amino acids. 
Desmopressin can be administered subcutaneously, 
intramuscularly, or intravenously (Box 5.7).

For maintenance therapy, tablets or nasal prepa-
rations are used. Most patients require 0.2–0.8 mg 
divided into two or three daily doses when using con-
ventional tablets or 60–120 µg per dose when using 
rapidly soluble tablets. Standard nasal preparations are 
available in a bottle with a rhinal catheter or as a nasal 
spray. The rhinal catheter has the benefit of allowing 
fine-tuning of the dose, whereas the spray gives a fixed 
dose at each dosing, but it is easier to use. The usual 
dose of intranasal administration is 10–20 µg one or 
two times daily. The parenteral form is more potent and 
usually administered in doses of 1–2 µg divided over the 
day. Initiation of therapy is done by titrating and find-
ing the most appropriate evening dose. The duration 
of antidiuresis after nasal administration varies from 6 
to 12 h, whereas the oral dose may have shorter dura-
tion. A second morning dose is added if the antidiuretic 
action is insufficient during the day and early evening. 

Box 5.6  Water deprivation test

The test is initiated early morning after free availability to fluid overnight. Careful surveillance is 
needed for monitoring compliance and risk of rapid dehydration.

The test is performed for 8 h or until body weight has reduced by 3%–5%.

•	 Body weight, blood pressure every hour.
•	 Serum sodium, urea, and plasma osmolality every 2 h.
•	 Urine volume and urinary osmolality every 2 h.
•	 Plasma AVP collected before and at termination of the test.
•	 Desmopressin 2–4 µg i.m./i.v. is administered after 8 h or when body weight has reduced by 

3%–5%.

In overt DI, urinary osmolality will be <300 mOsm/kg or below the serum osmolality; and after desmo-
pressin, the urinary osmolality will increased by >50% or exceed 800 mOsm/kg.
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Most patients require twice-a-day dosing. Patients 
should learn to sense signs and symptoms indicating 
lack of efficacy such as increased thirst and increased 
urinary output and also signs suggesting overdosing 
such as headache, fatigue (hyponatremia), and low uri-
nary output. Biochemical monitoring is simply done by 
measuring serum sodium and urea concentrations.

A difficult group of patients are those with DI and 
a hypothalamic lesion that has resulted in loss of thirst 
sensation. These patients may develop severe hypertonic 
hypernatremia within a short period. The solution of this 
problem is very individual but often best managed by 
keeping a constant intake of desmopressin each day and 
at the same time securing a minimum amount of fluid 
intake per day that can be achieved by filling a container 
of water each day in the morning (1–1.5L) and ensuring 
that it has been finished in the evening. Frequent and 
regular monitoring of serum sodium/urea is needed in 
these patients, in particular in the beginning.

Endocrine aspects of 
pituitary surgery
Preoperative considerations
In parallel with the evaluation and decision on treat-
ment for a tumor in or close to the hypothalamic/pitu-
itary area, endocrine investigations need to be conducted 

with two main purposes: (1) to exclude pituitary hor-
mone deficiency, in particular ACTH deficiency; and (2) 
to diagnose a hormone-producing tumor (Box 5.8). The 
patients with endocrine active tumors need special con-
siderations, and surgical intervention may be deemed 
insufficient or unnecessary in these cases. This applies 
in particular to patients with prolactinomas but also 
to patients with Cushing’s disease and acromegaly, in 
whom the therapeutic strategy is different compared 
with patients with nonfunctioning pituitary adenomas. 
Deficiency in ACTH and TSH secretion is of particu-
lar importance to detect and manage preoperatively to 
avoid increased peri- and postoperative complications.

Perioperative and postoperative 
considerations
Some neurosurgical units routinely administer periop-
erative parenteral glucocorticoids to patients undergo-
ing pituitary surgery or peripituitary surgery followed 
by oral HC tapered to a replacement dose during post-
operative recovery (Box 5.8).69 Special algorithms for 
determining which patients need perioperative gluco-
corticoid treatment have been produced.70 The routine 
use of perioperative use of glucocorticoids has however 
been questioned,71 but the mainstay of overall manage-
ment is to prevent an adrenal crisis.

It is essential that pituitary function is tested post-
operatively because both recovery and loss of pituitary 

Box 5.7  Treatment of DI

Desmopressin with oral or nasal administration.

The dose and dose frequency are highly individualized.

Orally administered desmopressin is usually delivered three times daily.

•	 Dose span with conventional tablets 0.2–0.8 mg/day.
•	 Dose span using rapidly soluble tablets is 60–120 µg/dose occasion.

Nasal administration using spray or rhinal catheter is usually delivered in a dose of 10–20 µg one or 
two times daily.

Biochemical monitoring can be done using serum sodium and urea measurements as indicators of 
serum osmolality.

Patient education to recognize:

•	 Overdosing resulting in hypotonic hyponatremia with headache
•	 Underdosing with increased urinary output and thirst

Initiation of any drug that may cause syndrome of inappropriate ADH secretion (SIADH) should be 
done under surveillance.
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function may occur (Box 5.9). ACTH, TSH, and AVP 
production need particular attention in the immediate 
postoperative phase, whereas deficient FSH/LH and GH 
production may become overt and symptomatic only 
with time. The recovery of pituitary function may occur 
in up to half of patients in one or more of the pituitary 
hormone axis.72 Careful monitoring of patients during 
the first few months after surgery is therefore essen-
tial to detect recovery of pituitary function sparing the 
patient life-long replacement therapy.

Postoperative and posttraumatic 
DI (see Chapter 24)
Central DI is rapidly detected in the postoperative phase 
if urine volume, urinary osmolality (specific gravity), 

and serum sodium (urea) concentrations are monitored. 
This monitoring needs to be performed several times 
during the first postoperative day. DI after surgery or 
trauma to the pituitary or hypothalamus may be tran-
sient, permanent, or triphasic. Transient DI usually has 
an abrupt onset and then resolves within a few days. 
This is the most common pattern of postoperative 
and posttraumatic DI. Permanent or prolonged DI is 
less common and has also an abrupt early onset. In the 
triphasic form, there is an immediate onset of DI last-
ing a few days followed by an interphase during which 
urine osmolality rises and serum osmolality decreases, 
sometimes producing a period of hypotonic hyponatre-
mia (SIADH), which then turns into a more prolonged 
or permanent period of DI. These first and last peri-
ods need treatment with desmopressin, whereas the 
interphase period is treated with water deprivation or 

Box 5.8  Endocrine preoperative testing in patients with pituitary and peripituitary tumors

Free T4, TSH

Testosterone, estradiol, SHBG, FSH, LH

IGF-I

Cortisol 0800 hours, 24 h urinary free cortisol, ACTH

Prolactin (with serial dilution)

If an endocrine active tumor is suspected, further testing may be required.

Box 5.9  Advanced endocrine care after pituitary surgery

Move the patient from the neurosurgical department to the endocrine ward when stable from surgery/
anesthesia.

Postoperative monitoring of fluid status to detect DI and/or SIADH

•	 Urinary output (fractionated or 24 h)
•	 U-osmolality (specific gravity) 1–2 times per day
•	 Serum sodium (urea) 1–2 times per day

Attempt to withdraw peri- and postoperative HC replacement

Monitor 0800 hour serum cortisol concentrations

Repeat the preoperative testing of other pituitary hormones:

Free T4, TSH, FSH, LH, testosterone, estradiol, prolactin, IGF-I
Neuro-ophthalmologic consultation

Otorhinolaryngeal consultation (if transsphenoidal approach)
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with vaptans, a vasopressin receptor 2 antagonist. The 
mechanism for the triphasic postoperative response has 
been explained by a direct trauma toward the posterior 
pituitary that inhibits the secretion of the AVP. This 
is then followed by a period when the stored AVP in 
the neurons is passively released. Because this release is 
not regulated serum osmolality may either normalize or 
become too low due to excess AVP (SIADH). When the 
neurons have emptied their AVP content, a DI devel-
ops again. All patients undergoing surgery close to the 
hypothalamic–pituitary area should be monitored for 
DI in the postoperative phase, and if DI occurs, treat-
ment and monitoring during the following days should 
be done in such manner that a transient period of 
SIADH can be detected and managed. Because post-
operative DI may be a self-limiting condition, patients 
may be advised to omit one dose of desmopressin on a 
regular basis particularly in the time period (months) 
after surgery to determine whether polyuria returns.

Hypopituitarism 
and pregnancy
Before conception, hormonal replacement therapy in 
the woman with hypopituitarism should be optimized 
regarding all axes, and close collaboration with the 
gynecologists and the fertility clinic should be secured. 
Patients with large pituitary tumors require special 
advice. If possible, pituitary surgery should be per-
formed before conception.

Women with FSH/LH deficiency need ovulation 
stimulation therapy and in vitro fertilization to achieve 
conception after withdrawal of estrogen replacement 
therapy. As the ovulation stimulation therapy is ini-
tiated, the l-thyroxine dose should be increased by 
approximately 25%–50% and the free T4 levels should 
be monitored regularly, at least once a month. The need 
for a higher dose of l-thyroxine comes from increased 
levels of thyroxine-binding globulin as a result of 
increased estradiol concentrations.73

The placental production of variant GH (GH-V)74 is 
clinically evident in women with GH deficiency as their 
need for GH substitution therapy diminishes after the 
20th week of gestation. In women with normal GH secre-
tion, this is the time when pituitary-derived GH secretion 
is suppressed as GH-V in concert with placental lactogen 
stimulates maternal IGF-I production. The replacement 
dose of GH can be maintained until the 20th week of 
gestation and then reduced gradually until the 30th week 
of gestation when GH can be withdrawn completely.47

In women who plan for conception, a careful evalu-
ation of the HPA axis should be done because this is 
difficult to perform during pregnancy, due to the 
marked increase in binding proteins carrying cortisol 
in the circulation. Women with intact HPA axis may 
undergo labor without complications. Patients with par-
tial hypopituitarism, where the adrenal function test-
ing has been borderline or ambiguous, may need careful 
follow-up during pregnancy for symptoms and signs of 
adrenal insufficiency. It is often necessary to provide 
extra supervision during labor, and if any clinical event 
suggests the need of HC, HC should be administered. 
In women with known ACTH deficiency, the adminis-
tration of HC during labor follows the routine for sur-
gery (in our unit 50–100 mg i.v. every 4–6 h).

In the postpartum period, the women should return 
to their pregestational doses of the hormonal replace-
ment. Lactation may occur in patients with partial 
hypopituitarism,47 but the patients should be prepared 
that lactation may not be achievable.

A few studies have reported the experience from 
women with hypopituitarism who have given birth. 
The number of births is small, but hitherto there are 
no indications that the offspring suffers from any mal-
formations. There are however some studies suggesting 
lower implantation rates after fertility stimulation in 
patients with hypopituitarism.75,76

Hypopituitarism and 
long-term outcome
An increased morbidity and mortality rate in cardiovas-
cular disease was described in patients with hypopitu-
itarism in studies from the late 1980s and early 1990s. 
Since then, hormonal replacement therapy has changed; 
GH has been added and individualized dosing is used 
for several of the other hormones. It is also plausible that 
the knowledge of an increased risk of cardiovascular dis-
ease has led to more active prevention measures in these 
patients, such as more aggressive management of blood 
hypertension and hyperlipidemia. Indeed, the mortality 
rate in patients with pituitary disease is falling.15 Some 
studies even indicated that the mortality rate is near 
to normal for adult patients with hypopituitarism.77,78 
Subgroups that still demonstrate increased mortality 
rate are those who have received radiotherapy toward 
the hypothalamic–pituitary area, patients with cranio-
pharyngioma, and those with an underlying malignancy 
as cause of their hypopituitarism.79

Fracture rate is increased in patients with hypopitu-
itarism. Bone density improves with GH replacement 
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therapy, but to a larger extent in men than in women. 
However, the fracture rate and the prevalence of osteo-
porosis is higher in women than in men, and further 
studies are needed to elucidate how to optimize hor-
monal replacement further with regard to bone health. 
Individualized dosing of estradiol replacement and more 
physiological glucocorticoid replacement may be some 
of the ways to improve bone quality in women with 
hypopituitarism.

Summary
Hypopituitarism is a complex endocrine disease, often 
with serious underlying conditions, such as a tumor and 
a complex multiple pituitary hormone insufficiency. 
Data demonstrate that although endocrine replace-
ment therapy is performed, outcome in terms of mor-
bidity and mortality is compromised. These patients 
have high frequency of the metabolic syndrome and 
compromised quality of life. There is an increased 
knowledge of individualized management of each 
of the hormone axes and of their hormone–hormone 
interactions. There is also an increasing trend of man-
aging patients in multidisciplinary teams, including 
endocrinologists with special interest in pituitary dis-
eases, neuroradiology, and neurosurgery. A core feature 
in the management of hypopituitarism is also patient 
education, particularly concerning their glucocorticoid 
replacement for adrenal insufficiency and desmopres-
sin therapy for DI. All the above-mentioned changes 
and trends are likely to contribute to the improve-
ments in outcome of patients with hypopituitarism as 
seen in more recent studies.
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6
IGF-I as a metabolic hormone
David R. Clemmons

Introduction
Insulin-like growth factor I (IGF-I) is a polypeptide 
hormone whose primary structure is highly homologous 
(48% amino acid sequence identity) with proinsulin. 
IGF-I and proinsulin evolved from the same primitive 
precursor molecule whose function was to link nutrient 
intake with growth and anabolic responses in primitive 
organisms. Because these organisms had no means for 
storing calories, there was a direct link between food 
intake, synthesis of this precursor hormone, and stimu-
lation of protein synthesis, leading to tissue hypertrophy 
and cell proliferation. With the evolution of vertebrates, 
there was a need for a system that enabled conversion of 
calories into fat for long-term energy storage and also 
mobilized this energy source during times of nutrient 
deprivation. This led to the evolutionary divergence of 
insulin and IGF-I as well as the appearance of growth 
hormone (GH). These three hormones then functioned 
together to allow vertebrates to respond to changes in 
nutrient intake with either storage or use of calories and 
thereby provide an optimal supply of substrate for anab-
olism and growth. Distinct receptors for insulin and 
IGF-I also appeared at this time. Insulin receptors are 
primarily in organs that are important for intermediary 
metabolism such as fat, liver, and skeletal muscle. In con-
trast, fat and liver, the principal sites of IGF-I synthesis, 
have no IGF-I receptors. Skeletal muscle and bone have 
abundant IGF-I receptors and are the important target 
tissues. This difference in receptor distribution accounts 
for many of the differences in insulin and IGF-I actions. 
The IGFs have also acquired the specialized function of 
being able to bind to carrier proteins in serum, whereas 
insulin does not have this characteristic.1 This results in 

a prolonged half-life of IGF-I (e.g., 16 h) compared with 
insulin, which has a half-life of <10 min. The receptors 
each have distinct affinities for their respective ligands. 
The affinity of the IGF-I receptor for IGF-I is 1000-fold 
greater than for insulin, and the affinity insulin receptor 
for insulin is hundredfold greater than it is for IGF-I.2 
GH has a completely distinct receptor that belongs to 
the cytokine family.3 GH is also regulated in a very dis-
tinct manner. Its secretion is inhibited by carbohydrate 
intake, and it is stimulated in response to stress, whereas 
stress is an important inhibitor or both insulin and 
IGF-I actions. Coordinate regulation of the metabolic 
actions of these three hormones provides an important 
basis for understanding their individual effects on inter-
mediary metabolism and how they function coordi-
nately to maintain growth in response to variations in 
nutrient intake.

Regulation of IGF-I secretion
The two predominant variables that regulate plasma 
IGF-I concentrations are nutrient intake and GH. Of the 
two, nutrient intake predominates. IGF-I levels decrease 
during nutrient restriction, even in the face of rising GH 
levels, and administration of GH is relatively ineffective 
in achieving an increase in serum IGF-I. Most IGF-I 
in serum is derived from hepatic synthesis (i.e., 80%), 
and after severe caloric or protein restriction, there is a 
marked decrease in the sensitivity of hepatocytes to GH 
stimulation.4 Reinstitution of protein intake results in a 
graded increase in sensitivity of these cells to GH stimu-
lation with concomitant increases in serum IGF-I concen-
trations.5 In contrast, restriction of caloric intake below 
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approximately 800–900 cal/day results in an abrupt 
refractoriness to GH stimulation due to the loss of insu-
lin secretion, which is required for IGF-I gene transcrip-
tion in response to GH stimulation. Excessive nutrient 
intake does not result in equivalent changes, although 
chronic calorie excess results in changes in peripheral tis-
sue sensitivity to IGF-I. Severe caloric restriction results 
in down regulation of the GH receptor with a concomi-
tant decrease in IGF-I synthesis in the liver.5

IGF-binding proteins
There are six members of the family of IGF-binding 
proteins, and all six circulate in plasma. IGFBP-3 is 
the predominant form, and it accounts for >70% of 
the IGF-binding capacity in serum.6 IGFBP-3 plasma 
concentrations are also altered by nutrient intake, and 
both caloric and protein restrictions result in decreased 
IGFBP-3 due to reduced secretion and increased prote-
olysis.5 IGFBP-3 and IGF-I form a ternary complex with 
third protein termed acid-labile subunit or ALS. ALS 
concentrations are also nutrient dependent; therefore, 
the coordinate regulation of all three proteins by nutri-
ent intake serves to provide a metabolic link between 
nutrient intake and peripheral tissue anabolic responses.7 
The formation of this complex results in prolongation 
of IGF-I half-life from <10 min to 16 h. This complex 
serves as a reservoir of IGF-I and provides a constant sup-
ply to tissues under conditions of variable nutrient intake, 
thereby allowing balanced growth regulation in response 
to fluctuating availability of calories and protein.

Two other forms of IGF-binding proteins, IGFBP-1 
and -2, that do not bind ALS are also highly nutrient 
dependent. IGFBP-1 gene transcription is directly sup-
pressed by insulin; therefore, carbohydrate restriction 
results in substantial increases in IGFBP-1.8 Even minor 
changes in carbohydrate intake that occur after inges-
tion of a normal meal result in significant IGFBP-1 
suppression. IGFBP-2 is also regulated by insulin, 
although it fluctuates much less rapidly than IGFBP-1. 
Both IGFBP-1 and -2 are altered by chronic increases or 
decreases in caloric intake and reflect changes in body 
mass index (BMI), as well as fat mass.9 Because these 
proteins fluctuate much more than IGFBP-3, they regu-
late the amount of free IGF-I that is available to bind 
to receptors. Under normal circumstances, IGFBP-3 is 
saturated but IGFBP-1 and -2 are unsaturated; there-
fore, they are able to partition free IGF-I as needed 
to respond to fluctuating changes in nutrient intake. 
Other hormones such as cortisol and thyroxine can also 
regulate IGF-I biosynthesis and bioavailability, and 

pathophysiologic alterations in these hormones have 
been shown to change IGF-I secretion and actions.

Autocrine/paracrine 
compared with endocrine 
actions of IGF-I
Unlike insulin, IGF-I is synthesized and secreted in 
multiple tissues principally by mesenchymal cell precur-
sors. This locally synthesized IGF-I is a major regula-
tor of growth. Furthermore, it is extremely important 
for preventing apoptosis and stimulating reparative 
processes after injury. Local synthesis and secretion of 
IGF-I are stimulated after a variety of injuries and are 
a necessary component of the reparative response.10 This 
locally synthesized IGF-I is under minimal control of 
systemic factors that regulate endocrine production of 
IGF-I. However, the system has significant redundancy 
because overexpression of systemic (endocrine) IGF-I 
or administration of supraphysiologic concentrations to 
experimental animals can mimic the effect of the locally 
produced IGF-I and stimulate similar increases in ana-
bolic responses, growth responses, or both.11 However, 
after injury, locally synthesized IGF-I is the major 
growth regulatory stimulus. In terms of understanding 
IGF-I’s metabolic actions, however, the endocrine source 
of IGF-I is the predominant determinate. Approximately 
80% of the IGF-I in blood is derived from hepatocytes 
and adipocytes. After systemic metabolic insults, such 
as severe nutrient deprivation, new onset of type I dia-
betes, or pathophysiologic increases in GH secretion, the 
blood concentrations of IGF-I change dramatically, and 
these changes often alter lipid and protein metabolism.12 
In contrast, changes in local IGF-I synthesis or actions 
do not result in systemic metabolic changes. Therefore, 
delineating the variables that regulate endocrine IGF-I 
secretion is necessary to establish an integrated under-
standing of how IGF-I functions as a metabolic hormone.

Metabolic effects of IGF-I 
(see Growth hormone 
deficiency, Chapter 5)
The predominant effects of IGF-I on metabolism are to 
provide a signal to cells that adequate nutrition is avail-
able to avoid apoptosis, enhance cellular protein synthe-
sis, enable cells to undergo hypertrophy in response to 
the appropriate stimulus, and allow cellular replication. 
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Therefore, even cell types that do not undergo a prolif-
erative response in normal adult, such as neurons and 
skeletal myoblasts, respond to IGF-I with an increase in 
protein synthesis and a change in cellular metabolism. 
IGF-I receptors are ubiquitous; therefore, changes  in 
serum IGF-I concentrations have the potential to alter 
these responses in all cell types. The signal induced by 
IGF-I stimulation of its receptor provides a mechanism 
for coordinating changes in protein, carbohydrate, and 
fat metabolisms among various cell types, and each of 
these responses is regulated coordinately with insulin 
and GH in the appropriate target tissue. Either insulin or 
IGF-I may be the primary determinant of such responses, 
and in some situations, GH functions to coordinate the 
ability of each of these hormones to modulate all three 
processes. Unlike the insulin receptor, the IGF-I receptor 
is expressed ubiquitously, and it has been shown to be 
present in cell types derived from all three embryonic lin-
eages. Receptor number is maintained in a narrow range. 
GH has been shown to increase IGF-I receptor expres-
sion, an important adaptive mechanism for enabling 
organisms respond to increased metabolic demands that 
occur at puberty.13 The IGF-I receptor is heterotetramer 
(Figure 6.1). It has two ligand-binding subunits and two 

subunits that contain the transmembrane signaling appa-
ratus.14 After ligand occupancy, the receptor undergoes 
tyrosine autophosphorylation. The key sites that are phos-
phorylated recruit signaling proteins such as IRS-1 and 
Shc, which leads to stimulation of the phosphoinositide-3 
(PI-3) kinase pathway and/or the mitogen-activated pro-
tein (MAP) kinase pathway.15 These processes are tightly 
regulated, and the degree of phosphorylation and its 
duration are regulated not only by stimulation of the 
intrinsic receptor kinase activity but also by protein tyro-
sine phosphatases that are recruited to the receptor and 
regulate the degree of activation. IGF-I receptor activa-
tion can be influenced by other systemic hormones that 
regulate metabolism, such as cortisol and thyroxine.

Protein metabolism
IGF-I is a potent stimulus of protein synthesis in skeletal 
tissue such as muscle, bone, and cartilage. Although it 
stimulates protein synthesis in all cell types, these three 
tissues account for the bulk of the anabolic response 
after IGF-I administration. The effects on protein syn-
thesis are mediated through the PI-3 kinase pathway. 
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Figure 6.1
IGF-I signaling through the IGF-I receptor.
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Stimulation of this kinase results in AKT activation 
that then leads to activation of the mTorc-1 complex 
and phosphorylation of p70S6 kinase as well as E4B1, a 
translational repressor. These two events then trigger the 
protein synthesis response.16 This process is negatively 
regulated by the nutrient-sensitive AMP kinase that 
is activated in response to nutrient restriction, thereby 
limiting the response of tissues such a skeletal muscle to 
IGF-I if inadequate energy intake is present.17 Therefore, 
insufficient energy results not only in decreased serum 
IGF-I concentrations but also in relative tissue refrac-
toriness to IGF-I stimulation. IGF-I also stimulates 
amino acid transport as well as inhibition of protein 
breakdown in muscle. Formation of the atrogen complex 
that occurs in response to a variety of catabolic stimuli, 
such as glucocorticoid excess, is antagonized by IGF-I 
stimulation.16,18 Conversely, transgenic animals in which 
formation of this complex is constituently activated are 
relatively refractory to stimulation of protein synthesis 
by IGF-I.19 Glucocorticoid administration during the 
treatment of inflammatory disorders or due to the pres-
ence of endogenous Cushing’s syndrome leads to relative 
IGF-I resistance through this mechanism.20

Insulin is also an important coordinate regulator of 
the ability of IGF-I to stimulate protein synthesis. If 
energy intake drops below 700 Kcal/day, insulin secre-
tion is markedly attenuated, resulting in decreased IGF-I 
synthesis in the liver. Insulin is also a potent stimulant 
of protein translation in skeletal muscle, and its effects 
are coordinated with those of IGF-I. The response to 
both hormones is additive and in the presence of either 
insulin or IGF-I excess, the response to both hormones 
remains present without down regulation.21 Both hor-
mones also function to suppress proteolysis. GH also 
functions coordinately with IGF-I to enhance protein 
synthesis in skeletal muscle. Administration of GH 
results in increased local IGF-I synthesis by muscle as 
well as enhanced amino acid use and transport.22 These 
interactions are coordinately regulated with those of 
IGF-I. Administration of IGF-I and GH to normally 
fed subjects results in an additive anabolic response, and 
even after caloric restriction, the combination of GH 
and IGF-I in supraphysiologic concentrations can partly 
restore protein synthesis, during prolonged catabolism.23 
Local increases in IGF-I synthesis can also contribute to 
the anabolic response that occurs in response to work 
induced hypertrophy. In muscle, this leads to an increase 
in IGF-I expression that in turn stimulates both amino 
acid transport and protein synthesis.24 The administra-
tion of IGF-I to experimental animals has been shown 
to increase skeletal muscle cross-sectional fiber area 
and muscle force generation.25 Infusion of IGF-I to nor-
mal volunteers increases phenylalanine flux, and this 

response can be enhanced by simultaneous administra-
tion of GH, although GH alone often does not result in 
an increase.26 Cardiac hypertrophy results in increased 
IGF-I expression, and this can occur as a result of either 
increased pressure or volume overload.27 Pressure over-
load in smooth muscle also leads to increased IGF-I 
and arterial cell hypertrophy. Therefore, the effects of 
mechanical stimuli on the anabolic response in muscle 
are coordinated with those of hormones such as GH and 
insulin, and both use the modification of IGF-I synthesis 
or its target actions as a final common pathway.

Fat metabolism
Mature adipocytes do not express IGF-I receptors, 
although preadipocytes express abundant receptors and 
respond very well to IGF-I stimulation. IGF-I stimu-
lates preadipocyte growth as well as differentiation into 
mature adipocytes.28 In contrast, insulin receptors are 
abundant in mature adipocytes; therefore, IGF-I is only 
an effective stimulant of lipid synthesis in adipocyte 
beds in normal subjects, if supraphysiologic concentra-
tions are administered, resulting in stimulation of the 
insulin receptor by IGF-I. In contrast, GH has direct 
effects on mature adipocytes, resulting in triglyceride 
breakdown and release of free fatty acids (FFAs). This 
is accompanied by increased free fatty acid oxidation in 
the liver.29 Hepatocytes also do not have IGF-I recep-
tors. GH also increases lipoprotein lipase activity result-
ing in free fatty acid release. The increase in free fatty 
acid flux to the liver from adipose tissue induced by GH 
results in inhibition of insulin-stimulated suppression 
of hepatic glucose output and insulin resistance.29,30 
IGF-I significantly modulates this process indirectly 
because it is a potent stimulant of free fatty acid uptake 
and oxidation by skeletal muscle.29 Therefore, it modu-
lates hepatic FFA metabolism in response to GH and 
enhances insulin actions. Animals in which the insulin/
IGF-I receptors have been selectively deleted in skeletal 
muscle develop type II diabetes due to the decreased 
free fatty oxidation in muscle.31 This conclusion was 
supported by an experiment in which the phenotype of 
these mice could be rescued; that is, the animals had 
improved insulin sensitivity if the FFA-mobilizing 
receptor CD 36 was overexpressed in muscle.32 This 
suggests that increased FFA flux is the predominant 
mediator of insulin resistance under these conditions. 
Therefore, a major metabolic effect of IGF-I is to reduce 
FFA flux through the liver, resulting in the ability of 
insulin to better suppress hepatic glucose output. High 
concentrations of IGF-I can also suppress insulin secre-
tion, resulting in decreased hepatic gluconeogenesis, but 
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suppression of GH also contributes to decreased hepatic 
FFA flux. Chronic administration of IGF-I to patients 
who have genetic mutations in the GH receptor results 
in increased lipolysis and increased lipid oxidation rates 
as well as loss of fat mass.33 Importantly, GH and IGF-I 
function coordinately by these mechanisms, to main-
tain both adequate substrate for normal energy use and 
adequate insulin sensitivity to respond to fluctuations 
in carbohydrate intake.34 Interestingly, although dif-
ferentiated adipocytes have no IGF-I receptors, they 
express high levels of IGF-I.35 The exact role of this fat 
cell-synthesized IGF-I in controlling lipid metabolism 
is not well defined, but it may contribute to negative 
feedback regulation of preadipocyte differentiation, as 
well as regulation of FFA flux through the liver, thus 
limiting the negative metabolic effects of expansion of 
the adipocyte beds. IGFBPs also have a modulatory role 
on the ability of IGF-I to stimulate preadipocyte differ-
entiation. High concentrations of IGFBP-2 that occur in 
transgenic mice protect mice from age-related changes 
in glucose intolerance and obesity. In addition, these 
mice are protected from high-fat diet-induced obesity 
and insulin resistance.36 In vitro, IGFBP-2 blocked pre-
adipocyte differentiation in response to IGF-I but not 
insulin. Importantly, in human subjects with obesity, 
IGFBP-2 levels are suppressed, and they increase in 
response to caloric restriction.37 Similarly, IGFBP-1 con-
centrations are inversely regulated by the presence of 
obesity and glucose intolerance.38

IGF-I may also have important effects on lipid 
metabolism through regulation of adipokines. Leptin 
and IGF-I concentrations appear to be directly related.39 
Both leptin and IGF-I levels are significantly reduced 
in GH deficiency.40 A recent study demonstrated that 
leptin injection into the intraventricular fluid resulted in 
increased serum IGF-I.41 Leptin and IGF-I levels change 
in parallel in subjects with caloric restriction and during 
feeding.42,43 In contrast, IGF-I is negatively associated 
with serum adiponectin in multiple pathophysiologic 
states including type II diabetes.44 Adiponectin levels 
are very high in patients with severe IGF-I deficiency.45 
During caloric restriction, infusion of IGF-I to rats was 
associated with suppression of adiponectin concentra-
tions.43 Resistin levels have also been shown to be nega-
tively correlated with the IGF-I in healthy women.46

Bone metabolism
IGF-I concentrations are important factor in main-
taining normal skeletal mass.47 Failure to achieve and 
maintain normal IGF-I concentrations during puberty, 
as occurs with GH deficiency, results in diminished 

acquisition of peak bone mass, which cannot be attained 
in GH- and/or IGF-I-deficient subjects, without sup-
plemental therapy.48 IGF-I contributes not only to an 
increase in bone size but also to increased bone min-
eral density.47 Both cortical and trabecular bone are 
stimulated by IGF-I, although endocrine-derived IGF-I 
appears to be more important for acquisition of normal 
cortical thickness, whereas autocrine/paracrine IGF-I is 
important for trabecular bone acquisition.49 IGF-I func-
tions with GH in a complementary manner to stimulate 
bone mass acquisition; however, in mice, in which GH 
was completely deleted, administration of supraphysi-
ologic concentrations of IGF-I rescued normal bone 
growth and mineral acquisition.11 Deletion of the IGF-I 
receptor in mice results in decreased bone mineral den-
sity and decreased endosteal bone formation in response 
to parathyroid hormone.50,51 IGF-binding proteins also 
modulate the response to IGF-I in bone. Specifically, 
IGFBP-2 is required for normal osteoblast replication 
in response to IGF-I, and the two factors function coor-
dinately to maintain skeletal mass in mice.52 In osteo-
porotic humans, IGFBP-2 levels are elevated, leading 
to the hypothesis that it is inhibiting IGF-I action.53 
However, it is also possible that these elderly individuals 
are relatively resistant to the growth stimulatory effects 
of IGFBP-2. The effects of GH on osteoblast prolif-
eration and differentiation are believed to be mediated 
primarily by IGF-I. IGF-I is able to rescue bone mass 
expansion and bone strength in young animals that 
are GH deficient; however, in elderly animals, it is only 
partially effective.54,55 IGF-I has been shown to increase 
bone mineral density in elderly osteoporotic subjects; 
however, its effects are limited by significant toxicity 
that occurs, even with slightly supraphysiologic concen-
trations in this population.56

Carbohydrate metabolism
The ability of IGF-I to modulate carbohydrate metabo-
lism is consistently modified by the influence of both GH 
and insulin. Supraphysiologic concentrations of IGF-I 
feedback on the pituitary to reduce GH concentrations, 
thereby inhibiting the ability of GH to increase insu-
lin resistance. GH-induced insulin resistance in both 
liver and skeletal muscle are improved. However, these 
concentrations of IGF-I also suppress insulin secre-
tion, thus negating a part of the beneficial effect. After 
ingestion of a meal, there is a significant increase in free 
IGF-I. Portal vein insulin concentrations act directly 
on the liver to suppress IGFBP-1 synthesis, resulting 
in an increase in free IGF-I.57 This change enhances the 
stimulation of FFA oxidation in muscle and induces 
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suppression of GH secretion. Although infusion of 
supraphysiologic IGF-I to normal subjects results in 
stimulation of glucose transport, this degree of increase 
in free IGF-I does not occur after ingestion of a normal 
meal in normal subjects. High concentrations of free 
IGF-I can also directly suppress gluconeogenesis; how-
ever, these concentrations are not achieved in normal 
human subjects; therefore, it is unknown whether the 
concentrations that are achieved regulate insulin action 
in the liver.58 Mice in which serum IGF-I has been low-
ered by deleting IGF-I expression in liver have impaired 
glucose tolerance.59 A major determinant of this effect 
is stimulation of GH secretion, due to loss of negative 
feedback regulation, leading to antagonism of insu-
lin action in the liver. Administration of GH receptor 
antagonist to human subjects with acromegaly resulted 
in some improvement in insulin sensitivity. However, 
this response could be further accentuated by admin-
istration of supraphysiologic concentrations of IGF-I.60 
Therefore, part of the ability of IGF-I to improve glucose 
metabolism may be due to its direct effects on skeletal 
muscle, rather than simply the indirect effect mediated 
through suppression of GH secretion. Administration 
of octreotide inhibits GH secretion, and, in type I dia-
betic patients, results in lowering of glucose; however, 
concomitant administration of IGF-I further lowers 
glucose, suggesting that it has additional effects that 
are GH independent.61 Interestingly, hepatic glucose 
output was slightly increased in these subjects, probably 
due to suppression of insulin secretion, but an overall 
improvement in glucose homeostasis was maintained, 
suggesting that the effect of IGF-I on fatty acid metab-
olism was predominate. Therefore, there appears to be a 
GH-independent effect of IGF-I to enhance insulin sen-
sitivity, and the suppression of GH secretion functions 
to exert an additive effect.62 These responses are attenu-
ated in normal subjects with aging. Aging induces a 
marked reduction in GH secretion, thus diminishing 
the actions of IGF-I that are mediated via its suppres-
sion. Furthermore, IGF-binding protein concentrations 
are altered with age, with a decrease in IGFBP-3 in an 
increase in IGFBP-2. This results in changes in cellular 
responsiveness to IGF-I administration.63 IGF-I levels 
are also significantly influenced by fat mass. When 
BMI is between 18 and 24, peripheral sensitivity to GH 
and to IGF-I administration is maintained. However, 
when BMI ranges between 24 and 36, there is enhanced 
sensitivity to GH, with substantial increases in IGF-I 
concentrations.64 Above a BMI of 37, GH secretion 
diminishes markedly, and there is enhanced sensitiv-
ity suppression of GH by IGF-I. It is possible that this 
enhanced sensitivity of IGF-I in obesity correlates with 
increased insulin resistance because some investigators 

have demonstrated a reciprocal relationship between 
IGF-I and insulin receptor number in some tissues.65 
In summary, increasing age, BMI, and unknown 
genetic factors all function to modulate the regulation 
of both GH and IGF-I and their effects on carbohy-
drate metabolism. Therefore, the composite interac-
tion of these factors will determine the extent to which 
changes in IGF-I modulate insulin sensitivity.

IGF-I and metabolic 
syndrome
IGF-I influences multiple components of the metabolic 
syndrome, including body composition, both fat and 
muscle metabolism, vascular tone and vasodilatation, 
renal function and sodium balance, and carbohydrate 
metabolism. In addition, several characteristics of the 
metabolic syndrome also correlate with plasma IGF-I 
concentrations. In general, patients with a low-normal 
serum IGF-I concentration who are obese and meet other 
criteria for metabolic syndrome tend to have a worse car-
diovascular disease outcome than those who have serum 
IGF-I levels that are in the mid-normal range.66 Many 
of the subjects also have insulin resistance. Whether the 
abnormal cytokine profile that accompanies the meta-
bolic syndrome is an etiologic factor accounting for low 
serum IGF-I has not been definitively determined.67 
Some studies have shown a correlation between low 
serum IGF-I concentration, waist-to-hip ratios, and 
impaired glucose tolerance.68 Although these correla-
tions are robust, the exact determinants of a worse car-
diovascular outcome have not been established. Some 
cytokines such as C-reactive protein (CRP) have been 
shown to decrease serum IGF-I in experimental animals, 
and this could contribute to the relationship between 
low serum IGF-I and a poor cardiovascular prognosis.67

Genetic polymorphisms that are associated with 
lower serum IGF-I have also been shown to correlate with 
metabolic syndrome parameters. One polymorphism 
due to a CA dinucleotide repeat in a microsatellite that 
is one kilobase upstream from the IGF-I transcription 
start site results in lower serum IGF-I.69 This polymor-
phism has been shown to be associated with low birth 
weight. It occurs in approximately 11% of the Dutch 
Caucasian population, and when these subjects were 
analyzed later in life, the relative risk ratio of ischemic 
heart disease compared with normal individuals was 
1.71/1.70 The subjects were also significantly shorter and 
had an 18% reduction in serum IGF-I compared with 
the control group. This polymorphism has also been 
associated with a threefold increase in the risk of type 
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II diabetes. However, evaluation of this polymorphism 
in other populations has not shown the same positive 
predictive value.71 IGF-I gene polymorphisms have also 
been associated with the development of diabetic com-
plications in affected individuals.72,73

IGF-binding protein levels are also altered in 
patients with metabolic syndrome. Recent studies in 
patients with prediabetes suggest that IGFBP-1 is lower 
in subjects who will subsequently develop type II dia-
betes compared with controls that do not develop this 
problem.38 This is believed to be due to increased insu-
lin secretion that occurs during the prediabetic phase 
and results in suppression of IGFBP-1. Petersson et al.38 
hypothesized that as insulin resistance progresses the 
liver becomes more insulin resistant, leading to reduced 
suppression of IGFBP-1. IGFBP-2 is also suppressed 
in obesity and this contributes to the increased free 
IGF-I found in these subjects.74 Several studies have 
shown suppression of IGFBP-2 in obese subjects, and 
this may be physiologically relevant because transgenic 
mice that overexpress IGFBP-2 are relatively resistant 
to the development of obesity during high-fat feeding.36 
Lower IGFBP-1 values are also present in patients with 
metabolic syndrome who have higher CRP values, and 
the combination of a high CRP and a low IGFBP-1 is 
a strong predictor of the presence of this syndrome in 
middle-age men.75 The presence of a low IGF-I and high 
CRP along with low testosterone had a very high pre-
dictive value for development of metabolic syndrome.76 
Low IGFBP-2 also predicts the presence of metabolic 
syndrome and is associated with an elevated fasting glu-
cose.74 The degree to which IGFBP-2 is directly influenc-
ing the insulin-resistant state, or whether its effects are 
mediated through its ability to suppress preadipocyte 
differentiation, is unknown. Studies in transgenic mice 
overexpressing IGFBP-1 have shown that this induces 
hyperinsulinemia and glucose intolerance and that 
these changes are accentuated by increased IGFBP-1 
phosphorylation, which is also increased.77 In diabetics 
after weight loss, there are significant increases in both 
IGFBP-1 and IGFBP-2 and improvement in insulin 
sensitivity.78 Patients with the lowest fasting IGFBP-1 
measurements had the highest waist circumference, and 
those in the lowest quintile had the highest risk of devel-
oping diabetes within a year. These patients had not 
only low-fasting IGFBP-1 but also impaired IGFBP-1 
suppression after oral glucose loading.79 Plasma IGF-I 
is also associated with insulin sensitivity in prediabetic 
subjects with different degrees of glucose intolerance. 
A 5-year follow-up of 615 patients who had IGF-I val-
ues in the lower half of the normal range showed that 
there was an increased predisposition to develop glu-
cose intolerance or type II diabetes and that this change 

was independently associated with IGFBP-1.80 Maternal 
IGF-I/IGFBP-1 ratios predict subsequent risk for gesta-
tional diabetes, and IGFBP-1 values >68 ng/mL lower 
the risk by 57%.81 A free IGF-I >1 ng/mL also lowers 
the risk by 69%. In subjects >65 years of age, IGFBP-1 
in the lowest quintile predicted increased risk for glu-
cose intolerance.38 In contrast, IGFBP-1 above the 90th 
percentile predicted a reduced risk of the development 
of type II diabetes. Subjects in the lowest quintile of 
IGFBP-1 had a 12.6% prevalence of diabetes after a 
17-year follow-up, whereas those in the highest quin-
tile had only a 1.5% prevalence. IGFBP-1 predicted the 
development of type II diabetes even when confounding 
variables such as age, sex, CRP, and waist circumference 
were taken into consideration.

Responses to IGF-I in 
metabolic disorders
Type I diabetes
In patients with type I diabetes, serum IGF-I concentra-
tions are low due to lack of adequate insulinization of the 
liver, leading to major suppression of IGF-I biosynthesis. 
Therefore, acute administration of insulin to type I dia-
betics results in a 3- to 3.5-fold increase in serum IGF-I 
due restoration of hepatic synthesis.82 Administration 
of insulin through the portal circulation results in an 
even greater increase in serum IGF-I in type I diabetes 
compared with peripheral insulin administration. This 
change in IGF-I concentrations is believed to have sig-
nificant metabolic consequences in patients with severe 
IGF-I deficiency due to poorly controlled diabetes. In 
Mauriac’s syndrome, due to very poorly controlled dia-
betes, the pathophysiology is similar to starvation, and 
there is major cachexia with loss of protein synthesis in 
skeletal muscle. This is also accompanied by sodium 
retention and edema, and these changes resolve when 
adequate insulin therapy is instituted. Although part of 
these changes are due solely to insulin deficiency, the 
combined effects of low insulin and IGF-I result in loss 
of protein synthesis in peripheral tissues and manifest in 
extreme cachexia. Even moderate degrees of poor con-
trol can affect linear growth in adolescent patients with 
relatively low serum IGF-I, and children with poor dia-
betic control do not achieve optimal height.83 That this 
change is rate-limiting for growth has been shown in 
experimental animals with diabetes and low IGF-I con-
centrations, and administration of IGF-I can restore the 
normal growth response. These patients also have signif-
icant elevation in serum GH concentration that further 
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contributes to induction of insulin resistance in the liver. 
Even though low levels of insulin are present, they are 
not adequate to suppress hepatic gluconeogenesis and 
maintain metabolic control. IGFBP-1 concentrations are 
also extremely high due to failure of insulin to suppress 
hepatic IGFBP-1 synthesis and fall abruptly in response 
to adequate insulin therapy.82 This contributes to low 
free IGF-I concentrations. In diabetes, IGFBP-2 concen-
trations also rise and correlate negatively with a hemo-
globin A-1C. The extent to which this rise in IGFBP-2 
contributes to loss of the anabolic effect of IGF-I and 
induction catabolism is unknown. Poorly controlled 
diabetes is also accompanied by proteolysis of IGFBP-3, 
resulting in a significant loss of IGF-I carrying capacity 
in serum and wider fluctuations in free IGF-I concentra-
tions.84 Treatment of type I diabetics with IGF-I induces 
significant metabolic improvement. A trial in 223 sub-
jects using IGF-I doses ranging from 20 to 40 μg/kg 
showed that hemoglobin A-1C improved significantly 
and insulin requirements decreased.85 Unfortunately, 
this was accompanied by significant prevalence of side 
effects, and four subjects had worsening retinopathy 
during follow-up after IGF-I administration had been 
discontinued. Hyperinsulinemic clamp studies have 
shown that administration of IGF-I enhanced insulin 
sensitivity and peripheral insulin-stimulated glucose 
disposal was increased by 34% after IGF-I adminis-
tration.86 This was accompanied by a significant low-
ering of GH concentrations, possibly indicating that 
GH was the mediator of insulin resistance. However, in 
another study, octreotide was administered and IGF-I 
still reduced hepatic glucose production and stimulated 
glucose uptake without a change in glycerol turnover, 
suggesting that the effect was due to enhanced insu-
lin sensitivity and not a reduction in GH.63 IGF-I also 
improves parameters of lipid metabolism in type I dia-
betics, lowering LDL cholesterol, triglycerides, and apo-
protein B-100.

Type II diabetes
Administration of IGF-I to patients with type II dia-
betes results in suppression of GH secretion as well as 
endogenous insulin secretion. Because GH concentra-
tions are quite low basally in these patients, further 
suppression of GH results in minimal improvement 
in insulin sensitivity. In spite of this fact, administra-
tion of IGF-I (40 μg/kg b.i.d.) results in maintenance 
of serum IGF-I concentrations that are at the upper 
range of normal, or slightly above the normal range, 
and patients with these concentrations invariability 
show a significant improvement in insulin sensitivity, 

as evidenced by use of a frequently sampled intrave-
nous glucose tolerance test (Bergman minimal model 
method).87 Using this method, investigators were 
able to show that 6 weeks of IGF-I administration to 
type II diabetics results in a 3.4-fold improvement in 
insulin sensitivity. Although the molecular mecha-
nism is unknown, the most likely etiology is improve-
ment in fatty acid use by skeletal muscle, resulting 
in decreased fatty acid flux to the liver. Indeed, one 
short-term study using a hyperinsulinemic, hypergly-
cemic clamp suggested that hepatic glucose output 
was significantly reduced under these conditions.58 
Because IGF-I does not stimulate hepatocytes directly, 
this suggests that the responses are the result of IGF-I 
actions in muscle to reduce FFA flux to liver, thereby 
enhancing insulin action. Based on these observations, 
a larger clinical trial in which doses of 10–80 μg/kg/
day were administered to 212 adults for 12 weeks 
showed a dose-dependent reduction in hemoglobin 
A1C as well as mean daily glucose.88 Administration 
of doses in this range to patients who were concomi-
tantly receiving insulin also showed an improvement 
in their hemoglobin A1C, with a significant reduc-
tion in the need for exogenous insulin therapy.89 The 
reduction was substantial, 0.8%. However, the side 
effect profiles were observed with each of these regi-
mens, particularly with the most effective doses, for 
example, ≥40 μg/kg b.i.d. Because of this, an attempt 
was made to reduce the excursion of free IGF-I after 
IGF injections by administering IGF-I with its prin-
ciple binding IGFBP-3. Forty-eight subjects with type 
II diabetes were treated with this regimen. Both fast-
ing and postprandial blood glucose fell significantly 
by 35%–40%, and insulin requirements decreased.90 
This suggests it may be possible to utilize this regi-
men; however, long-term studies comparing the two 
types of regimens in inducing side effect profiles have 
not been undertaken.

IGF-I in osteoporosis
IGF-I has been administered to two types of patients 
with severe osteopenia. Younger patients with anorexia 
nervosa respond to short-term IGF-I administration 
by increasing bone turnover, and there is a signifi-
cant anabolic effect. Bone mineral density increased 
by 1.7% after 9 months, whereas it decreased 0.6% 
in control subjects.91 IGF-I was also shown to be an 
effective stimulant of bone formation in men with 
osteoporosis. Patients with GH deficiency also respond 
IGF-I with increased bone turnover. Administration 
of IGF-I to elderly subjects with osteoporosis results 
in increases in markers of bone resorption and bone 
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formation, indicating that it primarily stimulates 
turnover.92 However, none of the studies that have been 
completed for an extended treatment interval have 
shown an effect on bone mineral content. A 4-month 
trial of administration of IGF-I with IGFBP-3 was 
highly effective in stimulated cortical bone forma-
tion in rats.93 This combination also demonstrated an 
improvement bone density in osteoporotic patients 
who were immobilized after a hip fracture.94 Although 
there is an association between serum IGF-I concen-
trations and bone mineral density in elderly adults, 
even short-term administration of IGF-I has been 
associated with a significant incidence of side effects.92 
Therefore, the degree of increase in serum IGF-I that 
can be maintained without side effects for an extended 
period that would be necessary to achieve significant 
improvement in bone mineral content has not been 
established. Clearly, the ability of IGF-I to stimulate 
bone resorption in parallel with stimulation of bone 
formation is a limiting factor for the use of this ther-
apy for long-term improvement in bone mineral den-
sity in this patient population.

Catabolic states
Severe catabolic states result in relative resistance to 
GH and are mediated by increases in cytokines such 
as tumor necrosis factor (TNF) α and interleukin 
(IL)-1.95,96 GH resistance has been demonstrated in 
patients with human immunodeficiency virus (HIV) 
wasting disorders, and disorders of inadequate nutri-
ent intake or absorption such as cystic fibrosis and 
celiac disease. IGF-I has been administered for rela-
tively short intervals to such patients as well as patients 
with burns, or closed head trauma, who are severely 
catabolic. These two groups of patients have responded 
IGF-I with increases in protein synthesis and a posi-
tive anabolic response. Administration of the IGF-I/
IGFBP-3 complex was also shown to increase protein 
synthesis in burn patients.97 One small placebo-con-
trolled subject was completed in patients with myotonic 
dystrophy and showed that IGF-I stimulated protein 
synthesis and inhibited protein breakdown.98 Muscle 
mass and strength also improved. IGF-I/IGFBP-3 also 
has an anabolic effect in these patients.99 Clearly, in 
these types of patients, variables such as high rates of 
excretion glucocorticoids result in relative resistance to 
IGF-I; therefore, its ability to reverse the catabolic pro-
cess is in part dependent upon how sensitive the ana-
bolic restoring effects are to stimulation compared with 
stimulation of side effects such as edema, arthralgias, 
and headaches.

Summary
IGF-I functions as a key metabolic hormone providing a 
signal to the cells that adequate nutrient is available for 
growth. This effect is counterbalanced by hormones that 
are increased during stress, such as glucocorticoids and thy-
roxine, which can counteract the effects of IGF-I in stimu-
lating protein synthesis or inhibiting protein breakdown. 
Although all cells possess IGF-I receptors, cells are differ-
entially programed depending on the cell type and state 
of differentiation to respond IGF-I. Fully differentiated 
cell types may respond with increase in protein synthesis, 
for example, myocytes, or with inhibition of apoptosis, for 
example, neurons, without undergoing proliferation. In 
all these cases, however, the response is integrated with 
the ability of IGF-I to be regulated by adequate nutrients, 
thus providing a common link between nutrient availabil-
ity and stimulation of each of these events. The ability to 
store dietary carbohydrate and to mobilize fat as an energy 
source is also regulated by IGF-I. This functions as an 
important modulator of nutrient availability during this 
time of inadequate calorie intake. However, with excessive 
energy intake, the balance between GH and IGF-I action 
is altered, and obesity-induced suppression of GH secre-
tion limits the ability of IGF-I to enhance insulin sensitiv-
ity through changes in FFA metabolism. This limitation 
may be an important contribution to the development of 
obesity-induced insulin resistance.
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7
Radionuclide scanning in the diagnosis 
and treatment of endocrine disorders
Rakesh Sajjan, Jamshed Bomanji

Introduction
Nuclear medicine has made tremendous progress over 
the past few decades, and it now plays an important 
role in the management of many endocrine disorders. 
With the continuing development and improvement 
of imaging techniques, including combined modali-
ties such as positron emission tomography–computed 
tomography (PET–CT) and single-photon emis-
sion computed tomography–computed tomography 
(SPECT–CT), increase in diagnostic accuracy are being 
achieved. The imaging world has recently gone a step 
further with the introduction of combined positron 
emission tomography and magnetic resonance imag-
ing (PET–MRI), which will open a new chapter in the 
history of imaging.

Radioactivity was first discovered in 1896 by 
the French scientist Henri Becquerel. Radioactive 
iodine-131 (131I) was discovered by Glenn T. Seaborg 
and  John Livingood at the University of California–
Berkeley in the late 1930s. A major breakthrough was 
achieved in the 1940s when 131I was first used to treat 
patients with thyroid disease.

Basic principles of 
nuclear imaging
Nuclear medicine involves the administration of radio-
tracers or radiopharmaceuticals for the purpose of 
diagnosis or treatment. Radiopharmaceuticals are phar-
maceuticals that have been labeled with a radionuclide, 
as a result of which they are targeted toward a specific 
organ.

Nuclear medicine diagnosis determines the cause of 
a medical problem based on organ or tissue function 
(physiology) instead of structural appearance. It thus 
complements the morphological information obtained 
by radiology.

Thyroid imaging 
(see Chapters 13, 14)
The tracers most commonly used for thyroid imaging are 
iodine-123 (123I), technetium-99m (99mTc) pertechnetate, 
thallium-201 (201Tl), 99mTc-MIBI, and 131I. Among these 
tracers, 99mTc-pertechnetate is the most widely used.

Mechanism of uptake
99mTc is trapped by the thyroid gland. Pertechnetate ions 
(TcO4

−) are trapped by the thyroid in the same manner 
as iodine, but they are not organified; hence, they are 
not retained in the thyroid for long, and for the same 
reason, imaging is performed within 15–30 min 
postadministration.

Indications
•	 Graves’ disease
•	 Toxic nodule/autonomous nodule
•	 Multinodular goiter
•	 Location of ectopic thyroid tissue
•	 Differentiation of thyroiditis (subacute or silent) 

and factitious hyperthyroidism from Graves’ dis-
ease and other forms of hyperthyroidism
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Patient preparation and procedure
1.	 Ensure that the patient is not pregnant or breast-

feeding. Various medications need to be discontin-
ued before scanning, as indicated in Table 7.1.

2.	 In addition, interfering agents such as iodine-
containing food (e.g., kelp) should be avoided, and 
it may be necessary to avoid other medications 
(e.g., amiodarone on the advice of a cardiologist and 
iodinated contrast).

Timing of imaging
When 99mTc-pertechnetate is used, imaging should 
begin 15–30 min after injection.

When 123I is used, images are obtained at 3–4 h and 
at 16–24 h after administration.

When 131I is used, images are obtained at 16–24 h 
and at 48 h after oral ingestion.

Advantages of 99mTc-pertechnetate over 123I and 131I:

•	 More readily available
•	 Short half-life (6 h)
•	 Lower radiation dose (1 millisieverts[mSv] vs. 

4 and 6 mSv, respectively)

Advantages of 123I:

•	 Trapped and organified by the thyroid gland, 
allowing overall assessment of thyroid function

•	 Higher energy and lower background activity

The disadvantages of 123I are cost, restricted availability, 
and increased patient radiation dose.

123I is both trapped and organified by the thyroid, 
and because it is stable within the thyroid for a long 
period, it provides good-quality images.1

Examples of the images obtained in various indica-
tions are shown in Figures 7.1 through 7.4.

Treatment of 
hyperthyroidism with 131I
Radioactive iodine provides the highest rate of cure 
for thyrotoxicosis. It has the advantages of being sim-
ple to administer and cheap. Patients experience no 
side effects, and no special precautions are needed. 
The choice of dose depends on several factors, includ-
ing age of the patient, any associated cardiac problems, 
and the cause of hyperthyroidism (e.g., Graves’ disease, 
toxic multinodular goiter). The only disadvantage of 

Medication

Duration (days) 
medications must be 
discontinued before scan

Levothyroxine (T4) 28
Tri iodothyronine (T3) 14
Carbimazole 5
Propylthiouracil 5

Table 7.1
Medications that must be discontinued before 
scanning.

Pyramidal
lobe

Thyroid

Figure 7.1
This is young lady who presented with hyperthy-
roidism. Image shows diffuse increased tracer 
uptake in both thyroid lobes. The arrow shows pres-
ence of pyramidal lobe.

Thyroid

Cold nodule

Figure 7.2
Shows heterogeneous tracer uptake bilaterally with 
photon deficient area on the left side (cold nodule).
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radioactive iodine treatment is the high incidence of 
hypothyroidism.

Mechanism of uptake and 
therapeutic effects
The thyroid takes up the radioiodine in the same way as 
iodide, by active transport—the iodide transport mech-
anism. The beta particles cause radiation injury to the 
thyroid cells, thereby destroying them.

Indications for 131I therapy and guideline levels of 
radioactivity are shown in Table 7.2.2

Contraindications to radioiodine 
therapy
Absolute contraindications:

•	 Pregnancy, because radioiodine therapy will 
damage the fetal thyroid

•	 Breastfeeding

Relative contraindications:

•	 Situations where it is clear that the safety of 
other persons cannot be guaranteed

•	 Allergy to iodine

Use in young patients
Although antithyroid drugs and surgery are gener-
ally regarded as the treatments of choice in childhood 
Graves’ disease, radioiodine is effective in this age 
group. A retrospective study of 116 subjects treated 
with radioiodine at <20 years old revealed cure of 
hyperthyroidism without any increased incidence of 
thyroid cancer, leukemia, or congenital abnormalities 
in offspring.3

Role of block and replacement 
therapy during radioiodine treatment
A block and replacement therapy strategy may be 
chosen to avoid thyroid storm after radioiodine therapy. 
A continuous block-replacement regimen results in 
a stable thyroid function during 131I therapy but is ham-
pered by the higher amounts of radioactivity required.4

Tracer administration time = 09:45
Tracer calibration time = 09:15
Image acquisition time = 10:06

99m-Tc Thyroid Uptake Study
Thyroid uptake = 0.45%
(normal range = 1–3%)

Thyroid

Figure 7.3
This patient was referred with recent onset thyrotoxicosis. Image shows low tracer uptake by thyroid gland 
which is typical of thyroiditis.

Functioning nodule on the right

Right Left

Thyroid

Figure 7.4
This is 30-year-old lady who presented with thyro-
toxicosis. Image shows hot functioning nodule on 
the right with suppressed uptake on the left.
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Ophthalmopathy in 
hyperthyroid disease
Radioiodine should be avoided, if possible, in patients 
newly diagnosed with Graves’ disease who have active 
eye disease. Worsening of ophthalmopathy after 
radioiodine treatment may be caused by the release 
of thyroid antigen as a result of thyroid injury due 
to radiation, with subsequent enhancement of the 
immune response directed toward antigen shared by 
the thyroid and orbit. Antithyroid drugs are the best 
first-line treatment in this setting. It is postulated that 
radioiodine therapy for Graves’ disease is followed by 
the appearance or worsening of ophthalmopathy, but 
the problem is often transient and can be prevented 
by administration of prednisolone.5 One regimen that 
avoids worsening of eye disease6 is to give 0.4–0.5 mg 

of prednisolone per kilogram of body weight starting 
2–3 days before radioiodine therapy and continuing 
for 1 month; the dose is then tapered over a period 
of 2  months and the drug discontinued. Another 
regimen  involves a lower dose and shorter duration 
of oral prednisolone, about 0.2 mg/kg/day for 6 weeks.7

Teaching points
•	 If antithyroid drugs are given before and after 

radioiodine treatment, they should be discon-
tinued at least 4 days before the treatment and 
restarted no sooner than 7 days afterward.

•	 If antithyroid drugs are restarted after radioio-
dine treatment, they should be withdrawn when 
the patient is euthyroid, and the thyroid function 
test should be repeated after 6–8 weeks.

•	 A thyroid function test should be performed 
4–8 weeks after radioiodine therapy.

•	 The prevalence of hypothyroidism is estimated 
to be about 90% over a typical patient’s lifetime.

•	 The risk of hypothyroidism with goiter is about 
20% and is reduced after treatment.

•	 Radionuclide treatment is effective in reducing 
goiter size (small-to-medium size or <100 mL) 
by 50% at 1 year, half of the effect being evident 
within the first 3 months.

•	 In the presence of significant thyroid-associated 
ophthalmopathy (moderate to severe), radioio-
dine treatment should be delayed until the eye 
problem has been treated.

•	 The mortality among patients with thyroid dis-
ease is slightly higher than that among the gen-
eral population, mainly due to cardiovascular 
and cerebrovascular disease and low bone density 
with above-average fracture risk. Mortality is 
not, however, related to the mode of treatment.8

Thyroid cancer 
(see Chapter 15)
Thyroid cancer is the most common endocrine cancer 
and represents 1% of all malignancies. It is among the 
top 20 cancers in females. The incidence of thyroid can-
cer has been gradually increasing since 1975 according 
to Cancer Research UK statistics, and 2154 cases were 
diagnosed in the United Kingdom in 2008. Nuclear 
medicine plays an important role in the management of 
these cancers (Figure 7.5).

The commonest type of thyroid cancer is differ-
entiated thyroid cancer (DTC), accounting for 90% 

Thyroid condition Guide activity (MBq)

Uncomplicated Graves’ 
disease

400–600

Uncomplicated toxic 
multinodular goiter

500–800

Toxic adenoma, usually 
with mild 
hyperthyroidism

500

Ablation therapy may 
be required in 
patients with severe 
comorbidity such as 
heart failure (New 
York Heart 
Association [NYHA] 
grade 3), malignancy, 
or psychosis and also 
may be appropriate 
for those who are 
intolerant to 
antithyroid drugs

500–800

Subclinical 
hyperthyroidism 
associated with 
significant 
multinodular goiter

600

Source:	 Lazarus JH, J R Coll Physicians Lond, 29, 464–9, 1995.

Table 7.2
Indications for 131I therapy and guide activities.
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of  cases. This cancer is subdivided into two forms: 
papillary (accounting for 80% of cancer cases) and 
follicular (accounting for 10% of cancer cases).9 DTC 
is highly curable, with a 10-year survival rate of 
80%–90%.10

Differentiated thyroid cancer10

Patients with a papillary thyroid cancer (PTC) >1 cm 
in diameter or with high-risk follicular thyroid cancer 
(FTC) should undergo near-total or total thyroidectomy. 
Patients with low-risk FTC or PTC ≤1 cm in diameter 
may be treated with thyroid lobectomy alone. After the 
operation, triiodothyronine 20 μg t.d.s. (normal adult 
dosage) should be administered. It should be discon-
tinued 2 weeks before 131I ablation. Thyroglobulin is 
checked 6 weeks after surgery.

The ablation of thyroid tissue with the help of radio-
active iodine is widely used for the following reasons:

1.	 It may destroy occult microscopic carcinoma within 
the thyroid.

2.	 It helps in later detection of recurrence by means of 
131I scanning.

3.	 It increases the value of serum thyroglobulin 
measurement. During follow-up, measurement of 

thyroglobulin is less reliable in patients with a large 
residual thyroid gland.

Indications for 131I ablation
Definite indications:

1.	 Distant metastases
2.	 Incomplete tumor resection
3.	 Complete tumor resection but high risk of recur-

rence or mortality (tumor extension beyond the 
thyroid capsule, or more than ten involved lymph 
nodes and more than three lymph nodes with extra 
capsular spread)

Probable indications:

1.	 Less than total thyroidectomy (inferred from opera-
tion notes or pathology report, or when an ultra-
sound scan or isotope scan shows a significant 
postoperative thyroid remnant)

2.	 Status of lymph nodes not assessed at surgery
3.	 Tumor >1 cm and <4 cm in diameter
4.	 Tumor <1 cm in diameter with unfavorable histol-

ogy (tall cell, columnar cell, or diffuse sclerosing 
papillary cancers; widely invasive or poorly differ-
entiated follicular cancers)

5.	 Multifocal tumors <1 cm

Thyroid carcinoma

Post I-131 therapy scan

Post I-131 therapy scan
Spot view

I-123 prognostic scan 6 months postablation

Figure 7.5
This patient was diagnosed with papillary carcinoma, had hemithyroidectomy followed by I-131 ablation. 
The post therapy scan shows uptake in the residual thyroid (arrows). 6 months after, I-123 scan was per-
formed which showed no residual uptake in thyroid bed (only salivary glands are seen).
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Patient preparation

1.	 Low-iodine diet for 2 weeks.
2.	 Elimination of other sources of excess iodine 

(e.g., CT contrast).
3.	 Amiodarone may have to be withdrawn for several 

months.
4.	 In females, the possibility of pregnancy must be 

excluded.
5.	 In males, pretreatment sperm banking is advised if 

the patient is having more than two higher dose 131I 
treatments.

Activity of 131I for ablation

1.	 If the scan shows residual thyroid tissue only, then 
thyroid ablation can be done with an ablative dose 
of 3.7 GBq.11,12

2.	 If distant metastasis is noted, a high dose is given 
(5–7.4 GBq).13

Role of fluorine-18 fluorodeoxyglucose 
PET in DTC
Lack of 131I trapping by metastatic tissue precludes 
visualization of metastatic spread by means of 131I scin-
tigraphy. The main indication for fluorine-18 fluorodeox-
yglucose (18F-FDG) PET scan is in patients who have had 
total thyroidectomy and 131I ablation and have detectable 
thyroglobulin/thyroglobulin antibody with negative 131I 
scintigraphy.14

Patient follow-up is done by measurement of serum 
thyroglobulin every 3 months (or annually if the 
patient is in remission) and by 131I whole-body scanning 
6  months postsurgery. Levothyroxine is the drug of 
choice to suppress thyroid-stimulating hormone (TSH) 
on a long-term basis. Dose is adjusted to aim at TSH 
levels of <0.01 mIU (in low-risk patients, it is adequate 
to keep serum TSH between 0.01 and 0.05 mIU).

Oncocytic follicular cancers
Hürthle cell tumors account for 5% of all differentiated 
follicular carcinomas.15 These tumors are more common 
in women. They usually do not take up 131I, and metas-
tases are frequently undetected. In these cases, 201Tl, 
99mTc-MIBI, and 99mTc-tetrofosmin are useful.16 Hürthle 
cell carcinoma demonstrates intense uptake on 18F-FDG 
PET images, and PET improves both disease detection 
and disease management.17

The first-line of treatment is surgery (usually 
total  thyroidectomy) followed by 131I ablative therapy. 
Follow-up is done with thyroglobulin assay and 131I 
whole-body scan annually. From 15% to 20% of patients 
with a high serum thyroglobulin level will have a nega-
tive 131I diagnostic whole-body scan.18,19 In these cases, 

whole-body scanning is done with 201Tl or 99mTc-MIBI 
or dedifferentiation therapy with retinoic acid may be 
used. The usual dose of retinoic acid is 1.18 mg/kg body 
weight orally for 2 months; this can result in better 
uptake of radioiodine in tumors and can subsequently 
be exploited for the purpose of radioiodine treatment.20

Medullary thyroid carcinomas 
(see Multiple endocrine 
neoplasia type 2, Chapter 9)
Medullary thyroid carcinomas (MTCs) account for 
5%–10% of all thyroid cancers. Twenty-five percent 
of MTCs are familial (multiple endocrine neoplasia 
2A [MEN2A], MEN2B and familial medullary thy-
roid cancer [FMTC]). These tumors secrete exces-
sive  calcitonin, and diagnosis is made with the help 
of serum calcitonin measurement. Treatment consists 
of total thyroidectomy as the tumors are multicentric. 
Postoperatively, serum calcitonin is measured repeatedly 
for residual or metastatic tumor. If the value is high, 
then pentavalent DMSA, 123I-metaiodobenzylguanidine 
(MIBG), or indium-111 (111In) octreotide give good 
localization of recurrent tumor or metastases. In 
cases of 123I-MIBG/111In-octreotide/gallium-68 (68Ga) 
DOTATATE-positive disease, therapy with 131I-MIBG 
or lutetium-177 (177Lu) DOTATATE can be instituted.

Table  7.3 shows the sensitivity of 131I scintigraphy 
in detecting metastatic disease due to differentiated 
thyroid cancers in comparison with other markers. 
A summary of the management of thyroid cancer (dif-
ferentiated and medullary) is provided in Figure 7.6.10

Complications of radioiodine 
treatment for thyroid cancer
1.	 Radiation thyroiditis occurs in 20% of patients, 

usually appearing 1 week after 131I administra-
tion. Conservative management with an anti-
inflammatory suffices.

 
Sensitivity 
(%)

Specificity 
(%)

131I scan 42–62 99–100
Serum thyroglobulin 55–78 55–78

Table 7.3
Sensitivity and specificity of 131I scan and serum 
thyroglobulin determination.
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Thyroid cancer

Di�erentiated
thyroid cancer 

Medullary
thyroid cancer

>1 cm

Follicular

High risk
Near total thyroidectomy

or total thyroidectomy
Post-op start on T3

<1 cm Low risk

Lobectomy

Check Tg-6 weeks postsurgery

I-131 ablation
(stop T3 2 weeks prior or  giving

recombinant TSH for 3–4
days without stopping

thyroid medication to allow
serum TSH to rise to >30mIU/L)

Post ablation scan
3–10 days after

Start levothyroxine
in a dose su�cient

to suppress TSH

Reassessment with
WBDY scan
6 months 

postablation

Further follow-up measurement of Tg after
TSH stimulation alone may be adequate
Ultrasonography of neck 6–12 months

Lifelong follow-up for DTC

Initial evaluation by FNAC
& plasma calcitonin

24 h urine catecholamines
& serum Ca to exclude MEN 2 

Once con�rmed, o�er
genetic counselling

(RET mutation)

Minimum treatment is total
thyroidectomy & level VI
lymph node dissection

Follow-up life long
with calcitonin measurement

Papillary

Figure 7.6
Summary of the management of thyroid cancer. (From British Thyroid Association, Royal College of 
Physicians, Guidelines for the Management of Thyroid Cancer, 2nd edition, Perros P, (ed). Report of the 
Thyroid Cancer Guidelines Update Group, Royal College of Physicians, London, 2007.)
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2.	 Radiation sialadenitis occurs after therapy in 12% 
of patients and usually involves the parotid or sub-
mandibular gland. It can be prevented by giving 
sour sweets to increase salivation.

3.	 Acute hematological changes, for example, throm-
bocytopenia and leukopenia; such changes are rare.

Parathyroid imaging 
(see Chapters 9, 11)
Primary hyperparathyroidism is a common condition 
with the following causes:

1.	 Adenoma in 80%–85%
2.	 Hyperplasia in 12%–15%
3.	 Carcinoma in 1%–3%

The parathyroid glands are situated behind the lateral 
lobes of the thyroid gland. In general, there are four 
glands; however, in 10%–13% of people there is a variant 
number. Superior parathyroid glands originate from the 
fourth bronchial pouch and migrate in close association 
with the posterior portion of the thyroid gland, so only 
<10% of the superior glands are situated ectopically. The 
inferior parathyroids arise from the third pharyngeal 
pouch and descend along with the thymus toward the 
mediastinum (long migration). Approximately 60% of 
them are found at the inferior pole of the thyroid gland, 
39% at the superior pole of the thymus, 2% in the medi-
astinum, and another 2% anywhere between the angle of 
the mandible and the level of the aortic arch.

The goal of radionuclide imaging is to localize and 
lateralize hyperfunctioning parathyroid tissue to help 
the surgeon to find the lesion, thus shortening the dura-
tion of surgery. Focused excision can be achieved by open 
surgery through a mini-incision, possibly under local 
anesthesia, or by video-assisted endoscopic surgery under 
general anesthesia.21 Most surgeons appreciate having 
information concerning the whereabouts of the parathy-
roid glands in the neck before starting dissection and the 
possibility of locating ectopic parathyroid glands.22 In 
the case of a mediastinal gland, the surgeon can proceed 
directly with first-intention thoracoscopy, avoiding unnec-
essary initial extensive neck surgery in the search for the 
elusive gland.23 Techniques used to ensure completeness 
of resection include intraoperative parathyroid hormone 
measurements (68%) and gamma probe (14%).

The first agent used for the parathyroid was thal-
lous chloride in 1980.24 The most commonly used 
tracer is 99mTc-MIBI. 99mTc-MIBI scintigraphy has a 
sensitivity of 90% for single adenomas, 55% for abnor-
mal glands in patients with multiglandular disease, 

and 75% for recurrent hyperparathyroidism, and a 
specificity of 98% for primary adenomas.25 In general, 
parathyroid adenomas >500 mg can be detected scin-
tigraphically.26 Table  7.4 shows the comparison with 
other imaging modalities.27,28 Dual-phase, dual-tracer 
99mTc-pertechnetate/99mTc-MIBI SPECT has further 
increased the sensitivity to 72.5% and the specificity 
to 99%.29

Use of 99mTc-MIBI for 
parathyroid imaging
Mechanism of uptake
MIBI, or sestamibi, is a lipophilic cationic complex 
that accumulates around the mitochondria and per-
sists in tissue rich in mitochondria. Hyperfunctioning 
parathyroid nodules usually have abundant mitochon-
dria  (oxyphilic  cells) that show strong affinity for 
99mTc-MIBI.

The nuclear modality now most frequently used to 
image the parathyroids is dual-phase imaging. Images 
are acquired at early (15 min postinjection) and late 
(90 min postinjection) phases. The basis for perform-
ing early and late 99mTc-MIBI imaging is the relative 
washout rate of the thyroid and parathyroid glands: 
99mTc-MIBI is cleared from the thyroid gland much 
earlier than from the parathyroid glands, resulting in 
visualization of the latter on the delayed image.

In contrast, radionuclide scanning with the 
201Tl/99mTc subtraction technique is now rarely used. 
The reported sensitivity is highly variable and usually 
lies between 70% and 90% for parathyroid adenoma.

There is a consensus that the availability of an inte-
grated SPECT/CT/gamma camera system with high 
spatial resolution, which uses spiral CT for anatomical 
localization, has improved accuracy and reporter confi-
dence in clinical practice.30

 Sensitivity (%) Specificity (%)

99mTc-MIBI 70 88
CT 40 80
MRI 60 88
Ultrasound 42 92

Source:	 Russell Van Husen, Lawrence T. Kim, World J Surg, 28, 
1122–26, 2004.

Table 7.4
Sensitivity and specificity of various imaging 
modalities for parathyroid adenomas.
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Patient preparation

1.	 No patient preparation is involved for the dual-
phase technique. In the case of women of child-
bearing age, it must be ensured that the patient is 
not breastfeeding or pregnant.

Imaging technique (dual phase)
99mTc-MIBI is administered by intravenous injection, fol-
lowed by imaging. The administered activity is 900 MBq.

The patient must be in the supine position with the 
arms down. Anterior views of the neck and the upper 
thorax are obtained using a gamma camera. Early 
(ideally 10–15 min postinjection, certainly within 
30  min) and delayed (1.5–2.5 h postinjection) images 
are obtained. Further delayed images (4 h postinjection) 

can be obtained if thyroid washout is poor. Current 
practice is to obtain SPECT/CT images whenever avail-
able to obtain exact anatomical localization.

Examples of the images obtained using 99mTc-MIBI 
are shown in Figures 7.7 through 7.9.

Teaching points

•	 The main role of parathyroid imaging is the local-
ization of hyperfunctioning parathyroid tissue.

•	 99mTc-MIBI is now the tracer most commonly 
used for parathyroid scintigraphy and is 
used with SPECT-CT when the latter is available.

•	 Minimally invasive parathyroidectomy is a sur-
gical technique involving a shorter incision 
(<2–3  cm long). It became popular after suc-

Early phase

Parathyroid 
adenoma

Late phase

Figure 7.7
This is dual phase Tc-99m sestamibi scan. Early phase shows uptake in thyroid gland and parathyroid 
adenoma which is difficult to appreciate as there is overlap between the two. But the late phase image 
shows washout of the tracer from the thyroid revealing parathyroid adenoma on the left side (black arrow).

Transaxial view Anterior view

Figure 7.8
This image (same patient as shown in fig. 7.7) shows SPECT image with tracer retention in the left parathy-
roid gland.
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cessful preoperative imaging,  particularly  with 
99mTc-MIBI scintigraphy and ultrasound.31 
A  survey of the members of the  International 
Association of Endocrine Surgeons indicated that 
minimally invasive parathyroidectomy based on 
99mTc-MIBI scintigraphy has been adopted by 
59% of surgeons.32 The most popular surgical 
technique (92%) is the focused approach with a 
small incision.

Neural crest tumors 
(see Chapters 8, 9, 21)
MIBG labeled with 123I and 131I is recognized to be of 
value for various diagnostic and therapeutic procedures; 
indeed, its role in pheochromocytoma has been well 
known for decades.

Indications for MIBG scan
123I-MIBG is currently used for the detection of various 
neural crest tumors (Table  7.5) and for the diagnosis, 
staging, and posttherapy assessment of medullary thy-
roid carcinoma.

Wieland et al.33 developed the use of whole-body MIBG 
scintigraphy in 1980. MIBG is a guanethidine analog that 
is structurally similar to noradrenaline and is taken up by 
adrenergic storage vesicles in the adrenal gland and the 
paraganglia, thus visualizing neuroendocrine tissue.

The sensitivity of MIBG scintigraphy in detecting 
functioning pheochromocytoma is 91%. Table 7.6 shows 

the sensitivity and specificity in relation to CT and MRI.34 
Positive MIBG scintigraphy always requires correlation 
with CT or MRI. In metastatic disease, 131I-MIBG ther-
apy provides an important palliative therapeutic option.

 
Sensitivity 
(%)

Specificity 
(%)

CT 90 93
MRI 93 93
MIBG scintigraphy 91 >95

Table 7.6
Sensitivity and specificity of MIBG scintigraphy, 
CT, and MRI in detecting functioning 
pheochromocytoma.

Tumor MIBG sensitivity (%)

Paraganglioma 89
Pheochromocytoma 91
Neuroblastoma 92
Carcinoid 79

Table 7.5
Sensitivity of MIBG scan for various neural crest 
tumors.

Anterior view Oblique view

Transaxial view

Figure 7.9
This is SPECT-CT image showing tracer uptake in the ectopic parathyroid gland (shown with arrows) in the 
superior mediastinum. 
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Neuroblastomas also take up MIBG, and in a 
small group of patients, MIBG scan is more accurate 
than CT or MRI, usually as a result of showing bony 
metastases. The main roles of scintigraphy are in stag-
ing these tumors at presentation; searching for post-
surgical residues; monitoring the effects of treatment; 
and, frequently, assessing suitability for 131I-MIBG and 
177Lu-DOTATATE therapy.

Mechanism of uptake of MIBG
MIBG is an aralkyl guanidine that structurally resem-
bles the neurotransmitter noradrenaline. Owing to 
this structural similarity, it is taken up by the adre-
nal medulla via the neuronal uptake 1 mechanism and 
other tissues that are rich in sympathetic innervations.35 
MIBG is transported into neurosecretory vesicles by an 
ATPase-dependent proton pump and stored in neurose-
cretory vesicles.

Patient preparation
1.	 If the patient is female and of child-bearing 

age, it must be ensured that she is not pregnant 
(if she is pregnant but requires the test, the test 
must be  justified taking into account risks and 
benefits).

2.	 If the patient is breastfeeding, breastfeeding must 
be interrupted for at least 48 h.

3.	 There are medications, such as antihypertensives, 
tricyclic antidepressants, nasal decongestants, 
sympathomimetics, and cocaine, that prevent 
uptake of the tracer, increasing the likelihood of 
false negatives. The common medications listed in 
Table 7.7 need to be discontinued prior to MIBG 
scan.35

4.	 Thyroid blockade should be performed before the 
123I-MIBG scan to prevent iodine uptake by the 
thyroid gland. The agent usually used for thy-
roid blockade is potassium iodide 120 mg the 
night before the scan and 120 mg on the night of 
123I-MIBG administration (other agents used are 
potassium perchlorate and Lugol’s solution).36

5.	 The maximum radioactivity usually administered 
is 400 MBq. The effective dose is 6 mSv.

6.	 Once the tracer has been given (over 1–2 min to 
prevent untoward side effects), imaging is per-
formed at 4 h and again at 24 h.

Figure 7.10 shows an example of imaging findings in 
a patient with pheochromocytoma.

Teaching points
•	 123I-MIBG scan is a well-established tech-

nique for imaging of pheochromocytoma and 
paraganglioma.

•	 It must be ensured that interfering medications 
are discontinued to avoid false negatives.

•	 123I-MIBG scintigraphy is an essential step in the 
selection of patients for 131I-MIBG therapy.

Medication

Duration of 
discontinuation before 
MIBG administration (h)

Amitriptyline 48
Amoxapine 48
Butriptyline 48
Clomipramine 24
Desipramine 24
Diltiazem 24
Doxepin 24
Dothiepin/dosulepin 24
Ephedrine 24
Imipramine 24
Iprindole 24
Isradipine 48
Labetalol 72
Lidoflazine 48
Lofepramine 48
Loxapine 48
Methylephedrine 24
Nicardipine 48
Nifedipine 24
Nimodipine 24
Noradrenaline 24
Nortriptyline 24
Phenylephedrine 48
Phenylpropylamine 48
Protriptyline 24
Pseudoephedrine 24
Reserpine 72
Trimipramine 48
Verapamil 48

Table 7.7
Commonly used medications that must be 
discontinued before MIBG scan.
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Carcinoid tumors/
neuroendocrine tumors 
(see Chapter 8)
Neuroendocrine tumors (NETs) are rare neoplasms 
that are characterized by the presence of neuroamine 
uptake mechanisms and/or peptide receptors at the cell 
membrane, and these features constitute the basis for 
the clinical use of specific radiolabeled ligands, both for 
imaging and for therapy.37

Eighty percent of carcinoid tumors are situated in 
the gastrointestinal tract, out of which 45% are situated 
in the appendix. Ten percent are found in the lungs and 
the rest in various organs. The ability of these tumors 
to concentrate 123I- or 131I-MIBG allows scintigraphy to 
be performed with a cumulative sensitivity of 71%.38 
The main indication for 123I-MIBG scintigraphy is deci-
sion making with regard to the therapeutic dose of 
131I-MIBG.

111In-octreotide scintigraphy
111In-labeled octreotide (commercially available as 
OctreoScan) binds selectively to the somatostatin recep-
tor 2 (SST2), and 80% of carcinoids express somatostatin 
receptors. 111In-octreotide scintigraphy is particularly 
useful for localizing metastases outside the abdomen 
and can detect metastases sized 0.5–1 cm.

Common indications39

•	 Sympathoadrenal system tumors (pheochromo-
cytoma, neuroblastoma, ganglioneuroma, and 
paraganglioma)

•	 Functioning and nonfunctioning gastroentero-
pancreatic (GEP) tumors (e.g., carcinoid, gastri-
noma, insulinoma, glucagonoma, VIPoma)

•	 Medullary thyroid carcinoma
•	 Pituitary adenoma
•	 Merkel cell carcinoma
111In-octreotide is used to localize the primary tumor 
(Figure  7.11), to detect relapse, to monitor effects of 
treatment, and to select patients for peptide radionu-
clide therapy.

Patient preparation

1.	 Pregnancy is a relative contraindication—benefits 
must be weighed against harm.

2.	 Breastfeeding must be interrupted.
3.	 111In-octreotide should be avoided in patients with 

renal failure because the kidneys are the route 
of excretion (if 111In-octreotide were to be used, 
images would be nondiagnostic because of activity 
in the circulation).

4.	 Somatostatin analog therapy should be temporarily 
withdrawn when possible.

5.	 Adequate hydration should be given a day before 
injection.

Recommended activity
The recommended activity is 110 MBq and 220 MBq 
for SPECT.

Acquisition
Images are acquired at 4 and 24 h postinjection. Delayed 
views may be required at 24 and 48 h postinjection to 
clarify suspicious areas. At least one set of SPECT/CT 
images is acquired when this option is available.

Posterior viewTran axial view

Figure 7.10
The SPECT/CT images show MIBG avid left adrenal mass in keeping with phoeochromocytoma (marked 
with arrows).
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PET tracers
Gallium-68  DOTA-Tyr3-
octreotate (68Ga-DOTATATE)
The newer radiopharmaceutical 68Ga-DOTATATE is 
known for its excellence in the functional imaging of 
NETs (Figure  7.12). 68Ga-DOTATATE PET/CT is a 
useful novel imaging modality for NETs and is supe-
rior to 111In-octreotide. Functional imaging with both 
68Ga-DOTATATE and 18F-FDG has the potential to 
offer more comprehensive assessment of intermediate- 
and high-grade tumors.40

Indications

•	 Staging and posttreatment assessment of NETs, 
and detection of recurrence

Activity
250 MBq

Effective dose
1.	 8.5 mSv

Patient preparation

1.	 It must be checked that the patient is not pregnant 
or breastfeeding.

Fluorine-18 3,4-dihydroxy-6-fluoro-
dl-phenylananine (18F-DOPA)
18F-DOPA is another PET tracer used for imaging of 
NETs. It has been shown that 18F-DOPA PET detects more 
lesions, more positive regions, and more lesions per region 
than combined 111In-octreotide scintigraphy and CT.41 
However, more studies are needed to confirm this. The 
practical advantage of 18F-DOPA PET over MIBG scin-
tigraphy is the lack of uptake in normal adrenal glands, 
implying that any 18F-DOPA uptake in the adrenals is 
abnormal. The specificity of 18F-DOPA PET seems to be 
similar to that of MIBG scintigraphy in those tumors.42

Indium—111 octreotide

Posterior

Left

Figure 7.11
59-year-old lady with NET tumour in the tail of pancreas. Uptake in the tail of pancreas on the SPECT (black 
and white image with black arrow showing the tumour). The corresponding picture on the fused SPECT – CT 
image is shown on the left hand side (white arrow showing the tumour).

Gallium octreotate—Pancreatic neuroendocrine tumor with
liver & bone metastases

12

3

1

Figure 7.12
This is PET/CT image showing Gallium-68 DOTATAE uptake in the pancreas (1), liver (2) and bone (3).
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18F-DOPA in congenital 
hyperinsulinism
Congenital hyperinsulinism (CHI) causes recurrent hypo-
glycemia in the newborn/infancy period, posing a high risk 
of neurological complications.43 In the past decade, imag-
ing with 18F-DOPA has revolutionized the way in which 
infants with CHI are managed (Figure 7.13). 18F-DOPA 
PET-CT is a valuable tool to distinguish between focal 
and diffuse forms of CHI, and in the former case to local-
ize the focus for limited pancreatic surgery.44

Patient preparation

1.	 The patient should be fasted for 6 h before the 
injection (because they will be sedated).

2.	 The patient should be well hydrated.
3.	 Medications such as diazoxide, octreotide, and glu-

cagon should be stopped for at least 2 days. Glucose 
infusion should be used to establish euglycemia.

Activity administered
The administered activity is 4 MBq/kg, with a maxi-
mum of 200 MBq.

Teaching points
•	 111In-octreotide is used in the majority of centers.
•	 For imaging patients with suspected NET, 

111In-octreotide is the tracer of choice.
•	 Where PET facilities are available, 68Ga-​

DOTATATE is the tracer of choice.
•	 Somatostatin receptor scintigraphy can be used 

to stage lesions and select patients for therapy.

Imaging adrenal glands
The adrenal cortex produces glucocorticoids, mineralo-
corticoids, and small amounts of sex hormones. Benign 
tumors of the cortex are called adrenal cortical adeno-
mas, whereas malignant tumors are called adrenal corti-
cal carcinomas. All the aforementioned steroid hormones 
are synthesized from cholesterol. At present, two choles-
terol analogs are used for imaging of the adrenal cortex: 
131I-6β-iodomethyl-19-norcholestrol (NP59) and 75Se-6β-
selenomethyl-19-norcholesterol.45 Overall, scintigraphy 
achieves a high sensitivity (71%–100%) with varying 
specificity (50%–100%) for the differentiation of malig-
nant from benign adrenal masses.45 The disadvantage of 
these tracers is the high radiation dose to the adrenals. 
Currently, the clinical indications for adrenal cortex scin-
tigraphy are very limited because of the development of 
CT, MRI, and highly sensitive biochemical assays.

The adrenal medulla produces catecholamines (adren-
aline and noradrenaline). The commonest tumor in the 
medulla is pheochromocytoma that arises from the para-
ganglion cells anywhere in the autonomic nervous sys-
tem. Ninety percent of pheochromocytomas are sporadic; 
the remaining 10% are associated with neuroectodermal 
disorders such as neurofibromatosis, tuberous sclerosis, 
von Hippel–Lindau syndrome, or multiple endocrine 
neoplastic syndrome. On 123I- or 131I-MIBG scintigraphy, 
pheochromocytomas are depicted as an abnormal focal 
area of increased activity. This technique is especially use-
ful for the detection of ectopic pheochromocytomas and 
also for detection of metastatic or locally recurrent disease 
because unlike ultrasound, CT, or MRI, it is inherently 
a whole-body imaging technique. Refer to the section 
“Neural crest tumors” for further details.

F-DOPA focal hyperinsulinoma

Anterior view Transaxial view

Figure 7.13
These PET/CT images show focal uptake at the head of pancreas (arrows) indicating focal congenital 
hyperinsulinism.
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131I-MIBG and radionuclide 
peptide therapy 
(see Chapters 8, 9, 21)
Since the late 1990s, therapy has played an impor-
tant role in the management of NETs. Radionuclide 
therapy works by the principle of internal targeting. 
The following factors influence radionuclide therapy46:

•	 The more selective and specific the uptake of the 
radionuclide, the better targeted the therapy.

•	 The therapeutic effects depend on the release of 
ionizing radiation, the beta particles (others are 
alpha particles and electron capture/internal con-
version decaying but these are currently not in use).

•	 The longer the radionuclide stays in the tar-
get, the better the therapeutic ratio (to get good 
therapeutic ratio, it is necessary for the unlabeled 
radionuclide to be excreted rapidly to get a good 
target-to-background ratio).

Indications47

•	 Inoperable malignant pheochromocytoma
•	 Inoperable malignant paraganglioma
•	 Neuroblastomas stage III and IV
•	 Medullary thyroid carcinoma
•	 Metastatic carcinoid tumors

Mechanism of localization46

1.	 Internal localization by crossing the cell membrane 
and bound within cytoplasm or to the nuclear 
DNA, for example, 131I in DTC.

2.	 Uptake in the neurosecretory granules found in neu-
roendocrine cancer cells, for example, 131I-MIBG.

3.	 Binding to the receptors present on some of the 
tumor cells, for example, somatostatin receptors.

There are no randomized clinical trials available compar-
ing optimal treatment cycle doses, optimal cycle interval, 
or optimal cumulative dose. Hence, treatment scheme 
depends on local expertise and clinical judgment.48

In the United Kingdom, centers offering peptide 
therapy are mainly concentrated in London.

Therapies are administered by an Administration of 
Radioactive Substances Advisory Committee (ARSAC) 
certificate holder who is either a nuclear medicine physi-
cian or oncologist.

131I-MIBG
131I-MIBG is a beta-emitting radionuclide with peak 
energy of 0.61 MeV. It has physical half-life of 8.04 days. 

MIBG is an analog of noradrenaline. It is indicated in 
patients who have life expectancy of ≥3 months.

Contraindications
Absolute:

•	 Pregnancy and breastfeeding
•	 Life expectancy of <3 months
•	 Renal insufficiency requiring dialysis

Relative:

•	 Rapidly deteriorating renal function with glo-
merular filtration rate (GFR) <30 mL

•	 Unmanageable urinary incontinence
•	 Myelosuppression

Patient preparation

1.	 Patient should have MIBG-positive tumor on 
123I-MIBG diagnostic scan.

2.	 Prevention of thyroid uptake of free iodide by 
thyroid blockade using potassium iodide or 
Lugol’s iodine. Treatment begins at 24 h before 
131I-MIBG administration and is continued until 
10–15 days.

3.	 Drugs that interact with MIBG should be stopped 
(refer to Table 7.7). However, patients with meta-
bolically active catecholamine-secreting tumors 
(i.e., pheochromocytoma, paraganglioma) are often 
alpha- and beta-blocked by medical treatment, 
before MIBG.47

4.	 Good hydration with intravenous fluids.
5.	 Prophylactic antiemetics.
6.	 Written informed consent should be obtained.

Activity administered
Activity administered depends on clinical judgment, 
and it can range from 3.7 to 14.8 GBq in adults. Three 
cycles given at three monthly intervals.
Side effects:

•	 Nausea and vomiting
•	 Myelosuppression
•	 Flushing in patients with carcinoid

Peptide receptor radionuclide therapy
There are different isotopes used for peptide receptor radio-
nuclide therapy, mainly, indium-111, lutetium-177, and 
ytrrium-90, and the peptides used are octreotide (affinity 
toward somatostatin receptor [SSR] 2, 5, and 3), octreotate 
(affinity toward SSR 2), lanreotide (affinity toward SSR2, 
5, 3, 4, and 1). Normally, the linker is the DOTA.
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Eligibility criteria
Life expectancy >3 months, tumor uptake on the 
OctreoScan should be at least as high as normal liver 
uptake and inoperable disease.48

Contraindications (both relative and absolute):

•	 Pregnancy and breastfeeding
•	 Renal impairment
•	 Impaired hematological function
•	 Severe hepatic impairment
•	 Severe cardiac impairment

Patient preparation

1.	 Blood tests including full blood count, urea, and 
creatinine, and liver function tests should be done 
routinely before each administration

2.	 Obtain written informed consent
3.	 Infusion of amino acids containing lysine and argi-

nine to reduce kidney-absorbed dose

Lutetium-177  DOTATATE
Lutetium-177 DOTATATE is a beta- and gamma-
emitting radioisotope; hence, it has the advantage of 
scanning on gamma camera posttherapy (for dosime-
try and to assess the tumor uptake). It is given in four 
fractions with 7.4 GBq (total 29.6 GBq) at an interval 
of 6–9 weeks between each therapy.49

Yttrium-90  DOTATATE
Yttrium-90 is a beta emitter and does not have gamma 
emission; hence, the patient cannot be imaged. It is 
given in four fractions of 3–4 GBq.50
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Gastroenteropancreatic neuroendocrine 
tumors (neoplasms)
Maxime Palazzo, Philippe Ruszniewski, Dermot O’Toole

Introduction
The field of gastroenteropancreatic (GEP) neuroendocrine 
neoplasms (NENs) has evolved rapidly over the past 
decade and this has helped to enhance and understand the 
epidemiology, genetics, presenting features, and diagnos-
tic capabilities and therapeutics. Several national registries 
have published interesting data in this field, and although 
comparisons between countries are sometimes hampered 
by types of registries and the data recorded (e.g., capture 
fields used, definition of malignancy, and nomenclature 
issues), the sheer body of recent work attests to the growing 
interest in GEP-NENs. Recent data from North America 
confirm a strong increase in annual incidence in NENs 
with an annual age adjusted incidence of 1.09/100,000 in 
1973 to 5.25/100,000 in 20041. Indeed, these trends in 
increasing incidence are also found in Europe2. Even more 
significant are the figures pertaining to the high prevalence 
of GEP-NENs, estimated with a 29-year limited-duration 
prevalence of NENs of 103,312 in 2004 (35/100,000), 
making this disease more prevalent than many other 
gastrointestinal (GI) cancers, including esophageal, gas-
tric, hepatobiliary, and pancreatic.1 So, although incidence 
figures assemble GEP-NENs into a so-called “rare tumor” 
group, enhanced longevity due to the long natural his-
tory coupled with enormous improvements in managing 
symptomatic and oncological disease components means 
that we are actively seeing more and more patients, under-
lying the need for proper management resourcing.

Although GEP-NENs are often quite variable, rang-
ing from nonfunctional tumors to those secreting hor-
mones or peptides that are readily identifiable as specific 
syndromes, such as insulinoma, gastrinoma, and carci-
noid syndrome, and emanate from many different organs, 

they often share common biological and morphological 
aspects. Most are histologically well differentiated, with 
a slow progressive pattern, and they express common 
markers such as synaptophysin and chromogranin. The 
majority also express membranous somatostatin recep-
tors that allow for specific targets for both diagnostic 
and therapeutic strategies. A further commonality is 
the rich vascular network in many of these tumors that 
has been used to help elucidate biological properties and 
diagnose and treat these patients. Although surgery 
for small tumors can be curative, many patients mani-
fest with advanced disease because symptoms are often 
absent until metastases have occurred, and even when 
symptomatic, failure of disease recognition is frequent. 
Therefore, therapies, including surgery, are often aimed 
at controlling tumor burden and symptoms. Advances 
in surgery, biotherapy, radionuclide therapy, and more 
recently specifically targeting membranous or internal 
cellular molecules (e.g., vascular endothelial growth 
factor receptor [VEGF-R], tyrosine kinase inhibitors) 
provide more effective options in treating patients with 
advanced disease.

Histology, tissue markers, 
and classifications
“Neuroendocrine” defines the cellular origins of the 
tumors, which share neuroendocrine markers. Tissue 
from a GEP-NEN, obtained either by biopsy from a pri-
mary tumor or a metastasis (i.e., liver, lymph node) or 
by surgical resection, is examined histologically for the 
typical morphology of NEN. It is, however, also crucial 
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to demonstrate neuroendocrine markers such as synapto-
physin and chromogranin A (CgA) in the tumor cells.3,4 
Synaptophysin, an integral membrane protein of small 
clear vesicles (diameter 40–80 nm), occurring in all 
normal and neoplastic neuroendocrine cells, is diffusely 
expressed in the cytoplasm of all cells of an NEN. CgA, 
a protein located in the matrix of large secretory gran-
ules (80 nm), in contrast to synaptophysin, is inhomo-
geneously expressed in the cytoplasm of the tumor cell 
or can even be lacking because its expression depends 
on the number of neurosecretory granules present in the 
cells and on the cell type. CgA may be absent or weak in 
poorly differentiated tumors or in somatostatin-positive 
duodenal NEN and rectal NEN. Immunostaining for 
specific hormones/peptides may also be of help (e.g., 
serotonin, suggesting a primary in the ileum; gastrin; 
insulin; pancreatic polypeptide). However, the presence 
of an individual peptide or hormone upon tissue stain-
ing does not necessarily imply that the tumor is “func-
tioning” per se. The issue of functionality of NEN also 
impacts on nomenclature. Functioning NEN are based 
on the presence of clinical symptoms due to excess hor-
mone secretion by the tumor and include functioning 
carcinoid tumors and a variety of other functioning NEN 
arising in the pancreas or elsewhere. Terms reflecting the 
clinical syndromes may be applied to these NEN, such as 
insulinoma, glucagonoma, and gastrinoma, although the 
term carcinoid tumor was formerly used for tumors with 
or without the carcinoid syndrome and is best avoided.

Once the neuroendocrine nature of the tumor 
has been established, its proliferative activity has to 

be determined because it has been shown to provide 
significant prognostic and therapeutic information. The 
proliferative activity can be determined by counting the 
mitoses per high-power field (HPF) and/or more easily 
by immunostaining for the cell cycle-dependent marker 
Ki-67 (MIB-1) antigen, expressed in the nucleus. To 
determine the Ki-67 labeling index, 100 tumor cells 
have to be assessed in a hot-spot area. In the novel 
World Health Organization (WHO) 2010 classification 
for gastrointestinal NEN,5 all tumors are considered 
malignant with the potential to metastasize. The Ki-67 
proliferative index and the mitotic count then serve as 
the basis for grading the tumors as G1 (Ki-67: ≤2% or 
<2 mitoses per HPF), G2 (Ki-67: 3%–20% or 2–20 
mitoses per HPF) or G3 (Ki-67: >20% or >20 mitoses 
per HPF) (Figure 8.1 and Table 8.1). Well-differentiated 
tumors are called G1 or G2 NEN, and the most malig-
nant tumors, previously classified as poorly differenti-
ated neuroendocrine carcinomas (NEC), are now called 
large-cell or small-cell type G3 NEC (Table 8.2). The 
categorization of GEP-NENs according to European 
Neuroendocrine Tumors Society (ENETS)–based 
grading has been clearly demonstrated to accurately 
predict behavior and prognosis in pancreatic tumors in 
several groups, and limited data for mid- and hindgut 
tumors as well as gastric tumors suggest the same.6–8 
Two tumor-node-metastasis (TNM)–based staging 
systems exist for NEN: ENETS 20079,10 and Union for 
International Cancer Control (UICC) 2009.11 They are 
site-specific TNM staging of the GEP system (stomach, 
duodenum, ileum, appendix, colorectum, and pancreas).

Figure 8.1
Histology form three different well-differentiated pancreatic NETs showing different grades according to 
Ki-67 proliferative index (using MIB-1 antigen staining): (a) Ki-67 <2% (G1), (b) Ki-67 = 5% (G2), and (c) Ki-67 
>80% (G3).
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Clinical presentation
Most GEP-NENs are sporadic, but they can be multiple 
and part of a familial syndrome such as multiple endo-
crine neoplasia type 1 (MEN1), von Hippel–Lindau 
(VHL) syndrome, and neurofibromatosis type 1 (NF1). 
Clinical presentation depends on the site of the pri-
mary tumor and whether they are so-called functioning 
tumors, that is, whether the peptides secreted produce 
symptoms. Most GEP-NENs are nonfunctioning and 
present fairly late, with symptoms of mass effects or 
distant (usually hepatic) metastases. Gastric NENs are 
usually discovered incidentally or at the follow-up in 
patients with chronic atrophic gastritis or more rarely 
in Zollinger–Ellison syndrome (ZES) during upper 
digestive endoscopy. Most duodenal NENs are gastrin-
secreting, causing ZES. Pancreatic NENs are usually 
nonfunctioning, and although in the past about 50% 
were thought to have hepatic metastases at diagnosis,12 
currently incidental discovery of small benign nonfunc-
tional pancreatic NENs is frequent.13 The general char-
acteristics of pancreatic NENs are shown in Table 8.3.

Functioning pancreatic NENs may secrete several 
peptide hormones and lead to diverse symptomatology. 
Insulinomas are typically small benign functioning 
tumors, and patients present with organic hypogly-
cemia14 corresponding to the classical Whipple triad 

(neuroglucopenic symptoms + fasting glycemia <2.2 
mmol/L + reversal of these symptoms when the blood 
sugar level is restored to normal). Pancreatic gastrino-
mas are less common than duodenal gastrinomas, but 
they are usually malignant; about 25% are associated 
with MEN1.14 Clinical presentation of gastrinoma is 
called ZES and combines acid-related mucosal dam-
age in the upper GI tract (classically duodenal ulcers or 
severe esophagitis) due to chronic hypergastrinemia and 
diarrhea from high acid output (curiously, the only type 
of diarrhea likely to respond to proton pump inhibi-
tors, and this simple observation may give an important 
clue to diagnosis). Diarrhea is not constant in patients 
with gastrinoma and recurrent upper GI ulceration in 
Helicobacter pylori–negative individuals should prompt 
the possibility of ZES. Rarer functional pancreatic 
NENs include glucagonomas that result in loss of weight, 
diabetes, characteristic rash (necrolytic migratory ery-
thema), and thromboembolic manifestations; VIPomas 
are associated with severe watery diarrhea, causing 
weight loss, dehydration, and severe hypokalemia.12

Midgut tumors such as jejuno-ileal, appendiceal, and 
right colon tumors derive from enterochromaffin cells 
and are mostly nonfunctioning.15 Appendiceal NENs 
are usually small (i.e., confined to the appendix) and 
identified incidentally during unrelated surgery or dur-
ing acute appendicitis.

In the presence of liver metastases, serotonin, tachy-
kinins, and other bioactive substances can reach the 
systemic circulation and cause carcinoid syndrome, 
characterized by cutaneous flushing, chronic diarrhea, 
bronchoconstriction, and abdominal pain.15 A severe 
form of carcinoid syndrome is called carcinoid crisis 
and represents a life-threatening situation, associated 
with prolonged severe flushing, diarrhea, hypotension, 
tachycardia, dyspnoea, and peripheral cyanosis (see 
Chapter  24). A further distinct feature of enterochro-
maffin tumors is their propensity to cause extensive 
mesenteric fibrosis encasing mesenteric vessels and, 
occasionally, mesenteric ischemia. Fibrosis may involve 
the endocardium of the right side of the heart and the 
tricuspid and pulmonary valves (pulmonary stenosis 
and tricuspid regurgitation), with impairment of car-
diac function. Ten to twenty percent of patients with 
carcinoid syndrome have heart disease at presentation.

Genetics associations of GEP-
NENs (see Chapter 9)
GEP-NENs can be integrated in several genetic syn-
dromes, such as MEN1, VHL syndrome, and NF1. 

Grading G1 G2 G3

Ki-67 index (%)a ≤2 3–20 >20
Mitotic count (10HPF)b <2 2–20 >20

a �Mib1 antibody, percentage of 2000 tumor cells in areas of 
highest nuclear labeling.

b �10HPF, high-power field = 2 mm2, at least 40 fields (at 40× 
magnification) evaluated in areas of highest mitotic density.

Table 8.1
WHO 2010 grading system.

Neuroendocrine tumor (carcinoid) G1
Neuroendocrine tumor G2
Neuroendocrine carcinoma G3, large-cell or 

small-cell type
Mixed adenoneuroendocrine carcinoma 

(MANEC)

Table 8.2
WHO 2010 classification.
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MEN1 is characterized by the association in a same 
patient of at least two of the following five endocrinopa-
thies:16 primary hyperparathyroidism (95%–100%), 
duodeno-pancreatic neuroendocrine neoplasms (30%–
75%), pituitary adenoma (15%–65%), adrenocortical 
hyperplasia or tumor (40%), and thymic or bronchial 
neuroendocrine tumor (5%–10%). Prevalence is 
between 1/20,000 and 1/40,000. Transmission is auto-
somal dominant with a very high penetrance estimated 
at 45% at 35 years of age, 82% at 50 years of age, and 
96% at 70 years of age. The major gene for predispo-
sition is located on 11q1317 and is a tumor suppressor 
gene  encoding for the 610 amino acid protein menin. 
Menin is involved in negative regulation of cell pro-
liferation by interacting with transcription-regulating 
factors, cytoskeleton and extracellular matrix, and repli
cation and repair of genomic DNA. MEN1/GEP-NEN 
can be functioning or nonfunctioning. Gastrinomas 
represent the majority of functional MEN1/GEP-
NEN (55%–70%), with ~30% being MEN1-related. 
Insulinomas represent 10% of functional MEN1/
GEP-NENs, and only 5% of all insulinoma are MEN1-
related. Nonfunctional GEP-NEN represents 15% of 
all MEN1/GEP-NENs. Genotypic diagnosis of MEN1 
mutation is systematically proposed in case of typical 
MEN1 presentation and in case of one manifestation in 
a patient aged <50 years.18

VHL syndrome variously combines six major involve-
ments:19 hemangioblastoma of the central nervous 
system (60%–80%); retinal hemangioblastoma (50%–
60%); clear cell renal carcinoma and multiple renal 
cysts (30%–60%); pancreatic simple cysts, pancreatic 
serous cystadenoma, and pancreatic NENs (30%–65%); 
pheochromocytoma (15%); and endolymphatic sac 
tumors (5%). There are two types of VHL: type 1 with-
out and type 2 with pheochromocytoma. Prevalence is 

between 1/45,000 and 1/35,000. Transmission is auto-
somal dominant with an almost complete penetrance 
at 60 years old. The VHL gene is a tumor suppressor 
gene located on 3p25-2620 encoding for a 213 amino 
acid protein interacting with hypoxia-inducible factor 
(HIF) 1α, leading to its degradation by the proteasome. 
In the absence of active pVHL, HIF1α is up regulated, 
leading to the activation of hypoxia-sensitive genes 
involved in proliferation, angiogenesis, and resistance to 
apoptosis. Pancreatic NENs in VHL disease are usually 
nonfunctioning.21

Duodenal and pancreatic NENs, especially ampul-
lary and periampullary duodenal somatostatinoma, 
have been reported to be associated with NF1,22 but 
they are not part of the diagnostic criteria.

Diagnostic measures

General biological markers
Chromogranin A
CgA is an acid glycoprotein with 439 amino acids that 
is present in the secretory dense core granules of most 
neuroendocrine cells23 and has been recognized as a gen-
eral serum marker that can be elevated in both func-
tionally active and nonfunctional NENs.24 CgA is the 
most practical and useful general serum tumor marker 
in patients with NENs. Although performances are 
limited because specificity for NENs is low in patients 
with low levels of CgA, very high levels of serum CgA 
are rarely found outside the setting of NENs, with the 
exception of patients on gastric acid secretory blockers, 
especially proton pump inhibitors (PPIs)25 or those with 

Size 
(cm) Location

Benign 
(%)

Malignant 
(%) Cure (%)

Intra-op. 
localization

MEN1 
(%)

Insulinoma 1 Pancreas 
100%

>90 <10 >90 Possible ++ <5

Gastrinoma <0.5 Duodenum 
(>60%)

<30 >70 Rare Possible 25

Nonfunctioning 
pNET

<2
>2

Frequent
–

–
Frequent

Frequent
Rare

–
– <10

Rare functioning 
pNET

Large – – Frequent Rare – <10

Table 8.3
Characteristics of pancreatic NENs.
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hypergastrinemia. Specificity of CgA in the diagnosis of 
NEN depends on the tumor type and burden. Nobels 
et  al.26 demonstrated a significant positive relation 
between the serum levels of CgA and the tumor mass 
in NENs. False-positive elevation of CgA may occur in 
the following circumstances27: impaired renal function; 
Parkinson’s disease; untreated hypertension; pregnancy; 
steroid treatment or glucocorticoid excess, which can 
lead to upregulation of CgA mRNA28; chronic atrophic 
gastritis29; and treatment with antisecretory medica-
tions, especially PPIs.25 Chronic elevation of gastrin lev-
els provokes hyperplasia of the NE cells of the stomach, 
and these cells are able to secrete CgA.30

Another serum marker that is frequently elevated in 
NENs includes neuron-specific enolase. Nevertheless, 
CgA was found to be more sensitive than neuron-specific 
enolase in all subgroups of a large NEN patient cohort.31

Urinary 5-hydroxyindole acetic 
acid and midgut NENs
NENs originating from the midgut may secrete vari-
ous peptides and hormones, most notably serotonin 
(5-hydroxytryptamine, 5-HT). The urinary metabolite 
of serotonin is urinary 5-hydroxyindole acetic acid 
(5-HIAA), a metabolite that is particularly useful in the 
diagnosis and follow-up of NENs with carcinoid syn-
drome.24 The overall sensitivity and specificity of uri-
nary 5-HIAA in the presence of the carcinoid syndrome 
is of the order of 70% and 90%, respectively.32,33 Foregut 
and hindgut NENs produce less serotonin than midgut 
tumors.32 Urinary 5-HIAA levels may also depend on 
tumor volume and may be normal in patients with 
nonmetastatic NENs. Urine should be collected and 
measured in plastic containers. Acid should be added 
to ensure sterility and stability. The sample should be 
stored in a refrigerator until analysis. Intraindividual 
variation of 5-HIAA is also possible, and this variation 
may be high; therefore, two consecutive 24 h collec-
tions should be performed and the mean value of these 
two collections taken. Falsely low 5-HIAA levels may 
be encountered in patients with renal impairment and 
those on hemodialysis. In addition, 5-HIAA may be 
increased in untreated patients with malabsorption, who 
have increased urinary tryptophan metabolites. The fol-
lowing food substances are rich in dietary tryptophan; 
therefore, patients should abstain from these for 3 days 
before urinary collection: plums, pineapples, bananas, 
eggplants, tomatoes, avocados, and walnuts.34 Patients 
with NENs are frequently treated with somatostatin 
analogs (SSAs), and these analogs are known to decrease 
levels of 5-HIAA; where possible, assays for diagnos-
tic purposes should be made in patients not on SSAs, 

whereas in the follow-up setting, comparisons should be 
performed in patients on stable or comparable doses.24

Insulinoma
The diagnosis is suggested in the presence of neurogluco-
penic symptoms of hypoglycemia, glucose <2.2 mmol/L, 
and relief of symptoms with administration of glucose.35 
This combination is known as Whipple’s triad. The 72 h 
fast is the standard for diagnosing insulinoma.24 A 72 h 
period is recognized as the most appropriate duration.36 
Symptoms appear within 12 h for one-third of patients, 
80% within 24 h, 90% within 48 h, approaching 100% 
within 72 h37. Patients should be hospitalized in a spe-
cialist unit experienced in performing the test. Patients 
should stay off all foods except for plain water, black tea, 
or coffee. Blood analysis should be performed in case 
of malaise and at the end of test. The endpoint of the 
test is documented hypoglycemia (blood glucose levels 
<2.2 mmol/L with concomitant insulin levels >6 μU/L). 
Differential diagnosis of insulinoma can be self-
administration of insulin (low C peptide) or hypoglyce-
mic sulfamids (presence of sulfonylureas in the urine).

Gastrinoma: ZES
The diagnosis of ZES can be established by the demon-
stration of elevated fasting serum gastrin (FSG) in the 
presence of low gastric pH. FSG alone is not adequate 
to make the diagnosis of ZES because hypergastrin-
emia can be seen in many situations; therefore, gastrin 
provocative tests are needed to establish the diagnosis. 
The standard is the secretin test.38 This hormone, when 
given intravenously provokes in gastrinoma patients an 
increase in serum gastrin and secondarily in gastric acid 
secretion. The test may be repeated during the follow-up 
after curative surgery. FSG should be performed before 
the secretin test; if FSG is >1000 pg/mL in the absence 
of fundic atrophic gastritis, or H. pylori infection, and 
with a basal acid output >15 mmol/h, a secretin test is 
not necessary. If not, a secretin test should be performed. 
PPIs should be interrupted 10 days before the test (PPIs 
must be replaced by H2 blockers); then, H2 blockers 
should be interrupted for approximately 48 h before the 
test. However, interruption of all antisecretory medica-
tions can be dangerous (certain patients may have to be 
hospitalized during antisecretory therapy withdrawal). 
Patients should be warned of reappearance of symptoms 
and should have sufficient antisecretory medications to 
start if they become symptomatic. Secretin (2 U/kg body 
weight) is given as intravenous bolus. Serum gastrin 
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baseline is measured at –15 and –1 min before test and 
2, 5, 10, 15, 20, and 30 min after secretin. A delta gastrin 
of 120 pg/mL seen at any point has a high sensitivity and 
specificity (94 and 100%, respectively).38

Morphological investigations
Morphological examinations are essential not only for 
establishing and confirming a diagnosis but also in 
terms of characterization of the origin of the primary, 
locoregional, and/or metastatic spread and follow-up. 
As mentioned, GEP-NENs share certain common 
characteristics (e.g., rich vascularity; expression of SST 
receptors, in particular, sst2; dihydroxyphenylalanine 
[DOPA] decarboxylase activity) that enable specifi-
cally directed diagnostic modalities. No technique is 
100% sensitive or 100% specific, and multiple imag-
ing modalities are usually required.39

Endoscopy and endoscopic ultrasound
Upper gastrointestinal endoscopy is essential for the 
detection and characterization of NENs up to the 
angle of Treitz (esophageal, gastric, and duodenal). 
Ileo-colonoscopy allows the diagnosis of rectal, colonic, 
and very occasionally distal ileal lesions. Endoscopic 
ultrasonography (EUS) is the modality of choice for 
diagnosing pancreatic NENs and for locoregional 
staging of esophageal, gastric, duodenal, pancreatic, 
and rectal NENs. Using EUS neuroendocrine tumors 

typically appear as well-limited, round-shaped, homo-
geneous (frequently), hypoechoic lesions with poste-
rior enhancement of the acoustic beam. EUS enables 
assessment of the degree of parietal extension (invasion 
of the muscularis mucosae) and locoregional lymph node 
invasion (essential in patients with rectal NENs and 
gastric tumors approaching 1 cm in size). EUS is the 
most accurate diagnostic method in the detection and 
localization of insulinoma,40 and its combined use with 
somatostatin receptor scintigraphy permits the detec-
tion of gastrinoma in ~90% of patients41 (Figure 8.2). 
Contrast-enhanced EUS (with harmonic imaging) 
takes advantage of the rich vascularity of NENs 
and appears to enhance diagnostic performance.42 In 
addition, transmural sampling of pancreatic NENs 
or nodes is facilitated by EUS-guided fine-needle 
aspiration (FNA) (Figure  8.3), allowing cytological 
and fine cores for histological assessments (including 
histological grade).43

Gastric, Duodenal and 
Rectal NENs (Table 8.4)
Gastric NENs (Figure  8.4) are divided into two 
groups: sporadic tumors and gastric NENs develop-
ing in response to enterochromaffin-like cell hyperpla-
sia (ECLoma) from chronic hypergastrinemia. These 
NENs are classified into three types. Two types are 
related to chronic hypergastrinemia: type 1 is associ-
ated with chronic atrophic gastritis (they are usually 

(b)(a)

Figure 8.2
Endoscopic (a) and EUS (b) examinations revealing a small (<10 mm) gastrinoma in the lateral wall of the 
duodenal bulb. The lesion is homogeneous and well demarcated (dotted line) confined to the mucosa 
and submucosa.
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very low grade lesions with slow growth) and type 2 
is in association with a MEN1-related gastrinoma. 
The sporadic type 3 occurs in the absence of hyper-
gastrinemia. The endoscopic appearance of ECLoma 
in patients with chronic atrophic gastritis is character-
ized by the presence of small, often numerous, polypoid 
tumors (most frequently <1 cm). The type II ECLomas 
are usually small, even microscopic, and discovered 
after multiple biopsies of macroscopically normal fun-
dic mucosa. When they are visible, lesions are generally 
small (<1–2 cm) and multiple.44,45 Type 3 occurs in a 
nonatrophic fundic mucosa; they are frequently local-
ized in the antrum and are often unique, large, and 
clearly aggressive.

Aside from the duodenal gastrinomas, other duode-
nal NENs are very rare. We distinguish somatostati-
nomas, nonfunctional NENs (often discovered 
incidentally during an upper endoscopy), poorly dif-
ferentiated NECs (including those of the ampulla of 
Vater), and duodenal paragangliomas.46 Rectal NENs 
are not uncommon (1%–2% of rectal tumors) and rep-
resent ~12%–20% of all GEP-NEN.47 Nearly 50% of 
rectal NENs are discovered incidentally during lower 
endoscopy.48 Small tumors often occur in the form of 
small submucosal polypoid lesion or as a sessile nodule. 
They are usually yellowish, and 75% of lesions are <8 
cm from the anal margin.

Radiology
With the exception of small gastric and rectal NENs, 
the use of cross-sectional imaging is almost systematic 
in the management of GEP-NENs.

Computed tomography scan
Helical computed tomography (CT), generally mul-
tidetector CT scanners, offers very rapid scan times, 
reducing movement artifacts as well as accurate con-
trast medium bolus-tracking to ensure optimal tim-
ing of the scan, thereby ensuring excellent arterial 
phase images. Reformatting the images in thinner 
slices can also be performed, thereby improving res-
olution and allowing the images to be viewed opti-
mally in multiple anatomical planes. For GEP-NENs, 
a meticulous technique is very important to optimize 
performance with high sensitivity. The examination 
involves unenhanced (for calcifications), and during 
intravenous contrast, enhancement in an early arterial 
phase (15–25 s), portal-venous inflow phase (25–30 s), 
and portal phase (70–90 s). Gastric, duodenal, rectal, 
and colonic NENs are diagnosed by endoscopy. The 
role of CT in these cases is to detect regional and dis-
tant metastases for staging of the disease. NENs are 

Figure 8.3
EUS (a) and EUS-guided fine needle aspiration and biopsy (b) of small 11-mm incidentally discovered pan-
creatic NEN in the tail of pancreas. The possibility of an accessory spleen was raised, but the diagnosis 
was clearly established at biopsy showing typical neuroendocrine cells at haematoxylin and eosin (c) that 
strongly stain with CgA (d). The Ki-67 proliferative index was <1% (e).
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well vascularized and best depicted during intrave-
nous contrast enhancement in the portal-venous inflow 
phase where they show up as high enhancing lesions. 
Functional pancreatic NENs are typically small, 
sharply delineated and can be multiple in patients 
with the MEN1 syndrome. Cystic lesions can occur but 
are rare (≤5%) (Figure  8.4). Nonfunctioning NENs 
are usually larger; however, the incidental discovery of 
small benign NENs is increasing in frequency. Larger 
pancreatic NENs are usually not well vascularized and 
may comprise areas of necrosis; contrast enhancement 
is not as pronounced and usually shows an irregular 
pattern. CT also delineates the position of the tumor 
in relation to the pancreatic and common bile ducts, 
evaluates possible vascular encasement and stages the 
disease with respect to regional lymph node involve-
ment and presence of distant metastases, mainly to 
the liver.

Proportion of gastric 
NEN (%)

Type 1 Type 2 Type 3

70–80 5–6 14–25

Localization Body, fundus Body, fundus, antrum Antrum
Tumor characteristics Single/multiples, small 

(<1 cm); polyploid or 
submucosal

Often multiple, small 
size (<1–2 cm); 
polyploid (sessile)

Single, large (>2 cm); 
occasionally ulcerated

Associated disorders Chronic atrophic 
gastritis; achlorhydria

Gastrinoma/MEN-1 Sporadic

Histology Well differentiated Well differentiated Poorly differentiated
Serum gastrin ↑ ↑ Normal
Gastric pH ↑ ↓ Normal
Risk of metastases (%) 2–5 10–30 50–100
Management − <5 mm: biopsy of 

tumors and adjacent 
gastric mucosa;

Therapy dictated by the 
associated 
gastrinoma and/or its 
metastases; strict 
treatment of the 
gastric NEN is rarely 
indicated

Surgical resection 
(oncological resection 
with 
lymphadenectomy)− 6 to 10 mm: 

endoscopic 
resection;

− >1 cm or ≥ usT2: 
discussion for surgery

Surveillance Annual upper 
endoscopy for tumor 
biopsies and 
detection of atrophic 
gastritis-associated 
dysplasia

Specific for gastrinoma 
and MEN1 ; annual 
upper endoscopy

According to histological 
diagnosis

Table 8.4
Characteristics of gastric NENs.

Figure 8.4
CT scan revealing a partially cystic pancreatic NEN 
(arrow) in the isthmus.



GASTROENTEROPANCREATIC NEUROENDOCRINE TUMORS (NEOPLASMS)

165

Small bowel tumors are mostly found in the ileum 
rather than in the jejunum and are usually small and 
occasionally multiple. They are best seen with CT 
enteroclysis. For CT enteroclysis, a naso-jejunal tube is 
placed downstream to the ligament of Treitz, and 2 L of 
warmed tap water is administered, preferably by using a 
pump at 150–200 mL/min. Frequently, midgut tumors 
present as mesenteric metastasis. At CT, it is typically 
an irregular soft tissue mass, with one or several areas 
of calcifications, surrounded by radiating streaks in the 
mesenteric fat resembling spokes in a wheel (retraction 
with a fibrous mass) (Figure 8.5). The mesenteric com-
plex may encase the superior mesenteric artery and/or 
vein or branches/tributaries of these vessels (Figure 8.6). 
For rectal NENs, the role of CT is for distant staging and 
not to detect the primary tumor or to appreciate its inva-
sion of the rectal wall, the surrounding mesorectum and 
adjacent organs that instead is most likely better per-
formed by magnetic resonance imaging (MRI) or EUS.

Generally, NEN liver metastases are well vascu-
larized and best depicted during intravenous contrast 
enhancement in the portal-venous inflow phase where 
they show up as high enhancing lesions in the nonen-
hanced normal liver (Figure 8.7). The CT appearance 
of NEN lymph node metastases is similar to that from 
other malignant tumors, although a marked contrast 
enhancement is frequent. Peritoneal carcinomatosis 
is occasionally seen, most often in the ventral aspect 
of the abdomen. Lung metastases from NENs, simi-
larly to those from other malignant tumors, appear as 
rounded, multiple, and well-delineated dense nodules. 
NEN bone metastases are often sclerotic (blastic), but 
they can be osteolytic and sometimes show a mixed 
appearance.

The overall diagnostic accuracy in five studies on 162 
patients for CT showed a mean sensitivity of 73% (range, 
63%–82%) and 96% specificity (range, 83%–100%).49–53 

Figure 8.5
CT scan in coronal view showing a primary ileo-
caecal tumor (double arrows) with a regional node 
(triple arrows) and some mesenteric retraction 
(spoke-wheel appearance in mesenteric fat).

Figure 8.6
CT scan in coronal view showing a mesenteric com-
plex (with a central calcification) resulting in small 
bowel ischemia (target sign).

Figure 8.7
CT scan revealing a large metachronous hepatic 
metastasis of a pancreatic neuroendocrine tumor 
(hyperdense lesion, arrows on arterial phase).
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In four studies reporting on the detection of NEN liver 
metastases in 135 patients, the mean sensitivity was 
82% (range, 78%–100%), whereas the mean specificity 
was 92% (range, 83%–100%).54–57 Performance in the 
detection of small bowel carcinoids (in 44 patients) with 
CT enteroclysis showed an impressive sensitivity and 
specificity of 100% and 96.2%, respectively.58

Magnetic resonance imaging
The advantages of MRI over CT are the lack of ionizing 
radiation and the use of gadolinium (Gd) chelate contrast 
agent that has better safety profile in terms of allergic reac-
tions and nephrotoxicity. As with CT, an adequate tech-
nique is essential to ensure the best sensitivity. The MRI 
sequences that are generally recommended for the detec-
tion of NENs are fat-saturated transaxial T1-weighted 
and fat-saturated T2-weighted sequences and optionally 
fat-saturated transaxial in and out of phase T1-weighted 
sequences. For MRI of the pancreas, MR cholangio-
pancreatography (MRCP) should also be performed by 
coronal radiated T2-weighted thick slice (25-mm) radi-
ated sequences with two ranges including the pancreato-
biliary junction and the pancreatic body, respectively, to 
better evaluate the regional anatomy and the relation of 
the tumor to the pancreatic duct and the main bile duct. 
A T2 thin slice MRCP with three-dimensional (3D) 
acquisition is also accurate. The conventional extracel-
lular Gd-based MRI contrast medium, with a pharma-
cokinetic pattern similar to that of iodine used for CT, 
remains the standard for intravenous contrast-enhanced 
MRI. At MRI, an NEN appears typically as a low signal 
lesion in T1-weighted images and a high signal lesion 
in T2-weighted images (Figure 8.8). The MRI appear-
ances of NEN are similar to those of CT concerning 
tumor delineation and contrast-enhancement character-
istics. Although spatial resolution is poorer with MRI 
than CT, the better soft tissue contrast of MRI facilitates 
the detection of small NENs. Depiction of small liver 
metastases is also favorable by MRI using these signal 
sequences or using diffusion-weighted sequences and/or 
agents sucg as Primivist-TM. Lesions that are equivo-
cal or contradictory at CT may better be characterized 
by using the various MRI sequences that should also 
include dynamic examination with intravenous contrast 
agent (Figure 8.9).

The diagnostic accuracy in five studies (192 
patients) revealed a mean detection rate for pancre-
atic NENs of 73% (range, 50%–94%).59–63 In a direct 
comparison of MRI with somatostatin receptor scin-
tigraphy and CT in 64 patients, MRI detected 95% of 
liver metastases.64

Radionuclide imaging
Most GEP-NENs express somatostatin receptors65,66 
and more specifically subtype sst2. Scintigraphy with 
[111In-DTPA-D-Phe1]-octreotide (OctreoScan®) is  used 
to visualize tumors rich in such receptors because 
octreotide has high affinity for sst2. Normal physiologi-
cal uptake is seen in the thyroid, spleen, liver, and pitu-
itary due to receptor binding of the peptides, whereas 
tracer uptake in the kidneys is predominant, secondary 
to reabsorption of filtered peptides, and bowel uptake is 
presumably secondary to hepatobiliary clearance. Tumor 
uptake depends on the overexpression of somatostatin 

Figure 8.8
Gd-enhanced MRI of pancreas demonstrating 
a 2  cm pancreatic NEN in the head of pancreas 
(hyperintense lesion [arrows] with small contrast 
poor areas representing likely necrotic zones).

Figure 8.9
MRI revealing a large metachronous hepatic metas-
tasis of a pancreatic neuroendocrine tumor (hyper-
intensity, T2-weighted phase).
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receptors (mainly sst2), and the intensity is related to 
the density of receptors.67 Scintigraphy can confirm the 
known lesions and reveal disease sites not visualized by 
other imaging techniques. Another major interest of 
scintigraphy is the prediction of a therapeutic benefit 
for a possible metabolic radiotherapy (peptide recep-
tor radionuclide therapy, PRRT) using radiolabeled 
analogs.68,69 False-positives can occur with a variety 
of lesions, such as the thyroid gland, accessory spleen, 
granulomatous or inflammatory tissue, and benign or 
malignant breast lesions. Other types of neoplasms 
that demonstrate somatostatin receptor expression 
include meningiomas and lymphomas. Nonetheless, 
up until recently, somatostatin receptor scintigra-
phy was considered the standard in the diagnosis and 
staging, and occasionally in follow-up of patients with 
NENs (Figure 8.10); this may have been surpassed by 
use of more specific tracers using gallium (as discussed 
below). The recent introduction of single-photon emis-
sion computed tomography (SPECT)–CT and positron 
emission tomography (PET)–CT hybrid systems gives 
fusion images to correlate anatomical location with 

function.70,71 The diagnostic accuracy increased from 
65% to 75% for SPECT–scintigraphy, and this increase 
was further enhanced to 98% for fusion SPECT–CT in 
a study involving 58 patients with digestive NENs.72

It is also possible to perform PET using positron-
emitting SSAs (gallium-68-DOTATOC or Ga-68-
DOTANOC) with very high affinity for sst1 and 
sst5.73,74 A large prospective study by Gabriel et  al.75 
evaluated the diagnostic value of 68-Ga-DOTATOC 
PET in 84 patients with known or suspected NENs and 
demonstrated a sensitivity of 97%, specificity of 92%, 
and an overall accuracy of 96%, showing significantly 
higher diagnostic efficacy compared with standard 
somatostatin/SPECT–CT scintigraphy. In addition, 
PET-based somatostatin receptor scintigraphy (SRS) 
detected more tumor sites in the liver, nodes, and bone 
compared with the other modalities. In several studies, 
68-Ga-DOTATOC PET/CT modified treatment strat-
egy 30% compared with management options based on 
CT and/or MRI alone.76,77

The APUD concept describes the ability of neuroen-
docrine cell types to take up and decarboxylate amino 
acid precursors. NENs take up monoamine precur-
sors, and thus carbon-11 [11C]-labeled and 18F-labeled 
monoamine precursors such as serotonin and levodopa 
can be used.78,79 In small intestinal NENs, PET labeled 
with [18F]-levodopa performs better than standard scin-
tigraphy79; although this type of PET may be limited 
for nonintestinal NENs. Finally, the use of 18-FDG-
PET in NENs is currently controversial; it is certainly 
positive in very aggressive G3 tumors but tends to be 
negative or weakly positive in slow-growing, mainly 
G1, tumors. There are limited sensitivities overall, 
but there is emerging evidence that the presence of 
increased glucose metabolism in tumors, especially 
G2 NENs, highlights an increased propensity for inva-
sion and metastasis, and overall poorer prognosis.80 Use 
of FDG-PET CT may prove useful in selecting patients 
for therapy.

Treatment

General principles (see Figure 1.24)
The oncological principles of management in patients 
with GEP-NENs depend on many factors and require a 
multidisciplinary approach. Surgery is the only defini-
tive cure but is rarely possible in patients with metastatic 
disease, and other approaches are therefore necessary. 
Antiproliferative treatment decisions depend on several 

Figure 8.10
Somatostatin receptor scintigraphy of a malignant 
NEN showing hepatic and multiple bone metastasis.
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key factors: (1) origin of the primary tumor, (2) histo-
logical differentiation, and (3) the tumor’s aggressive-
ness and proliferative capacity or grade. Unlike the case 
for other solid tumors of the digestive tract, wait-and-see 
strategies can often be adopted in GEP-NEN patients. 
Recent data have changed the therapeutic options and 
the results of biotherapy, traditional chemotherapy, and 
new targeted agents have opened an exciting volley of 
therapies in this ever-changing field. Well-coordinated 
international multicenter trials have afforded the oppor-
tunity of pooling resources in a field of rare tumor dis-
ease, helping to answer to interesting clinical questions. 
GEP-NEN is a very heterogeneous group of diseases in 
terms of origin of the primary tumor, differentiation, 
disease extent, and functionality. Treatment should 
therefore be highly individualized.

Surgery
Surgery is essential in many phases of GEP-NEN man-
agement. Surgical resection is the only curative treatment 
for NENs; nevertheless, most of the cases are detected at 
an advanced stage. Surgery may be considered in a pal-
liative setting by debulking, to reduce the tumor burden 
and their related hormonal or obstructive symptoms. It 
is also recommended that patients undergoing surgery, 
who will be potentially treated with locoregional thera-
pies and/or SSAs, should undergo cholecystectomy.81

Surgery for specific primary NENs

Gastric: Type I and type II gastric NENs
Resection is considered in tumors >10 mm, usually with 
endoscopic resection. In patients with lesions involving 
the muscularis propria, a wedge resection may be per-
formed. This procedure was formerly associated with 
antrectomy, to prevent chronic gastrin stimulation.82

Type III gastric NENs
Type III gastric NENs are more aggressive, and the 
management should be similar to that for gastric ade-
nocarcinomas (partial or total gastrectomy with lymph 
node dissection).

Midgut NENs
In localized disease, surgery with curative intent (clear-
ance of all potentially involved lymph nodes) is aimed, 
to preserve the vascular supply and to limit intestinal 
resection.83 Surgery should be considered even if tumors 
are small, because there is no correlation between size 
and metastatic potential (vs. pancreatic tumors). In the 

presence of advanced disease, resection of the jejunal–
ileal primary tumor should be considered (even in the 
absence of symptoms) to prevent intestinal obstruction 
or ischemic complications, due to the desmoplastic 
reaction or the primary tumor.84

Duodenopancreatic NENs
In nonfunctioning localized tumors >2 cm, aggressive 
surgery is recommended due to the risk of metastases 
when  tumors exceed this size.85 With tumors <2 cm, 
surgical cure needs to be weighed against the postopera-
tive complications and morbidity. In functioning tumors, 
resection should always be considered. For gastrinoma, 
tumors in the pancreatic head area should be enucleated, 
distal pancreatic resection performed for caudally located 
tumors, and duodenotomy after transillumination per-
formed routinely to detect small duodenal gastrinomas. 
In insulinoma, tumor enucleation or limited pancreatic 
preserving resections are preferred. When the tumor is 
located in the neck, body, or tail of the pancreas and is 
anatomically unsuitable for enucleation, central or distal 
pancreatectomy is safe and effective as an alternative.

Appendix NENs
The majority of appendiceal NENs are discovered inci-
dentally after appendicectomy and are small (<10 mm), 
localized to the tip of the appendix. These NENs do not 
usually require further therapy or follow-up. When the 
tumor is at the base of appendix, or is >20 mm in diam-
eter, or shows >3 mm of mesoappendiceal invasion, or 
when histology suggests goblet cell (adenocarcinoid), a 
right hemicolectomy with locoregional lymphadenec-
tomy is usually indicated.86

Colonic and rectal NENs
Management of colonic NENs, usually highly aggres-
sive tumors, is based on surgery similar to colonic 
adenocarcinomas with colectomy and oncological resec-
tion of lymph drainage.87 For rectal NENs, smaller T1 
lesions are resected using endoscopic methods (either 
endoscopic mucosal resection or submucosal dissection), 
but T2 lesions and high Ki-67 are indicators of aggres-
sive behavior that require total mesorectal excision.88

Liver metastasis
Criteria for surgery of hepatic metastasis are (1) resectable 
well-differentiated liver disease with acceptable morbid-
ity and mortality, (2) absence of right heart insufficiency, 
(3) absence of extraabdominal metastases, and (4) 
absence of diffuse peritoneal carcinomatosis.89 The pri-
mary tumor must be resectable (or resected previously). 
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With  unilobar metastases, standard hepatectomy or 
metastasectomy can be performed. With bilobar metas-
tases, the difficulty is achieving complete resection while 
maintaining liver function. For that a two-step procedure 
is needed: the first step corresponds to the resection of the 
primary tumor and the left liver metastases and ligature 
of the right branch of the portal vein. The second step is 
a right hepatectomy 6 weeks later after left liver hyper-
trophy is obtained.90 In some cases, total clearance of the 
liver disease cannot be obtained, and then total hepatec-
tomy followed by liver transplantation may be offered to 
young patients with very well-differentiated tumors with 
slow progression and nonresidual extrahepatic disease.

Medical treatment
SSAs: Antisecretory effects
Functionally active tumors lead to secretory syndromes 
that must be rapidly controlled. Any kind of antitu-
moral treatment (surgery, radiofrequency ablation, tran-
sarterial chemoembolization, systemic chemotherapy, 
targeted therapies, PRRT) may have a potential antise-
cretory effect by reducing the tumor burden.

SSAs have been shown to be effective in the control 
of symptoms in functioning pancreatic neuroendocrine 
neoplasms91 and this also includes rare functioning 
tumors92–94; in fact, about 80%–90% of patients with 
VIPoma and glucagonoma improve very promptly, over-
coming diarrhea and skin rash, and 60%–80% have a 
reduction in vasoactive intestinal polypeptide (VIP) and 
glucagon levels. Symptomatic relief is not always related 
to reduction in circulating hormone levels, indicating 
that SSAs have direct effects on the peripheral target 
organ. Escape from symptomatic control can be seen but 
an increase in the dose of SSAs can help temporarily. SSAs 
also effectively reduce hypersecretion-related symptoms 
in patients with the carcinoid syndrome, namely flush-
ing and diarrhea. The antisecretory effect results in a 
reduction of biochemical markers in up to 40%–60% 
and a symptomatic improvement in 40%–80% of 
patients.93,95–109 The duration of the effect varies and 
can be limited due to tachyphylaxis or desensitization, 
which can be temporarily circumvented by an increase 
in dose. Tolerance to SSAs and efficacy should be tested 
individually by initiating therapy with short-acting ana-
logs. Thereafter, depot formulations, usually octreotide 
long-acting release (LAR) (20, 30 mg) or lanreotide 
Autogel (60, 90, 120 mg) every 4 weeks can be started 
and should be individually titrated. In patients with 
moderate symptoms directly commencing depot prepa-
rations by-passing a titration phase is usually  possible. 

The  efficacy of lanreotide and octreotide is compara-
ble.95,100,101 Minor initial side effects include abdominal 
discomfort, flatulence, and sometimes steatorrhea that 
usually subside.97,102,103,110 More than 50% of patients 
have been reported to develop gallstones; however, virtu-
ally all remain asymptomatic.110 To prevent carcinoid cri-
sis, SSAs should be given intravenously during anesthesia 
or other interventional procedures. Loperamide and mor-
phine analogs may improve secretory diarrhea. Because 
diarrhea may have other causes than hormonal (bile acid 
loss, bacterial overgrowth), other options may be consid-
ered, such as cholestyramine and antibiotics.

In addition to SSAs, specific therapy for insulinoma 
includes diazoxide. It is the first-line drug effective in 
controlling hypoglycemic symptoms by inhibiting the 
release of insulin from cells, but with common side 
effects such as hirsutism and fluid retention, with a 
need to use thiazidic diuretics. Resistance is common. 
Everolimus has also been found to normalize plasma 
glucose levels in metastatic insulinoma.111

For patients with gastrinoma and ZES, PPIs are rapidly 
used because of their ability to block H+/K+ ATPase pro-
ton pump of the parietal cells. Use of omeprazole in ZES 
was first described in the early 1980s.112 Patients have been 
treated for up to 15 years with PPIs with no evidence of 
tachyphylaxis and no dose-related side effects. The recom-
mended starting dose is equivalent to omeprazole 60 mg 
per day. Clinical improvement (diarrhea and hyperacidity 
symptoms) should be obtained quickly. Upper endoscopy 
should be performed to check the healing of the mucosa. 
PPI must not be stopped for any reason because of poten-
tially serious complications of rapid hyperacidity with 
ulcerations and even perforations in some cases.113

Antiproliferative therapy

Somatostatin Analogs114

Both octreotide and lanreotide are effectively used 
to control peptide and hormone secretion in patients 
with functional tumors.102 Octreotide LAR has also 
been shown to have antiproliferative effects in patients 
with slowly progressive small intestinal NENs with 
limited tumor burden. In patients with a low Ki-67, 
the PROMID trial demonstrated that monthly injec-
tion of octreotide LAR significantly lengthens time to 
tumor progression compared with placebo in patients 
with functionally active and inactive metastatic mid-
gut NENs (14.3 vs. 6 months).115 A second study of 
another somatostatin analog a broader range of GEP-
NEN including pancreatic tumors has also been per-
formed using lanreotide-Autogel (CLARINET trial) 
and the initial promising results were presented at 
ESMO 2013.
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Recently, analogs that recognize more than one recep-
tor subtype have led to the development of interesting 
novel agents. Pasireotide is a multireceptor-targeted SSA 
that has high affinity for four of the five SST receptor 
subtypes (sst1, -2, -3, and -5) and has therapeutic poten-
tial in conditions with tumors of neuroendocrine origin, 
such as Cushing’s disease, acromegaly, and neuroendo-
crine tumors.116 Preliminary results showed symptom 
improvement in 27% of 45 patients with carcinoid syn-
drome refractory/resistant to octreotide LAR with good 
tolerance except for episodes of hyperglycemia.117 The 
hope is that antiproliferative effects may be mediated 
via receptor subtypes other than sst2. A recent phase 
I study of pasireotide in combination with everolimus 
(a mammalian target of rapamycin [mTOR] inhibitor) 
demonstrated it to be feasible and associated with pre-
liminary evidence of antitumor activity in patients with 
advanced neuroendocrine tumors.118

Another recent development was use of a possible 
functional interface of dopamine and somatostatin 
receptors, when coexpressed in the same cells. Expression 
of both dopamine receptor, D2R, and somatostatin 
receptors was recently found in pancreatic and midgut 
NENs.119 New experimental drugs developed as hybrid 
somatostatin–dopamine compounds that have been 
shown to have interesting activity in experimental and 
ex vivo models in pituitary adenomas120 have also been 
tested in both GEP-NENs and patients with pituitary 
adenomas but formal results are outstanding.

Interferon-α
Interferon-α (IFN-α) exerts an antiproliferation and 
antisecretory effect on midgut NENs. The standard 
dose is 3–5 million units subcutaneously, three to five 
times a week. Symptomatic and biochemical responses 
have been noted in 50% of patients, with disease stabi-
lization in 60%–80%121 in phase II studies, with their 
inherent difficulties to adequately interpret the data. 
Side effects (flu-like symptoms, bone marrow suppres-
sion, thyroid disorders, psychiatric phenomenon, and 
chronic fatigue syndrome) are common. Side effects 
of interferon therapy are more pronounced than with 
SSAs. Therefore, it may be considered as second-line 
therapy.

Systemic cytotoxic chemotherapy
1.	 Poorly differentiated NEC (regardless of the primary).
Standard regimen is based on etoposide/cisplatin (etopo-
side 100 mg/m2/day on days 1–3 plus cisplatin 100 mg/m2 
on day 1).122 This results in an overall tumor response rate 
of 42% with a median overall survival of 15 months, a 
median progression-free survival (PFS) of 9 months, and 

a  2-year survival of <20%. Second-line regimen is not 
consensual, and phase II trials are required.
2.	 Well-differentiated duodenopancreatic tumor.
Standard chemotherapy regimens in well and moder-
ately differentiated pancreatic NENs are streptozotocin/
doxorubicin and streptozotocin/5-fluorouracil. With 
streptozotocin-based regimens, partial response rates 
of 45%–65% have been reported.123 An alternative 
established chemotherapy regimen is dacarbazine with 
partial response rate of 35% in first-line chemotherapy 
of pancreatic NEN.124 Promising data on capecitabine 
(750 mg/m2 twice a day, days 1–14) and temozolomide 
(200 mg/m2 once a day at bedtime, days 10–14) every 
28 days have been reported124 with 70% partial response 
and 27% stable disease, a median PFS of 18 months, 
and an estimated overall survival of 92% at 2 years. 
The DNA repair enzyme O-6-methylguanine DNA 
methyltransferase (MGMT) is thought to contribute to 
the resistance of tumor cells against temozolomide.125 
In an immunohistochemical analysis of 97 NENs, 51% 
of pancreatic NENs, but 0% of small intestine carci-
noid tumors, showed MGMT deficiency.126 This might 
explain the sensitivity of pancreatic NENs but not of 
small intestine NENs to temozolomide.
3.	 Well-differentiated midgut and hindgut tumor.
Well-differentiated midgut and hindgut tumors are 
considered rather insensitive to conventional cytotoxic 
chemotherapeutics, and as such they have not been 
recommended by expert groups.87

Targeted therapies
1.	 Sunitinib
Sunitinib malate is a small-molecule kinase inhibitor 
with activity against several tyrosine kinase receptors. 
In a phase III trial, sunitinib at 37.5 mg/day compared 
with placebo has shown a significantly prolonged PFS in 
patients with progressive pancreatic NENs (11.4 vs. 5.5 
months).127 Specific toxicities include fatigue, hair 
color changes, hypertension, and palmar-plantar 
erythrodysesthesia.
2.	 Everolimus
Everolimus, an mTor inhibitor, at 10 mg/day compared 
with placebo significantly prolonged PFS in a phase 
III among patients with progressive pancreatic NENs 
(11 vs. 4.6 months).128 In another recent phase III trial, 
patients with nonpancreatic NENs associated with 
carcinoid syndrome (mainly small intestinal tumors), 
everolimus plus octreotide-LAR compared with placebo 
plus octreotide-LAR, had improved PFS (16.4 vs. 11.3 
months).129 Specific toxicities include stomatitis, rash, 
diarrhea, hyperglycemia, and pneumonitis (with pos-
sible severe outcome).
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Locoregional treatments
Radiofrequency ablation 
When surgery for liver metastasis is not possible, radio-
frequency ablation (RFA) may be considered in the event 
of a small number of lesions (<5) with a size <5 cm.130 
This therapy may be combined with surgery for lesions 
that are not easily accessible for surgical resection.

Transarterial chemoembolization 
or bland embolization
Transarterial chemoembolization (TACE) is based on 
the administration of cytotoxic agent (streptozotocin or 
doxorubicin) directly in the hepatic artery followed by a 
transient embolization, inducing ischemia in the metas-
tases. TACE may be discussed for patients with inoper-
able liver metastasis. Tumor response is seen in >50%, 
a biochemical response of 50%–90%, and symptom-
atic response with a control of functional syndromes 
in 60%–95% of cases.131 Contraindications to TACE 
are portal venous thrombosis, hepatic insufficiency, or 
a biliary-digestive anastomosis. A common side effect 
of TACE is a postembolization syndrome with abdom-
inal pain, nausea, vomiting, fever, and an increase in 
hepatic transaminases. Severe but rare complications are 
liver failure, cholecystitis, gastric ulcers, liver abscess, 
and carcinoid crisis. TACE or bland embolization has 
recently been demonstrated to yield similar results in a 
randomized phase II trial132 and either can be performed 
in a single session in case of low hepatic burden. In case 
of a large tumor burden, to limit adverse events, two 
sessions (4–8 weeks between) should be performed.

Radioembolization
Radioembolization is based on the administration of 
yttrium-90 microspheres as a selective internal radio-
therapy (SIRT) through hepatic transarterial approach. 
Tumor response is seen in >50%.133 Specific complica-
tions can occur such as radiation-induced liver disease, 
hepatic abscess, arterial shunting to the lung, radiation 
microsphere–induced gastric ulceration and bleeding, 
acute cholecystitis, or acute pancreatitis.

Peptide receptor radionuclide 
therapy (see Chapter 7)
PRRT is currently based on radiolabeled SSAs with high 
affinity to the sst2, being expressed by  80%–95% of 
all well-differentiated NENs. The most  frequently used 

radiopharmaceuticals for PRRT are 90-Yttrium-DOTA-​
Tyr3-octreotide (90-Y-DOTA-TOC), 90-Yttrium-DOTA-
Tyr3-octreotate (90Y-DOTA-TATE), and 177-Lutetium-​
DOTA-Tyr3-octreotate (177-Lu-​DOTA-TATE). Adequate 
tumor uptake in [111In-DTPA-D-Phe1]-octreotide scin-
tigraphy is essential when considering PRRT as a thera-
peutic option. PRRT with 177-Lu-DOTA-TATE has 
shown excellent results in patients with multisite metas-
tases in a phase II trial, yielding a complete response in 
2%, a partial response in 28%, a minor response in 16%, 
stable disease in 35%, and progressive disease in 20%.134 
The median PFS was 33 months, and the median overall 
survival from the start of PRRT was 46 months. None-
theless, this therapy requires prospective comparison with 
other therapies.

Conclusions
GEP-NEN represents a mixed group of interesting 
tumors that involves a vast array of medical and surgical 
specialists. Their numbers are growing—perhaps in 
part due to better recognition—but their quite high 
prevalence ensures the need for dedicated multidis-
ciplinary groups to streamline management of these 
patients. The field of NEN is rapidly changing from 
epidemiological and histopathological classifications 
perspectives; many national and international societies 
and groups have linked well together to pool patient 
resources and provide expert opinion and guidelines. 
Nonetheless, even better and clearer nomenclature will 
need to be developed to ensure clearer and rapid data 
capture.

The field of diagnostics has been improved with 
advances in axial imaging techniques such as CT and 
MRI but also contrast-enhanced techniques such as 
endosonography. Radionuclides that are more sensitive 
and specific for GEP-NENs are also providing better 
detection rates and allowing for important modifica-
tions in therapeutic algorithms. Surgical strategies have 
become clearer, and pancreatic-sparing procedures have 
been better defined in high-volume centers to allow for 
limited resections in certain individuals. Long-acting 
SSAs, crucial to control symptoms in patients with 
hormonally active syndromes, have also been shown 
to have an antiproliferative capacity in some (namely, 
midgut NENs). Finally, the active pharmacopoeia for 
systemic agents (better cytotoxics, small targeted mol-
ecules and combination therapy) for use in advanced 
nonoperable cases of GEP-NENs is expanding at a 
steady pace; this pace has been fuelled by large multi-
center trials. Further improvements are required with 
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dedicated strategy-driven protocols; many interesting 
combinations need to be examined. As with other areas 
in modern oncology, identification of novel and specific 
molecular targets capable of predicting therapeutic 
responses will help streamline and tailor therapies in 
this field.
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Hereditary primary hyperparathyroidism 
and multiple endocrine neoplasia
Emma Tham, Catharina Larsson

General principles of 
hereditary cancer syndromes
Approximately 5% of all cases of primary hyperpara-
thyroidism (pHPTH) are hereditary. Most patients with 
a hereclitary form of the clisease have a family history 
suggestive of the disease, however, isolated cases may 
also have a genetic predisposition due to a de novo muta-
tion or a somatic/germline mosaic state. They are gener-
ally characterized by pHPTH that affect men as often as 
women at an earlier age of onset. There may be an asso-
ciation with other (multicentric) tumors (Figure  9.1). 
Hereditary pHPTH syndromes are outlined below, after 
a brief introduction to cancer genetics.

Tumor genes
Tumors are the result of a multistep process involving 
mutations in several different cancer genes that lead 
to increased cell proliferation, prolonged cell survival, 
accumulation of mutations, and resistance to pro-
grammed cell death or apoptosis. Later, the cells acquire 
the ability to metastasize. There are two major classes 
of genes that are involved in almost all types of tumors: 
tumor suppressor genes (TSGs) and oncogenes.

TSGs inhibit cell proliferation and induce senescence, 
apoptosis, or both. DNA repair genes are a specific sub-
set of TSGs. Hereditary cancer is almost always caused 
by inherited mutations in one of two copies of a TSG 
in all cells of the body (a so-called germline mutation), 
but the second copy of the TSG needs to be knocked 
out before a tumor can develop. This forms the basis 
of the two-hit hypothesis that was first described by 

Dr. A. G. Knudson.1 If an individual is born with one 
mutation in a TSG in all their body cells, then the 
probability of a second mutation occurring in the same 
gene in a specific cell type (e.g., parathyroid cell) is 
the penetrance of the disease and often results in early 
onset and multicentric tumor development. In sporadic 
cases, a mutation in a TSG in a single parathyroid cell 
is acquired. Then, a second mutation in the same gene 
must occur in the same cell for the TSG function to be 
abolished. This process frequently requires more time 
(later age of onset), and the overall chance of developing 
this tumor is less (Figure 9.2). For example, in multiple 
endocrine neoplasia type 1 (MEN1), there is a 90%–
99% risk of pHPTH, whereas in the general population, 
this risk is 1%–3%.

The other class of cancer genes is oncogenes. They 
are drivers of cell division; thus, an activating muta-
tion in one copy of the gene is sufficient to stimulate 
cell growth or survival. Others may induce angio-
genesis or metastasis. A handful of oncogenes can 
cause hereditary cancer syndromes, including MEN2 
(see below).

Inheritance of tumor predisposition
Many cancer types are inherited in an autosomal 
dominant manner. Thus, one mutation in a TSG or 
oncogene on an autosome (chromosome 1–22) is suffi-
cient to cause a cancer predisposition. In these families, 
tumors are typically present in several generations and 
affect men and women equally often. Children to an 
affected parent (mother or father) have a 50% risk of 
inheriting the mutation and thus the cancer predispo-
sition (Figure 9.3). In some situations the mutation is 
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inherited in an autosomal dominant fashion, but the 
clinical expression depends on the gender of the trans-
mitting parent (so called genomic imprinting).

In some instances, hereditary cancer is autosomal 
recessive. In these families, the parents are healthy car-
riers of a mutation in a TSG, and their children have a 
25% risk of inheriting two mutations (one from each 
parent). There is often no known family history sugges-
tive of the disease in older generations; however, several 
siblings may be affected. The parents may be related. 
To date, no hereditary endocrine tumor syndromes with 
an autosomal recessive pattern of inheritance have been 
identified.

Lastly, tumors may be inherited in an X-linked 
manner, where a carrier mother has a risk of having an 
affected son. Several TSGs have been identified on the 
X-chromosome and confer a tumor risk to boys with 
multiorgan syndromes, but to date there is no pure 
cancer syndrome with X-linked inheritance.

Oncogenetic clinic
If the diagnosis of hereditary pHPTH is suspected, 
then an oncogenetic clinic can facilitate diagnosis, 
investigation, and follow-up of the family. The first step 
is the construction of a detailed pedigree (Figure 9.3). 

pHPTH

and 
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Figure 9.1
Guide to diagnosis of hereditary primary hyperparathyroidism (pHPTH) syndromes. Ascertain whether the 
same individual or first-degree relatives have any other endocrine tumors or other associated manifesta-
tions and perform the appropriate genetic testing. This is done on DNA isolated from peripheral blood in 
an EDTA-tube. * If C-cell hyperplasia, exclude secondary hyperplasia due to HPTH, chronic lymphocytic 
thyroiditis, hypergastrinemia, near-follicular–derived tumors, and aging. EPT, enteropancreatic endocrine 
tumor; HPTH, hyperparathyroidism; MTC, medullary thyroid carcinoma; CCH, C-cell hyperplasia; MEN1, 
multiple endocrine neoplasia type 1; HPT-JT, hyperparathyroidism and jaw tumor syndrome; MEN2, mul-
tiple endocrine neoplasia type 2; FIHP, familial isolated hyperparathyroidism.
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If possible, the diagnoses of the close relatives are con-
firmed by obtaining their permission to access informa-
tion from the cancer registry, copies of their medical 
records, or both. Based on the pedigree information, a 
genetic diagnosis may be suspected and the appropriate 
genetic testing offered to an affected individual. 
Mutation testing for constitutional mutations is per-
formed on peripheral blood sampled in an EDTA-tube. 
There are several large databases with information on 
normal variants in genes (e.g., www.ncbi.nlm.gov/SNP 
or www.ensembl.org). There are also databases over 
reported patnogenic mutations (www.hgmd.cf.ac.uk). 
Today mutations are denoted in relation to the first base 
in the coding sequence (i.e. A in the first ATG is posi-
tion 1), but in older articles, other nomenclature may 
be used. Once a mutation is detected, the index patient 
is urged to spread the information to close relatives at 
risk of developing the condition. Mutation carriers are 
offered a surveillance program with the aim of detect-
ing tumors at an early stage where curative therapy 

is possible. In some instances, prophylactic surgery is 
possible. Generally, minors are only tested if there is a 
risk of childhood cancer that will benefit from surveil-
lance as is the case in hereditary endocrine neoplasia (see 
below).

At-risk family members should be offered genetic 
counseling with the aim of attaining an informed consent 
that is voluntary (and not determined by the physician or 
other family members) and with respect for the patient’s 
autonomy and right not to know. The advantages of pres-
ymptomatic genetic testing include optimal treatment of 
tumors, inclusion in surveillance program/prophylactic 
measures, and the possibility of prenatal diagnosis (see 
below). Non-carriers can also be excluded from surveil-
lance programs and unnecessary anxiety. The disadvan-
tages should also be discussed and include anxiety (over 
the risk of developing a tumor and especially each time a 
surveillance program is used) and risk of more comprehen-
sive therapy (more side effects, surgical risks) performed at 
an age with a low risk of tumor development; in some 

(a) 

(b) 

First hit, 
germline 
mutation

Second hit, often 
loss of whole or part 
of chromosome

First hit, 
somatic
mutation

Second hit, often loss of 
whole or part of the 
chromosome

Normal 
germline

Early onset of 
tumor growth,
multicentric
tumors

Later onset of 
tumor growth, 
often single 
tumor

Figure 9.2
Two-hit hypothesis of tumor development. (a) A patient who has inherited a germline mutation in one 
copy of a TSG in all of their cells, with the second hit occurring as a somatic mutation that results in the 
cell acquiring a growth advantage. Because there is a high likelihood of the second mutation occurring in 
several different cells independently of each other, there may be multicentric tumor growth. (b) A patient 
with two normal germline copies of a TSG, but who acquires two somatic mutations in the same gene in 
the same cell over time.
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cases, there may be a lack of evidence to support the ben-
efit of surveillance programs. For instance, in the case of 
MEN1, a small study has shown that 61% of all patients 
have been operated on more than three times; 70% are 
pessimists and they also report lower levels of general 

health and social functioning,2 which does raise several 
ethical issues that need to be discussed with the patients. 
In addition, stigmatisation in social or work life and/or 
possible problems with insurance companies (health/life 
insurance) should be addressed.

(b)

pHPTH

Fibroma

Renal manifestations

Uterine manifestations

(a) 

pHPTH

EPT

PIT

CARC

(c)

pHPTH MTC

PHEO

Figure 9.3
Pedigrees demonstrating hereditary endocrine syndromes with reduced penetrance and varying 
expressivity. (a) Pedigree of a MEN1 family showing reduced penetrance in several individuals who only 
developed pHPTH, whereas others had the full-blown MEN1 syndrome. (b) Pedigree of a hyperparathyroid-
ism and jaw tumor (HPT-JT) syndrome family. Some members developed only pHPTH, whereas others had 
ossifying jaw fibromas, renal manifestations, or uterine polyps. (c) Pedigree of a family with MEN2A with 
a new mutation that arose in the second generation. EPT, enteropancreatic endocrine tumor; PIT, tumors 
in anterior pituitary; CARC, foregut carcinoids; fibroma, ossifying fibroma of the maxilla or mandible; MTC, 
medullary thyroid carcinoma; PHEO, pheochromocytoma.
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If the causative mutation is known, then prena-
tal diagnosis is possible in cases where the fetus has a 
risk (usually 25% or 50%) of inheriting the mutation. 
Prenatal diagnosis entails a chorion villi biopsy in gesta-
tion weeks 10–13. DNA is isolated from fetal villi and 
used for targeted mutation analysis. Simultaneously, 
a test to exclude maternal cell contamination of the 
sample is performed using a blood sample from the 
mother (or results saved from a previous blood sample 
from the  mother). In some countries, preimplantation 
genetic diagnosis (PGD) is available. PGD requires 
a conventional in vitro fertilization procedure. The 
embryos are cultured for a few days in the laboratory, 
and when they reach the eight-cell stage, a single cell 
can be removed and used for genetic diagnosis. Only 
healthy embryos  are implanted. The method was first 
introduced in 1990, and so far no major complications 
have been monitored.3

MEN1 (OMIM 131100)
Clinical features of MEN1
The combination of pHPTH and/or tumors in the 
endocrine pancreas or duodenum (enteropancreatic 
tumors, EPTs) and pituitary tumors was first described 
in 1903.4 In 1954, this combination was recognized as 
being hereditary and was termed Wermer syndrome,5 
but it is now known as MEN1. MEN1 has a preva-
lence of 1–3/30,000 individuals and has no ethnical 
predilection.6

pHPTH (see Chapter 11)
pHPTH develops in 90%–100% of all individuals and 
is usually diagnosed clinically between 20 and 40 years 
of age, although biochemical evidence of hypercalcemia 
and raised parathyroid hormone (PTH) levels presents 
from childhood.7 Males and females are affected equally 
often. pHPTH is generally the first lesion in MEN1.8,9 
As a rule, there is polyglandular or multicentric involve-
ment of all four parathyroid glands, although sometimes 
a single adenoma is found.6,10 It very rarely progresses 
into parathyroid carcinoma, although single cases have 
been reported.11,12

Enteropancreatic endocrine 
tumors (see Chapter 8)
Enteropancreatic endocrine tumors (EPTs) develop 
in approximately 60% of all gene carriers and are the 
cause of death in 15%–33%.13 In 5% of all cases, they 

may be the initial MEN1 lesion.8 Gastrinomas are most 
frequent, affecting approximately 40%, commonly 
before 40 years of age. They are usually multiple micro-
adenomas located in the duodenum. It is important to 
check plasma levels of gastrin and to perform the secre-
tin provocation test before pancreatic surgery because 
the presence of gastrinomas requires specific surgi-
cal procedures. Before the introduction of surveillance 
programs, metastasis was present upon diagnosis in 
half of the cases. The overproduction of gastrin causes 
severe gastric ulcers (Zollinger–Ellison syndrome, ZES), 
which was previously a major cause of morbidity and 
mortality.13 Insulinomas occur in 10%, often before 
30 or 40 years of age.9 They are almost always benign 
but may cause hypoglycemia and therefore need to be 
treated surgically. Rare tumors include glucagonomas 
and VIPomas that also have malignant potential. Up 
to 55% have nonfunctioning EPTs of which one-third 
occur before the age of 50 years.14 The best method 
of detecting EPTs is by endoscopic ultrasound (EUS), 
a technique that can detect lesions as small as 5 mm. 
Complementary assessment of pancreatic hormones may 
be used (Table 9.1).6

Tumors in the anterior 
pituitary (see Chapter 1)
Pituitary tumors develop in 40% of all individuals.10 
They are most often solitary macroadenomas with 
prolactinoma as the most common type, although 
growth hormone (GH)-, adrenocorticotrophic hormone 
(ACTH)-, and rarely thyroid-stimulating hormone-​
secreting tumors may occur. They are generally benign 
but may recur or grow invasively. The average age of 
onset is 38 years, but they have been found in chil-
dren as young as 5 years.15 Pituitary tumor may be 
the initial lesion in 17%.9 Prolactinomas can cause 
amenorrhea and galactorrhea in females and reduc-
tion of libido or impotence in males. ACTH-producing 
tumors cause Cushing’s disease, and GH-producing 
tumors lead to acromegaly or gigantism in children. 
Pituitary tumors occur in approximately 1/1000 indi-
viduals in the general population16; 2.7% of these 
tumors are caused by MEN1. Differential diagnoses 
include the chance of occurrence of pHPTH and pitu-
itary tumor in the same individual; familial isolated 
pituitary adenomas (FIPAs) (3%) or Carney complex 
(rare). Fifteen percent to 25% of FIPAs are caused by 
mutations in AIP that is especially associated with 
acromegaly. Ten percent of patients with Carney com-
plex have pituitary tumors  in association with spotty 
skin pigmentation, myxomas, endocrine hyperactivity, 
and schwannomas, caused by heterozygous mutations 
in the PRKAR1A gene.16
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Foregut carcinoids
Foregut carcinoids arise in the embryonic tissues that 
develop from the foregut, that is, the thymus, respiratory 
tract, and ventricle. Foregut carcinoids seldom overse-
crete hormones, and the clinical carcinoid syndrome is 
rarely seen. They occur in 17% of all MEN1 patients, 
commonly at a later age (44–50 years) and have not 
been reported as the initial lesion.9,17 They can be 
detected using computed tomography (CT), magnetic 
resonance imaging (MRI), somatostatin receptor scin-
tigraphy (SRS), or a combination. Thymic carcinoids are 
more common in men, especially if they are smokers 
and occur in 2.8%–8% of all MEN1 patients.18 They 
are often malignant and are a major cause of mortal-
ity due to metastatic spread.10,13 Bronchial carcinoids 
arise in 1.4%–9.5% of all MEN1 patients.18 They may 
be multicentric, but they are more indolent. Ventricle 
carcinoids develop from the neuroendocrine entero-
chromaffin-like cells and are sometimes referred to as 
ECLomas. Their growth is stimulated by hypergastrin-
emia that, in turn, may be the result of a gastrinoma 

or gastric achlorhydria induced by proton pump inhibi-
tor treatment. They occur in 21%–37% of all MEN1 
patients with ZES.18 They are generally small, multiple 
tumors, although 10%–35% may show metastasis upon 
diagnosis.18 In contrast, up to 15% are detected inciden-
tally upon endoscopy,9 and the tumor-related death  is 
<10%.18

Adrenal tumors (see Chapter 10)
Adrenocortical tumors are present in 20%–40% of all 
MEN1 patients and may be bilateral. They are gener-
ally diagnosed later (mean age, 46 years) and are the 
presenting lesion in only 6%. They are generally non-
functional, although 15% may have oversecretion of 
cortisol or aldosterone. They are usually benign with 
slow initial growth.19 Once they reach 3 cm, there is 
a risk of malignancy, and adrenocortical carcinomas 
have been reported in 1%–2% of MEN1 patients. 
They are diagnosed by CT, MRI, or EUS, and one-
third are already present at diagnosis.20 If an adrenal 
lesion is found, its functionality should be ascertained 

Surveillance of presymptomatic individualsa

Manifestation Penetrance (%) Method Interval From age (year)

pHPTH 90–99 S-Ca2+, iPTH Annually 8
EPT 60 fP-gastrin Annually 20

fP-PP Annually 20
fP-chromogranin A Annually 20
fP-glucagon Annually 20
S-proinsulin Annually 5
EUS 3 years 20

Anterior pituitary 40 S-PRL Annually 5
S-IGF-1 Annually 5
MRI 3 years 5

Foregut carcinoid (thymus, 
lung, ventricle)

17 CT scan of thorax or 
MRIa

3 years
3 years

20
20

Adrenal gland 20–40 EUS 3 years 20

Source:	 Brandi ML et al., J Clin Endocrinol Metab, 86, 5658–71, 2001; Waldmann J et al., World J Surg, 33, 1208–18, 2009.
a	Patients with a newly diagnosed lesion should be followed at least annually with the appropriate screening modality. Patients operated 

for carcinoids or EPTs should be followed annually with CT abdomen, EUS, SRS, and biochemical screening. 
Note:	 The features in italics have been suggested to be sufficient for MEN1 surveillance. The initial investigation upon MEN1 diagnosis 
should include all features as outlined in the 2001 guidelines and follow-up may be individualized according to the findings.
S, serum; fP, fasting plasma; EPT, enteropancreatic endocrine tumor; pHPTH, primary hyperparathyroidism; iPTH, intact parathyroid 
hormone; PP, pancreatic polypeptide; EUS, endoscopic ultrasound; PRL, prolactin; MRI, magnetic resonance imaging; CT, computerized 
tomography; SRS, somatostatin receptor scintigraphy.

Table 9.1
MEN1 clinical features and surveillance.
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by the dexamethasone suppression test, measurements 
of free cortisol, and metanephrines in 24 hurine and 
plasma, and aldosterone and renin activity in plasma.

Other manifestations
Lipomas occur in up to one-third, and multiple facial 
angiofibromas occur in 40%–80% of all MEN1 patients 
and may be a cosmetic problem.6 Collagenomas are also 
common.6 Meningioma was found in 8%,21 whereas 
ependymoma was reported in 1%.9 Pheochromocytoma 
has been rarely reported.10

Diagnostic criteria
MEN1 may be suspected if an individual has at least 
two of the first three manifestations mentioned above, 
especially if family history is present. However, MEN1 
testing is recommended if there is a young age of onset 
or multiple tumors in a single organ (Table 9.2).8

Management
pHPTH
If the diagnosis of MEN1 is suspected (clinical criteria, 
family history, young age, or multiple gland involve-
ment), genetic diagnosis for MEN1 should be performed 
before surgery of the parathyroid gland to reduce the 

risk of postoperative recurrence.6,22 Generally, pHPTH 
in MEN1 patients should be treated by subtotal para-
thyroidectomy with removal of three and a half glands. 
The viability of the remaining parathyroid remnant 
(taken from the smallest gland) should be confirmed 
before removing the other glands. In addition, it should 
be marked with a suture or clip and sewn away from 
the laryngeal nerve to reduce risk of hoarseness upon 
reoperation. Intraoperative measurement of PTH is rec-
ommended but needs to be interpreted with caution.22 
Because up to 20% have supernumerary parathyroid 
glands, surgical exploration along the carotid bifurcation 
and larynx should be performed. Furthermore, resec-
tion of the thymus will reduce the risk of recurrence of 
pHPTH and pre-empt the development of thymic car-
cinoids. Because parathyroid remnants may succumb to 
necrosis, parathyroid tissue should be cryopreserved if 
possible. Total parathyroidectomy with autotransplanta-
tion of parathyroid tissue may be required in cases with 
advanced involvement of all four glands, but because 
35% develop hypoparathyroidism and recurrence occurs 
in up to 17%, most surgeons do not choose total para-
thyroidectomy as a first-hand option.22,23 If only one 
gland is affected, removal of the two parathyroid glands 
on the affected side of the throat may be an alternative. 
Annual postoperative follow-up should be performed to 
exclude recurrence (Table 9.1).

The timing of parathyroid surgery is controver-
sial. Early intervention will prevent morbidity due to 

MEN1 manifestations
% of cases with mutations 

if family history
% of cases with mutations 

if no family history

pHPTH + EPT + PIT 73–91 31–69
pHPTH + EPT 60–92 5–67
pHPTH + PIT 46–50 0–8
pHPTH 17–57 0–6
EPT 20–33 0
PIT 0–30 0
Familial isolated pHPTH 17 Not applicable

Presymptomatic test Age

Individual at risk of MEN1 From age (3–5 years)

Source:	 Data from Tham E et al., J Clin Endocrinol Metab, 92, 3389–95, 2007.
pHPTH, primary hyperparathyroidism; EPT, enteropancreatic endocrine tumor; PIT, tumor in anterior pituitary.

Table 9.2
Indications for genetic testing of MEN1.
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hypercalcemia, such as severe osteopenia. In addition, 
removal of the parathyroid glands will ameliorate 
symptoms of ZES because hypercalcemia stimulates 
gastrin secretion. In contrast, reoperation (with ensu-
ing increased morbidity) is more likely to be required 
after early surgery.22 If there is severe hypercalcemia, 
cinacalcet hydrochloride, a calcimimetic that binds to 
the calcium-sensing receptor, may reduce symptoms in 
inoperable patients.24 pHPTH during pregnancy should 
be monitored due to risks to the fetus (intrauterine 
growth retardation, preterm delivery, intrauterine fetal 
demise, and/or postpartum neonatal hypocalcemia). If 
the mother or the fetus develops symptoms, surgical 
removal of the parathyroid gland is recommended in 
the second trimester.

Enteropancreatic endocrine 
tumors (see Chapter 8)
If an EPT is diagnosed synchronously with pHPTH, 
parathyroidectomy is carried out first because hyper-
calcemia increases the circulating levels of the EPT 
hormones. Insulinoma that causes hypoglycemia is an 
exception and must be removed first.

Medical treatment with proton pump inhibitors, 
somatostatin analogs, or both is successful against hor-
mone overproduction and may also reduce tumor growth. 
Chemotherapy may be given in metastatic disease.25

The surgical treatment of EPTs is under debate as 
regards the timing, the choice of procedure, and the 
effect on mortality and morbidity. For nonfunctioning 
EPTs (NF-EPTs), most advocate surgical resection when 
they reach the size of 1–2 cm due to their increased risk 
of malignancy,25,26 although some recommend removal 
of smaller tumors, of which 4% have metastasis.27 In 
functioning EPTs, surgery is advocated regardless of size 
for insulinomas, VIPomas, and glucagonomas. For gas-
trinomas, there is evidence that some have an indolent 
course (even after lymph node metastasis), whereas oth-
ers have rapid tumor progression and poorer prognosis. 
Therefore, some surgeons advocate operation of lesions 
2–3 cm, whereas others recommend intervention at 
diagnosis of ZES. The surgical procedure that most sur-
geons recommend is resection of the most affected part 
of the pancreas with enucleation of tumors >5 mm in the 
remaining pancreatic tissue and regional lymphadenec-
tomy. Total pancreatectomy has been used for cases with 
extremely diffuse tumors. Preoperative gastrin levels 
should be ascertained, because if gastrinoma is present, 
it is likely to be located in the duodenum (see section 
“Clinical features”); therefore, surgery should include 
the duodenum. In this case, there are two main recom-
mended surgical procedures: (1) enucleation of smaller 
duodenal gastrinomas, or excision of the duodenal wall 

together with partial pancreatic resection as stated 
above; or (2) total pylorus-preserving pancreaticoduode-
nectomy with regional lymphadenectomy. Partial pan-
creatic resection, with or without duodenectomy, has a 
higher risk of recurrence (up to 78% in the case of gas-
trinoma),25 whereas removal of the entire pancreas causes 
severe diabetes. Due to the simultaneous loss of insulin, 
glucagon, and pancreatic polypeptide, the diabetes is dif-
ficult to treat and has an increased risk of hypoglycemia 
and cerebral insult.14

All pancreatic surgery, but especially a radical opera-
tion, is hampered by postoperative mortality (3.8%–
17%) and morbidity (with pancreatic fistulae occurring 
in 36%, infections, bleeding in a few cases).25,28 However, 
studies show that EPTs are the cause of death in 40% 
of all MEN1 cases28 and that radical surgery, especially 
in patients detected presymptomatically, may reduce 
mortality.29

Pituitary tumors (see Chapters 1, 3, 4)
The surgical and medical management follows the 
conventional approaches for functioning and nonfunc-
tioning pituitary tumors. Prolactinomas are generally 
treated with dopamine agonists that reduce the levels 
of prolactin. Transsphenoidal surgery is reserved for 
dopamine-resistant cases, and radiotherapy may be used 
after noncurative surgery. For GH-, ACTH-, and nonse-
creting tumors, transsphenoidal surgery is the first-line 
treatment. Somatostatin analogs may normalize serum 
levels of GH, and radiotherapy may be a postoperative 
adjuvant.9,18

Foregut carcinoids and adrenal tumors
Thymic carcinoids require resection due to the risk 
of malignancy. The thymus should also be removed 
prophylactically upon parathyroid surgery. Surgery is 
also the primary treatment for bronchial carcinoids. 
Gastric carcinoids >10 mm should be removed surgi-
cally. Endoscopic resection may be possible if they do 
not involve the muscular layer of the stomach wall. 
Otherwise, local resection is required. Upon recurrence 
or if malignant, partial or total gastrectomy with lymph 
node dissection may be performed. Somatostatin ana-
logs may play a role, especially if metastasis is present.18 
Adrenal tumors with malignant potential (usually those 
>3 cm) are surgically removed.9,18

MEN1 genetics
MEN1 is inherited in an autosomal dominant manner; 
therefore, most cases have a family history. However, 
10% are caused by new mutations. Other cases with 
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no apparent family history may be due to reduced pen-
etrance in the parent, later onset in the parent, nonpa-
ternity, or somatic/germline mosaicism.30 Offspring to 
an MEN1-affected individual have 50% risk of inherit-
ing the mutation. The penetrance is almost complete 
for pHPTH but lower for the other manifestations, and 
there is variable expressivity even within the same fam-
ily (Figure 9.3). Some families have been initially diag-
nosed with familial isolated hyperparathyroidism but 
have later developed other MEN1 manifestations.8

MEN1 is caused by a mutation in the MEN1 gene 
that was localized to chromosome 11q13 in 198831 and 
identified as the MEN1 gene in 1997.32,33 The MEN1 
gene contains ten exons that span 9.8 kb of genomic 
DNA and produce a major transcript of 2.9 kb. Exons 
2–10 encode a 610 amino acid protein called menin. To 
date, there are >1340 loss-of-function mutations spread 
across the MEN1 gene.34 Most are unique to each fam-
ily. In some geographical areas, founder MEN1 muta-
tions have been identified such as in Tasmania, Finland 
and the Burin peninsula of Newfoundland. The major-
ity are truncating (nonsense and frameshift mutations), 
but missense, splice, and in-frame mutations are also 
found. One to four percent have larger deletions of 
several exons or the whole gene.9 Clinically, mutation 
testing is performed on DNA isolated from peripheral 
blood (EDTA tube). DNA sequencing combined with a 
test for larger deletions will detect mutations in 31%–
65% of all sporadic cases and 90% of all familial MEN1 
cases.8,9 The remaining familial 10% may be phenocop-
ies; have mutations in the MEN1 gene that cannot be 
found by conventional methods; or have a mutation in a 
gene that is involved in the same signaling pathway. To 
date, mutations have been found in CDKN1B (11 pub-
lished cases, representing up to 2% of all MEN1 cases 
without a MEN1 mutation and denoted MEN4, OMIM 
610755). Single mutations have also been reported in 
other cyclin-dependent kinase inhibitors: CDKN2B, 
CDKN2C, and CDKN1A.35

MEN1 protein functions
The MEN1 protein menin is predominantly found in the 
nucleus and is involved in multiple cellular processes 
that regulate cell division, apoptosis, gene transcrip-
tion, response to DNA damage and DNA replication, 
and repair in a cell type–dependent manner.36 Menin 
binds to several transcription factors and can repress or 
enhance their effects. The same pocket in menin binds 
to JunD (a transcription factor) and to MLL (part of a 
histone methyltransferase complex). Menin represses the 
transcriptional activity of JunD, while stimulating the 

activity of MLL, which in both cases leads to decreased 
cell proliferation.37 It can also regulate hormone secre-
tion/production, including that of gastrin (via JunD), 
PTH (via Smad3), and prolactin (via transforming 
growth factor-β). It binds nuclear factor-κB (NF-κB) 
as well as nuclear receptors and controls the subcellular 
localization of β-catenin. Menin increases the expres-
sion of cyclin-dependent kinase inhibitors, includ-
ing CDKN1A, CDKN1B, CDKN2B, and CDKN2C in 
many different ways, including histone methylation and 
especially in response to DNA damage.38 These cyclin-
dependent kinase (CDK) inhibitors prevent progression 
through the cell cycle, and mutations in these genes are 
a rare cause of MEN1-like syndromes (see above).35 In 
mice, knockout of one copy of the MEN1 gene gives rise 
to a similar spectrum of endocrine tumors.39

There is no genotype–phenotype correlation; thus, 
patients with a deletion of the whole MEN1 gene on 
one allele have the same phenotype as a patient with a 
missense mutation in the distal part of the gene.8 This 
may in part be due to a rapid degradation of menin car-
rying missense mutations via the ubiquitin-proteasome 
pathway.40

Hyperparathyroidism-
jaw tumor syndrome 
(HPTH-JT, OMIM 145001)
Clinical features
HPT-JT syndrome is a rare syndrome characterized by 
pHPTH, ossifying tumors of the maxilla and mandible, 
renal lesions, and/or uterine manifestations and was 
first described in 1958.41 Approximately 100 affected 
families have been published. See Table 9.342 for clinical 
details.

Primary hyperparathyroidism and 
parathyroid carcinoma in HPT-JT
pHPTH is usually the first manifestation with 
onset from adolescence to early adulthood (range, 
7–71 years).42 Seventy percent to 80% of affected indi-
viduals will develop pHPTH.43,44 The pHPTH is usu-
ally caused by a single adenoma, sometimes with cystic 
or atypical histology, although an additional adenoma 
may occur synchronously or months to decades later.45

Fifteen percent develop parathyroid carcinoma 
that is often characterized by intact PTH (iPTH) 
levels >3 times the upper limit of normal and raised 
S-Ca2+. Ultrasound of the neck is required to detect 
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the infrequent nonfunctioning carcinoma. Parathyroid 
carcinoma may present as a palpable neck mass, renal 
calculi, difficulty speaking or swallowing, or with severe 
symptoms of hypercalcemia, including muscle weak-
ness, nausea/vomiting, confusion or altered mental sta-
tus, bone pain, or pathological fractures. Up  to 20% 
have lymph node metastasis upon diagnosis and about 
one-third develop distant metastases.46

Ossifying fibromas of the 
mandible or maxilla
Ossifying (or cementifying) fibromas of the mandible or 
maxilla occur in 30% of affected individuals, usually 
before the third decade of life. They are often diagnosed 
after pHPTH but may also be the first manifestation of 
the disorder with onset in early adolescence.47,48 They 
may present as a visible or palpable mass or be detected 
by dental X-ray, often in molar or premolar areas. 
They are benign tumors but are aggressive and grow 
if untreated, leading to disruption of dentition, impair-
ment of breathing, and/or considerable cosmetic con-
cern. They may be bilateral or multifocal and may recur 
after surgery.49 They should not be confused with the 

“brown” tumors of severe hyperparathyroidism (osteitis 
fibrosa cystica) that may appear in the jaw and resolve 
spontaneously after curative parathyroid surgery.

Renal manifestations
Twenty percent of HPT-JT patients have renal manifes-
tations detected by renal ultrasound. Most have renal 
cysts that vary in severity from a few minor cysts (as in 
the normal population) to bilateral polycystic disease 
with end-stage renal failure.47,50 Single families with rare 
benign solid kidney tumors (diagnosed as mixed epi-
thelial-stromal tumors and mesoblastic nephroma) have 
been described and may be part of the syndrome.45,50 
Wilms tumor has been reported in three unrelated fam-
ilies,51,52 and single individuals with malignant renal 
cell carcinomas have also been reported.44,53

Uterine manifestations
Sixty percent of all females with HPT-JT have uterine 
manifestations identified by pelvic ultrasound,44 com-
monly uterine polyps or adenomyosis that may cause men-
orrhagia. Also, adenofibromas, leiomyomas, endometrial 
hyperplasia, and adenosarcomas have been reported. 

Surveillance of presymptomatic individuals:

Manifestation Penetrance (%) Method Interval From age

pHPTH 70–80 iPTH, S-Ca2+ 6–12 months 5–10 years
Parathyroid 

carcinoma
15 iPTH, S-Ca2+ 

Parathyroid 
ultrasound

Periodic
May be considereda

5–10 years

Ossifying fibroma 
of maxilla or 
mandible

30 Panoramic jaw x-ray 
and regular dental 
care

>every 5 year more 
often after surgical 
removal of an 
ossifying fibroma

10 years

Renal cysts or 
tumors

20 Renal ultrasound 
(S-creatinine if 
cysts are present)

At least every 5 years of diagnosis

Uterine polyps 
tumors or 
endometrial 
hyperplasia, etc

60 Pelvic ultrasound and 
gynecological 
examination

Annual Reproductive 
age

Source:	 Based on Rich TA et al., CDC73-related disorders. In: Pagon RA, Bird TD, Dolan CR, Stephens K, Adam MP, eds. GeneReviews. 
Seattle, WA, 1993.
a	To exclude nonfunctioning parathyroid carcinoma.
pHPT, primary hyperparathyroidism; iPTH, intact parathyroid hormone; S: serum.

Table 9.3
HPT-JT, clinical features and surveillance.
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Affected women had fewer offspring than expected and 
had multiple miscarriages, suggesting that the uterine 
tumors may reduce reproductive fitness.43

Other tumors
Other tumor types have been reported in single patients. 
In a minority, molecular studies have confirmed a biallelic 
mutation in CDC73 in the tumors, as expected for a TSG. 
Reported tumors include Hürthle cell adenoma of the 
thyroid, papillary thyroid cancer, colon cancer, clear cell 
cancer of the pancreas, testicular mixed germ cell tumor, 
prostate cancer, and cancer of the salivary gland.43,44,53

Diagnostic criteria
The clinical diagnosis of HPT-JT is established if an 
individual has (a) pHPTH and ossifying fibroma(s) of 
the mandible/maxilla, (b) pHPTH and a close relative 
with HPT-JT syndrome, or (c) ossifying fibroma(s) of 
the mandible/maxilla and a close relative with HPT-JT 
syndrome. See Table  9.4 for indications for mutation 
testing of CDC73.

Management
HPTH
The abnormal gland should be localized preopera-
tively (e.g., by ultrasound, MRI, or 99mTc-sestamibi 
scanning). Usually, only one gland is affected; thus, 

minimally invasive surgery with removal of the abnor-
mal gland is recommended by most surgeons as caus-
ing least morbidity.22,42,44 However, the recurrence rate 
is about 20% after a mean of 13.7 years, and 15% have 
parathyroid carcinoma that has led some to advocate sub-
total parathyroidectomy.45,54 Most surgeons do not con-
sider total parathyroidectomy an option due to the risk 
of postoperative hypoparathyroidism.42 Intraoperative 
measurement of iPTH to ensure complete resection may 
be useful,42 but measurements need to be interpreted 
with care in familial pHPTH.22 Postoperative annual 
surveillance is required (Table  9.3). Cinacalcet hydro-
chloride may be an alternative in inoperable patients,24 
and pHPTH during pregnancy should be monitored 
(see MEN1—management of pHPTH, pg. 185–86).

Parathyroid carcinoma should be resected en bloc with-
out damaging the tumor capsule, and this may include 
the ipsilateral thyroid lobe.46 Local seeding of the tumor 
cells may occur if the tumor is broken perioperatively or 
by biopsy, which should be avoided.42 Cinacalcet hydro-
chloride may be an alternative for parathyrotoxicosis or 
inoperable cases. Radiation of the neck should be avoided.

Jaw tumors should be completely resected if possible, 
which depends on the size and location of the tumor. 
Due to the risk of recurrence, patients should be fol-
lowed annually (Table 9.3).

There are no HPT-JT–specific guidelines for man-
agement of kidney or uterine manifestations. These 
lesions should be followed by a specialist and treatment 
determined for each individual case.

Testing for CDC73 mutations is recommended if the patient has: % of cases with mutations 

a) a clinical diagnosis of HPT-JT 58
b) parathyroid carcinoma regardless of family history 20–29
c) ossifying fibroma(s) of the jaw Unknown, 1 of 3 in one study
d) familial isolated hyperparathyroidism, especially if at least 

one individual had cystic or atypical histology and if MEN1 
test was normal

7 (0–33)

e) sporadic pHPT <45 years 1
f)   renal cysts/tumor Unknown

Presymptomatic test Age

Individual at risk of HPT-JT 5–10 years

Source:	 Multiple References used to create the table: Including 42, 53, 55-57, 62, 103-112.

Table 9.4
Indications for genetic testing of CDC73.
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HPT-JT genetics
HPT-JT syndrome is inherited in an autosomal domi-
nant fashion. Most affected individuals have an affected 
parent, but de novo cases have been reported. In some 
cases, there is no known family history due to missed 
diagnosis of one parent, later onset in parent, reduced 
penetrance, or somatic/germline mosaicism.55

HPT-JT is caused by a loss-of-function mutation in 
the CDC73 gene (previously called HPRT2)52 that is 
localized on chromosome 1q31.2. CDC73 spans 1.3 Mb 
of genomic DNA and encodes a 2.7-kb transcript with 
17 coding exons.56 Most mutations in CDC73 may be 
detected by DNA sequencing and are spread across 
the gene, but with a predilection for exons 1, 2, and 7. 
The majority of the mutations are unique and 79% are 
truncating mutations (nonsense or frameshift), whereas 
15% are missense or in-frame deletions/insertions and 
6% are splice mutations.57 Single cases with a com-
plete deletion of one copy of the gene have also been 
reported.58

Mutations in CDC73 can be detected in 58% of 
patients with a clinical diagnosis of HPT-JT. However, 
the same mutations can also cause seemingly sporadic 
parathyroid carcinoma or familial isolated hyperparathy-
roidism (FIHP); thus, there is no genotype–phenotype 
correlation, and all mutation carriers should receive the 
same surveillance57 (Tables 9.3 and 9.4).

HPT-JT gene function
The CDC73 protein parafibromin contains 531 amino 
acids and is ubiquitously expressed. The parafibro-
min tumor supressor gene is part of the PAFI pro-
tein complex involved in transcription and histone 
modifications. It regulates gene transcription of genes 
that regulate cell division. It is proapoptotic and 
can also regulate the cytoskeleton.59 Parafibromin is 
essential for embryonic development and postnatal 
survival, and loss of its function leads to widespread 
apoptosis.60

Familial isolated HPT
FIHP is inherited as an autosomal dominant condition 
that may be true FIHP or one of the above-mentioned 
syndromes with reduced penetrance. It occurs in 
approximately 1% of all pHPTH cases.61 Most cases 
of FIHP have no known cause (Table 9.5), but genetic 
testing of MEN1, CASR (see section “FHH”), and 

CDC73 is recommended, even if no other manifesta-
tions of these syndromes are apparent. Evidence sug-
gests several alternative gene loci,62 however, some 
small kindreds could also represent clustering of cases 
by chance or have a multifactorial background.

Familial benign 
hypocalciuric hypercalcemia 
(FBHH, OMIM 145980) 
(see Chapter 11)
Clinical features
FBHH (OMIM 145980) was first described in 196663 
and has a prevalence of at least 1/10,000.64 In most 
cases, there is mild hypercalcemia present from birth 
that does not require treatment. Nonsuppressed PTH, 
relative hypocalciuria [detected as a ratio of uri-
nary calcium clearance/creatinine clearance (CCCR) 
<0.01],  and normal parathyroid glands establish 
the diagnosis. However, atypical cases with severe 
hypercalcemia, raised PTH,  CCCR >0.01, and/
or  nephrolithiasis, chondrocalcinosis, gallstones, or 
pancreatitis and in some cases hypercalciuria have 
been reported, sometimes due to concomitant pHPTH 
that may appear by chance in the family.64 Thus, 
genetic testing is essential for diagnosis.65  This is 
important because parathyroidectomy is not indicated 
because it will not normalize calcium levels in classi-
cal FBHH.

FIHP Differential

Diagnosis Gene % of all FIHP

MEN1 MEN1 17
FHH CASR 7
HPT-JT CDC73 5
Unknown ?? 71

Source:	 Multiple References used to create the table: Including 
55, 61, 62, 103-105, 107, 110, 113-121.

Table 9.5
Genetic causes of FIHP.
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Diagnostic criteria
The following diagnostic criteria will correctly diagnose 
98% of all FHH cases:

(1) hypercalcemia (average of several measurements 
with normal vitamin D levels) and (2a) a significant 
mutation in the CASR gene or, if no mutation is found, 
(2b) a verified autosomal dominant occurrence of hypo-
calciuria (CCCR < 0.01) with no mutation in MEN1 or 
CDC73.

FHH genetics
FHH is an autosomal dominant condition caused by a 
heterozygous loss-of-function mutation in the calcium-
sensing receptor (CASR) gene on chromosome 3q.66,67 
Two mutations in the two copies of the CASR gene 
cause neonatal severe hyperparathyroidism (NSHPT), 
an autosomal recessive condition with marked symp-
tomatic hypercalcemia. If untreated, the infant will 
develop severe skeletal, muscular, and neurodevelop-
mental complications. Usually, the child is born to 
parents who both have FHH and who therefore have a 
25% recurrence risk in the next pregnancy. However, in 
some cases, the fetal phenotype develops relative to the 
maternal calcium levels (regulated by the maternal gen-
otype). These cases often have transient and less severe 
symptoms that respond well to medical treatment.68 In 
addition, heterozygous activating mutations in CASR 
cause autosomal dominant hypocalcemia.

The CASR gene spans 103 kb and has eight exons, 
six of which (3234 bp) encode the CASR protein of 
1078  amino acids.68 Mutations are found by DNA 
sequencing in 18% of cases, and family history more than 
doubles the likelihood of detecting a mutation.69 There 
are 139 different mutations spread across the gene that 
are known (see http://www.CASRdb.mcgill.ca). To date, 
no large deletions that cause FHH have been reported.

CASR function
The CASR protein is a G protein-coupled glycoprotein 
receptor with seven transmembrane domains. Its func-
tional form is a dimer that binds extracellular ions such 
as Ca2+ and then signals via downstream G proteins. In 
healthy patients, small increases in extracellular Ca2+ 
are sensed by the CASR, leading to a decrease in PTH 
from the parathyroid cells; increased renal excretion of 
Ca2+, increased thirst, inhibition of osteoclastic resorp-
tion, and increased osteoblastic activity in the bone—
all of which lead to a compensatory decrease in serum 
calcium levels. In FBHH, this response is blunted, thus 

there is hypercalcemia with normal PTH levels and low 
renal calcium excretion.64

Multiple endocrine 
neoplasia type 2 (MEN2)
Clinical features
MEN2 is characterized by medullary thyroid carcinoma 
(MTC) in association with pheochromocytoma and/or 
pHPTH and occurs in 1/30,000 births. An association 
between thyroid cancer and pheochromocytoma was 
first described in 1961 by Sipple,70 but the term MEN2 
was coined a few years later.

Subtypes of MEN2
There are two subtypes of MEN2: (1) >90% are MEN2A 
(OMIM 171400) and familial MTC (FMTC) (OMIM 
155240) and (2) 5% have MEN2B (OMIM 162300). 
Previously, FMTC was a separate subgroup that com-
prised 10%–20% of all MEN2 cases, but it is now 
considered to be MEN2A with reduced penetrance and 
should therefore have the same follow-up as MEN2A.71–73

MEN2A (and FMTC)
The following manifestations constitute MEN2A.

MTC
MTC develops in most individuals, usually by age 
20–30 years (range, 9–70 years).74 MTC is a rare thyroid 
tumor of the C-cells (<5% of all thyroid tumors). Twenty 
to 30% are hereditary as part of MEN2 and develop from 
C-cell hyperplasia, resulting in bilateral/multicentric 
MTC.75 Note that C-cell hyperplasia may also be second-
ary to HPTH, chronic lymphocytic thyroiditis, hypergas-
trinemia, near follicular derived tumors, and aging and 
will then not transform to MTC. MTC leads to overpro-
duction of calcitonin, measurement of which may be used 
as a diagnostic test. Increased calcitonin levels >10 ng/mL 
may also lead to intractable diarrhea due to increased 
gastrointestinal secretion and hypermobility. MTC is a 
therapy-resistant tumor with a 10-year disease-specific 
survival of about 75%. Seventy percent have spread local 
disease or lymph node metastasis at clinical diagnosis.75

Pheochromocytoma (see Chapter 24)
Pheochromocytoma is found in 50% of all cases, often 
before 20–40 years of age. In 13%–27%, pheochromo-
cytoma is the first manifestation of MEN2A.76 Pheochro
mocytomas produce adrenalin and noradrenalin that 
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can be measured as metanephrine and normetanephrine 
in plasma (or urine samples) occasionally dopamine is 
produced. Symptoms are attacks of hypertension, tachy-
cardia, perspiration, and headache, with a risk of sudden 
death due to cardiovascular complications. Four percent 
are diagnosed with malignant pheochromocytoma.77 
Eighty-four percent of all multiple/bilateral pheochro-
mocytomas are hereditary, and 12% of these are due to 
MEN2. Differential diagnoses of hereditany forms include 
von Hippel Lindau syndrome (hemangioma and renal cell 
carcinoma), neurofibromatosis type1 (café au lait spots, 
axillary and inguinal freckling) and the familial pheo-
chromocytoma-paraganglioma syndromes. Altogether, 
constitutional mutations in 13 susceptibility genes have 
been described in pheochromocytomas and paraganglio-
mas including: E6LN1/PHD2, EPAS1/HIF2A, KIFIB/3, 
MAX, MEN1, NF1, RET, SDHA, SDHB, SDHC, 
SDHD, SDHAF2/SDH5, TMEM127 and VHL.

pHPTH
pHPTH is found in 15%–30%. pHPTH almost always 
presents after MTC (or pheochromocytoma) and has an 
average age of onset of 38 years. The hyperparathyroid-
ism is often mild, and typically there is hyperplasia of 
multiple glands.74,75

Hirschsprung’s disease
Hirschsprung’s disease (HSCR) is characterized by 
megacolon due to aganglionosis of the gut (not to be 
confused with the ganglioneuromatosis of MEN2B; see 
below). It occurs in 1%–16% of all MEN2 cases.76,78 
Conversely, MTC occurs in 4.5% of all HSCR cases.

Pruritic cutaneous lichen amyloidosis
Cutaneous lichen amyloidosis (CLA) occurs in rare fami-
lies. It is usually located on the upper back and may be the 
first sign of MEN2A.79 Most, but not all, cases have been 
associated with mutations in codon 63480,81 of the RET 
gene (see below).

Unilateral renal agenesis
A single family with unilateral renal agenesis has been 
reported.82

MEN2B
MEN2B is characterized as follows:
a.	 An aggressive form of MTC with onset from 

2 months of age in all individuals.74 If untreated, 
the average age of death is 21 years.75,83

b.	 Pheochromocytoma with average onset 23–28 years, 
(range, 12–33 years) in 50%; see MEN2A for more 
information on these tumor types.

c.	 Ganglioneuromas from infancy/early childhood 
on tongue, lips, pharynx, eyelids, and intestinal 
ganglioneuromatosis with abdominal distension, 
chronic constipation, or diarrhea and megacolon. 
Up to 86% of all infants with MEN2B are unable 
to cry tears.

d.	 Seventy-five percent have musculoskeletal abnor-
malities, including tall and thin stature (marfanoid 
habitus), kyphoscoliosis or lordosis, pes cavus, pec-
tus excavatum, hypotonia, proximal muscle weak-
ness, and/or decreased subcutaneous fat.

Papillary thyroid cancer
A few families with MEN2A and MEN2B have an 
increased risk of papillary thyroid cancer.84 See table 9.6 
for indications for genetic testing of RET.

MEN2 genetics
MEN2 is inherited in an autosomal dominant manner. 
In MEN2A, 95% have an affected parent, whereas 50% 
of all MEN2B-mutations are de novo.85,86 Healthy parents 
of a MEN2 patient should be offered genetic testing to 
exclude missed diagnosis/later onset. In rare instances, 
there may be nonpaternity or somatic/gonadal mosa-
icism.87 The risk of a child acquiring a de novo mutation 
increases with paternal age due to germline selection of 
RET-mutated spermatogonia over time.86,88

MEN2 is caused by a gain-of-function mutation in 
the proto-oncogene REarranged during Transfection 
(RET). RET was first discovered 1985.89 It is located 
on chromosome 10q21.190 and was found to cause 
MEN2A and MEN2B in 1993–1994.86,91–93 RET con-
tains 21 exons and spans >55 kb genomic DNA. More 
than 50 different MEN2-causing missense or in-frame 
mutations have been found74 (see the RET muta-
tion database at http://www.arup.utah.edu/database/
MEN2/MEN2_welcome.php94). Ninety percent of 
them are located in exons 10, 11, and 13–16, but if a 
causative mutation is not found upon analysis of these 
exons, the other exons should be sequenced to detect 
rare mutations. MEN 2B patients typically camy a 
missense mutation of codon 918, which is also somati-
cally mutated in approximately 40% of sporadic MTC 
tumors. In all, mutations are found in 95% of all cases 
of familial MEN2A and MEN2B, with a lower detec-
tion rate in FMTC (Table  9.6). Inactivating (loss-of-
function) mutations in one copy of the RET gene cause 
familial Hirschsprung’s disease95 or renal agenesis/
malformation.96,97 These mutations are spread across 
the gene.

There is a genotype–phenotype correlation 
that forms the basis of the current management 
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recommendations6,74,76 (Figure  9.4 and Table  9.7)6–

12,34–40,72–74. These recommendations are updated as 
new information becomes available.

RET protein functions
RET is a tyrosine kinase receptor that is required for 
growth and differentiation of neural crest-derived cells. 
It binds ligands from the glial-derived nerve growth 
factor family (GDNF). Upon ligand binding, the recep-
tor homodimerizes and phosphorylates intracellular 
tyrosines that activate various downstream signal path-
ways, leading to cell growth, motility, survival, and pro-
genitor cell differentiation98 (Figure 9.4). RET function 
is required for development of the intestinal nervous 
system, thyroid C-cells, the kidney, and for spermato-
genesis99 and activated RET leads to MTC in mice.100

MEN2 mutations are found predominantly in two 
areas: either in the cysteine-rich extracytoplasmic 
domain or in the intracellular tyrosine kinase domain, 
although mutations have infrequently been found in 
other exons (Figure 9.4 and Table 9.7). Mutations in 
the extracytoplasmic domain (exons 10 and 11; codons 
609–634) lead to loss of intramolecular disulfide 
bonds that normally stabilize the monomeric protein. 
Instead, intermolecular bonds are formed between two 
mutated RET molecules; thus, a constitutively acti-
vated receptor is formed that can signal independently 
of ligand. The most common mutation is in codon 

634, which is also associated with CLA, and confers 
a medium-high risk of young onset MTC and other 
manifestations.

Mutations in the tyrosine kinase domain (exons 
13–16; codons 768–918) cause either a homodimeriza-
tion of two mutated RET monomers independent of 
ligand or autophosphorylation of monomers. In both 
instances, constitutive intracellular signaling is the 
result.98 Of note, a mutated codon 804 may display 
various degrees of severity, partly dependent on the 
presence of other RET variants. In some families, it has 
been associated with an increased risk of papillary thy-
roid cancer; in others with CLA. Codon 918 is mutated 
in 95% of MEN2B. The residual cases often involve 
codon 883.

At first glance, it seems illogical that a fam-
ily may have MEN2 and Hirschsprung’s disease or 
renal agenesis because these conditions are caused by 
mutations with contrasted effects. However, molecu-
lar studies have shown that some gain-of-function 
mutations (e.g., C618 or C620) may create a con-
stitutively active RET receptor but simultaneously 
cause reduced expression of the RET receptor on the 
cell surface (e.g., by the mutated RET protein being 
retained in the Golgi apparatus). Alternatively, the 
mutation may lead to reduced cell survival in intesti-
nal nerve or renal cells.78 This is probably dependent 
on other genetic variations because not all individu-
als with an  HSCR-associated mutation will have 
HSCR.76,78

Testing for mutations in RET is recommended if the patient has: % of cases with mutations 

a) a clinical diagnosis of MEN2A or FMTC 98
b) MEN2B 95
c) sporadic MTC 6–9
d) Hirschsprung’s diseasea 2.5–5
e) renal a/dysgenesisa 4–37

Presymptomatic test Age

MEN2A/FMTC Before 5 years
MEN2B As soon as possible after birth

Source:	 Multiple References used to create the table: Including 6, 75, 78, 96, 97, 122-130.
a	Exclude gain-of-function mutations in exon 10 as they will confer a risk of MTC and require follow-up.

Table 9.6
Indications for genetic testing of RET: presymptomatic testing.
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Management
MTC
MTC is a chemo- and radiotherapy-resistant tumor. 
Before genetic testing was available, most MTCs in 
MEN2 had metastasis at diagnosis, and the prognosis 
was poor. This is still true for the sporadic MEN2B cases 
that are often detected at a later age (13–14 years, on aver-
age); 50% then have cervical lymph node metastases.83

Today, prophylactic total thyroidectomy is advo-
cated for all children with an inherited RET mutation. 
The aim is to operate before lymph node metas-
tasis has arisen but preferably after the age of 3–5 
years when postoperative complications, including 

hypoparathyroidism, are fewer and easier to treat. 
However, MEN2B mutation carriers require prophy-
lactic operation before 1 year of age. If the child is 
operated on after the guideline age (Table 9.7), removal 
of central lymph nodes is recommended, even though 
this will likely require autotransplantation of at least 
the inferior parathyroid glands.75 If there are signs of 
metastasis, then a comprehensive preoperative evalu-
ation should be carried out and the therapy adapted 
to minimize morbidity. Before operation of the MTC, 
pheochromocytoma should be excluded due to the 
risk of perioperative death due to hypertensive crisis. 
See  Table  9.7 for recommendations of surveillance 
before and after MTC surgery.
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Figure 9.4
Functional domains of the RET protein and genotype–phenotype correlations. (Left) Main functional 
domains of RET are depicted, with the extracellular cadherin domain and cysteine-rich domain that bind 
to the GDNF family of ligands, together with their coreceptor. Binding leads to dimerization of two RET 
monomers and autophosphorylation of tyrosine residues in the tyrosine kinase domain that signal down-
stream (represented by the lightning symbol). (Middle) The 21 exons of the RET gene are represented, with 
the two major mutation sites (exons 10 and 11 and 13–16). The most commonly mutated MEN2 codons 
are shown on the far right together with their risk levels and associated phenotypes. Note that mutations 
in codon 804 causes highly varied phenotypes, from low risk (group A) to MEN2B (group D) depending on 
whether other genetic variants are present or not (see Table 9.5). CLA = Cutaneous Lichen Amyloidosis; 
HSCR = Hirschsprung’s disease. (Updated and adapted from Plaza-Menacho I, Trends in Genetics 2006; 
22(11): 627–36.)
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Unilateral pheochromocytomas
Unilateral pheochromocytomas are treated with unilat-
eral adrenalectomy with preoperative antihypertensive 
treatment. If bilateral disease, cortical-sparing surgery is 
advocated to minimize the risk of adrenal insufficiency 
and Addison crisis. Patients with pheochromocytoma 
should avoid dopamine and adrenergic receptor antago-
nists as well as monoamine oxidase inhibitors, sympa-
thomimetics (e.g., ephedrine), and certain peptide and 
corticosteroid hormones. Women should be screened for 
pheochromocytoma before a planned pregnancy or as 

early as possible during pregnancy.75 See Table 9.7 for 
surveillance.

pHPTH
pHPTH usually presents years after thyroidectomy but 
should be excluded before thyroid surgery. Preoperative 
localization is required before excision of the hyper-
trophied gland or subtotal parathyroidectomy. In both 
cases, an autotransplant should be performed due to the 
high risk of recurrent MTC where reoperation often 
results in hypoparathyroidism. Total parathyroidectomy 

Youngest age of 
onset

Surveillance of presymptomatic 
individuals

 RET codons MTC  

A Low risk 321,515,533,600,603,606,636,
666,768,777,790,804,819,83
3,844,866,891,912 and 
p531/9bp dup, p.532dup, 
p635/insert ELRC

9 years MTC: Screen from 3 to 5 years, 
thyroidectomy may be 
delayed after 5 years if criteria 
are meta

PHEO: Screen from 20 years
pHPTH: Screen from 20 years

B Medium risk 609, 611,618,620,630,631, and 
804+778

p633/9bp dup, p.634/12bp 
dup

5 years MTC: Screen from 3 to 5 years, 
thyroidectomy from 5 years

PHEO: Screen from 8 years 
(codon 630) or 20 years (all 
other codons)

pHPTH: Screen from 8 years 
(codon 630) or 20 years (all 
other codons)

C Medium-
high risk

634b 13 months MTC: Screen from 1 to 3 years, 
thyroidectomy before 5 years

PHEO: Screen from 8 years
pHPTH: Screen from 8 years

D Highest risk, 
MEN2B

918, 883
804+805/806/904

2 months MTC: Screen as soon as 
possible, thyroidectomy 
before 1 years

PHEO: Screen from 8 years

Source:	 Multiple references used to create the table: Including 6, 74-76.
a	A normal annual basal and/or stimulated serum calcitonin, normal annual neck ultrasound examination, and family history of less aggres-

sive MTC.
b	Most common MEN2A-mutation.
MTC, medullary thyroid carcinoma, is screened for with serum calcitonin and neck ultrasound; PHEO, pheochromocytoma, is screened for 
by fasting plasma metanephrine and normetanephrine or adrenalin/noradrenaline in 24 h urine as well as ultrasound or CT examination of 
the adrenal glands; pHPT, primary hyperparathyroidism, is screened for with serum Ca2+, intact PTH and neck ultrasound.

Table 9.7
MEN2 clinical features and surveillance.
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is reserved for cases with hypertrophy of all four 
glands.75 Cinacalcet hydrochloride may be an alternative 
in inoperable patients.24

Future developments
Because RET activation is unique to the cancer cells, 
several therapeutic agents that block various steps in 
RET activation or production are being tested in clinical 
trials. One such group includes tyrosine kinase inhibi-
tors that target RET and other tyrosine kinase recep-
tors [such as vascular endothelial growth factor receptor 
(VEGFR) 2, epithelial growth factor receptor (EGFR), 
and hepatocyte growth factor receptor (HGFR)]. One 
tyrosine kinase inhibitor, vandetanib, has recently been 
approved in Europe and the United States for treat-
ment of adults with symptomatic or progressive MTC. 
All have side effects that may limit their use in some 
patients.101,102
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Coincidental adrenal masses and adrenal cancer
Marinella Tzanela, Dimitra Argyro Vassiliadi, Stylianos Tsagarakis

Introduction
With the widespread use of sophisticated imaging 
modalities, adrenal masses are routinely discovered coin-
cidentally during the course of imaging investigations 
performed for reasons unrelated to suspicion of adrenal 
disease. They are commonly defined as adrenal inciden-
talomas and are among the most frequently encountered 
endocrine tumors, with a prevalence that depends on 
patient’s age and ranges from 0.2% in younger persons to 
4%–5% in middle age to 6.9% in those >70 years old.1,2 
Most are unilateral, but bilateral lesions either in the 
form of solitary well-defined adenomas or less frequently 
in the form of bilateral macronodular hyperplasia are 
encountered in 9%–17%.3 The clinical consequences of 
incidentally discovered adrenal lesions remain relatively 
unclear, and their discovery poses diagnostic and thera-
peutic challenges to physicians and anxiety to patients 
who face both an unexpected diagnosis and the ensuing 
additional workup.4 The diagnostic approach involves 
two major questions: Is the mass malignant and is it 
functional? Overall, the patient’s history and physical 
examination, the imaging characteristics of the lesion, 
and a proper hormonal evaluation provide significant 
clues to the differential diagnosis among adrenocortical 
adenomas, adrenocortical cancer, and other nonadeno-
matous lesions and guide further management.

Etiology of coincidental 
adrenal masses
The majority of coincidental adrenal masses are benign 
adrenocortical adenomas with a considerable low 

probability of malignancy. Occasionally, other lesions 
might present as adrenal incidentalomas5,6 (Table 10.1). 
The incidence of cancer among consecutive, unselected 
asymptomatic patients without a known history of 
malignancy, corresponding to the typical patient who is 
referred for endocrinological consultation, approximates 
1.9%.7 The likelihood that an adrenal mass is a metas-
tasis is extremely low in these patients (0.7%)7 but rises 
significantly, up to 20%, in patients with known extra-
adrenal malignancies.5,8 Even in these patients, however, 
an adrenal mass does not necessarily represent metasta-
sis.9,10 Thus, patients with extra-adrenal malignancies 
should be evaluated with caution not only because a 
diagnosis of metastasis may alter their staging but also 
because large bilateral metastases may compromise the 
adrenal gland function, leading to adrenal insufficiency.

Diagnostic evaluation
The first step in the investigation of an incidentally dis-
covered adrenal mass is the characterization of its imag-
ing phenotype. Current radiological and scintigraphic 
techniques are able to discriminate between benign and 
malignant lesions and/or provide insight on the nature 
of the underlying lesion. Furthermore, although in 
the early days adrenal incidentalomas were considered 
to be nonfunctioning, it is now well established that 
a substantial proportion exhibit autonomous hormonal 
secretion.2,5 The most frequently encountered endocrine 
disorder is autonomous cortisol production, with a fre-
quency that varies substantially between 1% and 47%, 
depending on the criteria used to define it. Primary 
hyperaldosteronism is also diagnosed in 1.1%–10% of 
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patients, whereas a proportion of about 4%–7% may 
harbor pheochromocytomas.2

Radiological imaging
The size of the lesion used to be considered as a major pre-
dictor of malignancy, and surgery is usually recommended 
for lesions >4–6 cm. The prevalence of adrenocortical 

carcinoma (ACC) is thought to be 2% among tumors that 
are ≤4 cm, 6% among tumors that are 4.1–6.0 cm, and 
25% among larger tumors.11 Size has both a low specific-
ity and low sensitivity for the detection of cancer because 
75% of tumors >6 cm are not malignant, and also small 
ACCs have been reported. In lesions of <4 cm, a repeat 
imaging evaluation at 3–6 months, depending on the size 
and imaging characteristics of the mass, is usually advo-
cated. A rapid and significant (usually >5 mm) change in 
size may occasionally indicate malignancy, but again it is 
not an accurate predictor of adrenal cancer.7,12 The role of 
further repeat imaging has been challenged recently by 
Cawood et al.7 who raised concerns that the risk of induc-
ing cancer from the ionizing radiation delivered from 
multiple computed tomography (CT) scans outweighs the 
possible benefits, given the substantially small probability 
of malignant transformation of these tumors.

The imaging phenotype of the mass, using current 
imaging techniques, determines with much more accu-
racy the nature of the adrenal lesion.6,13 CT before and 
after intravenous contrast administration is the modal-
ity of choice.6 Narrow collimation is preferred, with thin 
slices of 3–5 mm, because tumors as small as 5 mm can be 
detected. Benign adenomas are usually rounded, homoge-
neous, with smooth contour, and well-delineated margins 
clearly separated from adjacent structures (Figure 10.1a). 
The unenhanced images provide information about the 
density of the mass expressed in Hounsfield unit (HU). 
By definition, 0 HU represents the radiodensity of dis-
tilled water at standard pressure and temperature (STP), 
whereas the radiodensity of air at STP is defined as 
–1000 HU. Most adrenal adenomas, due to their high fat 

•	 Adrenocortical adenoma (80%–90%) or, rarely 
adrenocortical carcinoma
•	 Nonfunctional
•	 Cortisol-producing
•	 Aldosterone-producing
•	 Androgen- or estrogen-producing (rare)

•	 Pheochromocytoma
•	 Other nonfunctional lesions

•	 Myelolipoma
•	 Cyst
•	 Ganglioneuroma
•	 Oncocytoma 
•	 Hemangioma

•	 Extra-adrenal infiltrative lesions
•	 Metastasis
•	 Granuloma 
•	 Amyloidosis

Table 10.1
Etiology of coincidental adrenal masses.

(a) (b)

Figure 10.1
(a) Unenhanced CT scan showing a well-defined, unilateral ovoid lesion in the left adrenal (arrow). The 
lesion is quite hypodense relative to the liver and spleen (attributed to the presence of microscopic fat), 
being suggestive of a benign adenoma. (b) Contrast-enhanced CT scan (portal-venous phase) depicting 
bilateral discrete well-defined benign adrenal adenomas (arrows).
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content, have low attenuation values of <10 HU. However, 
attenuation values >10 HU can be encountered in lipid-
poor adenomas that represent 25%–30% of all adenomas. 
Adenomas show early enhancement after contrast admin-
istration, greater than normal adrenal tissue, with an early 
washout of the contrast media (Figure  10.1b). Thus, an 
absolute (compared with unenhanced images) washout 
of >60% and a relative washout (compared with early, at 
60  s  enhanced images) of >40% indicate a benign ade-
noma, with a sensitivity of 98% and a specificity of 92%.

In case of indeterminate lesions, magnetic resonance 
imaging (MRI) may provide additional information 
using T1-weighted, T2- weighted, and chemical shift 
imaging (CSI) (Figure  10.2). Benign adenomas are 
homogenous, have low or equal signal intensity compared 
with the liver on T2-weighted images, and enhance only 
mildly after contrast administration. The washout char-
acteristics after administration of gadolinium are similar 
as those of CT. Moreover, on out-of-phase CSI, benign 
adenomas lose at least 30% of their signal intensity 
compared with the in-phase images due to their high 
intracellular lipid content. Pheochromocytomas may be 
homogeneous or inhomogeneous, with a high density of 
40–50 HU in unenhanced CT scans (Figure 10.3) and 
characteristically high signals on T2-weighted MRI 
images without signal loss on CSI.6 Other benign lesions 
with distinct imaging characteristics include myelolipo-
mas that are usually distinguishable by their very low 
attenuation values (–30 to –100 HU) due to very high fat 

content and cysts that present as clearly defined lesions, 
hypodense on T1-weighted MRI images and markedly 
hyperdense on T2-weighted MRI images (Figure 10.4).

Scintigraphic imaging
Besides localization, radionuclear imaging and, more 
recently, imaging with positron emission tomography 
(PET) provide metabolic information of the adrenal lesions. 
The traditional nuclear medicine imaging of the adre-
nal cortex uses either 131I-6b-iodomethyl-norcholesterol 
(NP-59) or 75Se-selenomethyl-19-norcholesterol as radio-
tracers. There are three distinct scintigraphic patterns that 
can be observed in patients with adrenal incidentalomas: 
(1) a discordant pattern, that is, absent or decreased or dis-
torted uptake on the side of the adrenal lesion; (2) “normal” 
symmetrical adrenal uptake; and (3) concordant uptake, 
that is, predominant or exclusive uptake from the adrenal 
mass. A discordant pattern suggests a space-occupying, 
nonfunctioning mass, such as ACC or metastatic lesion, or 
other destructive lesion.14 Most studies on adrenal inciden-
talomas consider a concordant unilateral exclusive uptake 
to be indicative of a functional adenoma14,15 (Figure 10.5). 
However, functioning ACCs are likely to show uptake.15 
Although there is some correlation of tracer uptake with 
the results of endocrine testing, several patients with 
unilateral uptake do not have biochemical evidence of 
subclinical hypercortisolism and vice versa.16 In practice, 

Figure 10.2
(a) Axial MRI T1-weighted image, using chemical shift imaging-opposed phase (out-of-phase) image. The 
lesion in the left adrenal does not show significant signal drop-off (arrow). (b) Axial MRI T2-weighted, fat-
suppressed image. The lesion in the left adrenal (arrow) is inhomogeneously hyperintense, with some lin-
ear and nodular hypointense regions. These imaging findings are consistent with either an adrenocortical 
carcinoma or a pheochromocytoma.



ENDOCRINOLOGY IN CLINICAL PRACTICE

206

scintigraphy rarely provides additional information rela-
tive to radiological imaging and hormonal evaluation. Its 
use is also limited because it is a cumbersome and expen-
sive procedure that involves a relatively high level of radia-
tion and is no longer widely available.

The usefulness of PET scanning is increasingly evalu-
ated in various adrenal pathologies.17,18 In one study of 13 
patients17 and another study of 54 patients18 with nonfunc-
tioning adrenal tumors, increased 18F-fluorodeoxyglucose 
PET (18F-FDG PET) uptake was seen in all primary or 
secondary adrenal malignant lesions and in none of the 
benign lesions, yielding a diagnostic accuracy of 100%.17,18 
In other studies, however, a small number of benign ade-
nomas also showed 18F-FDG PET uptake.19 Overall, in 
patients without known malignancy, 18F-FDG PET has 
an excellent sensitivity (99%–100%) to identify ACC but 
a somewhat lower specificity, depending on the applied 
interpretative criterion.19 In patients with known cancer, 
the reported specificity for metastatic disease is higher.20 
Improved diagnostic performance of PET scan has been 
shown with the use of “fused” PET–CT imaging, taking 
advantage of the combined information provided by the 
CT attenuation measurements plus the intensity of FDG 
uptake. In a large cohort of 150 patients.21 PET  alone 
had 99% sensitivity and 92% specificity for the diagno-
sis of malignancy, whereas the corresponding values for 
PET-CT were 100% and 98%.

Besides the use of 18F-FDG as a tracer, the use of 
etomidate derivatives, such as iodometomidate (IMTO), 
is currently being explored. These are highly specific 
tracers for adrenocortical tissue because they have high 
specificity and avidity to CYP11B enzymes exclusively 
expressed in adrenocortical cells.22 A study22 reported a 
sensitivity of 83.3% and a specificity of 86.4% for the 
identification of benign or malignant, functional or not, 
adrenocortical lesions based on a cutoff value for the 
tumor-to-liver ratio of 1.3. Setting specificity to 100%, 
a sensitivity of 61.1% was reached at a cutoff value of 
tumor-to-liver ratio of 3.8.

Hormonal evaluation 
(see Chapters 1, 21)
The recommended hormonal evaluation in patients 
with a coincidental adrenal mass includes testing for 
catecholamine, aldosterone, and cortisol excess.

Catecholamines
Because it represents a potentially life-threatening 
condition, pheochromocytoma should be sought in 
all patients with an adrenal incidentaloma. A study of 
174 patients with adrenal incidentalomas reported that 
routine screening may not be necessary23 in those with 

Figure 10.3
Coexistence of an incidentally detected pheochromocytoma (right) and adenoma (left). (a) Unenhanced 
CT scan showing a round, inhomogeneously high-density lesion in the right adrenal (white arrow) and a 
hypodense, well-defined ovoid lesion in the left adrenal (dashed arrow). The latter is suggestive of a benign 
adenoma. (b) 131I-meta-Iodobenzylguanidine (MIBG, a selective radiotracer for catecholamine secreting 
tumors) scan, showed unilateral uptake by the right adrenal mass (arrows).
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small homogenous adrenal lesions characterized by an 
unenhanced HU value <10.

The preferred screening test with optimal sensitiv-
ity is the measurement of fractionated metanephrines in 
urine or plasma.24

Aldosterone
Screening for primary hyperaldosteronism is recom-
mended in hypertensive patients with adrenal inciden-
talomas, due to the high prevalence of this disorder 
in this particular group.25 In a study of 269 patients 
with adrenal incidentaloma, 14 of the 169 patients 
with hypertension had increased aldosterone-to-plasma 
renin activity ratio and elevated aldosterone levels, and 

Figure 10.4
(a) CT scan of a markedly hypodense mass in the right adrenal (white arrow). There is evidence of macroscopic 
fat density, characteristic of a myelolipoma. (b) CT scan of a well-defined homogenous mass with fluid den-
sity (white arrow). The same lesion appears hypointense on (c) the T1-weighted (black arrow) and markedly 
hyperintense on (d) the T2-weighted MR image, compatible with the presence of fluid (cyst) (white arrow).

Figure 10.5
Imaging with NP-59 showing exclusive unilateral 
uptake of the radiotracer by a left adrenal adenoma 
(arrow).
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further testing confirmed primary hyperaldosteronism 
in 4%.26 In the same study, hyperaldosteronism was 
not found in any of the patients without hypertension, 
so screening for hyperaldosteronism in patients with-
out hypertension is not routinely advocated. It should 
be noted that hypokalemia is not an outcome for the 
diagnosis because most patients with confirmed hyper-
aldosteronism are normokalemic.25 The currently rec-
ommended screening test is the aldosterone-to-renin 
ratio (ARR). Antihypertensive medications that mark-
edly affect the ARR, such as spironolactone, eplere-
none, amiloride, triamterene, and potassium-wasting 
diuretics, should be discontinued for at least 4 weeks. 
Other interfering medications, such as β-adrenergic 
blockers, angiotensin-converting enzyme inhibitors, 
angiotensin receptor blockers, central α-2-agonists, 
renin inhibitors, dihydropyridine calcium channel 
blockers, and nonsteroidal anti-inflammatory drugs, 
may also need to be discontinued for at least 2 weeks. 
Blood pressure should be managed with medications 
known to have minimal effects on ARR (verapamil, 
hydralazine, doxazosin, prazosin, terazosin).25 Blood 
collection should be performed with the patient in the 
upright position for at least 1 h and then seated for 
5–15 min. Caution should be taken to ensure proper 
handling of the samples, depending on the assay used 
for determination of renin.25,27 The finding of an abnor-
mal ARR should be followed by further confirmatory 
testing. Confirmatory tests are saline infusion, capto-
pril challenge, oral sodium loading, and fludrocortisone 
suppression tests.28

Cortisol
Autonomous cortisol secretion is the most prevalent 
biochemical, albeit clinically silent, disorder among 
patients with adrenal incidentalomas, and in the recent 
guidelines of the Endocrine Society, routine biochemical 
testing for its detection has been recommended.29 The 
optimal test however remains debatable. The diagnos-
tic tests that are currently recommended are the same 
that are used for the diagnosis of overt Cushing’s syn-
drome: increased midnight serum or salivary cortisol 
levels, increased urinary free cortisol levels and nonsup-
pression of cortisol levels after dexamethasone admin-
istration. The most widely used and easy-to-perform 
test, even in an outpatient basis, is the 1 mg overnight 
dexamethasone suppression test (DST). In patients with 
adrenal incidentalomas, cortisol levels above the tradi-
tionally recommended cutoff of 138 nmol/L (5 μg/dL) 
have a low sensitivity for the detection of hypercorti-
solism, whereas the use of a lower cutoff of 50 nmol/L 
(1.8  μg/dL) increases the sensitivity, making it more 
appropriate as a screening test,29 but decreases the 

specificity.30 A test that is likely to be more appropriate 
is the standard 48  h, 2 mg/day DST (low-dose dexa-
methasone suppression test, LDDST). It involves admin-
istration of higher doses of dexamethasone, aiming to 
fully suppress pituitary adrenocorticotropic hormone 
(ACTH) levels, resulting in a much better specificity.31 
After dexamethasone administration, a wide range of 
cortisol levels, from undetectable to >138 nmol/L (5 μg/
dL), is obtained,31 and this value demonstrates not only 
a qualitative defect but also a quantitative measure of 
the degree of non–ACTH-dependent residual corti-
sol production by the adenoma.2 Cortisol levels post-
LDDST correlate well with other indices of cortisol 
excess, namely higher midnight cortisol levels and lower 
ACTH and dehydroepiandrosterone sulfate (DHEA-S) 
levels, and also with the size of the adenoma.32 The most 
commonly used cutoff is 50 nmol/L (1.8 μg/dL), but the 
optimal cutoff of this test for the diagnosis of subclinical 
hypercortisolism remains debatable.30,33

Most clinicians currently recommend an additional 
positive test to support the diagnosis of subclinical 
hypercortisolism, including an elevated midnight cor-
tisol level or 24 h urinary free cortisol level and/or a low 
ACTH level.30 Inappropriately high midnight cortisol 
levels are commonly observed in patients with adrenal 
incidentalomas. Although the measurement of late-
night salivary cortisol is a recommended approach to 
screen for Cushing syndrome,29 its utility in the diag-
nosis of subclinical hypercortisolism has been ques-
tioned.34 Urinary free cortisol is considered a rather 
insensitive test in this specific population and carries 
many technical and diagnostic pitfalls.29 Measurements 
of ACTH and DHEA-S levels are of some value in these 
patients because low values indicate adrenal cortisol 
autonomy.29

To summarize, most experts recommend the DST as 
a prerequisite for the demonstration of cortisol auton-
omy, followed by additional tests to consolidate the 
diagnosis.29 However, so far no consensus on the best 
cutoff value for the DST exists.

Benign adrenocortical 
adenomas
The majority of coincidental adrenal masses demon-
strate an imaging phenotype consistent with a benign 
adrenocortical adenoma. Current trends in the manage-
ment of these apparently benign tumors depend on our 
understanding about the natural history and the pos-
sible implications relevant to their hormonal secretory 
activity.



COINCIDENTAL ADRENAL MASSES AND ADRENAL CANCER

209

Natural history
Two main issues have been addressed in the few available 
long-term observational studies regarding the natural 
history of lesions consistent with benign adrenocortical 
adenomas: whether a lesion initially classified as benign 
can harbor malignancy and whether overt Cushing’s 
syndrome can develop during follow-up. So far, the 
evidence suggests an extremely low rate of malignant 
transformation of less than 1 out of 1000.7,8,35,36 A sig-
nificant proportion, however, ranging from 5% to 20%, 
may show a >1 cm increase in size and/or appearance of 
another lesion in the contralateral gland.8,35–37 In addi-
tion, decrease in size or even disappearance of the mass 
may be occasionally seen.

The appearance of hormonal hypersecretion in the 
form of catecholamine or aldosterone excess with time 
is extremely unusual.5 Progression to overt Cushing’s 
syndrome is also encountered in <1% of cases.5 New 
development or worsening of preexisting subclinical 
autonomous cortisol secretion may occur in up to 11% 
and is usually associated with an increase in the size 
of the lesion. Larger lesions and those with a prevalent 
scintigraphic pattern are more prone to display cortisol 
secretion alterations with time.8 Although this usually 
happens within the first 4 years of follow-up, it may 
occur even later.8 In many patients, however, repeat 
endocrine tests may be inconsistent, and intermittent 
cortisol secretion with spontaneous normalization has 
been documented in many patients.38

Clinical implications
Several studies have reported a clustering of disorders 
such as hypertension, central obesity, impaired glu-
cose tolerance, or diabetes and dyslipidemia, conditions 
associated with increased insulin resistance and cardio-
vascular risk, in patients with adrenal incidentalomas 
harboring a benign imaging phenotype.5,30,39 As a mat-
ter of fact, in the first description of adrenal nodules that 
was made in 1889 in an autopsy study by Letulle,40 it 
was noted that adrenal nodules were more prevalent in 
those who had died from cardiovascular disease. Given 
that these features are common in patients with overt 
Cushing’s syndrome, it has been hypothesized that even 
subtle cortisol autonomy exhibited by many adrenal 
incidentalomas may underlie the increased prevalence 
of metabolic disorders. Several studies have shown this 
association, but what is more intriguing is the fact that 
even patients without biochemical evidence of subclini-
cal hypercortisolism also have an unfavorable metabolic 
phenotype. In a study by Garrapa et  al.,41 the body 

composition and metabolic profile in patients with adre-
nal nodules and no evidence of cortisol autonomy were 
intermediate between normal controls and patients with 
overt Cushing’s syndrome. Besides metabolic disorders, 
osteoporosis and more importantly the incidence of new 
vertebral fractures is considerably increased in patients 
with incidentally discovered benign adrenal adenomas, 
especially those with biochemical evidence of subclinical 
hypercortisolism.42 Even though most studies agree that 
there exists an increased prevalence of metabolic disor-
ders in patients with adrenal incidentalomas, it remains 
unknown whether this chronic exposure to even subtle 
glucocorticoid excess affects mortality. Data from small 
studies with relatively short follow-up focusing mainly 
on the potential for malignant transformation or pro-
gression to overt Cushing’s syndrome suggest that the 
main cause of death in such patients is cardiovascular 
disease. However, mortality has not been addressed as 
the main outcome in any of the studies so far and has 
not been compared with that of the general population.

Management
Currently, there are no straightforward and widely 
accepted guidelines regarding the management of 
patients with incidentally discovered apparently benign 
adrenocortical adenomas.2 Surgery is the treatment of 
choice in case of large (>4–6 cm) lesions, those sig-
nificantly increasing in size, or those with suspicious 
imaging characteristics. However, it remains debat-
able whether surgery is more beneficial compared with 
the most commonly adopted conservative approach in 
patients with radiologically benign lesions and sub-
clinical hypercortisolism. The desired benefit of revers-
ing subclinical hypercortisolism would be to improve 
the associated metabolic disorders and, optimistically, 
decrease the cardiovascular risk.7 Although in all stud-
ies surgery fully restores the preoperative endocrine 
abnormalities in all patients,2 improvement of meta-
bolic parameters is not universal. Blood pressure has 
been consistently shown to improve, as well as glucose 
metabolism or insulin sensitivity, but changes in body 
weight and lipids are heterogeneous. Notably, improve-
ment is also seen in patients operated on the basis of 
tumor size without biochemical evidence of subclinical 
hypercortisolism.2 Most of the available data, however, 
come from small retrospective uncontrolled studies. In 
the few studies that included a conservatively managed 
control group, including one prospective randomized 
study, worsening of the metabolic profile was noted 
in the nonoperated patients.2,39,43,44 However, medical 
management in the observational groups was not stan-
dardized in any of these studies. Moreover, all studies 
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focused on metabolic parameters, whereas outcome of 
other symptoms including proximal myopathy, fatigue, 
or cognitive impairment has not been systematically 
addressed. Overall, the existing studies have several 
limitations, providing inconclusive evidence that should 
be interpreted with caution having in view that even 
laparoscopic adrenalectomy carries significant risks with 
a complication rate of 9% and a low albeit existing mor-
tality rate of 0.2%.13 Until there is more evidence, most 
published recommendations adopt a practical approach, 
offering surgery to younger patients with clear biochem-
ical evidence of autonomous cortisol secretion, especially 
those with recently developed or worsening metabolic or 
bone disease39 (Figure 10.6).

Adrenocortical carcinoma
ACC is a rare malignancy with an estimated incidence 
of 1–2 per million population per year45 and follows a 
bimodal age distribution, with peaks in early child-
hood and in the fourth to fifth decades of life.45 Women 
are more often affected than men (1.5:1), and tumor 
aggressiveness is higher in adults than in children.46 
Interestingly, an increased occurrence of ACCs has been 
reported on the left side rather than the right side of 
the body.47 Most cases are of sporadic origin; however, 

some occur as part of hereditary cancer predisposition 
syndromes.48 ACC also has been identified in patients 
with Carney complex.49,50

Pathogenesis
The rare genetic syndromes associated with ACC 
(Table 10.2) have offered a great opportunity to under-
stand the molecular genetics of this disease. Gene defects 
observed in germline DNA of hereditary syndromes 
have also been identified in somatic DNA in sporadic 
cases.51 Several chromosomal alterations are identified 
by comparative genomic hybridization in ACC; inter-
estingly, a positive correlation between the size of the 
tumor and the number of chromosomal alterations has 
been demonstrated.52

TP53
TP53 is a tumor suppressor gene involved in cell prolif-
eration, located at 17p13, and plays a role in ACC patho-
genesis. Germline mutations characterized most families 
with Li–Fraumeni syndrome that present susceptibility 
to breast cancer, soft tissue sarcoma, osteosarcoma, brain 
tumors, leukemia, and ACC.53 A germline mutation in 
exon 10 of the TP53 gene has been found in almost all 
pediatric ACCs in southern Brazil, where the incidence 
of the disease is 10-fold higher than in the rest of the 

Figure 10.6
Approach to a patient with subclinical hypercortisolism.
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world;54 other germline mutations of this gene were 
demonstrated in 50%–80% of children with apparently 
sporadic ACC.55 Somatic TP53 mutations are found in 
up to 70% of ACCs,56 and loss of heterozygosity (LOH) 
at 17p13 is a common finding. Thus, LOH at 17p13 has 
been proposed as a molecular marker of malignancy in 
adrenal tumors. Interestingly, 17p13 LOH correlates 
with Weiss score, and tumors with 17p13 LOH are more 
susceptible to recurrence after surgery.57

Insulin-like growth factor-II
Insulin-like growth factor II (IGF-II) is overexpressed 
in  approximately 90% of ACCs.57,58 The underlying 
mechanism is paternal isodisomy (loss of the mater-
nal allele and duplication of the paternal allele) of the 
11p15  region where the IGF-II gene is located. The 
11p15 paternal isodisomy correlates with the Weiss 
score and a higher risk of tumor recurrence.57

Various other growth factors that regulate growth 
and function of normal adrenal are also overexpressed 
in  ACC. Thus, vascular endothelial growth fac-
tor (VEGF)58 and epidermal growth factor receptor 
(EGFR)59 are overexpressed in ACC compared with 
adrenal adenomas, but the clinical significance of these 
findings is not validated so far.

Steroidogenic factor 1
Steroidogenic factor 1 (SF-1) is a transcription factor 
expressed primarily in the steroidogenic organs and plays 
a key role in their development.60 SF1 overexpression has 
been found61 in most cases of childhood onset but also in 
many cases of adult onset ACCs.62 Interestingly, strong 
SF-1 protein expression in the tumor significantly cor-
relates with a poor clinical outcome.63

Wnt-β-catenin
The protein β-catenin stimulates and/or maintains 
proliferation of adrenal cortical cells during embryonic 
development and is required for cell renewal in the adult 
adrenal cortex.64 The Wnt-β-catenin signaling pathway 
is involved in the pathogenesis of a variety of cancers. 
Mutations of β-catenin (CTNNB1) that lead to constitu-
tive activations of the protein are found in 15%–27% 
of adrenocortical adenomas and in up to 31% of ACC.65

Transcriptome analysis
Quantification of gene expression (transcriptome) of 
adrenocortical tumors is made possible by modern 
molecular biology techniques.66 Such a tissue-specific 
transcriptome signature might help discriminate 
between benign adenomas and ACC because a large 
number of genes are differentially expressed in benign 
versus malignant tumors, and between primary and 
secondary adrenal cancer. Adrenal-specific malignancy 
signature includes growth factor pathways, such as 
the insulin-like growth factor (IGF)-II and fibroblast 
growth factor receptor (FGFR) 1 and 4. Using transcrip-
tome analysis, two different groups of ACCs in terms 
of overall survival were identified.67 The group with 
worse prognosis overexpresses many transcription fac-
tors, whereas the group with better prognosis expresses 
genes involved in cell metabolism, apoptosis, and cell 
differentiation. These data may lead to a development of 
a molecular predictor of prognosis for ACC.66

Gene methylation
Several epigenetic alterations of DNA, which modify 
gene expression without altering gene sequence, are pres-
ent in ACC tissues. Data suggest that gene methylation 

Genetic syndrome Gene Location Manifestations

Li–Fraumeni TP53 17p13 Soft tissue sarcoma, breast cancer, brain 
tumors, leukemia, ACC

Beckwith–Wiedemann CDKN1C; IGF-2; H19 11p15 Omphalocele, macroglossia, 
macrosomia, Wilms tumor

MEN1 menin 11q13 Parathyroid, pituitary, pancreas tumors, 
adrenal adenomas, rarely ACC

Carney complex PRKAR1A 17q22-24 Myxomas, testicular neoplasms, primary 
pigmented nodular adrenocortical 
disease (PPNAD), pituitary tumors, 
thyroid cancer

Table 10.2
Genetic syndromes with ACC.
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status may be an important regulator of gene expression 
in ACC.68 Interestingly, studies of the whole genome 
demonstrated that hypermethylation of genomic 
regions rich to CpG dinucleotides, usually found in 
the promoter of genes, is associated with worse prog-
nosis in ACC patients.69 Further confirmation of these 
results will expand our understanding of the molecu-
lar mechanisms involved in the pathogenesis of ACC, 
and they will also offer an additional marker of disease 
aggressiveness.70

Clinical presentation
More than 60% of patients with ACC seek medical 
advice because of symptoms and signs of Cushing’s 
syndrome.71 Cushing’s syndrome develops over a 
few months, and usually, due to the rapid onset of 
hypercortisolism, profound muscle atrophy, severe 
hypertension, hypokalemia, and diabetes mellitus are 
prominent features. In women, signs and symptoms 
of androgen excess (acne, hirsutism, menstrual abnor-
malities) and virilization coexist, depending on the 
secretory potential of the tumor. Excess androgens can 
counteract the catabolic effects of hypercortisolemia.72 
Rarely, ACC with mineralocorticoid excess leads to 
severe hypertension and hypokalemia.73 In the excep-
tional case of estrogen secretion, gynecomastia in men 
and excessive uterine bleeding in women can be pro-
voked.71,73 As mentioned, IGF-II is frequently overex-
pressed in ACCs, and its release from the tumor may 
occasionally result in hypoglycemia.73 In about 40%, 
the ACCs are nonsecretory or they secrete biologically 
inactive precursors (such as 17OH-progesterone). 
These tumors are discovered by symptoms of mass 
effect (local discomfort, retroperitoneal hemorrhage). 
A substantial and increasing proportion of nonsecre-
tory ACCs are discovered incidentally during abdomi-
nal imaging studies.74 Interestingly, the revealed 
pattern of predominantly immature, early-stage ste-
roidogenesis in ACC implies that the study of urine 
steroid metabolites (metabolomics) may provide a 
novel, highly sensitive, and specific biomarker tool 
for discriminating benign from malignant adrenal 
tumors.75

Diagnostic evaluation 
and staging of ACCs
The European Network for the Study of Adrenal Tumors 
(ENSAT) recommends a comprehensive diagnostic 

hormonal and imaging evaluation in all patients with 
suspected or confirmed ACC (Table 10.3).76

Imaging studies
The CT and MRI imaging phenotype of a malignant 
adrenal mass have been extensively described in a 
previous session. ACCs commonly metastasize in the 
liver, lung, and bones. Complementary radiological 
evaluation is required to exclude dissemination of the 
disease at these sites. 18F-FDG PET, besides its differ-
entiating role between malignant and benign lesions, 
also provides accurate staging in a single-imaging 
modality because it also reveals distant tumor spread 
in case of metastases17,18 (Figure 10.7). However, small 
metastatic lesions may occasionally be missed.77 An 
important clinical scenario of false-positive 18F-FDG 
PET scan has been recently pointed out;78 14%–29% 
of patients followed up for ACC may show transient 
FDG uptake in the remaining adrenal gland for up 
to 24 months after adrenalectomy and onset of o’,p’-
DDD treatment. This uptake is hypothesized to be 
related to a trophic adrenal effect of ACTH levels that 
show a compensatory increase upon initiation of the 
adrenolytic o’,p’-DDD.78

Histopathology
Pathological diagnosis of ACC is essential both to 
differentiate between adenoma and carcinoma and 
to predict disease outcome. It is based on several 
morphological criteria and requires evaluation by an 
experienced pathologist. The most widely used Weiss 
score79 (Table  10.4) is graded from 0 to 9 according 
to the presence or absence of the following histologi-
cal features: (i) high mitotic rate, (ii) atypical mitoses, 
(iii) high nuclear grade, (iv) low percentage of clear 
cells, (v) necrosis, (vi) diffuse architecture of tumor, 
(vii) capsular invasion, (viii) sinusoidal invasion, and 
(ix) venous invasion. A score >3 indicates a malignant 
tumor.79 The expression of several potential discrimi-
natory markers between adenoma and carcinoma, 
such as Ki-67 of p53, IGF-II, and cyclin E has also 
been applied with limited efficacy.46,71,72

Several criteria have been used to predict outcome 
of ACC. Worse outcome is characterized by high 
mitotic rate (>20 mitoses per 40 high-power field 
[HPF])79 and a high Ki-67 index.71,80 The predictive 
value of SF-1 has been confirmed; strong SF-1 protein 
expression significantly correlated with poor clinical 
outcome in a large cohort study on tissue samples from 
167 ACCs.63 The extent of surgical resection and the 
status of tumor capsule must be reported because they 
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Diagnostic workup Hormonal evaluation Treatment

Glucocorticoid excess (minimum 3 of 4 tests) •	 Dexamethasone suppression test (1 mg, 2300 hours)
•	 Excretion of free urinary cortisol (24-h urine)
•	 Basal cortisol (serum)
•	 Basal ACTH (plasma)

Sex steroids and steroid precursors •	 DHEA-S (serum)
•	 17-OH-Progesterone (serum)
•	 Androstenedione (serum)
•	 Testosterone (serum)
•	 17-β-Estradiol (serum, only in men and 

postmenopausal women)
Mineralocorticoid excess •	 Potassium (serum)

•	 Aldosterone/renin ratio (only in patients with arterial 
hypertension and/or hypokalemia)

Exclusion of a pheochromocytoma •	 Catecholamine or metanephrine excretion (24 h urine)
•	 Metanephrines and normetanephrines (plasma)

Imaging studies •	 CT or MRI of abdomen and CT thorax
•	 Bone scintigraphy (when suspecting skeletal 

metastases)
•	 FDG-PET (optional)

Follow-up •	 CT or MRI of abdomen and CT thorax every 2–3 
months (depending on treatment)

Source:	 European Network for the Study of Adrenal Tumors 2010. Available from: http://www.ensat.org/ with permission.

Table 10.3
Recommendations of the diagnostic workup in patients with suspected or proven ACC.

(a) (b)

Figure 10.7
18F-FDG PET in a patient with adrenocortical carcinoma: There are two lung nodules exhibiting high radio-
tracer uptake, consistent with metastases in the (a) right (arrow) and (b) left lung (arrow).
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both are major predictors of the disease outcome.71 
Finally, studies of cell regulatory genes expression 
(such as DGL7 that is increased in aggressive ACC, 
and PINK1 that is decreased in most aggressive ACCs) 
are promising and may lead to the development of use-
ful molecular prognostic markers when validated with 
clinical data.67

Staging
Staging is essential for the treatment of ACC as it allows 
stratification of the patients and predicts prognosis. At 
present, the ENSAT staging system (Table 10.5)71,81 offers 
the best prognostic potential. Analysis of survival data of 
the German ACC cohort81 revealed that patients without 
distant metastases had an improved survival compared 

with patients who had metastatic disease. Therefore, stage 
IV is restricted to patients with distant metastases, and 
stage III included patients with tumor invasion in adja-
cent organs or infiltration in surrounding tissue because 
they both express similar mortality ratio.81 According to 
the study of North America ACC cohort, the ENSAT 
staging system showed higher accuracy (83.0%) in pre-
dicting 3-year mortality rates, relative to the 2004 Union 
International Contre le Cancer staging system (79.5%).82

Treatment of ACC
The choice of treatment for ACC depends largely on 
the presumed staging of the patient at the time of 
diagnosis (Figure  10.8). Patients with stage I or II 

Histological criteria Score grade 0 Score grade 1

Mitotic rate ≤5 per 50 HPF ≥6 per 50 HPR:1
Atypical mitoses Absent Present
High nuclear grade 1 and 2 3 and 4
Percentage of clear cells >25 ≤25
Necrosis Absent Present
Diffuse architecture of tumor ≤33% of surface >33% of surface
Capsular invasion Absent Present
Sinusoidal invasion Absent Present
Venous invasion Absent Present

Table 10.4
Weiss histopathological criteria for the diagnosis of ACC.

Stage Size
Lymph 
nodes

Local 
invasion Metastases TNM

5-year 
disease-free 
survival (%)

I <5 cm No No No T1, N0, M0 82
II >5 cm No No No T2, N0, M0 51
III Any No/yes Yes No T1–2, N1, 

M0; T3–4, 
N0–1, M0

60

IV Any No/yes No/yes Yes T1–4, N0–1, 
M1

13

Source:	 Based on Fassnacht M et al., Nat Rev Endocrinol, 7, 323–35, 2011.

Table 10.5
ENSAT staging system for ACC.



COINCIDENTAL ADRENAL MASSES AND ADRENAL CANCER

215

will be offered surgery as first-line treatment. If com-
plete resection is achieved, recurrence risk must be 
assessed according to staging, histology features, and 
tumor markers, and adjuvant mitotane therapy needs 
to be considered. Low risk of recurrence is charac-
terized by Ki-67 <10%, fewer than five mitoses per 
50 HPF, tumor size <8 cm, and no microscopic evi-
dence of invasion of blood vessels or tumor capsule.71 
If residual tumor is detected postsurgery, local treat-
ment modalities such as reoperation, radiofrequency 
ablation, or irradiation should be considered.71,72,83 In 
patients with advanced disease (stage III and IV) at 
the time of initial diagnosis, complete surgical resec-
tion is not usually achievable. In secreting tumors, 
partial resection (debulking) may help to control 
the clinical symptoms, offering thus a better perfor-
mance status for systematic therapy (mitotane and/or 
chemotherapy); however, the final effect on survival 
is questionable.46,83 Similarly, in patients with recur-
rent disease, reoperation is an option, depending upon 
the clinical status of the patient and the site of recur-
rence, the aim being to remove as much as possible 
of the malignant tissue. The approach for patients 

with recurrent ACC  is similar to the patients with 
advanced disease.71,72,83

Surgery
Surgery offers both the possibilities of complete cure and 
definite diagnosis with staging of the disease, which is an 
essential predictor of patient’s outcome. Complete surgi-
cal resection with clear margins leads to a 5-year survival 
of 40%–50%, whereas patients with incomplete resection 
have a median survival <1 year.84 It is important that all 
patients with clinical, biochemical, and imaging charac-
teristics of malignancy must be referred to experienced 
surgeons with a volume of at least >20 adrenalectomies 
per year.71 The role of laparoscopic surgery for malignant 
adrenal tumors is controversial. Although a worse out-
come has been reported when laparoscopic approach was 
used,46,83 recent data demonstrated similar results of lapa-
roscopic vs open adrenalectomy performed by experienced 
surgeons for localized tumors <10 cm.85 As most of the 
patients with ACC have cortisol hypersecretion from the 
tumor71 they require peri- and postoperative glucocorti-
coid cover to avoid adrenal insufficiency that may occur 
after complete tumor removal.

Figure 10.8
Treatment algorithm for adrenocortical carcinoma. R0, complete surgical resection; R1, microscopic residual 
tumor; R2, macroscopic residual tumor; Rx, unknown resection status.
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Follow-up evaluation after surgery
Even in patients with localized disease, recurrence after 
surgery is frequent. In 202 patients with ACC, 40% 
developed metastasis within 2 years (27%, 46%, and 
63% of patients with stage I, II, and III disease, respec-
tively).74 Early detection of recurrence is essential espe-
cially in the case of limited disease, which is possibly 
amenable to reoperation. The role of surgery at the time 
of first recurrence has been addressed in a recent study 
in patients from the German ACC Registry.86 In this 
study, patients in whom the time from first surgery to 
first recurrence was >12 months and who underwent 
complete resection of the recurrent tumors had the best 
prognosis, with median progression-free survival of 
24 months and median overall survival of 60 months. 
Although a precise protocol does not exist, CT of the 
chest and CT and/or MRI of the abdomen are recom-
mended every 3 months for the first 2 years postoper-
atively and in more prolonged intervals thereafter. In 
those patients with secretory tumors, steroid hormone 
levels must be measured every 3–6 months. Patients 
in remission must be followed up to a minimum of 10 
years.71,72,83

Mitotane therapy
Mitotane (o,p-DDD) is an adrenolytic drug with a 
well-known efficacy in ACC, controlling both hormonal 
hypersecretion and tumor growth.73 This drug acts by 
inhibition of cholesterol side-chain cleavage (human 
cytochrome P450, cholesterol desmolase, or 20,22 des-
molase) and 11β-hydroxylase (P450 11β or CYP11β1).87 
At initiation of therapy, adipose tissue accumula-
tion delays achievement of therapeutic serum levels 
for 12–14 weeks. Conversely, after discontinuation of 
mitotane, its slow release from adipose tissue results in 
measurable serum levels for months.88 After initiation 
of treatment, mitotane levels should be monitored at 
4–8-week intervals until therapeutic levels are reached 
and subsequently every 3 months.89 As body stores sat-
urate, lower doses are needed. In patients who receive 
long-term therapy, mitotane doses should be adjusted 
every 4–8 weeks on the basis of serum levels until a 
stable level on a stable dose is achieved with tolerable 
adverse effects.90

Unfortunately, mitotane effectiveness is limited by 
its side effects (Table 10.6) that include gastrointestinal 
toxicity (anorexia, nausea, vomiting, and diarrhea), and 
neuromuscular manifestations and skin rash may appear. 
Occasionally, side effects are attributed to the inhibi-
tion of glucocorticoid secretion, and hydrocortisone 
replacement should always be administered in patients 
receiving mitotane treatment. As the drug increases the 
clearance of exogenously administered hydrocortisone, 

higher replacement doses (two- to threefold) are usu-
ally needed.91 It has been demonstrated that mitotane 
induces CYP3A4, leading to rapid inactivation of >50% 
of administered hydrocortisone.92 Aldosterone deficiency 
may also occur, usually after several months of treat-
ment, and requires proper replacement.72 As mitotane 
increases hepatic production of cortisol binding globu-
lin, total cortisol levels are falsely increased and gluco-
corticoid replacement should be monitored by urinary 
free cortisol or serum-free cortisol levels93 and mainly 
by careful clinical judgment.90 Renin and electrolytes 
should be monitored as well.72 Strong inhibition of 
5α-reductase activity has also been found, in line with 
the clinical observation of relative insufficiency of testos-
terone replacement in mitotane-treated men.92 Finally, 
as mitotane acts on adrenocortical steroid synthesis by 
inhibition of cholesterol side-chain cleavage, hypercho-
lesterolemia and hypertriglyceridemia are commonly 
observed, and treatment with statins or fibrates must be 
initiated, with careful monitoring of hepatic function.

Mitotane as adjuvant treatment
The use of mitotane in stage I and II patients as adju-
vant treatment after complete removal of a malignant 
tumor is a matter of controversy because randomized 
controlled studies do not exist. A retrospective study of 
177 ACC patients in 8 Italian and 47 German centers 
demonstrated that the group on adjuvant mitotane had 
a better outcome in terms of disease-free survival and 
deaths.94 Therefore, most specialists recommend adju-
vant mitotane either to every patient with ACC72 or 
to  those at higher risk of recurrence, based on size of 
initial tumor, presence of vascular invasion, and Ki-67 
>10%.46 The recommended mitotane dose for adjuvant 
therapy is 0.5 g twice daily with meals with gradual 
increase to reach a final dose of 2 g/day within 2 weeks 
with a target of 14–20 μg/mL.72 The duration of adju-
vant mitotane treatment in most centers is between 2 
and 5 years.72,83

Mitotane treatment in advanced ACC
In patients with advanced ACC, the recommended 
first-line treatment regimen is mitotane alone or in 
combination with chemotherapeutic agents, depend-
ing on the growth velocity of the tumor and the expe-
rience and preference of the treating center. Mitotane 
control of hormonal hypersecretion is reported in 75% 
and tumor regression in 30%.46,72,74,95 Effectiveness is 
correlated with serum mitotane levels, and toxicity is 
more common with levels >20 μg/mL.95 Therapeutic 
levels are 14–20 μg/mL.96 A protocol by Fassnacht 
et al.71 proposes to start with 1.5 g daily and increase 
the dose within 4–6 days to 6.0 g/day, depending on 
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the general health status and tolerability of the patient. 
After 3 weeks, the dose is adapted according to toler-
ability and mitotane blood levels. With this regimen, 
about 50% of patients achieve target levels within 3 
months.71 The maximum mitotane dose in this group 
of patients is 12 g daily, but most patients do not tol-
erate doses >8 g. If with the maximum tolerable dose 
therapeutic levels could not be reached, cytotoxic ther-
apy must be added.71

Treatment of hormonal hypersecretion
Most patients with ACC have symptoms of cortisol or 
androgen hypersecretion.71 Mitotane is a potent inhibi-
tor of hormonal production from the adrenal malignant 
tumor; thus, the use of other drugs is needed only when 
the tolerable dose of mitotane is not sufficient to control 
hormonal production.90 Ketoconazole acts by inhibit-
ing C17-20 desmolase, cholesterol side-chain cleavage, 
11β-hydroxylation, and 18-hydroxylation. The ini-
tial dose is 200 mg three or four times per day with 
titration by 400 mg/d every 1–2 days to a final dose 
of 3600–6400 mg/day.72 The most common adverse 
effects are hepatotoxicity, nausea, vomiting, abdominal 
pain, fever, weakness, hypertension, hypothyroidism, 
gynecomastia, and hypertriglyceridemia.90 Frequent 
monitoring of liver function tests is mandatory; in case 
of abnormal liver function tests withdrawal or reduc-
tion of ketoconazole can normalize them within days 
to weeks. Ketoconazole can also affect the metabolism 

and toxicity of chemotherapeutic agents, and it should 
be discontinued 24–48 h before chemotherapy and 
resume administration after the end of the treatment.90 
Metyrapone inhibits 11β-hydroxylation in the adrenals 
and therefore decreases cortisol but increases androgens 
and steroid precursors such as 11-deoxycortisol. The 
initial dose is 250 mg two or four times per day, with 
titration by 0.5–1 g/day every few days to a final dose 
4–6 g/day. The most common adverse effects are hyper-
tension (due to increase of 11-deoxycortisol), alopecia, 
hirsutism, acne (due to increase of androgens), nausea, 
abdominal discomfort, headache, weakness, and leu-
copenia. Etomidate is the only parenteral steroidogen-
esis inhibitor of cholesterol side-chain cleavage (at high 
doses) and 11-hydroxylase (at lower doses)97; its adminis-
tration is only advocated in an intensive care unit (ICU) 
setting. The glucocorticoid antagonist mifepristone also 
was approved for the treatment of intractable glucocor-
ticoid excess.

Chemotherapy
Systemic chemotherapy in combination with mitotane is 
used in patients with advanced ACC. So far, the most effec-
tive protocol has been proposed by Berruti et al.98 They 
demonstrated in a phase II trial of 72 patients that treat-
ment with etopocide, doxorubicin, and cisplatin (EDP) in 
combination with mitotane led to a complete response of 
the disease in five patients and partial response in 30 (over-
all response rate, 49%). The average time to progression in 

Toxicity/manifestation Side effects

Gastrointestinal Anorexia, nausea, vomiting, diarrhea
Neuromuscular Ataxia, speech disturbance, confusion, somnolence, muscle 

tremors, vertigo, depression
Hepatotoxicity Abnormalities in liver function tests, hyperbilirubinemia
Biochemical Hypercholesterolemia, hypertriglyceridemia
Endocrinological Increased hepatic production of sex hormone-, thyroxine-, cortisol-, 

and vitamin D-binding globulins
Increased total hormone levels and impaired free hormone 

bioavailability
Gynecomastia
Sexual Dysfunction
Reduction in free thyroxine

Hematological Cytopenias, prolongation of bleeding time
Renal abnormalities Hematuria cystitis
Other Skin rash

Table 10.6
Side effects of mitotane.
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responding patients was 24 months, and surgical resection 
of residual disease subsequent to chemotherapy led to a 
more favorable outcome.98 The combination of mitotane 
and streptozotocin99 is less effective; a partial or complete 
response was found in 36% of patients, and the 2- and 
5-year survival rates were 70% and 33%, respectively. The 
First International Randomized Trial in locally advanced 
and Metastatic Adrenocortical Cancer Treatment (FIRM-
ACT) study has been designed to compare the efficacy of 
EDP plus mitotane versus streptozotocin plus mitotane 
as first-line treatment in patients with locally advanced 
or metastatic disease. The results of this study were pub-
lished in 2012.100 Rates of response and progression-free 
survival were significantly better with EDP plus mitotane 
than with streptozotocin plus mitotane as first-line therapy. 
More specifically, the response rate with EDP plus mito-
tane was 23%, compared with 9.2% in the streptozotocin–
mitotane group, and the median progression-free survival 
was 5.0 months versus 2.1 months, respectively. However, 
no significant difference in overall survival was noted (14.8 
and 12.0 months, respectively). The two regiments showed 
similar rates of toxic events.100

Radiotherapy
After reviewing the available literature, German ACC 
experts recommended adjuvant radiotherapy to the 
tumor bed in patients with ENSAT stage I–III tumors 
at high risk for local recurrence (incomplete or uncer-
tain/resection status or patients with complete resection 
but >8 cm in size, invasion of blood vessels, or a Ki-67 
index >10%) in addition to mitotane therapy. A total 
dose of >40 Gy with single fractions of 1.8–2 Gy should 
be administered.71,101 However, a retrospective study in 
48 patients from the MD Anderson ACC cohort102 dem-
onstrated that adjuvant radiotherapy did not improve 
clinical outcomes.102 In advanced disease, radiotherapy 
can be used in a palliative setting for symptomatic 
metastases to bone, brain, or vena cava obstruction.71,101 
However, prospective trials on adjuvant or palliative 
treatment must be conducted to investigate its effec-
tiveness on final outcome. Equally unknown is the 
long-term effectiveness of percutaneous radiofrequency 
ablation. Short-term local control of an unresectable 
tumor or small metastases (<5 cm in diameter) has been 
reported with this technique.103

Future therapies
The aggressiveness of advanced ACC and the limited 
effectiveness of therapies have led to an effort toward 
the development of novel therapeutic molecules. Because 
IGF-II is the single highest up regulated transcript in 
ACC, it offers an obvious target for new drugs develop-
ment. So far, the most promising results have been shown 

with IGF-1R antagonists. These molecules cause sig-
nificant dose-dependent growth inhibition in ACC cell 
lines. Furthermore, mitotane results in enhanced growth 
inhibition when used in combination with the IGF-1R 
antagonists.104 In a phase I trial with an orally available 
IGF-1 receptor inhibitor, stabilization of progressive ACC 
was demonstrated; hyperglycemia was the most common 
adverse event.105 Tyrosine kinase inhibitors (TKIs) have 
been applied in the treatment of endocrine tumors and 
are currently under phase II trials for advanced ACC.106 
Finally, in a study of 11 patients with advanced ACC, 
targeted radiation therapy with  [131I]iodometomidate 
was used with promising results that have to be further 
evaluated.107

Summary
Adrenal incidentalomas are lesions discovered coinciden-
tally during abdominal imaging for reasons unrelated 
to adrenal disease. They are among the most frequently 
encountered endocrine tumors, with a prevalence of 
0.4%–7%. Incidentally discovered lesions cover a wide 
range of pathologies. Modern imaging techniques can 
usually distinguish between benign and malignant 
lesions. The majority (90%–95%) are benign adreno-
cortical adenomas, with a substantial proportion exhib-
iting autonomous hormonal hypersecretion. Subclinical 
hypercortisolism is the most common hormonal abnor-
mality and is associated with features of the metabolic 
syndrome (hypertension, obesity, glucose intolerance) 
and an increased risk for osteoporotic fractures. Optimal 
management of subclinical hypercortisolism remains 
elusive. Surgery is currently reserved for younger patients 
with unequivocal evidence of subclinical hypercorti-
solism and metabolic or bone disease. Adrenocortical 
carcinomas (ACCs) are rare but extremely aggressive 
tumors. Most cases are of sporadic origin; however, some 
occur as part of hereditary cancer predisposition syn-
dromes. They are usually functional (60%), most often 
secreting cortisol alone (45%) or in combination with 
androgens (25%). Nonfunctioning ACCs are diagnosed 
either because of tumor effects (e.g.,  flank abdominal 
pain) or as adrenal incidentalomas. Histological confir-
mation of ACCs may be challenging; the most widely 
used criterion is the Weiss score. Molecular markers are 
helpful for risk stratification. Surgery is the treatment of 
choice. Complete resection offers the best survival rates; 
however, even in patients with localized disease, recur-
rence after surgery is frequent. Mitotane (o,p-DDD) is a 
specific antitumor drug for ACCs, controlling both hor-
monal hypersecretion and tumor growth. Monitoring 
mitotane levels is essential to achieve therapeutic levels 
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and avoid side effects. In patients with advanced ACC, 
systemic chemotherapy in combination with mitotane is 
used. Adjuvant mitotane therapy, radiotherapy, or both 
may be used in tumors at high risk for local recurrence. 
In view of the limited effectiveness of available thera-
pies, there is a great need for ongoing efforts through 
multicenter studies toward the development of novel 
therapeutic modalities.
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Disorders of calcium regulation
Dolores Shoback

Introduction
This chapter summarizes the development of the 
calcium-sensing receptor (CaSR) as a molecular 
mechanism responsible for parathyroid cell Ca2+ sens-
ing and for extracellular Ca2+-regulated renal Ca2+ 
excretion. The CaSR is acknowledged as the prime 
regulator of parathyroid hormone (PTH) secretion 
and parathyroid cell proliferation, although it is 
appreciated that 1,25-dihydroxyvitamin D and fibro-
blast growth factor 23(FGF23) also regulate PTH 
secretion and biosynthesis. Genetic disorders of CaSR 
function include familial benign hypercalcemia, neo-
natal severe primary hyperparathyroidism (HPTH), 
and autosomal dominant hypocalcemia. Primary 
HPTH is associated with reduced CaSR mRNA and 
protein expression, thereby underscoring blunted 
Ca2+ sensing as an underlying pathogenic feature 
of this condition also. The differential diagnosis of 
hypercalcemia is broad, and the evaluation requires 
careful laboratory testing. Hypocalcemia, although 
far less common, requires a thorough clinical evalu-
ation and may require genetic testing eventually to 
arrive at a definitive diagnosis.

Biology of calcium sensing
Background on identification 
of extracellular CaSR
The paradigm had developed throughout the 1970s 
and 1980s that tissues with the specialized function 

of responding to minute but physiologically highly 
relevant changes in the extracellular concentration of 
calcium ([Ca2+]e) by a change in signal transduction 
were likely to be expressing membrane Ca2+-sensing 
molecules. At that point, the repertoire of cell systems 
thought to use such extracellular Ca-sensing mecha-
nisms included chief cells in the parathyroid gland, 
parafollicular cells in the thyroid, and renal tubular 
cells—controlling PTH secretion, calcitonin secre-
tion, and urinary Ca excretion, respectively. The 
identification and molecular characterization of the 
extracellular CaSR changed that paradigm in many 
ways.

Cloning of the CaSR was reported in 19931 by 
Brown and Hebert and colleagues through the use of 
an expression cloning strategy in the Xenopus laevis 
oocyte model system. The insights that flowed from 
that initial cloning and pharmacologic verification 
that the extracellular Ca-sensing properties of tis-
sues such as the parathyroid glands and kidneys were 
accomplished through this receptor have been remark-
able over the subsequent 20  years of investigation. 
Although the signaling studies of a putative CaSR, 
before its cloning, had strongly supported the notion 
that the molecule was a G-protein–coupled receptor 
(GPCR), proof for that hypothesis came in the form 
of the structural details, membrane topography, and 
signal transduction capabilities of the receptor. The 
effect of a deeper understanding of the CaSR, its pat-
tern of expression, and its functions within tissues that 
regulate Ca and mineral homeostasis, and the impact 
of this knowledge on our understanding of human dis-
eases that involve altered Ca2+ sensing are summarized 
in this chapter.
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Molecular properties of CaSR: 
Ion sensing, signal transduction, 
and dimerization
The CaSR is a member of family C of the GPCR 
superfamily. The human receptor cDNA encodes a 
protein of 1078 amino acids. Its gene is located on 
chromosome 3q21.1. Structural features of the CaSR 
include the signature seven transmembrane span-
ning domains; an extracellular domain; and three 
extracellular loops, three intracellular loops, and a 
cytoplasmic carboxyterminal tail (Figure  11.1).1 The 
CaSR is notable for the very large size of its extracel-
lular domain (~612 amino acids). This domain has 
the critical function of sensing minute changes in the 
extracellular or serum-ionized [Ca2+] and coupling to 
intracellular signaling pathways that are remarkable 
for their diversity and number, depending on the tar-
get cell. It is intriguing that such a large and compli-
cated structure for the extracellular domain, modeled 
as a “Venus flytrap,” is one that has been used by evo-
lution to fine-tune the sensing of a small physiologic 
ligand, namely Ca2+.

Although the initial work of the CaSR cloning and 
other studies that followed1–6 made it clear that Ca2+ 
was the critical physiologic ligand for the CaSR, the 
receptor is also capable of being a divalent, trivalent, 
and even polyvalent cation sensor. Studies further 
showed that the CaSR could sense changes in the 
concentrations of amino acids, polyamines, and even 
aminoglycoside antibiotics, perhaps offering clues 
as to some of the functions that this receptor might 
be mediating in specialized microenvironments in 
the gut, brain, kidney, and other tissues where the 
CaSR is expressed.1–6 The critical importance of the 
three-dimensional structure of the large extracellular 
domain of the CaSR and its intramolecular interac-
tions, in determining the ability of the molecule to 
sense minute differences in [Ca2+]e with great preci-
sion, helps the clinician to understand how a point 
mutation that alters a single residue in this domain 
can have such a profound impact on physiologic 
function of the CaSR to cause human disease.7 The 
extracellular loops of the CaSR (Figure 11.1) are also 
functionally important in its ion-sensing function.1–6 
The transmembrane domains anchor the receptor 
and allow for signal recognition by the extracellular 
domain to be transduced to activation of G proteins 
and ultimately effector systems within the cytoplasm 
and nucleus of the cell. The variety of G proteins that 
couple to the CaSR is extensive and depends on the 
target cell.5 Intracellular signaling pathways that are 

coupled to receptor activation are similarly diverse. 
They include the activation of phospholipase C and 
mitogen-activated protein kinase cascades, inhibition 
of adenylate cyclase activity, intracellular Ca2+ mobili-
zation, opening of membrane ion channels, and phos-
pholipase A and D activation, depending on the cell 
system being studied.1–3,5,6

The intracellular network of interacting proteins 
that bind to and mediate downstream CaSR functions is 
still being unraveled. The intracellular tail of the CaSR 
appears to play an essential role in tethering to proteins 
such as filamin A and others,3,5 such that specific recep-
tor activities are mediated within the appropriate cell 
types. The second and third intracellular loops of the 
CaSR are key for coupling to phospholipase C activation 
and intracellular Ca2+ mobilization8,9 in transfected cell 
systems that have been used to study the signaling of 
the CaSR. How exactly these different pathways medi-
ate the diverse functions that are likely to be CaSR-
mediated in different cell types (Table 11.1)4 remains to 
be fully elucidated. There are relatively fewer naturally 
occurring mutations within the intracellular loops and 
the C-terminal tail of the CaSR that have been shown 
to be involved in human diseases of Ca2+ sensing, per-
haps underscoring the essential functional importance 
of these receptor domains.

An analysis of the CaSR sequence placed this 
receptor in family C of the GPCR superfamily. This 
family includes a sizeable number of metabotropic 
glutamate receptor subtypes, the mGluRs 1–8, that 
are strongly expressed in the central nervous system, 
the type B (or metabotropic) γ-aminobutyric acid 
(GABA) receptors (GABA-B-Rs), a large family of 
olfactory receptors across many species, and orphan 
receptors whose functions are still being elucidated 
(Table 11.2).6 It is clear from work with other GPCRs, 
including the mGluRs and the GABA-B-Rs, that 
receptors in family C dimerize as part of their sig-
nal transduction pathway.10,11 CaSRs also have the 
capacity to form homodimers or multimers.5,12 This 
capacity is thought to be one explanation by which a 
heterozygous point mutation in the CaSR can miti-
gate the normal signaling functions of the remaining 
wild-type CaSR and cause disordered Ca2+ sensing 
in vivo. Careful biochemical experiments in this area 
indicates that there are dominant-negative effects that 
certain mutant CaSR proteins can exert on the sens-
ing and or signaling capacity of the wild-type receptor 
counterparts in a dimeric molecular complex on the 
membranes of target cells (e.g., parathyroid chief cells, 
renal tubular cells).12 In addition, in transfected cell 
model systems and neurons, CaSRs have the capacity 
to associate (i.e., heterodimerize) with mGluR10 and 
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Figure 11.1
Schematic diagram of the CaSR, a GPCR in family C, demonstrating the large extracellular domain (EC-1), 
the three extracellular loops (EC-2, EC-3, EC-4), the seven transmembrane-spanning domains anchoring the 
CaSR in the membrane, and the three interconnecting intracellular loops (IC-1 to IC-3) and the C-terminal tail 
or IC-4. The receptor is glycosylated at the sites shown. This modification is important for receptor function, 
and the CaSR interacts with multiple intracellular proteins, among them filamin A. (Modified from Brown 
EM et al., Nature, 366, 575–80, 1993; Chang W, Shoback D, Cell Calcium, 35, 183–96, 2004. With permission.)
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the type 1 or 2 GABA-B-Rs.13,14 This latter associa-
tion affects both trafficking of the CaSR to the cell 
membrane and the signaling properties of the CaSR 
in cells expressing high levels of these different recep-
tors.13,14 Receptor trafficking to the cell surface and 
receptor number on the cell surface are thought to be 
important components of determining the sensitivity 
of a given cell type to changes in the [Ca2+]e. Whether 
the molecular identity of the partner in the receptor 
dimer (or multimer) will ultimately determine spe-
cialized Ca2+-sensing properties in tissues of interest 
(e.g., in different regions of the brain) remains to be 
further investigated.

Role of CaSRs in [Ca2+]e 
sensing and control of mineral 
homeostasis
Control of PTH secretion and 
parathyroid cell function
The chief regulator of systemic Ca2+ homeostasis is 
PTH. Full-length bioactive PTH is an 84 amino acid 
peptide whose synthesis and exocytosis are under 
the direct control of CaSRs in parathyroid chief cells 
(Figure  11.2).1–3,6,15,16 CaSRs also control the overall 
proliferation of parathyroid cells. High [Ca2+]e rapidly 
inhibit synthesis and release of PTH into the blood-
stream. That inhibition of production and secretion has 
been linked to pathways activated by CaSR-induced 
signal transduction. Thus, in contrast to countless other 
GPCRs that are stimulated to release hormone when the 
secretagogue is applied, the CaSR is activated by high 
[Ca2+]e, but CaSR activation is coupled to inhibition (not 
stimulation) of hormone release. Long-term responses to 
chronic hypercalcemia involve decreased rates of cell 
proliferation and reduced PTH mRNA stability within 
the glands. Conversely, low [Ca2+]e enhances PTH secre-
tion by promoting a relatively inactive receptor confor-
mational state (less Ca2+ bound) such that hormone may 

Tissue or cell type Function

Juxtaglomerular cells of kidney Renin release
Placenta Ca2+ transport
Stomach Acid secretion
Breast Ca2+ transport into milk
Growth plate cartilage Longitudinal growth, interaction with PTH-related protein (PTHrP) and 

insulin growth factor signaling, cell differentiation
Colon Fluid secretion, secretory diarrhea
Cancers (colon, prostate) Secretion of PTHrP
Osteoblasts Cell differentiation, gene expression, anabolism
Osteoclasts Bone resorption
Duodenum Cholecystokinin secretion
Pancreas Insulin secretion, fluid secretion

Source:	 Modified from Riccardi D, Kemp PJ, Annu Rev Physiol, 74, 271–97, 2012. With permission.

Table 11.1
Tissues with Ca2+-sensing capabilities and possible functions regulated by extracellular Ca2+.

CaSR

mGluR subtypes 1–8
Type B GABA receptors
Pheromone receptors
Vomeronasal receptors
Sweet and amino acid taste receptors
Orphan receptors

Table 11.2
Members of family C of GPCR superfamily.
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be constitutively released. Rapid responses to hypocal-
cemia up regulate secretion, whereas chronic responses 
to hypocalcemia require increased cell proliferation and 
ultimately hyperplasia of the parathyroid glands.

The dynamics of PTH secretion has been described 
in terms of several secretory parameters. One such 
parameter is maximal PTH release, that is, the level of 
secretion under hypocalcemic conditions (Figure 11.3). 
Although mild elevations in the [Ca2+]e produce prompt 
inhibitory responses in parathyroid cells, moderate and 
severe hypercalcemia are associated with negligible or 
the most minimal rates of PTH secretion that have 
sometimes been characterized as “Ca2+-nonsuppressible” 
secretion (Figure  11.3). Minimal PTH release is thus 
the second key secretory parameter. Depending on the 
sensitivity of the intact PTH assay used in a clinical 
situation, patients with nonparathyroid-dependent 
hypercalcemia (discussed below) may have essentially no 

detectable PTH level in the circulation. Therefore, this 
component of secretion is often negligible both in vivo 
and in vitro. The third secretory parameter is the Ca2+ 
set-point. Fortuitously, the sensitivity of PTH secretion 
is most acute over a narrow range of physiologically rel-
evant [Ca2+]e. This narrow range of [Ca2+]e constitutes 
the steepest portion of the secretion curve both in vivo 
and in vitro.2,3,6,15,16 Operationally, the half-maximal rate 
of PTH release has been called the set-point for secre-
tion and is defined as the [Ca2+]e that is halfway (50%) 
between maximal and minimal rates of PTH release 
either in vitro or in vivo (Figure 11.3). A variety of signal 
transduction pathways and G proteins couple to CaSR 
activation in parathyroid cells; however, it is unclear 
which pathway(s) couples to inhibition of secretion and 
which to dampening proliferation,1–3,5,8,15,16 and these 
responses may require the integrated actions of multiple 
intracellular effectors.

Figure 11.2
Control of PTH secretion by CaSRs expressed on the parathyroid cell. Low serum [Ca2+] is sensed by CaSR, lead-
ing to increased release of PTH. PTH acts on renal PTH-Rs to promote conversion of 25(OH) D (25-hydroxyvitamin 
D) to 1,25-D (1,25-dihydroxyvitamin D). 1,25-D mediates Ca2+ and phosphate absorption via the intestine. PTH 
also enhances Ca2+ reabsorption in the distal tubule. PTH increases bone resorption and releases Ca2+ and 
phosphate into the bloodstream. High [Ca2+]e feeds-back and inhibits PTH secretion through activating signal 
transduction by the CaSR. (Reproduced from Shoback D, N Engl J Med, 359, 391–403, 2008. With permission.)
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PTH actions in target tissues: 
Bone (see Chapter 12)
Once released, PTH reaches its principal target organs the 
bone and kidney via the circulation (Figure 11.2).17,18 At 
those sites, the hormone interacts with high-affinity type 
1 PTH receptors (PTH-R1s). In bone, PTH-R1s activate 
multiple signaling pathways in cells of the osteoblast and 
stromal cell lineages. PTH-R1s increase adenylate cyclase 
activity, which generates cyclic AMP, and results in 
increased protein kinase A activity and phosphorylation of 
intracellular substrates. PTH-R1 activation in bone leads 
to the expression of receptor activator of nuclear factor-κB 
ligand (RANK-L). RANK-L interacts with RANK on the 
surfaces of osteoclast precursors and mature osteoclasts to 
enhance their differentiation to bone-resorbing cells and 
to increase their resorptive capacity, respectively. RANK 
signaling via several signaling mechanisms within the 
osteoclast determines the cell’s phenotypic properties and 
actions on bone. RANK-L/RANK signaling is the means 
by which chronically elevated PTH levels stimulate bone 
resorption. Osteoclast-mediated bone resorption delivers 
Ca2+ (and phosphate as well) into the circulation to restore 
the [Ca2+]e into the normal range.

Chronically high unremitting PTH levels have 
a catabolic effect on bone mass. Intermittent low-
dose PTH administration in the form of recombi-
nant human PTH (1–34)19,20 and PTH (1–84)21 can 
be anabolic, building up trabecular connectivity and 
cortical thickness and improving bone strength suffi-
cient to lower fracture risk in individuals with osteo-
porosis. Exactly how target cells in bone distinguish 

the different PTH signals and result in anabolic and 
not catabolic effects on bone mass remains an area of 
intensive investigation. It is highly likely that the Wnt 
low-density lipoprotein receptor-related protein (LRP) 
5/6 signaling pathway in osteoblast and osteoblast pre-
cursors (e.g., mesenchymal progenitors and stem cells) 
is critically involved in the recruitment of cells into 
the osteoblastic lineage, stimulating their differentia-
tion to mature matrix-synthesizing and -mineralizing 
osteoblasts. Anabolic doses of PTH also reduce apopto-
sis of osteoblastic cells. By these different means, it is 
thought that intermittent low-dose PTH therapy can 
increase bone mass and strength and reduce fractures 
in women and men.17–21

PTH and CaSR actions in 
other tissues involved in mineral 
homeostasis: Kidney and intestine
Actions of CaSRs and PTH-R1s outside the bone are also 
critical in the control of systemic Ca2+ and bone homeo-
stasis, particularly in their actions in the kidney and 
intestine.1–6,15,22 CaSRs play an essential role in the excre-
tion of Ca2+ by the kidney and, potentially, in other func-
tions including the production of 1,25-dihydroxyvitamin 
D [1,25-(OH)2D] and the excretion of phosphate. CaSRs 
are widely expressed throughout the nephron, including 
the proximal tubule, thick ascending limb, distal tubule, 
and collecting ducts.5,15,22 The main action of the renal 
CaSRs is to promote Ca2+ excretion in response to high 
[Ca2+]e in the thick ascending limb and the medullary 
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Figure 11.3
Relationship between extracellular [Ca2+] and PTH secretion. Normal PTH secretory curve shown in red. The 
set-point for PTH secretion (blue dot) is defined as the [Ca2+]e necessary to suppress secretion by 50% of 
the difference between maximal and minimal PTH secretion. Patients with primary HPTH or FBHH generally 
demonstrate a shift to the right in the set-point for secretion.
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collecting ducts. The CaSR also regulates the activity of 
the aquaporin-2 water channels by inhibiting their traf-
ficking to the membrane. Aquaporin-2 channels allow 
the kidney to reabsorb water. CaSR activation also inhib-
its vasopressin-induced aquaporin-2 expression, thereby 
interfering with a key means of maintaining water bal-
ance in vivo through the vasopressin receptor system.5 
CaSR activation induced by high [Ca2+]e thus promotes 
Ca2+ excretion as well as a water diuresis, thereby con-
tributing to the dehydration attendant to hypercalcemia 
and creating a vicious cycle for worsening the hypercal-
cemic state in humans.

PTH-R1s are expressed at several sites in the kidney 
where PTH plays key roles in the maintenance of serum 
Ca2+, phosphate, and bone homeostasis. The rapid 
effects of PTH to defend the [Ca2+]e result from its abil-
ity to activate high-affinity adenylate cyclase-coupled 
receptors in the distal tubule. Ca2+ is transported across 
the renal membrane, thereby conserving Ca2+ to restore 
systemic homeostasis (Figure  11.2). PTH also stimu-
lates the conversion of 25-hydroxyvitamin D (25-OH 
D) to 1,25-D through its proximal tubule PTH-R1.23,24 
This pathway is part of the long-term response to 
hypocalcemia and secondary HPTH in that the distal 
effects of 1,25-D generation require genomic effects 
on the intestine to up regulate the overall absorption 
of Ca2+ and phosphate chronically by the intestine. 
PTH also affects the proximal tubular handling of 

phosphate, promoting its excretion by inhibiting the 
insertion of the sodium-dependent phosphate cotrans-
porters (NaPi-2a and -2c) into the renal brush border 
(Figure  11.4).25 These transporters return phosphate 
back into the bloodstream. PTH-induced inhibition 
of phosphate transport allows for the excretion of this 
mineral via the kidney.

In addition to PTH, FGF23 is another circulating 
factor that promotes renal phosphate excretion via effects 
on these same transporters (Figure  11.4).26,27 Unlike 
PTH, FGF23 reduces 1,25-D production by inhibiting 
1-α-hydroxylase activity and stimulates 1,25-D catabo-
lism by increased renal 24 hydroxylase activity. To com-
plete the feedback mechanisms to maintain homeostasis, 
1,25-D inhibits PTH synthesis as does FGF23. Through 
the actions of these two hormones, serum concentrations 
of Ca2+ and phosphate are maintained.

PTH does not have direct effects on intestinal Ca2+ 
transport; rather, its effects on Ca2+ transport by the gut 
are mediated indirectly through 1,25-D as described 
below. The CaSR is strongly expressed in the stomach 
and small and large intestine.5 Most of the studies on its 
actions in the intestine are of the colon cells and epithe-
lia and not the small intestine—the organ where most 
of the active Ca2+ transport in response to 1,25-D and 
other mediators takes place.28 In studies of colon physi-
ology, it appears the CaSR plays an important role in 
fluid transport. In mouse models of CaSR deletion, the 
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Phosphate homeostasis is regulated by FGF23, produced by bone. FGF23 acts on kidney and parathyroid 
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serum [Ca2+] is completely dependent on the amount of 
Ca2+ in the diet supporting a role for intestinal CaSRs 
in Ca2+ transport.29,30

Vitamin D production and 
actions in target tissues 
(see Chapter 12)
Vitamin D is ingested through the diet from a limited 
number of foods (e.g., fortified dairy products, fish, 
mushrooms, and egg yolks).31 Vitamin D is also gen
erated through the actions of ultraviolet light and heat 
on the skin.31–33 Advanced age, skin pigmentation, and 
the use of sunscreens and clothing all interfere with this 
important reaction in the skin. Alternatively, multivita-
min supplements can supply the daily requirement for 
vitamin D. Once vitamin D is made or ingested, it trav-
els through the circulation to the liver where the first 
step in bioactivation occurs. The 25-hydroxylase, a high-
capacity enzyme, converts vitamin D (cholecalciferol) to 
25-OH D. Thereafter, under tight physiologic control, 
circulating 25-OH D is taken up by proximal tubular 
cells in the kidney and converted by the 1-α-hydroxylase 
to 1,25-D. This naturally occurring vitamin D metabo-
lite has the very high affinity and potency at the vitamin 
D receptor (VDR). The circulating levels of PTH, ion-
ized Ca2+, phosphate, FGF23, and other factors impact on 
the expression and activity of the renal 1-α-hydroxylase 
and thereby the circulating levels of 1,25-D.

1,25-D interacts with VDRs in bone, kidney, and 
intestine to regulate Ca2+ and phosphate balance and 
ultimately matrix mineralization.31–33 Without suf-
ficient 1,25-D–mediated Ca2+ and phosphate uptake, 
bone matrix is undermineralized and weak. In growing 
individuals, bone is susceptible to deformity causing 
rickets. In the adult skeleton, weak bone predisposes to 
fractures due to osteomalacia. 1,25-D has its primary 
effects on the intestine to stimulate Ca2+ and phosphate 
absorption accomplished through enhanced active 
transport. In the bone, 1,25-D is a factor (such as PTH) 
that stimulates the expression of RANK-L on osteo-
blast and marrow stromal cells. As noted, RANK-L 
interacting with RANK on osteoclast precursors and 
mature osteoclasts increases the differentiation of cells 
in this lineage and their resorptive capacity, thereby 
prompting the delivery of Ca2+ and phosphate into the 
circulation. 1,25-D also promotes renal reabsorption 
of Ca2+. Together, these actions of 1,25-D amplify, in 
terms of serum Ca2+ homeostasis, the actions of PTH 
to defend the serum [Ca2+] in a tight normal range.

In addition to the kidney, many other tissues express 
the 1-α-hydroxylase and generate 1,25-D within them. 
These tissues include breast, colon, prostate gland, lymph 
nodes, lung, skin, bone, cartilage, and others. Whether 
and to what degree these nonrenal tissues contribute to 
the circulating 1,25-D levels under normal physiologic 
circumstances is a debatable point. It is thought, however, 
that the 1,25-D made locally interacts with VDRs and 
their nuclear receptor partners (e.g., retinoid X receptor, 
RXR) in these tissues to achieve the actions of 1,25-D on 
cell growth and differentiation as opposed to the classic 
actions that 1,25-D mediates via the VDR on Ca2+ and 
mineral metabolism. Specialized cells within these tis-
sues (such as T lymphocytes present in lymph nodes) can 
generate excessive quantities of 1,25-D, in cases of granu-
lomatous disease (e.g., sarcoid, tuberculosis) or in certain 
lymphomas, and cause hypercalcemia due to the elevated 
levels and unregulated production of 1,25-D.

Disorders of Ca regulation 
and Ca sensing
Hypercalcemia (see Severe 
hypercalcaemia, Chapter 24)
Hypercalcemia is defined as an albumin-corrected total 
serum [Ca2+] or an ionized [Ca2+] above the upper limits 
of normal (Table 11.3). Using total serum [Ca2+] mea-
surements (mg/dL), the formula to obtain an albumin-
corrected total serum [Ca2+] is as follows: corrected 
total [Ca2+] (mg/dL) = measured total [Ca2+] (mg/dL) + 
[4.0 – measured serum albumin (G/dL) × 0.8].

Presentation
Hypercalcemia can present as a mild laboratory abnormal-
ity with no demonstrable clinical symptoms or as a life-
threatening endocrine emergency with acute renal failure, 
hypotension, and obtundation. The differential diagnosis 
can be extensive,34,35 but the evaluation has been refined 
and expedited in recent years by the development of reli-
able and rapid hormone assays. The availability of rapid 
testing minimizes clinical uncertainty so that appropriate 

Total serum [Ca2+] 9.0–10.5 mg/dL (2.2–2.6 mmol/L)
Ionized [Ca2+] 4.5–5.6 mg/dL (1.1–1.35 mmol/L)

Table 11.3
Normal ranges for the serum total and ionized [Ca2+].
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management can be instituted efficiently. Advances in 
imaging techniques allow for the reliable localization of 
parathyroid tumors, thereby further improving manage-
ment of hypercalcemic patients with primary HPTH.

Symptoms and signs
Hypercalcemia is a systemic disorder whose clinical 
manifestations are strongly influenced by the etiol-
ogy, age of the patient, severity of the disturbance, and 
rapidity of its onset. Hypercalcemia occurs when the 
counter-regulatory mechanisms such as the suppres-
sion of PTH secretion by high [Ca2+]e and the capac-
ity of the kidney to excrete Ca2+ are overwhelmed. This 
occurs when potent hormones such as the PTH-related 
protein (PTHrP) or 1,25-D are produced ectopically in 
an uncontrolled manner by malignant tumors.34–37

Systemically, hypercalcemia can cause a wide vari-
ety of symptoms and signs related to central nervous 

system, renal, neuromuscular, gastrointestinal, skeletal, 
and psychiatric functions (Table  11.4).34 These signs 
vary from case to case depending on patient factors 
(e.g., age, comorbidities, chronicity of process) as well 
as the underlying diagnosis. For example, it is common 
for patients with hypercalcemia of malignancy, due to a 
solid tumor, for example, of the head and neck, to pres-
ent with fairly acute onset of altered mental status, dehy-
dration, hypotension, poor appetite, and weight loss.36,37 
Patients with hypercalcemia due to multiple myeloma 
may have bone pain, pathologic fractures, anemia, and 
chronic kidney disease of recent onset that dominate the 
clinical picture. Primary HPTH, in contrast, may pres-
ent with a several year history of recurrent kidney stones 
or simply with biochemical abnormalities (high serum 
[Ca2+] and intact PTH) and a low bone mineral density 
by dual-energy x-ray absorptiometry (DXA) scanning or 
less commonly with fragility fractures.38–41 Therefore, 

Central nervous system
Altered mental status, confusion
Reduced memory and concentration
Depression
Fatigue
Progressive obtundation, coma

Gastrointestinal
Constipation
Peptic ulcer disease, gastroesophageal reflux
Nausea and/or vomiting
Pancreatitis

Skeletal
Bone pain, fractures, bone cysts (if HPTH is etiology)
Osteopenia or osteoporosis (if chronic)

Renal
Thirst
Polyuria
Dehydration
Reduced renal function
Stones
Nephrocalcinosis

Other
Proximal muscle weakness (especially if primary HPTH)
Hypertension
Itching (especially if severe HPTH)
Band keratopathy (if chronic)

Table 11.4
Signs and symptoms of hypercalcemia.
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the variety of presentations underscores the heterogene-
ity of the causes for hypercalcemia.34,35

Evaluation
The typical laboratory profiles for several of the 
main presentations for hypercalcemia are shown in 
Table 11.5. The treating clinician obtains the history 
and performs the physical examination on the patient. 
Armed with this information and basic laboratory 
screening tests (e.g., serum total [Ca2+], albumin, phos-
phate, electrolytes, and creatinine), the decision is then 
made to obtain intact PTH, thyroid-stimulating hor-
mone (TSH), 25-OH D, 1,25-D, or PTHrP levels in a 
stepwise and logical manner (Figure 11.5). These tests 
are in general highly reliable and provide a strong level 
of diagnostic certainty, once they are combined with 
more disease-specific laboratory tests and imaging 
(e.g.,  serum and urine protein electrophoreses, quan-
titative immunoglobulins and bone marrow exami-
nation in multiple myeloma; bone marrow biopsy in 
lymphoma; CT scans of chest in possible sarcoidosis, 
fungal infection, and lung cancer). Tissue biopsies are 

vital in these nonendocrine conditions to confirm the 
etiology and direct definitive management.

Differential diagnosis
When evaluating the patient with an elevated total 
serum or ionized [Ca2+], the two most common disorders 
to be considered are primary HPTH and malignancy-
associated hypercalcemia (Figure 11.5). Measurement of 
the intact PTH is the first diagnostic step. If the PTH 
is elevated or inappropriately normal (i.e., not suppressed 
in the presence of hypercalcemia), the differential diag-
nosis includes all causes of PTH-dependent hypercalce-
mia. These conditions include primary HPTH, due to 
a parathyroid adenoma or hyperplasia in 85%–90% or 
10%–15% of cases, respectively. Parathyroid carcinoma is 
quite rare, being responsible for <1% of cases of primary 
HPTH.39,42 A palpable neck mass in ~50% of patients 
and a serum total [Ca2+] >14.0 mg/dL are often the first 
clues that the patient may have this form of cancer.34,42,43

When the serum total [Ca2+] is elevated and the intact 
PTH level is normal or mildly elevated, that is, no more 
than 25% above the upper limit of normal usually, the 

Disorder S-Ca2± S-Phos Intact PTH 25-OH D 1,25-D PTHrP Other lab tests

Primary HPTH ↑ ↓ or nl ↑ or nl ↓ or nl ↑ or nl ↓ U-Ca2+ >100 mg/24 h
Ca2+/creatinine
clearance ratioa >0.02

Familial benign ↑ ↓ or nl ↑ or nl ↓ or nl ↑ or nl ↓ U-Ca2+ <100 mg/24 h
hypercalcemia Ca2+/creatinine

clearance ratio <0.01
CaSR mutation

Thyrotoxicosis ↑ nl ↓ nl nl — suppressed TSH,
elevated free T4
U-Ca2+ ↑

Hypercalcemia 
of malignancy

↑ ↓ ↓ ↓ or nl ↓ or nl ↑ U-Ca2+ ↑↑↑

Granulomatous ↑ ↑ or nl ↓ ↓ or nl ↑ or nl ↓ U-Ca2+ ↑↑↑
disease or 

sarcoid
Osteolytic ↑ ↑ or nl ↓ nl nl ↓ U-Ca2+ ↑↑↑
metastases

nl, normal; U, urine.
a	 This clearance ratio is calculated from simultaneous fasting serum and urine Ca2+ and creatinine measurements. The urine sample can 

be from a spot or a 24 h collection. The clearance ratio is calculated as follows:
	 Urinary Ca (mg/24 h) × plasma creatinine (mg/dL)/plasma Ca (mg/dL) × urinary creatinine (mg/24 h).

Table 11.5
Biochemical profiles in common causes of hypercalcemia.



Free ebooks ==>   www.Ebook777.com

Disorders of calcium regulation

233

diagnosis of familial benign hypocalciuric hypercalcemia 
(FBHH) must be considered (Table 11.5).44–47 An assess-
ment of urinary Ca2+ excretion is mandatory as well as fam-
ily history review and possibly screening for the presence of 
usually mild hypercalcemia in the family. The inheritance 
of the disorder is autosomal dominant. The serum [Mg2+] 
may also be elevated in patients with FBHH. In general, 
the Ca2+/creatinine clearance ratio helps to distinguish 
cases of FBHH from mild primary HPTH slightly better 
than does the 24 h urinary Ca2+ excretion (Table 11.5).45,48 
There is often overlap between these diagnoses biochemi-
cally, hormonally, and clinically. Primary HPTH is often 
diagnosed in a mild asymptomatic form.39–42 The clinician 
may even decide to perform CaSR genetic analysis in a 
kindred with autosomal dominant hypercalcemia to deter-
mine whether there is a mutation present that is known to 
cause loss of function in the CaSR based on prior reports. 
Given that the hypercalcemia is often mild, and there are 
frequently no symptoms present, such an individual can 
often be followed clinically without genetic testing and the 
need for surgical intervention.

Other etiologies for PTH-dependent hypercalcemia 
are the rare instances of ectopic production of PTH by a 
nonparathyroid malignancy34,36 and the use of lithium or 
thiazide diuretics. Hereditary causes of primary HPTH 
are discussed in Chapter 9 and include multiple endo-
crine neoplasia (MEN) types 1 and 2a and the HPTH 

jaw tumor syndrome. A family history including any of 
the associated tumors and findings would point the cli-
nician to the consideration of one of those syndromes.

PTH-independent hypercalcemia may be due to sev-
eral etiologies, including 1,25-D overproduction; PTHrP 
hypersecretion; and miscellaneous disorders, such as 
vitamin A intoxication, immobilization, acute renal 
failure, and milk-alkali syndrome (Figure  11.5).34,35 In 
1,25-D–mediated hypercalcemia, the differential diag-
nosis includes granulomatous diseases (e.g., sarcoidosis, 
tuberculosis, blastomycosis, cryptococcosis) and lympho-
mas.34 25-OH D levels are elevated in the rare cases of 
vitamin D intoxication, and this metabolite is thought 
to mediate the hypercalcemia rather than 1,25-D.

In malignancy-associated hypercalcemia, PTHrP is 
ectopically produced by solid tumors of the head, neck, 
lung, pancreas, and many other sites.34,36,37 Tumors that 
originate in the bone marrow such as multiple myeloma 
and leukemia, in certain lymphomas, or with tumors 
metastatic to the skeleton, the mechanism for hyper-
calcemia is local osteolysis due to direct tumor cell–
mediated bone resorption usually involving cytokines 
like interleukin 6. In such instances, the calciotropic 
hormones (i.e., 1,25-D, PTH, PTHrP) are suppressed, 
whereas the serum Ca2+ and sometimes serum phos-
phate levels are elevated. Any clinical situation in which 
the responsible factor is not PTH or PTHrP, both of 

Elevated (or normal) PTH

Hypercalcemia

History and physical exam

Suppressed PTH

Primary
HPTH
-Adenoma
-Hyperplasia
-Cancer

FBHH Ectopic
PTH
production
by tumors

Drugs (Li,
thiazides)

High
25-D

Vitamin D
intoxication

Miscellaneous: vitamin A intoxication, hyperthyroidism, milk-alkali syndrome 

Elevated 1,25-D

Granulomatous
diseases
Lymphoma
Fungal diseases
Tuberculosis

Suppressed
PTHrP

Bone metastases
Myeloma

Elevated PTHrP
-Solid tumors

Intact PTH

Figure 11.5
Algorithm for the evaluation of patients with hypercalcemia. PTH, Parathyroid hormone; PTHrP, Parathyroid 
hormone-related protein.
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which activate PTH-R1s in the kidney and promote 
phosphate loss, such as 1,25-D or cytokines, there is 
increased phosphate delivery into the circulation. The 
serum phosphate level will depend on the rate of phos-
phate release due to the pathologic process and dietary 
intake, balanced by renal clearance.

Pathophysiology of specific disorders 
causing hypercalcemia (see Chapter 9)
The pathogenesis of hypercalcemia includes (1) PTH-
dependent, (2) PTHrP-mediated, (3) 1,25-D–mediated, 
and (4) other mechanisms. Considerable efforts have 
been invested in better understanding many of the clas-
sic disorders that fit into the first three categories. Some 
of the findings from those investigations, which inform 
the understanding of pathogenesis, are discussed in the 
following section.

PTH-dependent hypercalcemia comprises predomi-
nantly primary HPTH and FBHH. FBHH is an inher-
ited disorder of Ca2+ sensing.44–47 It is typically due to 
heterozygous loss of function mutations in one allele of 
the CaSR gene. Approximately 70% of the mutations 
are in the coding sequence of the receptor. These muta-
tions can be point mutations or deletions of small or 
considerable amounts of genetic material leading to the 
substitution of a critical amino acid with a nonsense/
missense residue or to the truncation of the CaSR, 
respectively. Well over 100 mutations in the CaSR have 
been reported, and many of them have been character-
ized from the standpoint of their functional effects on 
CaSR signaling in transfected cell lines.46,47 CaSR muta-
tions in FBHH are carried in the germ cells. Hence, 
all cells in the body that express CaSRs will bear the 
mutant allele. Yet, the phenotype in FBHH is only 
clearly evident in terms of parathyroid and renal func-
tion. The sensitivity of PTH secretion to suppression 
by high [Ca2+]e is blunted in FBHH (Figure 11.3). The 
set-point is shifted to the right, which is why hyper-
calcemia occurs. The degree of that shift to the right 
in the PTH suppression curve may influence the sever-
ity of the hypercalcemia in affected patients. In general, 
however, hypercalcemia is mild in most cases of FBHH. 
This misperception of the serum [Ca2+] is accompanied 
by higher PTH levels that act on target tissues bone and 
kidney to maintain the elevated serum [Ca2+]. In the 
kidney, reduced Ca2+ sensing leads to inadequate excre-
tion of the higher filtered load of Ca2+. Thus, the kidney 
defect maintains and exacerbates, rather than corrects, 
the parathyroid Ca2+-sensing defect.

In some affected kindreds, where there is paren-
tal consanguinity, offspring are born with two mutant 
CaSR alleles, typically resulting in neonatal severe pri-
mary HPTH (NSHPTH).34,44,46,47 These children are 

born with often life-threatening hypercalcemia and usu-
ally require total parathyroidectomy early in the neonatal 
period. Their bones are severely undermineralized, due 
to profound PTH hypersecretion. There is growth retar-
dation, failure to thrive, and often respiratory difficul-
ties. Developmental defects can arise, presumably from 
the severe metabolic disturbances, if the disorder is not 
promptly treated surgically. On rare occasions, NSHPTH 
can be due to a heterozygous point mutation in the CaSR 
that profoundly alters its function in vivo.34,44,46

Primary HPTH results from both a reduction in 
sensitivity of the parathyroid tumor cells to the suppres-
sive effects of high [Ca2+]e on PTH release and to exces-
sive parathyroid cell proliferation.34,49 Thus, in a sense 
primary HPTH is also accompanied by disordered Ca2+ 
sensing by parathyroid cells. However, mutations in the 
CaSR in the tumor have not been detected in nearly 
any case of sporadic primary HPTH that has been stud-
ied. Tissues removed at surgery from patients with pri-
mary HPTH tend to display a shift to the right in their 
Ca2+ set-points when PTH secretion is studied in vitro 
(Figure 11.3). This shift is accompanied by a reduction 
in CaSR protein and mRNA of ~50% on average. CaSR 
expression does vary significantly among the tumors, 
depending on how receptor expression is graded per-
haps (immunoblotting, immunocytochemistry, poly-
merase chain reaction [PCR]); however, variations in 
CaSR expression may also be due to the heterogeneous 
pathogenesis of sporadic adenomas.

Approximately 20%–40% of parathyroid adenomas 
overexpress the cyclin D1 gene, a known growth pro-
moter for parathyroid cells and a critical regulator of the 
cell cycle.49 In ~25%–40% of parathyroid tumors, there 
is somatic loss of one MEN type 1 (MEN1) allele.49 
The MEN1 gene encodes for menin, a protein that is 
also involved in growth regulation in many endocrine 
cells, including the parathyroid. The MEN1 tumor syn-
drome includes early onset parathyroid tumors as one 
of its most penetrant features (see Chapter 9). In mouse 
models of both parathyroid cell targeted MEN1 gene 
deletion50 and cyclin D1 gene overexpression,51 there is 
loss of CaSR expression in the parathyroid glands as the 
mice age and develop primary HPTH. These models 
suggest a strong connection between hyperprolifera-
tion in the parathyroid and loss of CaSR expression, 
but the molecular mechanism(s) that links proliferation 
and control of CaSR expression has not been identified 
nor has the environmental or genetic triggers for the 
remainder of the cases of primary HPTH.

PTHrP-dependent hypercalcemia results from the 
overproduction of PTHrP in a dysregulated manner 
by an expanding tumor mass.34,36,37 Tumor burden is 
generally extensive and evident clinically when PTHrP 
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production reaches levels sufficient to cause hypercal-
cemia. Clinical prognosis is often poor at that point, 
and therapeutic options are limited. The responsible 
tumors vary greatly in their locations and cells of ori-
gin, although they are heavily represented by tumors of 
epithelial cell origin, including squamous cell tumors of 
the head, neck, and lung; renal cell cancer; breast can-
cer; and certain gastrointestinal cancers. The actions of 
PTHrP in vivo result from its ability to interact potently 
with PTH-R1s in bone and kidney. These receptors 
mediate the hypercalcemic and hypophosphatemic 
effects of PTHrP, just as they do PTH. PTHrP may 
interact with other specific receptors specific for it, but 
PTHrP’s biologic actions in causing the hypercalcemia 
of malignancy syndrome can be explained by interac-
tions with the classic PTH-R1.

1,25-D–mediated hypercalcemia explains <1% of the 
hypercalcemia in patients with cancer. Approximately 
60%–70% of malignancy-associated hypercalcemia is 
due to humoral mechanisms (predominantly PTHrP). 
The other 30%–40% is due to local osteolytic dis-
ease.34,36 Lymphomas (typically non-Hodgkin) can 
overproduce 1,25-D by virtue of the expression of the 
1-α-hydroxylase in lymphoid cells. Similarly, in granu-
lomatous diseases in which 1,25-D is overproduced, the 
lymphocytes or the macrophages within the granulo-
mas may be the source of the conversion of 25-OH D 
to 1,25-D. In the inflammatory state of disorders such 
as sarcoidosis, proinflammatory cytokines (e.g., inter-
feron γ) can stimulate 1-α-hydroxylase activity locally. 
Thus, although the PTH levels are low in these condi-
tions when hypercalcemia is present, local inflammatory 
mediators drive sufficient 1,25-D production from the 
granulomatous tissue to have systemic effects on Ca2+ 
metabolism. In these cases, renal 1,25-D production is 
not thought to be the mediator for the hypercalcemia, 
and that pathway of 1,25-D synthesis is thought to be 
suppressed.

Other mechanisms that trigger increases in bone 
resorption or in intestinal Ca2+ absorption can also 
cause hypercalcemia. For example, excessive levels of 
thyroid hormones stimulate bone resorption in hyper-
thyroidism, and vitamin A and its metabolites increase 
resorption in vitamin A intoxication states.34 Milk-
alkali syndrome results from increased Ca2+ intake and 
reduced Ca2+ excretion, usually exacerbated by alka-
losis and renal failure. This syndrome has increased 
Ca2+ absorption via a gastrointestinal route as one of 
its pathogenic mechanisms. In vitamin D intoxica-
tion, hypercalcemia and hyperphosphatemia result from 
increased gastrointestinal absorption of Ca2+ and phos-
phate and increased bone resorption, also releasing Ca2+ 
and phosphate into the circulation. Both mechanisms 

are mediated by VDRs in bone and gut, and the renal 
clearance mechanisms get overwhelmed.

Management of hypercalcemia
The cornerstone of management is to address the 
underlying disturbance. In cases of moderate-to-
severe hypercalcemia, where there is altered mental 
status, dehydration, hypotension, and oliguria, this is 
an urgent situation requiring aggressive fluid volume 
resuscitation and electrolyte replacement. Hypovolemia 
is usually addressed with intravenous normal saline 
solution. Once volume is restored and begins to expand, 
calciuresis is achieved by the use of an intravenous loop 
diuretic such as furosemide to promote sodium excre-
tion via diuresis. This solution is only a temporizing 
solution. The etiology for the symptomatic hypercal-
cemia needs to be determined so that long-term man-
agement can be addressed. If the underlying process is 
primary HPTH, then expedited surgery can be consid-
ered once the diagnosis is established and the patient 
stabilized.

If the cause of the hypercalcemia is a malignancy, 
then the type and extent need to be established to deter-
mine what therapeutic options are available and appro-
priate.34,36 Often as the diagnosis is being established, it 
is necessary to begin a more long-term treatment for the 
ongoing bone resorption that is most often the reason for 
the hypercalcemia. In general, once renal function is sta-
bilized and at an acceptable level, an intravenous bisphos-
phonate (pamidronate in dose of 30, 60, or 90  mg or 
zoledronic acid ≤4 mg adjusted based on renal function) 
to block osteoclast-mediated bone resorption is gener-
ally the first-line pharmacotherapy. Because intravenous 
bisphosphonates require 48–72 h to take effect, intra-
venous saline and furosemide are often continued but 
at a less aggressive pace after the first 24–48 h. Salmon 
calcitonin, an agent that also blocks bone resorption, can 
be instituted. Salmon calcitonin (50–100 mg given by 
intramuscular or subcutaneous injection every 8–12 h) 
is often selected because of its more rapid onset of action 
(within 12–24 h of initial administration), compared 
with intravenous bisphosphonates. In addition, calcito-
nin is not nephrotoxic and can be given to patients with 
significantly reduced renal function. Because bisphos-
phonates are renally cleared, considerable care must be 
taken with their administration and dosing in patients 
with compromised renal function. In the most severe 
cases of hypercalcemia accompanied by renal failure, 
dialysis may be the only effective strategy, albeit tem-
porary, for lowering the serum [Ca2+]. Specific therapies 
(e.g., radiation, chemotherapy, surgery) to reduce tumor 
burden, if possible, are important options to explore. As 
noted above, generally patients with malignancy and 
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hypercalcemia have large tumor mass, and reduction in 
that mass can often improve their hypercalcemia.

Glucocorticoids are an important adjunctive and at 
times are the primary therapy for hypercalcemia. This 
is the case when multiple myeloma, lymphoma, or sar-
coidosis is present. In cases where 1,25-D is the media-
tor for the hypercalcemia, steroid therapy can reduce the 
inflammatory response and thereby lower 1,25-D levels. 
Glucocorticoids also interfere with intestinal 1,25-D 
actions to increase Ca2+ uptake. In fungal infections or 
tuberculosis when there is associated hypercalcemia, the 
initial response should be to address the underlying dis-
ease with specific therapies rather than to use steroids 
initially to address hypercalcemia. Attention to volume 
status and knowing that chronic hypercalcemia pro-
motes salt and water losses are important precepts for 
managing these patients.

Primary HPTH is managed in symptomatic patients 
with surgery as the first-line therapy. Several clinical 
parameters are considered in determining therapy of pri-
mary HPTH in patients who are asymptomatic. Surgery 
may still be offered, based on the criteria outlined in 
the Third International Workshop on Asymptomatic 
Primary HPTH (Table 11.6).40,41,52,53 Alternatively, when 
patients are poor candidates for surgery, have failed it, or 
refuse it, oral calcimimetics can be used. A calcimimetic 
is a CaSR agonist that activates the receptor, bringing 
about an inhibition of PTH release. The calcimimetic 
cinacalcet was developed as a CaSR-directed therapy 
designed to lower serum [Ca2+] and PTH levels in 
patients with uremic secondary HPTH. Cinacalcet has 
been shown to lower the serum [Ca2+] into the normal 
range in 80%–90% of patients with mild hypercalcemia 

due to primary HPTH in a sustained manner.54–57 This 
agent also lowers serum [Ca2+] in patients with moder-
ate and symptomatic primary HPTH not amenable to 
surgery.58 Patients with inoperable parathyroid cancer 
causing symptomatic hypercalcemia can also be treated 
with this agent—often in higher doses than are needed 
to control primary or uremic secondary HPTH.59 Oral 
bisphosphonates such as alendronate have also been used 
to improve bone mass in patients with primary HPTH 
who have osteoporosis.55 Unlike the intravenous bisphos-
phonates that are potent enough to lower the serum 
[Ca2+], oral bisphosphonates do not have a significant 
effect on hypercalcemia in patients with primary HPTH.

Hypocalcemia (see Severe 
hypocalcemia Chapter 24)
Hypocalcemia should only be diagnosed when the 
albumin-corrected total serum [Ca2+] or the ionized 
[Ca2+] is frankly low (Table 11.3). These level(s) should 
be confirmed before an extensive workup is started.

Presentation
It is essential for the clinician to appreciate that pro-
found degrees of hypocalcemia may present without 
any significant signs or symptoms. The duration of the 
abnormality is the likely reason. The patient has adapted 
to the abnormal [Ca2+] slowly over time. Alternatively, 
the presentation may be dramatic with profound neuro-
muscular irritability, tetany, cramping, seizures, laryn-
gospasm, bronchospasm, and even congestive heart 
failure.34,60 The full picture of how patients present with 

Consider recommending parathyroid surgery for the following indications:
•	 Serum total [Ca2+] ≥1.0 mg/dL (≥0.25 mmol/L) above the upper limits of normal
•	 Renal stones, any symptoms or complications of hypercalcemia and primary HPTH
•	 Estimated glomerular filtration rate <60 mL/min/1.73 m2

•	 T score at central DXA site ≤–2.5
•	 Age <50 years

Monitoring recommended for patients with asymptomatic primary HPTH who do not undergo 
parathyroidectomy:
•	 Annual serum [Ca2+] determinations
•	 Annual serum creatinine determinations
•	 Bone mineral density measurements by DXA every 1–2 years (three sites)

Source:	 Bilezikian JP et al., J Clin Endocrinol Metab, 94, 335–9, 2009.

Table 11.6
Management of asymptomatic primary HPTH (Guidelines from the Third International Workshop).
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hypocalcemia involves those signs and symptoms due to 
the underlying disease plus those that are more specific 
to the low serum [Ca2+] itself.

Symptoms and signs
The signs and symptoms of hypocalcemia affect many 
different tissues in the body (Table 11.7). Neuromuscular 
signs and symptoms can be very troubling to the patient 
and include tetany, cramping of the muscles, pares-
thesias, numbness and tingling especially around the 
mouth and face and in the extremities, seizures (focal or 
generalized), depressed mental status, choreoathetosis, 
and even organic brain syndrome. Both Trousseau and 
Chvostek signs can be elicited in hypocalcemic patients 
to determine whether there is evidence of neuromuscu-
lar irritability. Trousseau sign is elicited by inflating the 
blood pressure cuff for at least 3 min to ~20 mm Hg 
over the systolic blood pressure.34 When it is positive, 
painful carpal spasms involving the fingers of the tested 
hand occur. Chvostek sign is demonstrated by tapping 
the cheek over the facial nerve in front of the ear and 
just below the zygoma. A positive sign is twitching of 
the ipsilateral face. Cardiac signs include prolonged QT 
interval on the electrocardiography (ECG). Congestive 
heart failure can also occur if the abnormal serum 
[Ca2+] is profoundly low, usually for a very long time, 

or in individuals with underlying cardiac disease.34,60–62 
Subcapsular cataracts may be seen in chronic hypocal-
cemia as well as papilledema. Full-blown pseudotumor 
cerebri can also be seen. The hair and nails are often dry 
and brittle.

The diverse disorders that cause hypocalcemia con-
tribute their own clinical presentations. These disorders 
include pseudohypoparathyroidism, various genetic 
syndromes of hypoparathyroidism, hypoparathyroid-
ism secondary to gland destruction (e.g., iron overload, 
autoimmune etiology, postsurgery), activating CaSR 
mutations, and vitamin D deficiency and resistance 
(Table 11.8).7,31,32,34,46,47,60–62 The signs, symptoms, and 
physical findings in such an array of disorders are vast 
and must be looked for in a patient who does not have a 
clear-cut etiology for hypocalcemia after the initial his-
tory and physical examination are done. The presence 
of other autoimmune disorders such as adrenal insuf-
ficiency, vitiligo, and type 1 diabetes suggest autoim-
mune polyglandular failure type 1. The constellation of 
short stature, round facies, frontal bossing, mental retar-
dation, shortened metacarpals, ectopic ossifications, and 
obesity is called Albright’s hereditary osteodystrophy 

General
Weakness
Fatigue

Neuromuscular manifestations
Tetany
Tingling
Paresthesias
Muscle cramps
Laryngospasm
Bronchospasm
Seizures (focal or generalized)
Altered mental status
Coma

Cardiac
Congestive heart failure
Prolonged QT interval

Ophthalmologic
Cataracts
Papilledema

Table 11.7
Signs and symptoms of hypocalcemia.

Hypomagnesemia
Urinary losses due to alcoholism
Drug-induced renal Mg2+ loss
Gastrointestinal loss of Mg2+ due to 

malabsorption, diarrhea, fistula
Hypoparathyroidism

Postsurgical (postthyroidectomy, 
parathyroidectomy, laryngectomy)

Metastases
Iron deposition (thalassemia)
Genetic syndromes (GATA3, GCMB mutations)
DiGeorge syndrome
Autoimmune (isolated, polyglandular)
Idiopathic
PTH gene defects

Pseudohypoparathyroidism type 1a, 1b
Vitamin D disorders

Vitamin D deficiency
Vitamin D–dependent rickets type 1 and 2

Miscellaneous
Pancreatitis
Hungry bone syndrome
Tumor lysis syndrome

Table 11.8
Disorders causing hypocalcemia.
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and is seen in pseudohypoparathyroidism type 1a, 
a form of resistance to the actions of PTH. There are 
many other findings in the syndromes associated with 
hypoparathyroidism, in particular, that can be help-
ful in arriving at the correct diagnosis and potentially 
ordering the correct genetic tests (Table 11.8).61,62

Evaluation and differential diagnosis
An early step in the workup of hypocalcemia is 
the measurement of serum [Mg2+] and intact PTH 
(Figure  11.6)62. If the serum [Mg2+] is low, then the 
appropriate workup for that abnormality should be ini-
tiated and the Mg2+ repleted. Serum intact PTH may 
be low or inappropriately normal in patients who have 
Mg2+ depletion as a cause for their hypocalcemia. Once 
Mg2+ depletion is corrected, hypocalcemia will resolve, 
and the PTH level may rise.

If the PTH is elevated in the presence of hypocalce-
mia, then vitamin D deficiency, resistance to vitamin D 
action, and pseudohypoparathyroidism must be consid-
ered. Physical findings are as described above for pseudo-
hypoparathyroidism type 1a, whereas type 1b typically 
has no specific physical abnormalities, only the biochem-
ical profile shown (Table 11.9). In vitamin D deficiency, 
25-OH D levels are <20 ng/mL (50 nM), and phos-
phate levels are often low. Vitamin D deficiency should 
be  suspected, because it is very common in patients 
with malabsorption, malnutrition, short gut syndrome, 
pancreatic insufficiency, celiac disease, and postgastric 

bypass surgery. In vitamin D resistance due to mutations 
in the 1-α-hydroxylase gene (or vitamin D–dependent 
rickets type 1), 1,25-D levels are low, and PTH levels 
are high. In vitamin D resistance due to loss of func-
tion mutations in the VDR (vitamin D–dependent rick-
ets type 2), both 1,25-D and PTH levels are elevated. 
Syndromes of vitamin D resistance are extremely rare.

Hypoparathyroidism, regardless of the etiology, 
presents with low or inappropriately normal PTH and 
typically high phosphate levels. In patients with acti-
vating CaSR mutations, their hypocalcemia is usually 
mild and is accompanied by low normal or frankly low 
PTH levels. These patients, in contrast to other forms of 
hypoparathyroidism, excrete more Ca2+ over 24 h when 
they have hypocalcemia (i.e., relative hypercalciuria) 
due to the concomitant renal CaSR-sensing defect.46,61,62

Pathophysiology
A variety of mechanisms are involved in the pathogen-
esis of hypocalcemic disorders. Parathyroid tissue is 
either destroyed or its function impaired when there is 
autoimmune disease, metastatic tumor, or heavy metal 
deposition that affects the glands to cause hypopara-
thyroidism. Gland development is abnormal in patients 
with GATA3 or GCMB mutations, the DiGeorge syn-
drome, and mitochondrial disorders producing hypo-
parathyroidism. GATA3 mutations also affect otic 
vesicle and renal development so deafness and renal 
anomalies may also be present.

Disorder S-Ca2± S-Phos Intact PTH 25-OH D 1,25-D Other lab tests

Hypoparathyroidism ↓ ↑ ↓ or low nl nl nl
Hypocalcemic
hypercalciuria or
autosomal dominant 

hypocalcemia

↓ ↑ ↓ or low nl nl nl Urinary Ca2+ high 
for low serum 
[Ca2+] CaSR 
mutation

Pseudohypopara- ↓ ↑ ↑↑ nl nl
thyroidism
Vitamin D ↓ ↓ ↑↑ ↓↓ nl or ↓ Urinary Ca2+ low
deficiency
Vitamin D resistance

Type 1 ↓ ↓ ↑↑ nl ↓ Urinary Ca2+ low
Type 2 ↓ ↓ ↑↑ nl ↑↑ Urinary Ca2+ low

Hypomagnesemia sl ↓ nl ↓ or nl nl nl Low serum [Mg2+]

nl, normal; sl, slight

Table 11.9
Biochemical profiles of disorders causing hypocalcemia.
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Pseudohypoparathyroidism type 1a is typically due 
to loss of function mutation in one allele of the stimula-
tory G protein α subunit coupling the PTH-R to adenyl-
ate cyclase (Gsα). This is a heterozygous mutation, but 
because the Gsα gene is imprinted and inactivated in 
certain tissues such as the renal tubules, patients carry-
ing the mutant allele may manifest the phenotypic fea-
tures and the biochemical abnormalities if the mutation 
is maternally inherited. Resistance to PTH is most pen-
etrant in the kidneys. There are patients with pseudo-
hypoparathyroidism who have normal bone sensitivity 
to PTH and thus demineralize their bones due to their 
chronic secondary HPTH. They show low bone mass on 

DXA scanning. Some patients have even shown classic 
hyperparathyroid bone disease (e.g., osteitis fibrosa cys-
tica).34 Patients with pseudohypoparathyroidism type 
1b have the same biochemical profile as type 1a patients 
but do not carry Gsα mutations. Instead the level of Gsα 
expression is altered through effects on gene transcrip-
tion in many cases due to methylation defects in that 
gene.34,61,62 The hypocalcemic disorders discussed above 
are quite uncommon, except perhaps for hypomagnese-
mia. Pseudohypoparathyroidism is quite rare.

The pathophysiology of the vitamin D disorders that 
cause hypocalcemia is straightforward. Vitamin D defi-
ciency reflects inadequate levels of vitamin D metabolites 

Confirm with repeat measurement +/– ionized Ca++

Hypocalcemia

Serum Mg++

Low Normal

Evaluate for etiologies  of
secondary
hyperparathyroidism:
• Malabsorption
• Vit D deficiency
• Pseudohypoparathyroidism
types 1, 2
• Vit D–dependent rickets 1, 2

Evaluate for etiologies 
of hypomagnesemia: 
• Gastrointestinal losses
(vomiting diarrhea,
malabsorption)
• Renal wasting
• Alcoholism 
• Malnutrition
• Drug induced
(24 h urine and
further testing as
appropriate)

Low/inappropriately
normal

Vit D deficiency
excluded
(25 OHD > 20 ng/mL)

Replete Vit D

Intact PTH level Assess vitamin D status with 25-
 OH vitamin D measurement 

• Complete medical history, family history, past surgical history for
prior parathyroid, thyroid, or neck surgery
• Physical examination (neck scar, candidiasis, signs of tetany,
cataracts, short stature)
• Family history: mental retardation, features of
autoimmune disorders (Addison’s disease, autoimmune thyroid disease),
deafness, renal anomalies, thalassemia, or iron overload
• Further lab testing, genetic screening, and testing of family members
as appropriate (activating CaSR mutation; PTH mutation; AIRE, GCMB,
or GATA3 mutational analysis)
• Assessment of autoantibodies (21-hydroxylase abs, anti-parathyroid abs)
• Hearing test, renal imaging (as appropriate)

Evaluation for hypoparathyroidism 

Elevated

Evaluate for
gastrointestinal
losses , low dietary
intake, low
sunlight exposure 

Vit D deficiency
confirmed

Figure 11.6
Detailed algorithm for the evaluation of hypocalcemia and hypomagnesemia, including analyses that 
could be considered in determining the etiology for hypoparathyroidism. CaSR, Calcium-sensing receptor; 
PTH, Parathyroid hormone; AIRE, Autoimmune regulator gene; GCMB, Glial cell missing B; GATA3, GATA 
binding protein 3. (Modified and reproduced from Bilezikian J et al., J Bone Min Res, 26, 2317–37, 2011. 
With permission.)
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to support Ca2+ and phosphate balance and bone mineral-
ization. Deficiencies in 1-hydroxylase activity prevent ade-
quate generation of 1,25-D to support the intestinal and 
skeletal actions of vitamin D to maintain bone and min-
eral homeostasis, whereas defective VDRs do not function 
properly as signal transducers in the target tissues.

Management
The treatment of hypocalcemia depends on the under-
lying etiology, but there are many common features. 
Acute, severe, symptomatic hypocalcemia, especially 
when nervous system and respiratory symptoms are 
present, should be treated parenterally with intrave-
nous Ca2+ infusions. When it becomes possible, oral 
Ca2+ salts are given in divided doses each day (0.5–1.5 G 
elemental Ca2+ three times daily). If Ca2+ alone is insuf-
ficient to raise the serum [Ca2+] within the low-normal 
range, then activated vitamin D (1,25-D or calcitriol or 
Rocaltrol) or its analog (1 α hydroxycholecalciferol or 
α calcidiol) can be administered usually once or twice 
daily. These doses must be carefully titrated to main-
tain the patient as close to symptom-free as possible and 
to avoid the toxicity of chronic Ca2+ and activated vita-
min D therapy, namely hypercalciuria, nephrocalcino-
sis, nephrolithiasis, and chronic kidney disease. When 
hypercalciuria is present and difficult to manage, thia-
zide diuretics may be used to lower the urinary Ca2+ 
and elevate the serum [Ca2+], provided the patient can 
tolerate this agent. Patients with activating CaSR muta-
tions deserve special mention. Many have mild hypo-
calcemia and do not require therapy because they are 
asymptomatic. Therapy with Ca2+ and active vitamin D 
metabolites or analogs has the distinct disadvantage in 
this group of patients of raising the urinary Ca2+ dra-
matically, leading to nephrocalcinosis, renal stones, and 
renal insufficiency. Therapy in this group of patients 
should be avoided if possible.
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Metabolic bone disease
Philip E. Harris, Pierre-Marc G. Bouloux

Osteoporosis
Osteoporosis is the most prevalent metabolic bone dis-
ease among developed countries and is characterized 
by compromised bone strength and increased risk of 
fracture.1 An important characteristic of osteoporo-
sis is a normal mineral/collagen ratio, which distin-
guishes it from osteomalacia, a disease characterized 
by relative deficiency of mineral in relation to collagen. 
Osteoporotic fractures may affect any part of the skele-
ton except the skull. Most commonly, fractures occur in 
the distal forearm (Colles fracture), thoracic and lumbar 
vertebrae, and proximal femur. The incidence of osteo-
porotic fractures increases with age, is higher in whites 
than in blacks, and is higher in women than in men.2,3 
The female-to-male ratio is about 1.5:1 for Colles frac-
tures, 7:1 for vertebral fractures, and 2:1 for hip frac-
tures. Because most osteoporotic fractures, except hip 
fractures, do not require admission to the hospital, it 
is difficult to obtain a precise knowledge on the true 
prevalence of this disease (Figure 12.1).

Osteoporosis in the elderly has become a major 
public health problem for most industrialized societ-
ies as the aging population increases.4 The morbidity 
and mortality associated with osteoporosis is consid-
erable and will impose increasing demands on health 
expenditures as the size of the elderly population 
rises.5 Peak bone mass is higher in males and is also 
higher in blacks than in whites or Asians.6 In addition, 
because bone loss accelerates after menopause, osteo-
porosis and osteoporotic fractures are much commoner 
among elderly women than men. There is an important 
genetic component to osteoporosis. Studies of twins 
suggest that genetic determinants are responsible for 

up to 85% of the variation in peak bone mass and may 
also determine bone turnover and fracture risk. In con-
sequence, a family history of osteoporosis and fractures 
is an important part of the overall assessment of the 
patient.7

Bone metabolism and 
pathogenesis of osteoporosis
Bone is a vascularized skeletal tissue made up of an organic 
matrix, a mineral phase (calcium hydroxyapatite), and bone 
cells (osteoclasts, osteoblasts, and osteocytes). The organic 
matrix is composed of fibers of collagen (chiefly type 1 col-
lagen); elastin and other proteins, such as osteocalcin and 
matrix Gla proteins; the Arg-Gly-Asp (RGD)-containing 
proteins, such as fibronectins, thrombospondins, vitronec-
tin, fibrillin, osteopontin, and bone sialoprotein. Other 
noncollagen proteins of bone include osteonectin and tet-
ranectin. Glycosaminoglycan (GAG)–containing proteins 
include biglycan, decorin, fibromodulin, and osteoad-
herin. Apart from its ability to provide structural integ-
rity, bone has several biochemical functions, with bone 
itself serving as a calcium reservoir and its marrow as a 
hematopoietic organ. Bone formation by osteoblasts has 
two phases: synthesis of the bone matrix, including the 
formation of a network of collagenous fibers, and mineral-
ization of the matrix. Osteoclasts, in contrast, bring about 
bone resorption, which also consists of two simultaneous 
processes: dissolution of hydroxyapatite crystals and pro-
teolysis of the matrix. Anatomically, bone can be divided 
into cortical (compact) and trabecular (spongy, cancel-
lous) parts. In trabecular bone, the interconnecting tra-
becular structures increase resistance to mechanical load. 
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Bone is constantly being remodelled, and the processes of 
formation and resorption of bone tissue are coupled. The 
cycle is initiated by resorption of old bone, recruitment of 
osteoblasts, deposition of new matrix, and mineralization 
of the newly deposited matrix. Thus, remodelling pro-
vides a mechanism for bone self-repair and adaptation to 
stress, by a process of renewal of old bone and replacement 
with new bone.8 The annual bone turnover rate in adult 
women is about 2%–5% in cortical bone and 15%–25% 
in trabecular bone and cortical surface, with the latter 
two types being metabolically most active. Trabecular 
and cortical bones differ in their hormonal sensitivity: the 
vertebral spine, which is rich in trabecular bone, responds 
to hormonal treatments more strongly than appendicular 
bones with cortical bone dominance.9

The two most significant determinants of bone 
mass are the peak bone mass attained at about 30 years 
of age and the rate of bone loss after it. These deter-
minants in turn are controlled by genetic, hormonal, 

nutritional, and environmental factors. In the lifelong 
process of bone turnover, formation is dominant in the 
growth period. Bone mass peaks at or before 30 years of 
age, sometimes even in late teenage years.10,11 At peak, 
the activity of bone-forming cells equals that of the 
resorbing cells, and skeletal size remains unchanged. 
Soon afterward, bone mass begins to decrease, the 
average annual loss becoming about 0.3%–0.5% by 
the fifth decade of life. In women after menopause 
bone loss accelerates to about 2% (range, 1%–5%) for 
5–10 years, stabilizing thereafter to about 1%/year, so 
that by age 65–70 years, bone loss is still above the 
premenopausal level.12 During her lifetime, a normal 
woman will lose approximately half of her spinal bone 
and about a third from her cortical bone tissue. The 
increase in bone loss with age in women is made up 
of two components: an exponential, postmenopausal, 
estrogen-related component, predominantly of tra-
becular bone, that lasts for 5–10 years and a linear, 

Figure 12.1
Scanned images of typical osteoporotic fractures: (A) wrist, (B) hip, and (C) vertebral bodies. (From Gennari C 
and Avioli LV (editors), Atlante delle malattie dell’osso, Vol I, Chiesi Farmaceutici S.p.A., Parma, 1992. With 
permission.)
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age-related component (Figure 12.2).11,13 This latter 
slower phase of bone loss affects men, starting at about 
age 55 years, and has been attributed to age-related 
factors such as reduction in renal calcium absorption 
as well as in intestinal calcium absorption and to a 
vitamin D deficiency status, mainly due to a decreased 
renal 1α-hydroxylase, all resulting in an increase in 
circulating PTH levels.11 Estrogen-related bone loss 
causes type 1 osteoporosis characterized by loss of 
trabecular bone tissue and fractures in trabecular 
bones, such as crush fractures of the vertebral spine. 
Age-related bone loss due to declining activity of 
osteoblasts causes type Il osteoporosis (senile osteopo-
rosis), resulting in thinning of trabeculae and loss of 
cortical bone tissue which also becomes porous.

Although males do not undergo an acute loss of 
estrogen such as during menopause, evidence points to 
a key role for estrogen in the maintenance of bone mass 
in males. Both free testosterone and estradiol levels fall, 
concomitant with a rise in sex hormone binding glob-
ulin levels with age, but it is free estrogen levels that 
appear to be the main determinant of bone mass. There 
seems to be a critical threshold estradiol level, below 
which the fracture risk increases. Declining testosterone 
levels may contribute to increased fracture risk through 
nonskeletal effects such as muscle mass.11

Classification of osteoporosis 
(Table 12.1)
Osteoporosis is commonly classified into primary 
or idiopathic and secondary, the latter being osteo-
porosis for which a clearly identifiable etiological 

mechanism is recognized. Primary osteoporosis is 
further characterized into idiopathic juvenile osteo-
porosis, idiopathic osteoporosis of the young adult, 
and involutive osteoporosis, comprising postmeno-
pausal or type-I osteoporosis and senile or type II 
osteoporosis.

Depending on bone remodelling, the disease is also 
classified into high-turnover or low-turnover osteoporo-
sis. It is known that the excessive bone loss that char-
acterizes the pathogenesis of osteoporosis results from 
abnormality in the bone remodelling cycle. It appears 
that with each cycle there is a slight, imperceptible defi-
cit in bone formation. The total bone loss is therefore a 
function of the number of cycles in process at any one 
time. Conditions that increase the rate of activation of 
the bone remodelling process increase the proportion of 

Primary osteoporosis
Idiopathic juvenile osteoporosis
Idiopathic osteoporosis of the young adult
Involutional osteoporosis

– Postmenopausal osteoporosis
– Senile osteoporosis

Secondary osteoporosis
Hypercortisolism (Cushing)
Hypogonadism
Hyperparathyroidism
Hyperthyroidism
Vitamin D deficiency (secondary 
hyperparathyroidism)
Malabsorption
Chronic renal insufficiency
Anorexia nervosa
Connective tissue diseases

– Osteogenesis imperfecta
Malignancy

– Multiple myeloma
– Mastocytosis

Iatrogenic
– Glucocorticoids Aromatase inhibitors
– Gonadotropin-releasing hormone (GnRH) 

agonists/antagonists
– Heparin
– Anticonvulsants

Table 12.1
Clinical classification of osteoporosis.
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the skeleton undergoing remodelling at any one time, 
thus increasing the rate of bone loss. These circumstances 
characterize high-turnover osteoporosis. Most of the 
secondary causes of osteoporosis are associated with this 
increased rate of activation of bone remodelling cycle. In 
other circumstances, excessive bone loss can occur when 
activation of the skeleton is not increased and even when 
activation of the skeleton might be decreased. This loss 
gives rise to the concept of low-turnover osteoporosis 
and is typical of the normal aging process. In this case, 
there appears to be a progressive impairment of signal-
ing between bone resorption and bone formation, such 
that with every cycle of remodelling, there is an increase 
in the deficit between resorption and formation, because 
osteoblast recruitment is inefficient.

Diagnosis of osteoporosis
Bone loss is asymptomatic and symptoms related to frac-
tures are often the first sign of osteoporosis. Several 
factors, including genetic, nutritional, lifestyle, and 
medical, are associated with osteoporosis (Table 12.2). It 
is possible that the risk of fracture could be reduced by 
identifying these factors in individuals and recommend-
ing appropriate lifestyle changes. Hyperthyroidism, 
hyperparathyroidism, and the long-term use of cortico-
steroids, heparin, or supraphysiological doses of thyroid 
hormones may also enhance bone loss. A simple clinical 
estimation of the risk of osteoporosis, however, is often 
inaccurate. Only about a third of the women at real risk 
for osteoporosis can be identified by the clinical indica-
tors listed above.

Genetic factors certainly play a major role in the 
pathogenesis of osteoporosis. There is clear evidence of 
genetic modulation of bone parameters, including bone 
density, bone size, and bone turnover. It has been postu-
lated that at any particular age and phase of life, genetic 
factors explain about 70% of the variance in bone phe-
notype.7 Hormonal factors, diet, and lifestyle interact 
with the genetic regulators of bone, over time, to deter-
mine net bone mass.

The Endocrine Society has published guidelines on 
the assessment and management of osteoporosis in men.14

Bone mineral density
Bone mineral density (BMD) is closely correlated with the 
strength of the bone. In general, the lower the BMD, the 
higher the risk for fracture. Overall, 75%–85% of the vari-
ance in the ultimate strength of bone tissue is accounted by 
changes in BMD. Bone mass is usually assessed using dual 
energy X-ray absorptiometry (DXA) of the lumbar spine 
(L1-L4) and femoral neck/total hip. Forearm (mid-third 

radius) measurement may also be performed. Other tech-
niques include quantitative computerized tomography 
(QCT), peripheral DXA, and heel ultrasound, although 
these techniques do not have the same level of predictive 
fracture risk data as central DXA.15

BMD value is compared with two standards known 
as the Z scores (the number of standard deviations above 
or below the mean population of the same gender, age, 
race, and weight) and T scores (the number of standard 
deviations above or below the mean of a young adult 
Caucasian population of the same gender). For post-
menopausal women and men >50 years of age, T scores 
are classified according to the definitions of BMD set by 
the World Health Organization (WHO):16

1.	 Normal BMD: T-score up to 1 SD lower than the 
mean reference BMD

2.	 Osteopenia: T-score >1 SD but <2.5 SD lower than 
the reference mean

3.	 Osteoporosis: T-score ≤2.5 SD than the reference 
mean

4.	 Severe osteoporosis: T-score as in osteoporosis, plus 
one or more fractures

Genetic factors
Race (Caucasian/Asian)
Gender (female)
Familial prevalence (father > mother > brother 
with osteoporosis)
Constitutional habitus (low body mass index 
[BMI], thin skin)

Nutritional factors
Low calcium intake
High caffeine intake
High sodium intake
High animal protein intake
High alcohol intake

Lifestyle factors
Smoking
Low physical activity
Excessive physical activity (females)

Endocrine factors
Sex hormone status (amenorrhea/
hypogonadism)
Menopausal age (early menopause, 
ovariectomy)

Table 12.2
Risk factors for osteoporosis.
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The T-score can also be applied to women in the per-
imenopausal transition. In children and young adults 
<50 years old, assessment of BMD should use the Z 
scores, with values <–2.0 being considered abnormal.17

Although the use of BMD measurements is an 
important component of the assessment of fracture 
risk, it is not without problems. It has high specific-
ity but low sensitivity, the majority of postmenopausal 
women presenting with a fracture having T-score in 
the osteopenia rather than the osteoporotic range. 
In addition, the WHO definitions defined above 
are  absolutes, whereas BMD is a continuous variable 
(Figure 12.3).14,15

Fracture Risk Assessment Tool (FRAX®)
The importance of including factors that affect fracture risk 
independently of BMD has been recognized by the devel-
opment of the WHO-supported FRAX risk algorithm 
(www.sheff.ac.uk/FRAX).18 FRAX is a computer-driven 
algorithm that provides a 10-year probability of major 
fracture, based on risk factors (Figure 12.4). Importantly, 
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Relationship between BMD and fracture probability. 
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Figure 12.4
WHO FRAX. Data have been entered for a 60-year-old woman who is a smoker, with a previous fracture and 
a positive family history. The 10-year probability of sustaining a major osteoporotic fracture is 24% and that 
of a hip fracture is 5.4%.
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the model provides the  ability to make predictions for 
patients from different ethnicities, although the data are 
best validated for Caucasians. A limitation is that its use 
is limited to men and women aged ≥40 years.

Biochemical assessment of bone turnover
Osteoporosis may be the only manifestation of many 
of the secondary causes listed in Table 12.1. It is 
therefore appropriate to perform simple screening 
analyses looking for these causes in each patient. A 
biochemical profile should include information about 
renal and hepatic function, primary hyperparathy-
roidism, hyperthyroidism, and possible malnutrition. 
A hematological profile might also provide clues to 
the presence of myeloma and malnutrition. A 24 h 
urinary collection for measurement of calcium (which 
should always be accompanied by the assessment of 
creatinine and sodium) is useful in detecting patients 
with hypercalciuria, the end result of excess skeletal 
loss. Conversely, very low levels of urinary calcium 
[below 50 mg (1.25 mmol) for 24 h] may be indica-
tive of the  presence of vitamin D malnutrition or 
malabsorption.

The bone remodelling cycle is characterized by 
two opposite but finely coupled processes, bone for-
mation and bone resorption. Most metabolic bone dis-
eases, including osteoporosis, are the consequence of 
an unbalancing of these two processes. Although the 
status of bone turnover is not pathognomonic of any 
particular disorder, biochemical evaluation of bone 
formation and resorption may provide useful infor-
mation in clinical practice. The biochemical markers 
of bone turnover are based on the measurement of 
either enzymatic activities characteristic of the bone-
forming or resorbing cells, such as alkaline or acid 
phosphatase, or bone matrix components released into 
the circulation during bone apposition or resorption 
(Table 12.3).

During bone formation, osteoblasts produce type-I 
collagen. Serum type-I collagen C-terminal (PICP) and 
N-terminal (PINP) propeptides are cleaved from the 
newly formed collagen molecule and can be measured 
in the serum as markers of type-I collagen biosyn-
thesis. Osteoblasts also produce bone-specific alkaline 
phosphatase and osteocalcin. When osteoclasts resorb 
bone, they degrade the extracellular matrix, releasing 
collagen breakdown products with measurable levels 
in the serum and urine. These breakdown products 
include free pyrodinolines (PYDs) and deoxypyr-
idinolines (DPDs), the cross-linked aminoterminal 
telopeptide (NTx), and cross-linked carboxyterminal-
telopeptide (CTx). Osteoclasts also produce serum 
tartrate–resistant acid phosphatase (TRAP).19

Bone markers are used in clinical trials for osteo-
porosis. Early changes at 3–6 months predict subse-
quent increases in BMD and fracture risk.20,21 Urinary 
NTx and CTx measurements need to be normalized to 
urinary creatinine excretion. They appear to have an 
independent and additive role to BMD in predicting 
fracture risk.22 A problem with biomarker measure-
ments is, however, their high degree of analytical and 
biochemical variability. In the setting of a clinical trial, 
where measurement parameters can be strictly defined, 
this is not necessarily a major problem, but it detracts 
their utility in clinical practice. For example, serum 
osteocalcin demonstrates substantial circadian variabil-
ity, peaking in the early morning.19 Bone biomarkers 
cannot discriminate whether changes in remodelling 
rates are the result of remodelling activity in the whole 
skeleton, reflecting systemic conditions, or represent 
a dilution of the marker produced at extremely high 
rates by focal disorders (e.g., Paget’s disease of bone). 
The markers may provide confidence for defining the 
most appropriate therapeutic intervention and for 
dose adjustments. Theoretically, patients with high-
turnover osteoporosis, with increased levels of resorp-
tion and formation markers, should be experiencing 
bone loss at an accelerated rate and should respond 

A. Bone formation
	 Serum
	 Alkaline phosphatase
	 Bone-specific alkaline phosphatase
	 Osteocalcin or bone Gla protein
	 Carboxy-terminal propeptide of type-I 

collagen (PICP)
	� Amino-terminal propeptide of type-I 

collagen (PINP)
B. Bone resorption
	 Urine
	 Hydroxyproline
	 Free and total pyridinolines
	 Free and total deoxypyridinolines
	 N-Telopeptide of collagen cross-links (NTx)
	 C-Telopeptide of collagen cross-links (CTx)
	 Serum
	 Tartrate-resistant acid phosphatase (TRAP)
	� Cross-linked C-telopeptide of type-I collagen 

(ICTP)

Table 12.3
Bone biochemical markers of bone turnover.
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best to therapy with drugs that inhibit bone resorp-
tion. By contrast, those with low- or normal-turnover 
osteoporosis should have bone markers in the physi-
ological range, should not be losing bone at an acceler-
ated rate, should respond less to antiresorptive therapy, 
and should be treated preferentially with drugs that 
primarily enhance bone formation.

Prevention and treatment of 
osteoporosis (Table 12.4)
Osteoporosis is a preventable and, in its early phases, 
treatable disease. Maximizing peak bone mass during 
childhood and early adulthood is the most cost-effective 
way of reducing the risk of an osteoporotic fracture. An 
adequate intake of calcium (approximately 1000–1200 
mg/day), moderate weight-bearing exercise, and the 
maintenance of normal body weight are important 
elements in building up strong bones and preserving 
skeletal strength lifelong. The recommended calcium 
intake for postmenopausal women and men >50 years 
old and for the treatment of osteoporosis is 1200 mg of 
elemental calcium per day.14 Calcium balance is affected 
by dietary sodium and animal protein intake, which 
increase urinary calcium excretion and calcium require-
ments.15 Although calcium supplementation in men and 
women has been shown to improve bone density, the 
effects on fracture risk are unclear.14

It is important that patients with osteoporosis are 
vitamin D replete. Vitamin D deficiency is defined as 
25(OH)D levels ≤20 ng/mL (50 nmol/L) and insuffi-
ciency as 25(OH)D levels of 21–29 ng/mL (52.5–72.5 
nmol/L).23 Vitamin D deficiency may be associated with 
osteomalacia. Lesser degrees of deficiency/insufficiency 
may be associated with secondary hyperparathyroidism. 
The dose of vitamin D should be based on the clini-
cal setting or severity of deficiency, to raise the serum 
level >75 nmol/L (30 ng/L).23 Calcium and vitamin D 
supplementation should be included in the treatment 
regimen of osteoporosis, unless there is evidence of 
adequate calcium intake and normal vitamin D level. 
The recommended daily dose of vitamin D is 800 IU. 
Due to the high risk of vitamin D deficiency in elderly 
patients who are house-bound, supplementation is rec-
ommended in these patients.

Physical activity is an important component, 
because although the evidence for improvement 
in BMD is unclear, exercise improves muscle func-
tion and is associated with reduced falls and fracture 
risk.14,15 Reduction in alcohol consumption and ces-
sation of smoking are also important components of 
patient management.15

A meta-analysis of different pharmacological agents 
used in reducing the risk of fragility fractures has 
recently been reported.24

Bisphosphonates
Bisphosphonates are analogs of inorganic pyrophos-
phate and are potent inhibitors of bone resorbtion. They 
bind to bone mineral and are then taken up by osteo-
clasts and rapidly inhibit resorption. They act on the 
mevalonate pathway by inhibiting the action of farnesyl 
diphosphate synthase, thereby preventing the produc-
tion of prenylated proteins that are essential for osteo-
clast action.

They have been shown to reduce vertebral fracture 
rates and also hip fractures and other nonvertebral frac-
tures in some studies. They are generally well tolerated, 
with good long-term safety.14,15,25–27

The first clinically available bisphosphonate was 
etidronate. Large doses or prolonged treatment may 
be associated with a mineralization defect in patients 
with Paget’s disease. The newer compounds, the amino-
bisphosphonates, such as alendronate, risedronate, iban-
dronate, and zoledronic acid, are considerably more 
potent, and they do not appear to be associated with 
this problem. A small number of patients may experi-
ence severe localized bone pain, necessitating treatment 
with a different form of medication. Osteonecrosis of the 
jaw is a rare association with bisphosphonate therapy 
and is particularly associated with patients receiving 
high-dose intravenous bisphosphonates such as zole-
dronic acid for the treatment of malignant hypercalce-
mia. There is also a concern that long-term suppression 
of bone turnover might have adverse effects on bone 
strength, with reports of mid-shaft or subtrochanteric 
fractures of the femur. Overall, however, the beneficial 
effects of bisphosphonates on fracture risk are far greater 
than these rare potential side effects.15

The oral bisphosphonates should be taken with a 
glass of water after an overnight fast, 30–60 min before 
eating or drinking, or before taking other medicinal 
products. The patient should remain in the upright 
position for 30–60 min. Compliance with this treat-
ment regimen minimizes upper gastrointestinal symp-
toms such as reflux and facilitates absorption. They are 
contraindicated in the presence of clinically significant 
esophageal disease. Intravenous preparations may be 
associated with transient flu-like symptoms (acute 
phase response) that may be ameliorated by taking 
paracetamol/acetaminophen. Oral bisphosphonates 
should be considered for first-line therapy for women 
with postmenopausal osteoporosis, men with osteopo-
rosis, and both men and women with glucocorticoid-
induced osteoporosis.
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Drug Dosing Comments

Inhibitors of bone resorption

Bisphosphonates
Etidronate 400 mg for 14 days, then calcium 

carbonate 1.25 g for 76 days (oral)
Consider for first-line therapy
Risk of esophageal reactions reported with 
oral bisphosphonates. Take with glass of 
water after overnight fast, 30–60 min 
before eating, drinking, or taking other 
medications
Caution in patients with renal impairment
Rare association with osteonecrosis of jaw, 
particularly with intravenous formulations

Alendronate 10 mg daily or 70 mg weekly (oral)
Risedronate 35 mg weekly or 150 mg monthly 

(oral)
Ibandronate 150 mg/month (oral) or 3 mg 

3 monthly (intravenous injection)
Zoledronic acid 5 mg yearly (intravenous infusion 

over at least 15 min)

Estrogens and SERMs
HRT According to preparation Increased risk of breast cancer

Thromboembolism
Raloxifene 60 mg daily (oral) Thromboembolism

Hot flushes
Reduced risk of breast cancer

RANK ligand inhibitor
Denosumab 60 mg 6 monthly (subcutaneous 

injection)
Good tolerability

Calcitonin
Salmon calcitonin 200 units daily (intranasal spray) Modest efficacy. Use in patients unable to 

tolerate other forms of treatment
Maybe transient facial flushing and nausea
Additional analgesic effect

Stimulators of bone formation
Parathyroid hormone 100 μg daily (subcutaneous 

injection)
Consider in severe osteoporosis if other 
agents not tolerated or failed
Hypercalcemia, hypercalciuria particularly 
with PTH
Nausea

Teriparatide 
(PTH 1-34)

20 μg daily (subcutaneous 
injection)

Dual activity
Strontium ranelate 2 g daily in water, preferably at 

bedtime
Consider for patients in whom 
bisphosphonates are contraindicated or 
not tolerated
Efficacy demonstrated in elderly patients
Hypersensitivity reactions; stop if skin rash 
develops (DRESS)
Small increased risk of thromboembolism

Table 12.4
Pharmacological treatments of osteoporosis.
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Estrogens (hormone replacement 
therapy [HRT]) and selective estrogen 
receptor modulators (SERMs)
HRT is an option where other therapies are contrain-
dicated, cannot be tolerated, or are ineffective. HRT 
is most beneficial, however, as a prophylaxis for osteo-
porosis if started at early menopause and continued up 
to 5 years. Long-term treatment is not recommended 
because of the risk of breast cancer, but some patients 
prefer to continue treatment for symptomatic benefits. 
Estrogen and alendronate produce similar increase in 
BMD, but unlike bisphosphonates, cessation of estro-
gen therapy is associated with resumption of bone loss.28 
Consideration should therefore be given to continuation 
with an alternative therapy such as bisphosphonates, 
when HRT is stopped.

Raloxifene is a nonsteroidal benzothiophene 
compound with a high affinity for estrogen recep-
tor (ER)–α and ERβ. It is a partial agonist in bone, 
reducing vertebral fractures but not nonvertebral frac-
tures.29 In a study of the effects of alendronate and 
raloxifene in postmenopausal women with osteopo-
rosis, raloxifene and alendronate increased BMD in 
the lumbar spine and femoral neck, with an additive 
effect. The effects on BMD and bone markers with 
alendronate alone, however, were approximately twice 
those of raloxifene alone, supporting the positioning 
of bisphosphonates as first-line therapy for osteoporo-
sis.30 Raloxifene may cause or accentuate hot flushes in 
postmenopausal women and is also associated with an 
increased risk of thromboembolism, although the risk 
of breast cancer is decreased.31 It reduces low-density 
lipoprotein levels, but does not increase high-density 
lipoprotein levels.32

Strontium ranelate
Strontium ranelate is a salt consisting of two atoms of 
strontium linked to ranelic acid. It is gradually incor-
porated into the skeleton, replacing calcium ions in the 
hydroxyapatite lattice. In animal models, strontium has 
a dual effect, stimulating bone formation and inhibiting 
resorption, effects that are mirrored by changes in the 
respective bone markers in clinical studies. In addition, 
strontium has effects on osteoblast differentiation and 
proliferation.33

Strontium ranelate reduces both vertebral and non-
vertebral fracture risk in postmenopausal women with 
osteoporosis and osteopenia.34,35 Post hoc analysis of the 
phase III data demonstrate efficacy in patients >80 years 
of age.

Strontium ranelate is taken as 2 g granules in water, 
preferably at bedtime, avoiding food for 2 h before or 
after taking the medication. The main side effects are 

nausea and diarrhea. It is not associated with upper gas-
trointestinal side effects and is therefore an alternative 
for patients who are unable to tolerate oral bisphospho-
nates. A small increased risk of venous thromboembo-
lism was seen in the clinical trials. Hypersensitivity 
reactions may occur and may be severe (drug reaction 
eosinophilia and systemic symptoms [DRESS]). If a 
patient develops a skin rash taking strontium ranelate, 
treatment should be stopped immediately, and the 
patient should not be retreated with the drug in the 
future.

Denosumab
Denosumab is a human monoclonal antibody directed 
against receptor activator of nuclear factor (NF)-κB 
(RANK) ligand (RANKL). RANKL stimulates the 
recruitment and differentiation of osteoclast precursors. 
Its effects are inhibited by osteoprotegerin, a soluble 
decoy RANKL receptor that is secreted by osteoblasts 
and osteoclast precursors (Figure 12.5). Denosumab 
mimics the effects of osteoprotegerin on osteoclast 
function.36,37

The pivotal 3-year placebo-controlled FREEDOM 
trial involved the administration of denosumab 60 mg 
(n = 3902) or placebo (n = 3906) subcutaneously 
six  monthly to postmenopausal women with osteo-
porosis. Treatment resulted in increased BMD and 
reduced new vertebrai (68%), hip (40%), and non-
vertebral fractures (20%).38 This was associated with 
significant increases in BMD at the lumbar spine, 
femoral neck, total hip, and distal one-third radius. 
In a subsequent extension study to FREEDOM, study 
participants (n = 4550, 58% of those enrolled into 
the  original FREEDOM study) all received deno-
sumab an open label design for 7 years.39 Results from 
the first 2 years of the extension study have demon-
strated maintenance of the reduction in bone turnover 
markers (P1NP and CTx) and continued significant 
increases in BMD measurement in those patients who 
had previously received denosumab in the pivotal 
study. Fracture rates remained low and below those 
observed in the pivotal study. The patients from the 
placebo group, who switched to denosumab, demon-
strated comparable rapid and marked falls in bone 
turnover markers and significant increases in BMD 
to the denosumab group in the pivotal study. The 
yearly incidence of vertebral and nonvertebral frac-
tures was similar to those in the denosumab group of 
the pivotal study.

Safety data did not demonstrate any differences in 
incidences of adverse or serious adverse events between 
the placebo and treatment groups in the FREEDOM 
study. Comparable incidences of adverse events were seen 
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in the extension study. There were two adverse events 
classified as osteonecrosis of the jaw, both of which 
healed, with one patient continuing with treatment.

Denosumab should be administered by subcutane-
ous injection six monthly. Patients should also receive 
calcium and vitamin D supplementation as appropriate.

Parathyroid hormone peptides
Parathyroid hormone (PTH), when administered inter-
mittently, has anabolic skeletal effects, stimulating 
osteoblastic new bone formation. The effect is most 
marked in trabecular bone.40

In an 18-month study in postmenopausal women 
with osteoporosis receiving calcium and vitamin D 
supplementation, human recombinant PTH 1-84 

(100 µg by daily subcutaneous injection) versus pla-
cebo (daily subcutaneous injection) prevented new 
or worsened vertebral fracture and improved lumbar 
spine and hip density, although there was a reduction 
in forearm bone density. There was a high incidence 
of  hypercalcemia (23%), hypercalciuria (24%), and 
nausea (14%) in the PTH-treated patients.41 PTH is 
administered subcutaneously 100 µg by daily subcu-
taneous injection. Treatment is limited to a maximum 
of 24 months.

Teriparatide (hPTH 1-34) has a similar anabolic 
effect to PTH 1-84. In a study of postmenopausal 
women with prior vertebral fractures, daily injections 
of teriparatide at doses of 20 and 40 µg/day increased 
BMD of the spine by 9% and 13%, respectively, 
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reducing the  risk of new vertebral fractures by 65% 
and 69%, respectively, compared with placebo. There 
were also reductions in risk for nonvertebral fractures: 
20 µg/day, 35%, and 40 µg/day, 40%. Adverse events 
were higher in the 40 µg/day group. Nausea occurred in 
18% of patients. Hypercalcemia was particularly associ-
ated with this treatment group. Although urinary cal-
cium excretion increased slightly, hypercalciuria did not 
occur.42 Teriparatide, but not PTH, is approved in the 
United States for the treatment of osteoporosis. The dose 
is 20 µg/day for a maximum of 18 months. These ana-
bolic agents are generally used in patients with severe 
osteoporosis, usually if they have failed other treatments 
such as antiresorptive agents.15 Prior or concomitant 
therapy with bisphosphonates may blunt or delay the 
anabolic response to PTH.43

Calcitonin
Calcitonin regulates calcium homeostasis by binding to 
osteoclasts and inhibiting bone resorption. It has mild 
antiresorbative activity, demonstrates modest increases 
in BMD,44 and has been shown to reduce vertebral 
fracture risk in postmenopausal women with osteopo-
rosis.45 It is available as salmon calcitonin and can be 
administered intranasally, 200 units (1 spray), into one 
nostril daily. Patients sometimes experience transient 
facial flushing and nausea. Calcitonin has an additional 
variable analgesic effect. Its efficacy may wane with pro-
longed treatment. It may be used in patients who are 
unable to take other forms of treatment.

Paget’s disease of bone
Paget’s disease of bone is a chronic disorder that typi-
cally results in enlarged and deformed bones in one 
or more regions of the skeleton. Excessive bone break-
down and formation can cause the bone to weaken. As 
a result, bone pain, arthritis, noticeable deformities, 
and fractures can occur. Paget’s disease is most com-
mon in Caucasian people of European descent, but it 
also occurs in African Americans. It is rare in people 
of Asian descent. Paget’s disease is rarely diagnosed in 
people under age 40. It affects 1%–2% of Caucasians 
older than 55 years, and about 8% of men and 5% of 
women by the eighth decade.46

It is important to emphasize the localized nature of 
Paget’s disease. It may be monostotic, affecting only a 
single bone or a proportion of a bone, or may be poly-
ostotic, involving two or more bones. Sites of disease 
are often asymmetric. In most instances, sites affected 
with Paget’s disease at the time of diagnosis are the only 

ones that will show pagetic change over time. Although 
progression of disease within a given bone may occur, 
the sudden appearance of new sites of involvement some 
years after the initial diagnosis is not common.

Etiology
For the majority of cases, the etiology of Paget’s dis-
ease remains unclear. There is, however, an important 
hereditary component, with approximately 15%–40% 
of patients having a positive family history.47,48

Genome-wide linkage studies have identified several 
susceptibility loci for Paget’s disease. Mutations have 
been identified in four genes that are all involved in 
the RANK–NF-κB pathway.49,50 The most important 
gene identified so far is sequestome 1 (SQSTM1), located 
at 5q35, a scaffold protein encoding p62 (Figure 12.5). 
Heterozygous mutations affecting the ubiquitin-
associated domain, causing loss of ubiquitin binding, 
account for approximately 40% of cases of familial dis-
ease and a smaller proportion of patients with sporadic 
disease.50 Other rare genetic causes have also been iden-
tified. Familial expansile osteolysis, early-onset familial 
Paget’s disease, and expansile skeletal hyperphosphata-
sia are autosomal dominant disorders caused by inser-
tion mutations in exon 1 of the TNFRSF1A gene that 
encodes the RANK receptor. Juvenile Paget’s disease is 
an autosomal recessive disorder, caused by inactivating 
mutations of TNFRSF11B that encodes osteoprotegerin. 
Hereditary inclusion body myopathy, Paget’s disease, 
and frontotemporal dementia (IBMPFD) is a domi-
nant progressive disorder, caused by mutations in the 
valosin-containing protein VCP gene, clustered around 
a domain involved in ubiquitin binding.49,50

Viral infection has long been suggested to have a role 
in the pathogenesis of Paget’s disease. Particles resem-
bling paramyxovirus, as well as viral transcripts, includ-
ing respiratory syncytial, measles, and canine distemper, 
have been reported in the nuclei and cytoplasm of osteo-
clasts at pagetic sites, but definitive proof has not been 
forthcoming.51

Pathophysiology
The characteristic feature of the disease is an increased 
resorption followed by an increase in bone formation. 
It is generally believed that the primary cellular abnor-
mality in Paget’s disease is in the osteoclasts.52 Emerging 
evidence suggests that osteoblasts may also have a role in 
disease pathogenesis.53 Pagetic osteoclasts are markedly 
increased in number as well in size and contain up to 100 
nuclei per cell.54 Moreover, pagetic osteoclast precursors 
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are hyperresponsive to 1,25(OH)2D3 (calcitriol) and 
RANKL.55 The marrow microenvironment also appears 
to be abnormal and has an enhanced capacity to induce 
osteoclast formation compared with the normal marrow 
microenvironment.56

Generally, the evolution of the disease follows three 
major phases. In the early phase, or osteolytic phase, 

bone resorption predominates and there is a concomitant 
increased vascularity of involved bones. In this phase, 
body calcium balance may be negative and the typi-
cal radiological picture is represented by an advancing 
osteolytic wedge or “blade of grass” lesion (Figure 12.6) 
in a long bone (i.e., femur or tibia) or by osteoporosis 
circumscripta, as seen in the skull (“salt and pepper”) 
(Figure 12.7). Commonly, the excessive resorption of 
pagetic bone is followed closely by formation of new 
bone. During this second phase of the disease, the new 
bone that is made is structurally abnormal, presumably 
because of the accelerated nature of the remodelling 
process. Newly deposed collagen fibers are laid down in 
a disorganized rather than a linear manner, creating the 
so-called “woven bone,” a reflection of high bone turn-
over. With time, the hypercellularity at the affected 
bone may diminish, leading to the development of a 
sclerotic, less vascular pagetic mosaic, without evidence 

Figure 12.6
Typical radiological picture of the advancing lytic 
wedge [arrow heads (blade of grass)] of the osteo-
lytic phase of Paget’s disease. (From Gennari C and 
Avioli LV (editors), Atlante delle malattie dell’osso, 
Vol II, Chiesi Farmaceutici S.p.A., Parma, 1992. With 
permission.)

Figure 12.7
Radiological picture of Pagetic lesion of the skull. 
(From Gennari C and Avioli LV (editors), Atlante 
delle malattie dell’osso, Vol II, Chiesi Farmaceutici 
S.p.A., Parma, 1992. With permission.)
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of active bone turnover. This is the so-called sclerotic 
or “burned-out” phase of Paget’s disease. Typically, all 
these three phases of the disease can be seen at the same 
time at different sites in a single pagetic patient.

Clinical features
In many patients, Paget’s is asymptomatic. Localized 
bone pain is the most common presenting symptom 
that brings a patient with Paget’s disease to a physi-
cian, sometimes associated with obvious deformity 
and increased local skin warmth due to increased bone 
microvasculature. The pain associated with Paget’s dis-
ease can take many forms. It may arise from increased 
vascularity, from distortion of the periosteum due to 
disorganized remodelling, or from a focus of mechanical 
stress. The first phase of Paget’s disease involves thin-
ning of the bone and may be associated with painful 
microfractures, particularly in weight-bearing bones. 
Patients usually describe this pain as a deep pain that 
is most symptomatic at night and may lessen during 
the day.

Bowing of weight-bearing bones is a characteristic 
feature of Paget’s disease. It occurs most frequently in 
the femur, tibia, and forearm. Because bone deformity is 
usually acquired later in life and is often asymmetrical, 
it has relatively good diagnostic specificity. This type of 
deformity in the femur or tibia is often associated with 
stress fractures on the convex surface of the bowed bone. 
These may present as localized areas of bone pain or 
tenderness and may also extend to produce a complete 
transverse fracture. The radiographic appearances are 
diagnostic and are easily distinguished from other types 
of stress fracture such as those typical of osteomalacia.

When Paget’s disease reaches the end of a long bone, 
the cartilage may degenerate. When deformed, pagetic 
bones also damage the adjacent joints. Both of these 
situations result in osteoarthritis. Osteoarthritis is com-
mon among patients with Paget’s disease and can be 
quite painful. Periarticular pain may be the presenting 
feature in 50% of cases.57

A variety of abnormalities can be associated with 
Paget’s disease of the skull and spinal column. Skull 
deformity may result in enlargement of the vault, with 
a characteristic appearance particularly of the forehead 
(frontal bossing) or of the maxilla (leontiasis ossea).

Biochemistry
Paget’s disease is characteristically associated with 
an  increase in bone turnover but normal concen-
trations of serum calcium, phosphate, PTH, and 

vitamin  D  metabolites. Most patients have elevated 
total serum alkaline phosphatase levels, reflecting the 
extent and activity of the disease.58 A level of more than 
twice the normal range, in the absence of other potential 
confounding factors, is highly suggestive of Paget’s dis-
ease. A normal level may occur, however, in monostotic 
or localized disease, in which case bone-specific alka-
line phosphatase may be elevated and can be used as a 
biomarker. In patients with liver disease, bone-specific 
alkaline phosphatase should be used. Measurement of 
total or bone-specific alkaline phosphatase may be used 
to monitor disease evolution and response to treat-
ment. Other biochemical markers of bone turnover 
are elevated in Paget’s disease, but their measurement 
does not appear to offer any advantages over alkaline 
phosphatase.

Radiography and scintigraphy
Radiographs of painful or deformed bones are usually 
diagnostic, showing the characteristic mixed appear-
ance of areas of lysis due to increased osteoclastic 
resorption with sclerosis (Figure 12.8) from excessive 
osteoblastic bone formation. In the early stages of the 
disease, the changes may be predominantly lytic with 
flame shaped resorption fronts in the long bones or 
osteoporosis circumscripta in the skull. A characteris-
tic appearance that distinguishes Paget’s disease from 
other conditions is the increased diameter of affected 
bones, particularly those of the spine or the shafts of 
long bones.

Scintigraphy (Figure 12.9) is a sensitive but nonspe-
cific method of detecting areas of skeletal abnormality 
and is the best way of assessing the skeletal distribution 
of Paget’s disease. Although some sites may be asymp-
tomatic, it is important that they are identified because 
they may be susceptible to complications, such as frac-
ture. Biopsy of the affected lesion may be needed when 
the clinical features are equivocal.

Complications of Paget’s disease
Blood flow may be markedly increased in extremities 
involved with Paget’s disease. When the disease is wide-
spread and involves several bones, the increased blood 
flow may be associated with increased cardiac output 
and rarely with high-output heart failure. Pathologic 
fractures may occur at any stage even though are 
more common in the osteolytic phase of the disease. 
They particularly involve long bones with active area 
of advancing lytic disease (i.e., the femoral shaft or the 
subtrochanteric area) and may occur spontaneously or 
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follow slight trauma. They are estimated to occur in 
6%–7% of patients.

Deafness occurs in about 13% of patients due 
to compression of the auditory nerve, ossicular and 
cochlear involvement.57 Involvement of other cranial 
nerves is rare. Basilar impression (deformity of the cra-
niocervical region) does not result in outwardly visible 
changes but is apparent radiologically and may cause 
symptoms due to internal hydrocephalus or long tract 
signs from brain stem compression. Pain radiating from 
the lower back into the legs (sciatica), can also occur 
because of the overgrowth of bone or the compression of 
discs. One of the most serious complications of Paget’s 
disease is neoplastic degeneration of pagetic bone 
with an increased incidence of sarcomas, especially in 
polyostotic cases of the disease. The majority of these 

tumors are classified as osteosarcomas, although fibro-
sarcomas and chondrosarcomas may also be also seen. 
Approximately 1% of pagetic patients develop osteosar-
coma, an increase in the risk that is several thousand-
fold higher than in the general population. It has been 
estimated that 20% of the patients with osteosarcoma 
over the age of 60 years have Paget’s disease as a pre-
disposing condition.59 This significantly contributes to 
the mortality and morbidity of Paget’s disease patients. 
The sarcomas most frequently arise in the femur, tibia, 
humerus, skull, mandible, and pelvis, and they rarely 
occur in vertebrae. Typically, pagetic osteosarcomas 
are osteolytic, in contrast to the sclerotic appearance 
of radiation-induced osteosarcomas. Benign giant-cell 
tumor also may occur in pagetic bone. Radiographic 
evaluation of lesion as well as bone biopsy may be use-
ful in the diagnosis. These tumors may show a great 
sensitivity to glucocorticoids, and in many instances, 
the mass may shrink or even disappear after treatment 
with dexamethasone or prednisone.60

Medical therapy
Most pagetic patients do not have symptoms, because 
the disease is localized. However, appropriate treatment 
should be given not only to symptomatic patients but 

Figure 12.8
Increased diameter and density at metacarpal level 
in monostotic Paget’s disease. (From Gennari C and 
Avioli LV (editors), Atlante delle malattie dell’osso, 
Vol II, Chiesi Farmaceutici S.p.A., Parma, 1992. With 
permission.)

Figure 12.9
Typical 99mTc-methilene bisphosphonate scan of a 
patient affected with polyostotic Paget’s disease. 
(From Gennari C and Avioli LV (editors), Atlante 
delle malattie dell’osso, Vol II, Chiesi Farmaceutici 
S.p.A., Parma, 1992. With permission.)
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also to any patient with a pagetic lesion in a high-risk 
location, even if patient is asymptomatic. High-risk 
locations include the skull, spine, weight-bearing bones, 
pelvis, and areas near major joints. The treatment objec-
tive is to control symptoms and reduce the risk of long-
term complications, although the evidence for this at 
the present time is lacking. Indications for therapy are 
listed in Table 12.5.

Two major classes of drugs, calcitonin and bisphos-
phonates, are available for the treatment of Paget’s 
disease. Both classes of drugs suppress the abnormal 
bone cell activity that is associated with Paget’s disease 
(Table 12.6).

Salmon calcitonin
Salmon calcitonin has comparatively weak antiresorp-
tive effects and a shorter duration of remission com-
pared with bisphosphonates. It also has a short duration 
of action. It does, however, have analgesic properties 
and can be effective in controlling bone pain. It may be 
associated with nausea and flushing. The recommended 
dose is 50 units 3 times weekly to 100 units daily by 
subcutaneous or intramuscular injection, according to 
response. It may be useful in patients who are unable to 
take bisphosphonates.

Bisphosphonates (see “Osteoporosis”)
The introduction of these potent antiresorptive drugs 
has led to a dramatic improvement in the treatment 
of Paget’s disease. An adequate dietary calcium intake 
(1000–1500 mg daily) and vitamin D intake (400 units) 
are recommended during bisphosphonate use, unless 
there is a history of nephrocalcinosis. Oral bisphospho-
nates and intravenous bisphosphonates are both effec-
tive (Table 12.6).

Any symptomatic pagetic lesion
•	 Pain
•	 Nerve compression
•	 Rapidly progressive deformity
•	 Repeated fractures

Asymptomatic lesions in high-risk locations
•	 Weight-bearing bone lesions
•	 Lesions affecting the skull and/or the spine
•	 Periarticular bone lesions

Before surgical intervention in pagetic bone	
Immobilization with hypercalcemia
High-output cardiac failure	

Table 12.5
Indications for treatment of Paget’s disease of bone.

Drug Dosing Comments

Calcitonin 5–100 units daily (subcutaneous or 
intramuscular injection)

Modest efficacy. Use in patients unable to 
tolerate bisphosphonates
Maybe transient facial flushing and nausea
Analgesic effect may be helpful

Bisphosphonates
Etidronate 5 mg/kg/day (oral) for up to 6 

months—recommended dose
10 mg/kg/day (oral) for 3–6 months
11–20 mg/kg/day (oral) not to exceed 
3 months

Etidronate may be associated with 
mineralization defect—avoid in patients with 
severe Paget’s disease and osteolytic fronts 
affecting weight-bearing bone.
Risk of esophageal reactions with oral 
bisphosphonates. Take with glass of water 
after overnight fast 30–60 min before eating, 
drinking, or taking other medications.
Caution in patients with renal impairment.
Rare association with osteonecrosis of jaw, 
particularly with intravenous formulations

Tiludronate 400 mg/day (oral) 3 months
Alendronate 40 mg/day (oral) 6 months
Risedronate 30 mg/day (oral) 2 months
Pamidronate Intravenous infusion; see dosing 

instructions
Zoledronic acid 5 mg intravenous infusion over at 

least 15 min as a single dose

Table 12.6
Pharmacological treatments for Paget’s disease of bone.
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Etidronate is moderately effective in reducing bone 
turnover by about 40%–60% and producing clini-
cal improvement, but in many patients responses are 
incomplete. It may be associated with the development 
of localized osteomalacia that appears to be due to a 
direct effect on bone mineralization and is not correct-
able with vitamin D.61 In consequence, it should be 
avoided in patients with severe Paget’s disease and in 
the presence of advancing osteolytic changes in weight-
bearing bone. Tiludronate usually leads to a normal-
ization of serum alkaline phosphatase after 3 months 
of treatment in 30%–40% of moderately affected 
subjects.62 It is generally well tolerated with a minor-
ity of patients experiencing mild upper gastrointestinal 
disturbances. In clinical trials with tiludronate, bone 
biopsy showed no evidence of defective mineralization. 
This drug may represent an attractive choice in patients 
with mild disease.

Alendronate is not associated with mineralization 
problems at therapeutically effective doses. In clini-
cal trials, 6-month treatment with alendronate led to 
a normalized serum alkaline phosphatase in >63% of 
patients, compared with 17% for etidronate.63 A similar 
response with normalization of serum alkaline phos-
phatase occurred in 54% of patients over two treatment 
cycles with risedronate.64

Intravenous bisphosphonates ensure compliance and 
may be used where rapid control is required, such as 
before surgery. They are also useful for patients who 
are unable to tolerate oral bisphosphonates. In a com-
parative study of risedronate with intravenous pami-
dronate in patients who had not previously received 
bisphosphonate therapy, similar degrees of efficacy 
were achieved.65 Zoledronic acid is a highly potent 
bisphosphonate that can achieve long-term control 
over a 6–24 month period after a single intravenous 
infusion.66,67 Intravenous bisphosphonates are associ-
ated with a transient fever and increase in bone pain 
in 10%–25% of patients.49 This extended period of 
efficacy compared with other bisphosphonates offers 
the prospect of long-term symptomatic and biochemi-
cal control. There is, however, no evidence at the pres-
ent time that this results in a reduction in long-term 
complications.

Most clinicians aim to control disease by means of 
normalizing serum alkaline phosphatase levels. The 
effects of this on long-term outcome are questionable. 
The PRISM trial compared “intensive” versus “symp-
tomatic” treatment in 1324 patients over 5 years. The 
symptomatic group received treatment for bone pain, 
initially analgesics or anti-inflammatory drugs, fol-
lowed by bisphosphonates if they did not respond. The 
intensive group received bisphosphonate treatment 

irrespective of symptoms, with the aim of maintaining 
serum alkaline phosphatase levels within the normal 
range. The trial concluded that there was no clinical dif-
ference between symptomatic treatment and intensive 
biochemical control.68

The genetic abnormalities associated with Paget’s 
disease, in particular SQSTM1 mutations, suggest that 
drugs targeting the RANK–NF-κB pathway may be 
effective in the treatment of Paget’s disease.69 There is 
also the possibility of personalized medicine with tar-
geted intervention.

Rickets and osteomalacia
Rickets and osteomalacia are disorders of bone miner-
alization of newly synthetized organic matrix (osteoid). 
In osteomalacia, this occurs after cessation of growth, 
whereas in rickets, it also affects the growth plate. 
Ultimately, virtually all causes of osteomalacia are 
caused by defects in the production of vitamin D, or the 
action of vitamin D (Table 12.7).

Vitamin D and calcium deficiency 
(see “Osteoporosis” and Chapter 11)
Deficiencies of vitamin D, calcium, or phosphate due 
to inadequate nutritional intake or malabsorption 
may result in a defective bone mineralization. The 
main natural sources of vitamin D in foods are oily 
fish (herring, mackerel) liver, whereas the main natu-
ral sources of calcium and phosphate occur in milk and 
dairy products. Vitamin D is a prohormone that is also 

Insufficient quantities or faulty metabolism of 
vitamin D or phosphorus
Renal tubular acidosis
Malnutrition during pregnancy
Malabsorption syndromes, including coeliac 
disease
Hypophosphatemia
Chronic renal failure
Tumor-induced osteomalacia
Drugs (see Table 12.8)
Cadmium poisoning (Itai-itai disease)

Table 12.7
Causes of osteomalacia.
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synthesized in the skin under the influence of ultravio-
let light. Adequate synthesis occurs with 20–30 min of 
daily sunlight exposure to arms and legs. The most bio-
logically active vitamin D metabolite is 1,25(OH)2D3, 
synthesized in the kidney by hydroxylation of 25(OH)
D that is produced by the liver. Calcitriol enhances cal-
cium and phosphate absorption from the small intes-
tine. In the presence of vitamin D deficiency, intestinal 
calcium and phosphate absorption are reduced, causing 
hypocalcaemia resulting in a (secondary) hyperparathy-
roid state and low plasma phosphate. Consumption of 
cereals and other grain products high in phytate can 
result in intraluminal calcium phytate formation and 
calcium malabsorption.70

Clinical features
Diffuse bone pain is the most common manifestation of 
osteomalacia, especially in the hip area. Other clinical 
manifestations of osteomalacia are mainly represented 
by hypotonia, muscle weakness, and in severe cases tet-
any. Deformity of the back, including kyphosis and lor-
dosis, may be present as also an increased risk for bone 
fractures (Figure 12.10). Radiologically, the long bones 
exhibit thin cortical radiolucent lines (stress fractures). 
The pelvis and ribs are the most frequently affected 
areas.71 A decreased BMD is also observed. Biochemical 
findings include low or normal serum calcium and 
phosphate and elevated serum alkaline phosphatase. 
Serum levels of 25(OH)D are low, and PTH levels are 
elevated in presence of hypocalcaemia (secondary hyper-
parathyroidism). Chronic hypophosphatasemia exhibits 
similar radiological manifestations to those seen in both 
calcium and vitamin D deficiency. Because the serum 
calcium levels are in the normal range, secondary hyper-
parathyroidism is not an accompanying clinical feature. 
Consequently, bone mass is not decreased.

Oncogenic osteomalacia
In most cases, a tumor has been documented as the 
cause of the osteomalacia, because the metabolic distur-
bances improve or completely disappear on removal of 
the tumor. Patients usually present with vague symp-
toms including bone and muscle pain and muscle weak-
ness. Fractures of long bone are occasionally reported. In 
younger patients, fatigue, gait disturbances, slow growth, 
and skeletal abnormalities occur. The biochemical find-
ings characterizing this disorder include hypophospha-
tasemia, together with an abnormally low renal tubular 
maximum for the reabsorption of phosphate, which is 
caused by an excessive secretion of a phosphatonin. The 
serum levels of 25(OH)D are normal, and 1,25(OH)2D3 

are generally inappropriately normal relative to the hypo-
phosphatasemia. Serum alkaline phosphatase is high. 
X-ray abnormities include osteopenia, pseudofractures 
[Looser’s zones (Figure 12.11)], and coarsened trabeculae.

The responsible tumors are mainly represented by 
neoplasms of mesenchymal origin and fibrous tumors. 
They are often small and difficult to detect, but their 
successful removal is usually accompanied by rapid 
reversal of the osteomalacia. Fibroblast growth factor 
(FGF) 23 is the most likely etiological phosphatonin, 
but FGF7 and matrix extracellular phosphoglycoprotein 
(MEPE) may also be involved.72

Drug-induced osteomalacia
Numerous drugs can cause osteomalacia by several 
mechanisms as summarized in Table 12.8. They include 
high-dose fluoride and first-generation bisphosphonates, 
such as disodium etidronate, as well as phenytoin.

Figure 12.10
Pathological fractures of radius and ulna in a 
patient affected by intestinal malabsorption. (From 
Gennari C, Avioli LV (editors), Atlante delle malattie 
dell’osso, Vol II, Chiesi Farmaceutici S.p.A., Parma, 
1992. With permission.)
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Disorders of vitamin D 
metabolism or vitamin D 
action and osteomalacia
Renal tubular disorders such as the Fanconi syndrome 
can lead to impaired 1-α-hydroxylase action. A hereditary 
deficiency of 1-α-hydroxylase can also occur as a rare auto-
somal recessive disorder causing the appearance of rickets 
usually in the first year of life. It is responsive to the use of 
calcitriol. Homozygous mutations in the vitamin D recep-
tor cause vitamin D–resistant rickets. Affected children 
have alopecia, and improvements in bone disease occur in 
response to high-dose calcium and phosphorus.

In familial X-linked hypophosphatemia, there 
is a defect in renal phosphate transport leading to 

inappropriate hyperphosphaturia, as well as to phos-
phate transport in osteoblasts. The disorder is caused by 
inactivating mutations in the PHEX gene that encodes 
a protein of the MMP13 membrane-bound metallo-
proteinases that are involved in the regulation of phos-
phatonins and MEPE.73 In addition, both FGF23 and 
secreted frizzled-related protein (SFRP) 4 inhibit the 
synthesis of 1,25(OH)2D3 by reducing the activity of 
1-α-hydroxylase. Treatment involves the lifelong use of 
calcitriol and phosphate.

Renal osteodystrophy
Chronic and end stage renal disease can lead to bone 
disease known as renal osteodystrophy that is most 

 

Figure 12.11
(a and b) Looser’s zones and carpopedal spasm in severe osteomalacia (Ca2+ 1.25 mmol/L). (c) Pseudofracture 
of femoral neck in osteomalacia.
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commonly caused by the decrease in the synthesis of 
1,25(OH)2D3, as well as phosphate retention, which 
further reduces calcium resorption from the gut. This 
results in secondary hyperparathyroidism that is some-
times sufficiently severe as to cause osteitis fibrosa cys-
tica. In chronic kidney disease, hyperphosphatemia will 
stimulate production of the phosphatonin FGF23, fur-
ther compromising the ability of the kidney to manu-
facture 1,25(OH)2D3. A high bone turnover state occurs 
in osteitis fibrosa cystica, frequently associated with very 
high PTH levels. Adynamic bone disease, with a low 
bone turnover state can also occur, usually associated 
with lower PTH levels. In the high-turnover situation, 
very wide osteoid seams are typically observed, with 
particularly severe mineralization defects.74

It is possible to slow down the progression of bone 
disease by treatments aimed at reducing phosphate 
levels, usually by use of phosphate binders and the 
use of calcitriol, or analogs of calcitriol less prone to 
causing hypercalcemia.75 The development of calci-
mimetic drugs has heralded in a new therapeutic era 
for reducing PTH levels. In secondary hyperparathy-
roidism in patients with end stage renal disease on 
dialysis, cinacalcet is started at a dose of 30 mg daily 
and adjusted every 2–4 weeks to a maximum dose 
of 180 mg/day. Aluminum hydroxide is now rarely 
used as a phosphate binder because of its propensity 

to cause adynamic bone disease. Rather, calcium salts, 
sevelamer hydrochloride, or carbonate (2.4–4.8 g 
daily in divided doses with meals, or lanthanum car-
bonate hydrate, 1.5–3 g daily) are used as phosphate-
binding agents. Adynamic bone disease can occur in 
patients in whom secondary hyperparathyroidism has 
been reversed. The relationship of adynamic bone dis-
ease to PTH level, however, is variable, and an iliac 
crest bone biopsy may be necessary to establish the 
diagnosis.76

Clinical features
Adults with renal osteodystrophy have bone pain and 
muscle weakness; in children, the condition causes 
growth retardation and skeletal deformities. The 
increased calcium-phosphate product gives a propensity 
to soft tissue calcification that poses a particular threat 
when it occurs in blood vessels, resulting in vascular 
insufficiency.

Treatment
The goal is to maintain calcium and phosphate in 
the normal range and to minimize exposure to alu-
minum. Diets low in phosphate are difficult to insti-
tute but should be recommended early in the course 
of disease. Phosphate binders become necessary when 
the estimated glomerular filtration rate (eGFR) falls 

Drugs disrupting the vitamin D endocrine system

Cholestyramine Inhibition of vitamin D absorption
Phenytoin Alteration of vitamin D metabolism
Phenobarbital
Rifampicin
Cadmium
Glucocorticoids

Drugs disrupting the phosphate homeostasis

Aluminum-containing antacid Inhibition of phosphate absorption
Cadmium Induction of renal phosphate wasting
Lead

Drugs disrupting bone mineralization

Aluminum
Fluoride
Bisphosphonates

Table 12.8
Drug-induced osteomalacia.
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to  <25 ml/min. Systemic acidosis should be mini-
mized by the use of sodium bicarbonate, because 
acidosis can accelerate bone disease. Calcitriol is given 
initially as a low dose, gradually increasing to a dose 
of 0.25–0.5 μg/day, care being taken to avoid hyper-
calcemia and hypercalciuria.

Parathyroidectomy may be necessary in some cases 
when hypercalcemia supervenes (tertiary hyperpara-
thyroidism). Such patients suffer from severe pruritus, 
extracellular calcification, and severe skeletal disease. 
The indication for parathyroidectomy, however, must 
be balanced against the risk of precipitating adynamic 
bone disease. Renal transplantation, although cor-
recting many of the underlying drivers to renal osteo-
dystrophy, may lead to progression of bone disease. 
Bisphosphonates and vitamin D analogs may slow the 
progression of bone loss after transplantation.77

References
	 1.	 NIH, Consensus Panel. Osteoporosis prevention, diag-

nosis and therapy. JAMA 2001; 285: 785–95.
	 2.	 Johnell O, Kanis J. Epidemiology of osteoporotic frac-

tures. Osteoporos Int 2005; 16(Suppl 2): S3–7.
	 3.	 Mackey DC, Lui LY, Ccawthon PM, et al. High-trauma 

fractures and low bone mineral density in older women 
and men. JAMA 2007; 298: 2381–8.

	 4.	 NOF (National Osteoporosis Foundation). Facts on 
Osteoporosis. 2008. Available from: http://www.nof.org/
osteoporosis/diseasefacts.htm

	 5.	 Burge R, Dawson-Hughes B, Solomon DH, et al. 
Incidence and economic burden of osteoporosis-related 
fractures in the United States 2005–2025. J Bone Miner 
Res 2007; 22: 465–75.

	 6.	 Bonjour J, Chevalley T. Pubertal timing, peak bone 
mass and fragility fracture risk. BoneKey-Osteovision 
2007; 4: 30–48.

	 7.	 Farber CR, Rosen CJ. Genetics of osteoporosis. Transl 
Endocrinol Metabol 2010; 1: 87–116.

	 8.	 Seerman E, Delmas PD. Bone quality – the material 
and structural basis of bone strength and fragility. 
N Engl J Med 2006; 354: 2250–61.

	 9.	 Henriksen K, Bollerslev J, Everts V, et al. Osteoclast 
activity and subtypes as a function of physiology and 
pathology – implications for future treatments of 
osteoporosis. Endo Rev 2011; 32: 31–63.

	 10.	 Theintz G, Busch B, Rizzoli R, et al. Longitudinal moni-
toring of bone mass accumulation in healthy adolescents; 
evidence for a marked reduction after 16 years of age at 
the level of lumbar spine and femoral neck in female sub-
jects. J Clin Endocrinol Metab 1992; 75: 1060–5.

	 11.	 Khosla S. Pathogenesis of osteoporosis. Transl 
Endocrinol Metabol 2010; 1: 55–86.

	 12.	 Heaney RP. Estrogen-calcium interactions in the post-
menopause: A quantitative description. Bone Mineral 
1990; 11: 67–84.

	 13.	 Nordin BEC, Need AG, Chatterton BE, et al. The 
relative contributions of age and years since menopause 
to postmenopausal bone loss. J Clin Endocrinol Metab 
1990; 70: 83–8.

	 14.	 Watts NB, Adler RA, Bilezikian JP, et al. Osteoporosis 
in men. An Endocrine Society clinical practice guide-
line. J Clin Endocrinol Metab 2012; 97: 1802–22.

	 15.	 Vokes TJ, Favus MJ. Clinical management of the 
patient with osteoporosis. Transl Endocrinol Metabol 
2010; 1: 9–54.

	 16.	 World Health Organization. Assessment of fracture 
risk and its application to screening for postmeno-
pausal osteoporosis. Report of a WHO study group. 
World Health Organ Tech Rep Ser 1994; 843: 1–129.

	 17.	 Baim S, Binkley N, Bilezikian JP, et al. Official 
Positions of the International Society for Clinical 
Densitometry and executive summary of the 2007 
ISCD Position Development Conference. J Clin 
Densitom 2008; 11: 75–91.

	 18.	 Kanis JA. On behalf of the World Health Organization 
Scientific Group. Assessment of osteoporosis at the 
primary health care level. 2007 Technical Report. 
WHO Collaborating Center, University of Sheffield, 
UK; 2008.

	 19.	 Unnanuntana A, Gladnick BP, Donnelly E, et al. The 
assessment of fracture risk. J Bone Joint Surg Am 2010; 
92: 743–53.

	 20.	 Brown JP, Albert C, Nassar BA, et al. Bone turnover 
markers in the management of postmenopausal osteo-
porosis. Clin Biochem 2009; 42: 929–42.

	 21.	 Reginster JY, Collette J, Neuprez A, et al. Role of 
biochemical markers of bone turnover as prognostic 
indicator of successful osteoporosis therapy. Bone 2008; 
42: 832–6.

	 22.	 Johnell O, Oden A, De Laet C, et al. Biochemical 
indices of bone turnover and the assessment of fracture 
probability. Osteoporos Int 2002; 13: 523–6.

	 23.	 Holick MF, Binkley NC, Heike A, et al. Evaluation, 
treatment, and prevention of vitamin D deficiency. An 
Endocrine Society clinical practice guideline. J Clin 
Endocrinol Metab 2011; 96: 1911–30.

	 24.	 Murad MH, Mullan R, Drake M, et al. Comparative 
effectiveness of drug treatments to prevent fragility frac-
tures: A systemic review and network meta-analysis. 
J Clin Endocrinol Metab 2012; 97: 1871–80.

	 25.	 Russell RG, Watts NB, Ebetino FH, et al. Mechanisms 
of action of bisphosphonates: Similarities and differ-
ences and their potential influence on clinical efficacy. 
Osteoporos Int 2008; 19: 733–59.

	 26.	 Black DM, Schwartz AV, Enstrud KE, et al. Effects 
of continuing or stopping alendronate after 5 years of 
treatment: The Fracture Intervention Trial Long-term 



Free ebooks ==>   www.Ebook777.com

Metabolic bone disease

263

Extension (FLEX): A randomized trial. JAMA 2006; 
296: 2927–38.

	 27.	 Bone HG, Hosking G, Devogelaer JP, et al. Ten 
years experience with alendronate for osteoporosis 
in postmenopausal women. N Eng J Med 2004; 350: 
1189–99.

	 28.	 Greenspan SL, Emkey RD, Bone HG, et al. Significant 
differential effects of alendronate, estrogen, or combi-
nation therapy on the rate of bone loss after discon-
tinuation of treatment of postmenopausal osteoporosis. 
A randomized, double-blind, placebo-controlled trial. 
Ann Intern Med 2002; 137: 875–83.

	 29.	 Ettinger B, Black DM, Mitlak BH, et al. Reduction of 
vertebral fracture risk in postmenopausal women with 
osteoporosis treated with raloxifene: Results from a 
3-year randomized clinical trial. Multiple Outcomes of 
Raloxifene Evaluation (MORE) Investigators. JAMA 
1999; 282: 637–45.

	 30.	 Johnell O, Scheele WH, Lu Y, et al. Additive effects 
of raloxifene and alendronate on bone density and bio-
chemical markers of bone remodelling in postmeno-
pausal women with osteoporosis. J Clin Endocrinol 
Metab 2002; 87: 985–92.

	 31.	 Barrett-Connor E, Mosca L, Collins P, et al. Effects of 
raloxifene on cardiovascular events and breast cancer 
in postmenopausal women. N Engl J Med 2006; 355: 
125–37.

	 32.	 Johnston CC, Jr., Bjarnason NH, Cohen FJ, et al. Long 
term effects of raloxifene on bone mineral density, bone 
turnover and serum lipid levels in early postmeno-
pausal women: Three year data from 2 double blind, 
randomised, placebo controlled trials. Arch Intern Med 
2000; 160: 3444–50.

	 33.	 Fonseca JE, Brandi ML. Mechanism of action of stron-
tium ranelate: What are the facts? Clin Cases Miner 
Bone Metab 2010; 7: 17–18.

	 34.	 Meunier PJ, Roux C, Seeman E, et al. The effects of 
strontium ranelate on the risk of vertebral fracture in 
women with postmenopausal osteoporosis. N Engl J 
Med 2004; 350: 459–68.

	 35.	 Reginster JY, Seeman E, De Vernejoul MC, et al. 
Strontium ranelate reduces the risk of nonvertebral 
fractures in postmenopausal women with osteoporo-
sis. Treatment of Peripheral Osteoporosis (TROPOS) 
study. J Clin Endocrinol Metab 2005; 90: 2816–22.

	 36.	 Kostenuik PJ. Osteoprotegerin and RANKL regulate 
bone resorbtion, geometry and strength. Curr Opin 
Pharmacol 2005; 5: 618–25.

	 37.	 Boyle WJ, Simonet WS, Llacey DL. Osteoclast 
differentiation and activation. Nature 2003; 423: 
337–42.

	 38.	 Cummings SR, San Martin J, McClung MR, et al. 
Denosumab for prevention of fractures in postmeno-
pausal women with osteoporosis. N Engl J Med 2009; 
361: 756–65.

	 39.	 Papapoulos S, Chapurlat R, Libanati C, et al. Five years 
of denosumab exposure in women with postmeno-
pausal osteoporosis: Results from the first two years of 
the FREEDOM extension. J Bone Miner Res 2012; 27: 
694–701.

	 40.	 Compston JE. Skeletal actions of intermittent parathy-
roid hormone: Effects on bone remodelling and struc-
ture. Bone 2007; 40: 1447–52.

	 41.	 Greenspan SL, Bone HG, Ettinger MP, et al. Effect of 
recombinant parathyroid hormone (1–84) on vertebral 
fracture and bone mineral density in postmenopausal 
women with osteoporosis. Ann Int Med 2007; 146: 
326–39.

	 42.	 Neer RM, Arnaud CD, Zanchetta JR, et al. Effect of 
parathyroid hormone (1–34) on fractures and bone 
mineral density in postmenopausal women with osteo-
porosis. N Engl J Med 2001; 344: 1434–41.

	 43.	 Boonen S, Marin F, Obermayer-Pietsch B, et al. Effects 
of previous antiresorptive therapy on the bone mineral 
density response to two years of teriparatide treatment 
in postmenopausal women with osteoporosis. J Clin 
Endocrinol Metab 2008; 93: 852–60.

	 44.	 Downs RW, Jr., Bell NH, Ettinger MP, et al. 
Comparison of alendronate and intranasal calcito-
nin for treatment of osteoporosis in postmenopausal 
women. J Clin Endocrinol Metab 2000; 85: 1783–8.

	 45.	 Chesnut CH 3rd, Silverman S, Andriano K, et al. A 
randomized trial of nasal spray salmon calcitonin in 
postmenopausal women with established osteoporosis: 
The prevent recurrence of osteoporotic fractures study. 
PROOF Study Group. Am J Med 2000; 109: 267–76.

	 46.	 van Staa TP, Selby P, Leufkens HG, et al. Incidence and 
natural history of Paget’s disease of bone in England 
and Wales. J Bone Miner Res 2002; 17: 465–71.

	 47.	 Siris ES, Canfield RE, Jacobs TP. Paget’s disease of 
bone. Bull New York Acad Med 1980; 56: 285–304.

	 48.	 Morales-Piga AA, Rey-Rey JS, Corres-Gonzalez J, 
et al. Frequency and characteristics of familial aggrega-
tion of Paget’s disease of bone. J Bone Miner Res 1995; 
10: 663–70.

	 49.	 Ralston SH, Langston AL, Reid IR. Pathogenesis and 
management of Paget’s disease of bone. Lancet 2008; 
372: 155–63.

	 50.	 Lucas GJA, Daroszewska A, Ralston SH. Contribution 
of genetic factors to the pathogenesis of Paget’s disease 
of bone and related disorders. J Bone Miner Res 2006; 
21(Suppl 2): P31–7.

	 51.	 Helfrich MH, Hobson RP, Grabowski PS, et al. A nega-
tive search for paramyxoviral etiology of Paget’s disease 
of bone; molecular, immunological, and ultrastructural 
studies in UK patients. J Bone Miner Res 2000; 15: 
2315–29.

	 52.	 Robey PG, Bianco P. The role of osteogenic cells in 
the pathophysiology of Paget’s disease. J Bone Miner Res 
1999; 14(Suppl 2): 9–16.

www.Ebook777.com

http://www.ebook777.com


Endocrinology in Clinical Practice

264

	 53.	 Naot D, Bava U, Matthews B, et al. Differential gene 
expression in cultured osteoblasts and bone marrow 
stromal cells from patients with Paget’s disease of 
bone. J Bone Miner Res 2007; 22: 298–309.

	 54.	 Reddy SV, Menaa C, Singer FR, et al. Cell biology of 
Paget’s disease. J Bone Miner Res 1999; 14(Suppl 2): 
3–8.

	 55.	 Neale SD, Smith R, Wass JA, et al. Osteoclast differ-
entiation from circulating mononuclear precursors in 
Paget’s disease is sensitive to 1, 25–dihydroxyvitamin 
D1 and RANKL. Bone 2000; 27: 409–16.

	 56.	 Menaa C, Reddy SV, Kurihara N, et al. Enhanced 
RANK ligand expression and responsivity of bone 
marrow cells in Paget’s disease of bone. J Clin Invest 
2000; 105: 1833–8.

	 57.	 Meunier PJ, Salson C, Mathieu L, et al. Skeletal distri-
bution and biochemical parameters of Paget’s disease. 
Clin Orthop 1987; 217: 37–44.

	 58.	 Ooi CG, Fraser WD. Paget’s disease of bone. Postgrad 
Med J 1997; 73: 69–74.

	 59.	 Huvos AG. Osteogenic sarcoma of bones and soft tis-
sues in older persons. A clinicopathologic analysis of 117 
patients older than 60 years. Cancer 1986; 57: 1442–9.

	 60.	 Jacobs TP, Michelsen J, Polay J, et al. Giant cell tumor 
in Paget’s disease of bone: Familial and geographic 
clustering. Cancer 1979; 44: 742–7.

	 61.	 MacGowan JR, Pringle J, Morris VH, et al. Gross 
vertebral collapse associated with long-term disodium 
etidronate treatment for Paget’s disease. Skeletal Radiol 
2000; 29: 279–82.

	 62.	 McClung MR, Tou CPK, Goldstein NH, et al. 
Tiludronate therapy for Paget’s disease of bone. Bone 
1995; 17: 493S–6S.

	 63.	 Siris E, Weinstein RS, Altman R, et al. Comparative 
study of alendronate vs. etidronate for the treatment of 
Paget’s disease of bone. J Clin Endocrinol Metab 1996; 
81: 961–7.

	 64.	 Siris ES, Chines AA, Altman RD, et al. Risedronate in 
the treatment of Paget’s disease of bone: An open label, 
multicenter study. J Bone Miner Res 1998; 13: 1032–8.

	 65.	 Walsh JP, Ward LC, Stewart GO, et al. A random-
ized clinical trial comparing oral alendronate and 

intravenous pamidronate for the treatment of Paget’s 
disease of bone. Bone 2004; 34: 747–54.

	 66.	 Reid IR, Miller P, Lyles K, et al. Comparison of a sin-
gle infusion of zolendronic acid with risedronate for 
Paget’s disease. N Engl J Med 2005; 353: 898–908.

	 67.	 Hosking D, Lyles K, Brown JP, et al. Long-term 
control of bone turnover in Paget’s disease with zolen-
dronic acid and risedronate. J Bone Miner Res 2007; 
22: 142–8.

	 68.	 Langston AL, Campbell MK, Fraser WD, et al. Clinical 
determinants of quality of life in Paget’s disease of 
bone. Calcif Tissue Int 2007; 80: 1–9.

	 69.	 Schwartz P, Rasmussen AQ, Kvist TM, et al. Paget’s 
disease of the bone after treatment with denosumab: A 
case report. Bone 2012; 50: 1023–5.

	 70.	 Stamp TCB. Factors in human vitamin D nutrition 
and in the production and cure of classical rickets. Proc 
Nutr Soc 1975; 34: 119–30.

	 71.	 Sandstead HH. Clinical manifestations of certain 
classical deficiency diseases. In: Goodhart RS, Shils 
ME, eds. Modern Nutrition in Health and Disease. 6th ed. 
Philadelphia: Lea & Febiger; 1980, pp. 693–6.

	 72.	 Jonsson KB, Zahradnik R, Larsson T, et al. Fibroblast 
growth factor 23 in oncogenic osteomalacia and 
X-linked hypophosphataemia. N Eng J Med 2003; 348: 
1656–63.

	 73.	 Berndt TJ, Schiavi S, Kumar R. “Phosphatonins’ and 
the regulation of phosphate homeostasis. Am J Physiol 
Renal Physiol 2005; 289: F1170–82.

	 74.	 Hruska KA, Mathew S, Lund R, et al. Hyperphosphataemia 
of chronic kidney disease. Kidney Int 2008; 74: 148–57.

	 75.	 Palmer S, McGregor DO, Strippoli GF. Interventions 
for preventing bone disease in kidney transplant 
recipients. Cochrane Database Syst Rev 2007; 3: CD 
005015.

	 76.	 Gal-Moscovici A, Popovtzer MM. New worldwide 
trends in presentation of renal osteodystrophy and 
its relationship to parathyroid hormone levels. Clin 
Nephrol 2005; 63: 284–9.

	 77.	 Cunningham J, Sprague SM, Cannata-Andia J, et al. 
Osteoporosis in chronic kidney disease. Am J Kid Dis 
2004; 43: 566–71.



265

13
Autoimmune endocrine disease
Terry J. Smith, Laszlo Hegedüs

Introduction and basic 
disease mechanisms
Autoimmunity continues to represent a poorly under-
stood set of processes where “self” is misrecognized 
as foreign. When left unchecked, this misidentifica-
tion can activate host defense systems that, in turn, 
result in tissue dysfunction and disruption.1 Thyroid 
immunity in many respects resembles analogous, fun-
damental events occurring in other tissues. Although 
immune surveillance is critical to organism survival, 
its overzealous activity can result in devastating dis-
eases as these play themselves out in the thyroid. To 
regulate the intensity and specificity of immune reac-
tivity, the body has several safeguards in place. Within 
the thymus, central tolerance is imposed by positive 
and negative B- and T-cell selection. Thymic epithe-
lial cells express many of the so-called “tissue-specific” 
proteins that are known to behave as autoantigens. In 
the periphery, the vast array of cytokines generated by 
immune cells leads to polarization of T cells and can 
down regulate autoreactivity. In addition, the discovery 
of cell types that can down regulate immune reactiv-
ity, such as CD4+CD25+FOXp3+ regulatory T cells, has 
provided a partial explanation for how local reactivity 
can be controlled.2 These regulatory T cells are in turn 
influenced by multiple cytokines, such as interleukin 
(IL)-27, and other molecular and cellular factors. Better 
understanding of the defects underlying autoimmune 
thyroid diseases should allow the development of better 
treatments, such as those that are antigen specific.

Chronic inflammatory diseases of the thyroid rep-
resent the most common forms of autoimmunity. The 
prevalence of autoimmune thyroid disease might  be 

as high as 2%–3% of the general population. The 
prevalence of the disease varies geographically, how-
ever. It is also more common amongst women. When 
considered in aggregate, these diseases are responsible 
for substantial morbidity. Two common examples  of 
autoimmune thyroid disease that are focused upon in 
this chapter are Graves’ disease (GD) and Hashimoto’s 
thyroiditis. They are typically associated with very dif-
ferent clinical presentations but may represent com-
mon immunologic processes that diverge into distinct 
entities within a single disease spectrum.3,4 In both, 
key components of immune dysfunction include the 
generation of autoreactive T lymphocytes directed 
against one of the thyroid autoantigens and the pro-
duction of autoantibodies. GD appears to result, at 
least in part, from the loss of peripheral immune toler-
ance to the thyroid-stimulating hormone (TSH) also 
known as thyrotropin receptor (TSHR)5 (Figure 13.1). 
Once tolerance is lost, antibodies are generated against 
specific epitopes of TSHR.6 Stimulatory antibod-
ies drive the overproduction of thyroid hormones in 
GD. These antibodies have been characterized exten-
sively.7,8 They appear restricted to the immunoglobu-
lin (Ig) G1 subclass. Many of the actions of TSH and 
thyroid-stimulating antibodies (TSIs) are mediated 
through the generation of cAMP. The impact of TSH 
on cell signaling in thyroid epithelium appears to dif-
fer from that of the stimulatory antibodies (Abs). In 
contrast, should the antibodies be generated against 
epitopes that interfere with the normal binding and 
activity of TSH, hypothyroidism might result. These 
antibodies, known as TSHR-blocking antibodies, 
may dominate the array of IgGs in patients with GD 
presenting with hypothyroidism and after therapy. 
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Unlike the stimulatory antibodies, blocking antibod-
ies are not subclass restricted. The most common pre-
sentation for GD is hyperthyroidism. But GD appears 
to be a far more complex disease process than merely 
the generation of functionally active anti-TSHR anti-
bodies. Typically, the thyroid becomes infiltrated with 
T cells, and ultimately the gland can become fibrotic. 
But in most cases, the thyroid tissue reaction observed 
in GD is considerably less dramatic than that seen in 
Hashimoto’s thyroiditis.

Conversely, in Hashimoto’s thyroiditis, large numbers 
of T lymphocytes infiltrate the gland, often are found in 
sheets, and ultimately the processes they drive result in 
glandular enlargement and failure.3 Thyroid-infiltrating 
lymphocytes in Hashimoto’s thyroiditis express very low 
levels of Fas but high levels of Bcl-2. In contrast, thyro-
cytes express low levels of Bcl-2 but high levels of Fas 
and Fas ligand. In theory, this could lead to enhanced 
apoptosis of these epithelial cells and thyroid failure. The 
long-term consequences of an often dramatic remodel-
ling of the thyroid include autoimmune hypothyroidism 
(AIH) and its attendant signs and symptoms.

Genetic and environmental 
factors underlying 
autoimmune thyroid disease
The etiologies of Hashimoto’s thyroiditis and GD 
remain uncertain, but they are likely the result of both 
genetic and acquired factors.3 Perhaps our best clues 
about the relative importance of each derive from 
twin studies in which GD affects either one or both 
monozygotic twins.9 Those studies point to about a 
30% genetic contribution. Frequently, the HLA-DR3 
genotype is found in these patients. Several candi-
date susceptibility genes have been proposed as being 
associated with thyroid autoimmunity. Among these 
genes are CTLA-4, CD40, PTPN22, and FCRL3.10 
The evidence for each being involved in the patho-
genesis of disease has been reviewed extensively 
elsewhere. Importantly, no convincing evidence yet 
exists for any of these candidates targeting individu-
als for disease-specific manifestations associated with 
either GD or Hashimoto’s thyroiditis. Thus, factors 

Figure 13.1
Antigen-processing pathway that might be required for autoantibody production against the TSHR. Note 
the consequence of antigen processing by both the endogenous and exogenous pathways. Even when 
the antigen is exogenously processed, activation of the T-helper 2 cells might be required for an optimal 
antibody production. APC, antigen-presenting cell; TCR, T cell receptor; CTL, CMI, cell-mediated immunity. 
(From Prabhakar B et al., Endocr Rev, 24, 802–35, 2003. With permission. Copyright 2003, The Endocrine 
Society.)
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other than those arising from genetic makeup might 
provide disease-specific susceptibility. With regard 
to the nongenetic factors, stress, diet, pollutants, and 
infectious agents have all been mentioned, but the 
successful identification of specific factors as caus-
ative in GD remains an unmet objective. Nonetheless, 
tobacco smoking has been identified as a major risk 
factor for developing GD.11 In a study of monozy-
gotic twins both of whom smoked, the twin with 
the greater exposure to cigarettes was more likely to 
manifest GD.

Another important void in our understanding con-
cerns the connectivity between the thyroid, periocu-
lar structures, and regional skin involvement in GD. 
Why do some individuals with GD manifest severe 
thyroid-associated ophthalmopathy (TAO) and regional 
dermopathy, whereas others do not? Is it likely that 
different factors underlie susceptibility to the thyroi-
dal and orbital manifestations of GD? Many leading 
experts in the field of thyroid autoimmunity believe 
that all patients with bona fide GD manifest all three of 
these maladies. Certainly, many isolated reports of sub-
clinical disease have found their way into the literature. 
For instance, biopsy of innocent-appearing pretibial skin 
in patients with GD has revealed evidence of disease 
involvement.

Clinical manifestations 
of autoimmune diseases: 
Contrasts between GD and 
Hashimoto’s thyroiditis
The optimal approach to patients with either thy-
rotoxicosis or hypothyroidism should be sufficiently 
broad-based and comprehensive to allow discovery of 
the multisystemic nature of these metabolic derange-
ments. The clinical course of hyperthyroidism asso-
ciated with GD and the hypothyroidism associated 
with Hashimoto’s thyroiditis is variable. Almost every 
human tissue is normally impacted by the activity of 
thyroid hormone and suffers as a consequence of its 
excesses and deficits. Hashimoto’s thyroiditis represents 
the most common form of primary AIH, the result of 
substantial thyroid destruction. As the gland fails and 
produces an inadequate amount of thyroid hormone, 
characteristic symptoms dominate the clinical presen-
tation. These symptoms include fatigue, coarsening 
of the hair, dry skin, cold intolerance, constipation, 
depression, and menorrhagia (Table  13.1). A strong 
family history should suggest increased suspicion in 

patients with these symptoms. Thyroid enlargement is 
common in GD but is not inevitable, and when pres-
ent, it is typically symmetrical. The Hashimoto gland 
can be enlarged, normal-sized, or atrophic, depending 
on several factors such as iodine intake and the dura-
tion of the disease. It is usually firm, can present with 
nodularity, and in some cases is extremely firm to stony 
hard, depending on the duration of disease. Some of the 
irregularities can result from small bleeds that subse-
quently become calcified. The appearance of hypothy-
roid individuals can change dramatically as soft tissues 
become infiltrated with glycosaminoglycans that trap 
water and lead to edema (Figure 13.2)12. In GD, exami-
nation of the thyroid is usually dominated by a diffusely 
and symmetrically enlarged, firm nontender gland that 
may be surrounded by a mild degree of lymphadenopa-
thy. The texture of the gland is often bosselated. The 
surface may be smooth. Depending on clinical cir-
cumstances, a thrill may be palpable over the thyroid 

Symptoms
•	 Fatigue, lethargy, decreased awareness
•	 Cold intolerance
•	 Dry skin, complaints of brittle hair
•	 Weight gain
•	 Constipation and abdominal pain
•	 Slowed mentation
•	 Decreased libido, impotence
•	 Increased menstrual bleeding
•	 Arthralgia, myalgia

Signs
•	 Facial edema; ankle edema
•	 Dry pale or yellowish skin (retinoids); cool palms
•	 Dry hair and diffuse hair loss
•	 Mental status changes, slow speech and 

mentation
•	 Bradycardia
•	 Diminished reflexes
Effusions (gold paint sign), ascites
Hoarse voice
Hypothermia
Breast discharge

Table 13.1
In clinical findings associated with hypothyroidism, 
the severity of each depends on the duration and 
magnitude of the thyroid hormone privacy.
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and a bruit might be audible. The gland should not be 
fixed but should move well with deglutition. A thyroid 
fixed to surrounding tissues might suggest underlying 
malignancy or a sclerosing, inflammatory process such 
as Riedel’s thyroiditis causing substantial fibrosis and 
adherence to adjacent structures. Malignant thyroid 
tumors often act more aggressively in those with GD. 
This might result from the trophic actions of TSI.13 In 
our view, finding a small, atrophic thyroid gland in a 
hypothyroid patient should raise the possibility of hypo-
thalamic/pituitary gland failure. Suspicion should pro-
voke further questioning of the patient with regard to 
symptoms of adrenal and gonadal failure. A more exten-
sive examination of the patient for signs of these, such 
as postural hypotension and loss of secondary sex char-
acteristics, should also be undertaken. Absence of eleva-
tions in serum TSH and abnormalities in other pituitary 
hormones in a hypothyroid patient will likely confirm 
the diagnosis. Ultimately, any anatomical abnormal-
ity, such as glandular enlargement associated with GD, 
must be distinguished from other causes: malignancy, 

infections, and inflammation can all present as thyroid 
enlargement. Although GD can also present as hypo-
thyroidism, the far more common scenario is one of vari-
ably overactive thyroid function and a suppressed serum 
TSH. The metabolic consequences of hyperthyroidism 
associated with GD resemble those of any other cause 
of thyrotoxicosis, namely toxic nodular goiter, solitary 
toxic nodule, TSH-secreting pituitary adenoma, exces-
sive exogenous thyroid hormone ingestion, and struma 
ovarii. The most common signs and symptoms of thyro-
toxicosis are presented in Table 13.2. Tachycardia, often 
experienced as symptomatic palpitations, is among the 
most common. Increased anxiety, emotional liability, 
and nervousness, heat intolerance, and weight loss with 
increased appetite are also very frequently encountered 
in the untreated patient. Quality of sleep is often dis-
turbed. The menses are generally diminished or absent 
in women, whereas men often experience loss of libido. 
Not uncommonly, thyrotoxic patients present with dia-
phoresis and warm moist palms. They are fidgety and 
restless, irritable, and often complain of diminished 

Figure 13.2
Thyroprivic myxedema before (a) and after (b) treatment. (From Smith TJ et al., Endocr Rev, 10, 366–91, 
1989. Copyright 1989, The Endocrine Society.)
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attention span. Often, a fine tremor can be demonstrated 
in these patients. The reflexes might become more brisk 
and the proximal muscles might exhibit diminished 
strength and in severe, long-standing disease might 
exhibit wasting. When fully expressed, GD also affects 
the orbital tissues surrounding the eye and is referred 
to as TAO. It also results in a dermal process known as 
pretibial myxedema or dermopathy.14,15 This should not 
be confused with generalized myxedema that is associ-
ated with severe and sustained hypothyroidism.

Laboratory testing in 
autoimmune thyroid disease 
remains an important component 
of patient evaluation
Laboratory examination of patients suspected of 
having hyperthyroidism resulting from GD should 
include assessment of serum TSH levels. These 
levels will reflect substantial suppression of the 
hypothalamic–pituitary axis that occurs with primary 
hyperthyroidism from any etiology. Wide availability 
of assays measuring “free” levels of thyroxine (T4) and 
triiodothyronine (T3) now allow uncomplicated direct 

assessment of the biologically available fractions of 
each. These determinations eliminate the potentially 
confounding impact of changes in thyroid hormone 
binding globulin, such as seen during pregnancy or 
oral contraceptive use. We routinely measure the titer 
of TSI, especially in the absence of clinically obvious 
TAO and when the diagnosis of GD might be in doubt. 
Although not disease specific, antibodies against thy-
roid peroxidase and thyroglobulin are often detectable 
in GD and fortify the diagnosis that the patient has 
an autoimmune thyroid disorder. Repeated assessment 
of TSH, T4, and T3 provides guidance regarding the 
adequacy of antithyroid therapy and indicates whether 
remission has been achieved. This may prove useful 
because some patients, especially the very old, can 
mask clinical manifestations of elevated thyroid func-
tion. Some practitioners advocate repeating antibody 
measurements as a guide to management, whereas oth-
ers view it only as a diagnostic tool. Should additional 
evidence be required, 99mTc of radioiodine uptake 
is often an easily performed diagnostic maneuver. It 
offers the advantage of rendering a rapid result con-
firming increased thyroid uptake that is typical of the 
hyperthyroidism of GD.

Management of the hyperthyroidism 
associated with GD
Spontaneous remission of hyperthyroidism occurs occa-
sionally in GD but this is not the rule. When treat-
ment is required, antithyroid drugs (ATDs), radioiodine 
(RAI), and surgical thyroidectomy represent the options 
currently available (Table  13.3). Little has changed in 
our understanding of the advantages and disadvantages 
of the various management strategies during the past 
50 years.16 It is obvious that one therapy does not serve 
the needs of all patients and that the final decision is 
based on a dialog between the patient and his or her 
treating physician. Twenty years ago, questionnaire 
studies suggested that there are geographical differences 
in the initial use of ATDs in Europe and Asia, compared 
with a propensity for using RAI in North America.17 
Whether this still holds is unknown. But the following 
should be considered: (1) 40%–50% of patients achieve 
long-term remission after use of ATD; (2) we are unable 
to calculate confidently the dose of RAI required to 
achieve and maintain a euthyroid state; and (3) the cur-
rent manner in which thyroid hormone replacement is 
undertaken is nonphysiological, and in some patients 
not satisfactory in restoring premorbid sense of well-
being. The many aspects of decision making have been 
covered in published guidelines.18

Symptoms and signs

Tachycardia and palpitations, sinus arrhythmias, 
atrial fibrillation

Tremor
Heat intolerance; warm moist palms, sweating
Irritability and nervousness, fidgeting
Weight loss, often despite hyperphagia, 

increased appetite
Fatigue
Anxiety
Dysphoria
Muscle wasting and weakness
Increased bowel motility, abdominal pains and 

cramping, diarrhea
Anorexia
Dyspnea

Table 13.2
Prevalent signs and symptoms associated with 
thyrotoxicosis and frequently found in GD and 
other forms of thyrotoxicosis.
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Antithyroid drugs
Thioamides have been used since the early 1940s. 
Propylthiouracil (PTU) and methimazole (MMI) 
were previously preferred in Europe, Asia, and North 
America. However, increasing focus on PTU-related 
adverse effects, especially in childhood GD, has resulted 
in the recommendation of replacing PTU as a first-line 
drug, with the exception of the first trimester of preg-
nancy.18–20 Carbimazole (CBZ), a precursor of MMI, is 
preferred in the United Kingdom. The major action of 
ATDs is to inhibit thyroid hormone synthesis by inter-
fering with thyroid peroxidase–mediated iodination 
of tyrosine residues in thyroglobulin. PTU inhibits 
the type 1 deiodinase enzyme that converts T4 to T3. 

Therefore, T3 levels usually fall more rapidly with PTU 
than with MMI/CBZ, but this is only of importance 
in severe thyrotoxicosis. The drugs also influence intra-
thyroidal immune responses, leading to a decrease in 
TSI generation. Whether remission in GD results from 
the effects on immune response or is the consequence 
of thyroid activity normalization is still debated.21,22 
Table 13.4 describes the properties of MMI and PTU.

The decision to use a particular ATD is based on 
custom, personal preference, and consideration of side 
effects, because few large, randomized trials have been 
performed.23 MMI carries the advantage of 1–2 times 
daily dosing compared with 2–3 times with PTU. 
There is no significant difference in cost of the drugs or 

Treatment Advantages Disadvantages

Thioamides •	 No radiation hazard •	 Recurrence rate, 50%–60%
•	 No surgical or anesthesia risk •	 Frequent thyroid function testing required
•	 No permanent hypothyroidism •	 Common mild adverse effects
•	 Outpatient therapy •	 Rare but potentially lethal adverse effects

Radioactive 
iodine

•	 Definitive treatment of 
hyperthyroidism

•	 Potential radiation hazards

•	 No surgical risk or risk from anesthesia •	 Potential provocation/worsening of TAO
•	 Out-patient therapy •	 Adherence with radiation regulations
•	 Rapid control of hyperthyroidism in 

most
•	 Decreasing efficacy with increasing 

goiter size
•	 Low cost •	 May need to be repeated
•	 Side effects: mild, rare, and transient •	 Eventually hypothyroidism in most cases
•	 Normalizes thyroid size within 1 year •	 Radiation thyroiditis

Surgical 
thyroidectomy

•	 Definitive treatment of 
hyperthyroidism

•	 High cost

•	 No radiation hazard •	 Requires hospitalization
•	 Rapid normalization of thyroid 

dysfunction
•	 Anesthesia riska

•	 Definitive histology •	 Hypoparathyroidism (1%–2%)b

•	 Relief of compressive symptoms •	 Recurrent laryngeal nerve damage 
(1%–2%)b

•	 Risk of bleeding, infection, scarringb

•	 Hypothyroidism in mostb

a	 The risk from anesthesia is reduced in euthyroid patients compared with those who remain hyperthyroid at time of surgery.
b	 The surgical risk is generally higher in case of total than in case of subtotal thyroidectomy. The risk of hypothyroidism and the risk of 

recurrence are inversely related and depend on amount of thyroid tissue removed.

Table 13.3
Advantages and disadvantages of therapeutic options in GD.
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their ability to provoke remission. Higher initial dosing 
of MMI does not result in more rapid normalization of 
thyroid function or higher remission rates.24 The usual 
starting dose for MMI/CBZ is 10–40 mg daily, increas-
ing with larger glands and greater iodine intake. The 
initial dose of PTU is usually 300–600 mg per day in 
2–3 daily doses. Thyroid function should be evaluated 
monthly. Within 1–3 months of therapy, ATDs can 
often be tapered to 5–10 mg of MMI/CBZ or 100–200 
mg of PTU. An alternative to the dose–titration regi-
men is the block-and-replace regimen, the objective of 
which is normalization of thyroid function by admin-
istering high dose ATD in combination with levothy-
roxine (LT4). This regimen confers more stable thyroid 
function, necessitates less frequent monitoring, and 
probably leads to greater patient compliance. However, 
no evidence exists for increased remission rates.25,26 The 
maximal remission rate may occur more rapidly with 
the block–replace regimen compared to the titration 
regimen.27

After stopping treatment, patients should be moni-
tored frequently because of the high rate of relapse. Two 
out of three patients who relapse (50%–60% overall) 
do so within the first year. Thereafter, annual testing is 
advised because relapses and hypothyroidism can occur 

decades later, in up to 20%.28 TSH levels may remain 
subnormal, despite depressed thyroid hormone levels, 
for some time after clinical euthyroidism is achieved. 
Therefore, free T4 and or T3 levels are needed to eval-
uate thyroid status. Continuing T4 treatment after 
withdrawal of the block–replace regimen is not recom-
mended, because remission rates are unaffected.26,29

Retrospective studies have suggested that several fac-
tors are associated with relapse after a course of ATD14 
(Table 13.5). Unfortunately, the associations with these 
factors and known genetic markers lack sufficient sen-
sitivity30 and specificity to allow risk stratification and 
robust guidance for therapy.31 In our opinion, a combi-
nation of patient characteristics, including goiter size, 
high T3/T4 ratio, and elevated TSI, suggest a high risk 
of recurrence.

The side effects of ATDs (Table 13.6) are underre-
ported. Drug comparisons are hampered because of the 
scarcity of randomized controlled studies (RTCs).23 Side 
effects occur in approximately 5% of exposed patients. 
These side effects are most frequently mild, with the 
most common being skin rash. No convincing differ-
ences exist between drugs,21,32 although some report a 
higher frequency with PTU.21,23 Side effects of MMI are 
dose related and most occur within the first 3 months of 

Characteristic MMI PTU

Relative potency 10–50 1
Administration Oral Oral
Absorption Nearly complete Nearly complete
Binding to serum proteins (%) Negligible 80–90
Serum half-life (h) 4–6 1–2
Volume of distribution (L) 40 20
Duration of action (h) >24 12–24
Metabolism during liver disease Decreased Normal
Metabolism during kidney disease Normal Normal
Transplacental passage Low Even lower
Effect on neonatal thyroid functiona Negligible Negligible
Level in breast milk Low Even lower
Inhibition of T4/T3 conversion No Yes
Dosinga 1–2 times daily 2–3 times daily

a	 At initial therapy. During titrated ATD therapy, when reaching doses of 5 mg MMI or 100 PTU, once daily dosing is thought to be prudent 
and probably secures a higher compliance than if divided doses are given; in case of MMI doses of no >20 mg daily, or PTU doses of no 
>250 mg daily.16,21

Table 13.4
Characteristics of MMI and PTU.
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therapy. The side effects of PTU are less clearly associ-
ated with dose and occur more idiosyncratically.21 Most 
side effects resolve, either spontaneously or after dose 
adjustment or after antihistamine treatment. Cross-
reactivity occurs in half those patients experiencing 
side effects. Serious side effects occur in about 0.3% of 
users per year. The most serious of these is agranulocy-
tosis. Should fever, sore throat, or urinary tract infec-
tion develop, treatment should be curtailed, and a white 
blood cell count should be obtained. Granulocytes usu-
ally recover spontaneously, but broad-spectrum antibi-
otics may be necessary. There is no consensus on the 
use of colony-stimulating factor that, in a randomized 
study, did not improve recovery time.33 Hepatotoxicity 
is an even rarer side effect (0.1%–0.2%) as is vasculitis. 
These side effects are more common with PTU than 

with MMI/CBZ.21,32 We advocate routine monitoring of 
white cell counts and hepatic function tests routinely 
during therapy.

Other drugs
Beta blockers such as propranolol, or calcium chan-
nel blockers, are often used to ameliorate symptoms of 
increased sympathetic nervous system activity, includ-
ing sweating, palpitations, and restlessness. Beta block-
ade is particularly useful while the antithyroid therapy 
takes effect and the euthyroid state is achieved.

Lithium carbonate is rarely used in the therapy of 
GD. It can block iodine release and is sometimes pre-
scribed to enhance the effectiveness of RAI therapy. If 
used, serum lithium levels must be monitored.34

Potassium perchlorate reduces iodine stores within 
the thyroid and can induce remission in GD. It is 
more commonly used in combination with ATDs and 
steroids to control amiodarone-induced thyrotoxico-
sis. Agranulocytosis and aplastic anemia can occur at 
a higher rate than that associated with ATD use and 
therefore is rarely used.35

Nonradioactive iodine, in the form of Lugol’s 
iodine (5% iodine, 10% potassium iodide), or potas-
sium iodide is useful for preparing patients for surgery 
because they decrease blood flow and thyroid mass. 

•	 Recurrence after a previous course of ATD 
therapy

•	 Long duration of symptoms pretreatment
•	 Young age and male sex
•	 Family history of autoimmune thyroid disease
•	 Certain genetic markers
•	 Cigarette smoking
•	 Presence of thyroid-associated 

ophthalmopathy
•	 Pronounced hyperthyroidism at presentation
•	 High serum T3/T4 ratio
•	 High ATD dose at end of therapy
•	 High-level TSHRAbs initially and/or after ATD 

therapy
•	 Large goiter size initially and/or after ATD 

therapya

•	 Increasing goiter size during therapya

•	 Nodularity, and/or hypoechogenicity, and/or 
high intrathyroidal flow (Doppler ultrasound) 
initially or after ATD therapya

a	 Denotes determination of size, morphology, and echogenicity 
by high-frequency ultrasound and flow using Doppler 
ultrasound.

	 ATD; antithyroid drugs (thioamides); TSHRAb; thyrotropin 
receptor antibodies.

Note:	 �Certain genetic markers are associated with an increased 
risk of developing GD. However, in the individual patient 
sensitivity and specificity is too low for clinical use.

Table 13.5
Factors thought to be associated with higher 
recurrence rate after ATD in GD.

Common 
(5%–10% of 
treated 
individuals)

Uncommon or rare 
(in general <1%)

•	 Rash •	 Agranulocytosis, 
thrombocytopenia, aplastic 
anemia

•	 Arthralgias •	 Jaundice, hepatic failure
•	 Fever •	 Vasculitis, SLE-like 

syndrome, 
lymphadenopathy

•	 Pruritus •	 Rhinitis, conjunctivitis
•	 Urticaria •	 Enlargement or 

inflammation of salivary 
glands

•	 Nausea •	 Loss of taste
•	 Headache •	 Alopecia

•	 Edema
•	 Diarrhea

Table 13.6
Side effects associated with antithyroid drugs.
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The blocking effects of iodine are sometimes transient, 
and the thyroid can escape inhibition and thyrotoxico-
sis can recur.36

Radioactive iodine (see Chapter 7)
Radioactive iodine (RAI) has been used since the mid-
1940s for treatment of thyroid maladies. Today, it is con-
sidered safe, effective, and inexpensive compared with 
long-term ATD or surgical thyroidectomy.37 Neither cost 
nor quality of life, which is negatively impacted,38 dif-
fers significantly among the three treatment options.39–41 
The isotope of choice is 131I. It is given orally, usually 
as a capsule. It emits beta radiation that causes that 
causes inflammation and vascular occlusion followed by 
thyroid fibrosis, the consequence of which is decreased 
thyroid size and eventually hypothyroidism. It  is con-
traindicated in pregnant and lactating patients and 
those who cannot comply with safety regulations. We 
rarely use RAI in adolescents below the age of 20 years 
because the long-term impact of radiation is yet to be 
definitively established. Nonetheless, RAI is becoming 
more commonly used in young patients above the age 
of 10 years. This is justified by the lack of definitive evi-
dence of increased risks of malignancy.37,42 Pregnancy 
should be avoided for at least 4 months after RAI ther-
apy, although many in North America advise waiting 
1 year before initiating pregnancy. There remains a the-
oretical risk for genetic damage in germ cells. Patients 
should be reassured in relation to risk of malformations 
and infertility. Post-RAI radiation regulations, which 
vary between countries, need to be followed. They 
mainly focus on minimizing close contact with children 
and pregnant women.

Ideally, the therapy should rapidly render the patient 
euthyroid without causing hypothyroidism. However, 
this is an elusive goal.16,37 A positive relationship has 
been established between the 131I dose and the risk of 
hypothyroidism within the first year. The incidence 
of hypothyroidism after 1 year (2%–3% yearly) seems 
independent of dose.37,43 RAI activity is often deter-
mined by the following algorithm: Activity (mCi) = 
80–200 μCi 131I/g thyroid × estimated thyroid gland 
weight (g)/24 h radioiodine uptake.

Typical activities are in the range of 5–15 mCi (185–
555 MBq), corresponding to absorbed doses of 50–100 
Gy. This algorithm is typically associated with a hypothy-
roidism rate of 10% during the first year and necessitates 
retreatment in 20%. However, because the ideal dose is 
yet to be established, many administer fixed activities 
based on clinical features such as thyroid size.44 Failure 
to obtain euthyroidism is related to young age, a large 
thyroid, more severe hyperthyroidism, prior exposure to 
ATD, and a high RAI uptake.45 In such cases, aiming 

for a higher dose seems prudent. This also concerns the 
elderly and patients with recurrent disease. Using this 
deliberate ablation regimen, the 1-year relapse rate is 
about 5% at the expense of a hypothyroidism rate of 
about 65%.16 An account of complications of RAI, other 
than hypothyroidism, is given in Table 13.3. Many pre-
pare their patients with propranolol alone. Due to a small 
risk of thyroid storm and the slow onset of RAI effects, 
many treat with ATDs before RAI, especially in patients 
with severe hyperthyroidism, atrial fibrillation, and car-
diac failure. Importantly, ATDs potentially increase rates 
of failure and reduce rates of hypothyroidism if they are 
given during the weeks before or after RAI treatment, 
respectively.46 In North America, many practitioners aim 
for complete ablation of thyroid function and routinely 
prepare the patient for the early and predictable need for 
life-long thyroid hormone replacement.

Thyroid function gradually declines and is normal-
ized in 50%–80% within 6–8 weeks.43 Concomitantly, 
thyroid size decreases and becomes normal in virtu-
ally all, independent of pretreatment size.43 Our policy 
is to review thyroid function at 4- to 6-week intervals 
until a steady state is reached and annually thereaf-
ter. Importantly, hypothyroidism occurring up to 3–6 
months after RAI can be transient. In case of persistent 
or recurrent hyperthyroidism, a second RAI dose should 
be given >6 months after the initial treatment.

Surgery
Surgery is the oldest but may represent the least used 
treatment option.17 The advantages and disadvantages 
of surgery are listed in Table 13.3.39,47,48 Besides patient 
preference, there are few absolute indications for surgery. 
However, we favor surgery in case of (1) inconclusive 
fine needle aspiration from a thyroid nodule; (2) a very 
large goiter with pressure symptoms; (3) severe, active 
TAO, especially in individuals who cannot tolerate ste-
roid therapy; and (4) during pregnancy, childhood, and 
adolescence in those who prove intolerant to ATDs.

In Europe, most surgeons recommend lobectomy 
and subtotal/total contralateral lobectomy to mini-
mize recurrence, the risk of which is substantial if >5 g 
remains. In contrast, North American thyroid surgeons 
often recommend total thyroidectomy. The risk of gen-
eral anesthesia is very low, and mortality is extremely 
rare, especially if the patients are rendered euthyroid 
before surgery. There is an inverse relation between the 
postoperative thyroid remnant and risk of hypothyroid-
ism, the latter being the aim if surgery is used. Risk 
of complications is inversely related to the experience 
of the surgeon and increases with patient age, size of 
the goiter, and degree of hyperthyroidism.48 If hyper-
thyroidism recurs after surgery, RAI is the therapy 
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of  choice. Many use preoperative inorganic iodine for 
10 days to decrease thyroid blood flow, but blood loss 
is not affected. In combination with a beta blocker, 
inorganic iodine or oral cholecystographic agents can 
be used to rapidly normalize thyroid function before 
surgery, in patients intolerant to ATDs.49

Thyroid-associated 
ophthalmopathy
Besides the manifestations of GD occurring within 
the thyroid, connective tissues in the orbit and sur-
rounding the eye are also involved.50 Tissue reactiv-
ity and remodeling around the eye are referred to as 
TAO, Graves’ orbitopathy, or thyroid eye disease. The 

etiology of TAO remains uncertain as does its relation-
ship to the overactivity and abnormal enlargement of 
the thyroid. Orbital tissues, including fat and the extra-
ocular muscles, become enlarged and inflamed.51 The 
classic appearance of individuals with TAO can be seen 
in Figure  13.3. TAO runs a characteristic course that 
can be divided into two phases.52 First, there is active 
TAO, the hallmarks of which are tissue reactivity and 
change over time. This early phase usually lasts 24–36 
months. It gives way to stable TAO where the charac-
teristic signs of inflammation and swelling are dimin-
ished. The histology of TAO has been described in some 
detail. Orbital tissues are infiltrated with lymphocytes 
and other mononuclear cells, such as mast cells.53 This 
infiltrate can involve the fatty connective tissue and the 
extraocular muscles. Typically, the muscles themselves 
remain intact and the motor fibers are intercalated with 

Figure 13.3
Patient with active severe TAO (left) and 1 month later (right). Note the proptosis and inflammatory signs 
around the orbit, eyelids, and upper face. There is a remarkable progression of lid retraction and proptosis 
1 month later. The CT demonstrates enlargement of the extraocular muscles, including the medial rectus, 
crowding of the apex, and medial wall bone remodeling in the same patient.
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inflammatory cells until very late in the process when 
irregularities in eye motility might prove problematic. 
These most often culminate in restricted eye movements 
and diplopia. In most individuals, both extraocular 
muscles and orbital fat expand (Figure 13.2). Either tis-
sue can dominate the clinical picture. CD34+ monocyte 
lineage progenitor cells have been found to accumulate 
in the orbit in TAO.54 These fibrocytes express relatively 
high levels of TSHR, potentially identifying a mecha-
nism by which the thyroid and orbit could be connected 
in GD. In fact, these CD34+ fibrocytes also accumulate 
in the thyroid in GD.55 Perhaps they could ultimately 
explain how high levels of TSI might influence the clini-
cal evolution of TAO. Fibrocytes have been shown to dif-
ferentiate into fat cells and myofibroblasts.56 Thus, they 
might play important roles, once recruited to the orbit 
in TAO, in the expansion of fat volume and fibrosis seen 
in end stage disease. Any patient with diffuse thyroid 
enlargement and thyrotoxicosis should arouse suspicion 
of TAO. Several symptoms and signs are often associ-
ated with orbital GD, including proptosis, diplopia, 
strabismus, eye lid edema, redness, lagophthalmos, and 
ocular dryness. Patients will often complain of eye pain, 
gritty sensations, and dry eye, especially when exposed 
to wind.

Eye evaluation in GD
The evaluation of anyone suspected of having GD 
should include a thorough eye exam. In our practice, 
we often refer such patients to the ophthalmologist 
for a baseline assessment. This occurs even in patients 
without any outward manifestations of the disease. In 
early TAO, only very subtle symptoms can be identi-
fied, such as increased sensitivity to the desiccating 
effects of sun and wind. The components of a baseline 
ophthalmic exam are enumerated in Table 13.7. Should 
clear-cut signs of TAO exist, orbital imaging is often 
obtained in the form of computed tomography (CT) 
or magnetic resonance imaging (MRI). Visual acuity 
should be assessed, including visual fields, and photo-
graphs should be taken, including detailed views of eye 
movements. Proptosis can be easily evaluated with an 
exophthalmometer. Multiple varieties are commercially 
available. Exophthalmometry involves measuring the 
distance between the tangent to the corneal apex with 
the line of the lateral orbital margin. The Hertel instru-
ment is the most commonly used. The Luedde exoph-
thalmometer is extremely simple and in some hands 
has proven more reliable. Interobserver variation often 
confounds detection of subtle interval changes, and thus 
reliance on a single operator is preferable.

Unfortunately, no reliable biomarkers that accu-
rately reflect either the severity or activity have yet 
been validated. Multiple classification systems have 
been developed. The NOSPECS scheme is depicted in 
Table 13.8.57 The clinical activity score (CAS) was devel-
oped to identify active TAO and to predict the likely 

Clinical exam

•	 Visual acuity and refraction
•	 Pupil exam
•	 Schirmer basal tear secretion test
•	 Color vision testing
•	 Visual field testing (Humphrey visual field SITA 

standard)
•	 Ductions and versions
•	 Alignment testing
•	 Exophthalmometry
•	 Slit lamp exam
•	 Fundus exam

Table 13.7
Baseline eye exam undertaken in all newly 
diagnosed patients with GD.

Class Signs and symptoms

0 No physical signs or symptoms
1 Only signs, no symptoms (lid lag, stare, 

etc.)
2 Soft tissue involvement
3 Proptosis
4 Extraocular muscle involvement (eye 

motility deficits)
5 Corneal involvement (such as ulceration)
6 Sight loss (secondary to optic nerve 

compression)

Source:	 Pinchera A et al., Thyroid, 2, 235–6, 1992. With permission.

Table 13.8
NOSPECS classification scheme and the derivative 
indices are not particularly useful as objective 
measurements for interval change; they do contain 
important elements of assessment for these 
patients.
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impact of corticosteroid therapy. It relies heavily on 
subjective assessment. The CAS system is based on four 
signs of inflammation, including pain, redness, swell-
ing, and functional impairment.58 It is imprecise and 
thus methods of assessment with greater objectivity and 
precision are necessary for the implementation of robust 
clinical trials. Efforts to develop better markers for the 
disease and its response to therapy are under develop-
ment on both sides of the Atlantic.

Therapy for TAO
Management of TAO very much depends on the sever-
ity and activity of the disease. The majority of patients 
with GD present with mild eye disease. This most often 
requires only conservative management. Maintaining 
adequate ocular hydration with artificial tears or plug-
ging the punctum can provide substantial symptomatic 
relief. Punctal plugs are useful but are frequently dis-
placed. Cautery of the punctum can offer more perma-
nent improvement of dry eye symptoms. If substantial 
lagophthalmos develops, maintaining proper nighttime 
eye coverage might become challenging. Patients should 
be instructed in covering their eyes with saran wrap and 
petroleum to retard ocular desiccation. Use of irritating 
eye cosmetics and harsh soaps should be avoided. When 
diplopia complicates the presentation, the use of Fresnel 
prisms can greatly improve the daily functional status 
of patients. Congruent with their deleterious impact 
on GD, cigarettes appear to increase the incidence 
and severity of TAO in patients with GD. Moreover, 
the benefits of corticosteroids and orbital radiotherapy 
are minimized by tobacco use. Controlling the excur-
sions in thyroid function that accompany suboptimally 
treated hyperthyroidism is associated with reduced inci-
dence and severity of TAO. Initiating thyroid hormone 
replacement in a timely manner after RAI thyroid abla-
tion avoids the untoward effects of elevated serum TSH 
levels and has been shown to reduce the risk of worsen-
ing eye disease.59

Moderate-to-severe TAO during the active phase of 
the disease is usually treated conservatively. But these 
patients can experience substantially diminished qual-
ity of life.60–64 Thus, appropriate measure of support-
ive care and anti-inflammatory therapies are sometimes 
implemented, such as systemic corticosteroids. These 
agents are not thought to alter the natural course of 
disease but rather to reduce the inflammation associ-
ated with it. In severe disease or when concern exists 
about the impending development of optic neuropathy, 
the decision to treat with steroids is usually made by 

the ophthalmologist in collaboration with the endocri-
nologist. Current use of high-dose pulse intravenous 
steroids rather than orally administered prednisone 
derives in large part from reports that the former might 
be associated with fewer and less severe side effects.65–67 
Rarely, intravenous administration has resulted in liver 
failure and a few deaths. The most extensive use of par-
enteral corticosteroids comes from Europe, but its popu-
larity is growing in North America.

Although corticosteroids are useful for dampening 
the inflammation associated with active phase TAO, 
these agents do not appear to alter the ultimate outcome 
of the disease process. Thus, a continuing quest is cur-
rently underway for identifying therapies that will mod-
ify the course of the disease and spare the patient from 
surgeries. Several of the drugs that have found utility 
in the treatment of rheumatoid arthritis and other col-
lagen vascular diseases are currently under examination 
for their potential benefit in TAO. Most notable of these 
is the B-cell–depleting drug rituximab.68 Rituximab 
is a fully humanized monoclonal antibody that targets 
the cell surface protein determinant CD20 present on 
B lymphocytes. This interaction results in the elimina-
tion of these cells. Several studies have suggested that 
rituximab can substantially reduce the clinical activity 
of TAO and might be useful in patients with impend-
ing optic neuropathy who have failed to improve suf-
ficiently with corticosteroids, thus sparing them from 
surgery.69–75 Besides rituximab, several anticytokine 
monoclonal antibodies such as those directed against 
tumor necrosis factor (TNF)-α, IL-1β, and IL-6 are 
being evaluated because these agents have also found 
utility in the treatment of rheumatoid arthritis and its 
allied diseases.

Dietary supplementation of selenium is another 
potentially useful therapy that should be well toler-
ated.76 A recent study involving 159 subjects demon-
strates an improved quality of life score and decreased 
eyelid aperture, reduced soft tissue signs, and a slowed 
progression of TAO.77 Although additional studies are 
warranted, including additional controls such as assess-
ment of baseline selenium dietary content,78 this study 
breaks new ground and focuses on relatively mild TAO.

Surgical rehabilitation of the eye in TAO can be bro-
ken down into broad categories depending on the clini-
cal circumstances. As a general principle, most elective 
surgeries are withheld until the disease has entered the 
stable phase and no signs of inflammation and change 
remain. If the volume of orbital contents has expanded 
and resulted in compromised ocular motility and pro-
ptosis that causes cosmetic concerns or compromised 
ocular surface, orbital decompression becomes appro-
priate. Several surgical approaches have been refined 
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over the past few decades for decompressing the orbit 
in TAO. These can target removal of the boney walls 
or attempt to reduce the volume of fat. Whichever 
approach is taken, the main objective is to reduce the 
overcrowding of the orbital contents, either by reduc-
ing its volume or increasing the orbital space. The rela-
tively rare exception from delaying surgery until TAO 
stabilizes can occur with impending optic neuropathy 
where the threat of permanent loss of vision is great-
est. In this case, emergent orbital decompression can be 
undertaken by a skilled oculoplastic surgeon or neuro-
ophthalmologist. The objective in this case is to provide 
immediate relief of mechanical embarrassment of the 
optic nerve. In addition to orbital decompression, eye-
lid repair and strabismus surgeries are often required to 
restore eye function. Each can be approached in several 
ways depending on the particulars of each case and the 
preferences of the surgeon. The ultimate goal of these 
procedures is to restore the orbit, its contents, and the 
structures of the upper face to their premorbid function 
and appearance.

Dermopathy in GD
The third component of fully expressed GD is an infil-
trative process confined to the skin, called pretibial 
or regional dermopathy or sometimes localized myx-
edema.79 The lesions result from the accumulation of 
glycosaminoglycans.80 Some evidence points to antibod-
ies driving its pathogenesis,81 but definitive evidence for 
a disease mechanism does not yet exist. This manifesta-
tion, the rarest of the three, usually involves the skin 
of the anterior shin, but rarely can be detected in other 
body regions, especially after trauma. It can present in 
one of three forms: (1) diffuse dermopathy with charac-
teristic, nonpitting lesions; (2) nodular lesions that are 
sharply circumscribed; and (3) the elephantiasis form. 
Representative appearances are shown in Figure  13.4. 
Histologically, the skin takes on an appearance that is 
remarkably similar to that seen in hypothyroid myx-
edema. The subcutaneous tissue is infiltrated with 
hyaluronidase-digestible material that stains metachro-
matically. Most lesions are relatively devoid of infiltrat-
ing mononuclear cells with inflammatory phenotypes; 
in this regard, the process seems distinct from that 
occurring in the orbit in TAO.

Treatment of dermopathy usually results in disap-
pointing responses. Corticosteroids have been admin-
istered either systemically, by intralesional injection, or 
through topical application. The side effects of these 
agents and the frequently mild clinical course taken by 

dermopathy make the use of steroids unattractive in 
the majority of cases. Some experts advocate the use 
of topical agents such as fluocinolone acetonide applied 
under occlusive film. This can be repeated several 
times each week until the process seems to abate. The 
frequency of application can then be reduced to a few 
times each month. Elastic stockings are said to slow the 
rate of lesion recurrence. Surgical remediation in the 
form of skin grafts and excisional biopsies are usually 
futile because the disease can return.

Figure 13.4
Types of thyroid dermopathy. (a) Elephantiasic form. 
(b) Nodular form. Note the thickened “orange-peel” 
appearance of the skin. Prominence of hair follicles 
is caused by interfollicular edema. (c) Severe thy-
roid dermopathy of upper extremity in patient who 
had self-administered many intravenous injections. 
(From Smith TJ et al., Endocr Rev, 10, 366–91, 1989. 
Copyright 1989, The Endocrine Society.)
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Thyroid acropachy
A process literally named “thickening of the extremi-
ties,” acropachy is extremely rare and occurs exclusively 
in patients with GD and severe TAO.82 It involves soft 
tissue swelling associated with clubbing of the fingers 
(Figure  13.5). There can be hyperpigmentation of the 
overlying skin. Underlying this process is the accumu-
lation of glycosaminoglycans that intercalate collagen 
bundles, nodular fibrosis of the periosteum, and sub-
periosteal bone formation.83,84 The affected tissues are 
not painful but have a striking appearance. No treat-
ments appear to be beneficial and surgical intervention 
should be avoided because the affected tissues are char-
acteristically slow to heal.

GD during pregnancy 
and breastfeeding
GD occurs in up to 0.2%–0.3% of all pregnancies, 
mostly in females with on going or previously treated 
GD, and it should ideally be dealt with before pregnancy. 
It can be associated with infertility, intrauterine growth 
retardation, pre eclampsia, low birth weight, and mis-
carriage.85 Fetal hyperthyroidism occurs in about 1% of 
neonates from mothers with GD and should always be 
considered in these pregnancies. It is characterized by 
fetal goiter, tachycardia, hydrops, and small fontanelles 
and is the consequence of transplacental passage of TSI. 

Therefore, patients previously treated with surgery or 
RAI for GD should be evaluated in early pregnancy for 
TSI that may persist independently of thyroid status. 
If these are >40 U/L in the third trimester, the risk of 
neonatal hyperthyroidism is considerable.86

Medical management is the preferred therapeutic 
option for hyperthyroidism in pregnancy. Surgery is an 
alternative during the second trimester. Key elements 
of care are enumerated in Table 13.9. MMI and PTU 
cross the placenta to the same degree and have similar 
effects on fetal and neonatal thyroid function. Although 
the evidence is limited and not based on RCTs, PTU is 
recommended in the first trimester of pregnancy. This 
is largely based on a lower risk of congenital abnormali-
ties, including aplasia cutis and choanal and esophageal 
atresia. MMI is recommended in the second and third 
trimesters.18 Thyroid function should be monitored 
every 4–6 weeks, with a target in the high reference 
range. The block–replace regimen should not be used. 
Typically, 30% of women are able to discontinue ATD 
during the second half of pregnancy.

The fractional excretion of MMI into breast milk is 
much higher than that for PTU. However, studies have 
demonstrated that MMI doses <20 mg/day and  PTU 

Figure 13.5
Thyroid acropachy. Note that disease is most appar-
ent on index fingers and thumbs of both hands; 
these digits are slightly clubbed with soft tissue 
thickening adjacent to the nail beds. (From Smith TJ 
et al., Endocr Rev, 10, 366–91, 1989. Copyright 1989, 
The Endocrine Society.)

Essential points

•	 Share care with obstetrician and consult with 
pediatrician

•	 Evaluate TSHRAb early in pregnancy and, if 
elevated, also in third trimester

•	 PTU recommended in first trimester and MMI 
in the rest of the pregnancy, but both may be 
used

•	 Use smallest possible dose aiming at free T4 in 
the high-normal nonpregnant reference range

•	 Evaluate thyroid function every 4–6 weeks 
throughout pregnancy

•	 About 30% may be taken off ATD treatment; 
postpartum recurrence common

•	 PTU (up to 250 mg daily) and MMI (up to 
20 mg daily) do not affect neonatal thyroid 
function, which does not need to be monitored

•	 Both PTU and MMI may be given during 
lactation without monitoring of infant thyroid 
function

Table 13.9
Important aspects of medical management of GD 
in pregnancy.
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doses <250 mg/day do not affect infant thyroid function. 
Women on ATD should thus not be advised against 
breastfeeding.85

Autoimmune hypothyroidism
Hashimoto’s thyroiditis represents the most common 
cause of hypothyroidism in iodine-replete regions of 
the world. It results from complex interactions between 
genetic and environmental factors, such as iodine intake 
and tobacco use.85,86 Both MHC and non-MHC genes 
appear to confer disease susceptibility. Those unrelated 
to MHC can be divided into two groups: those involved 
in immunoregulation, such as CD40, CTLA-4, and 
PTPN22, and those traditionally thought to be 
“thyroid-specific,” including thyroglobulin and TSH-
receptor. The life-time risk of AIH is about 5%, with 
an approximately 5:1 female preponderance.89 Despite 
adequate treatment, AIH negatively impacts quality of 
life,38 whereas overall mortality seems only marginally 
affected.90

The autoimmune process leads to destruction of 
thyroid follicular cells and hypothyroidism. Antibodies 
against thyroid peroxidase (TPO Ab) and thyroglobulin 
(Tg Ab) are markers of the disease but do not appear 
pathogenic, because transplacental transfer fails to 
elicit neonatal thyroid dysfunction. In contrast, TSHR-
blocking antibodies can promote transient neonatal 
hypothyroidism.91

Work-up and clinical 
manifestations 
associated with AIH
Signs and symptoms of hypothyroidism appear in 
Table 13.2. Most patients manifest nonspecific symp-
toms and are diagnosed relatively early in the course 
of disease. Depression may dominate the clinical pic-
ture in the elderly. Some patients do not have thyroid 
enlargement, whereas goiter may prompt others to 
seek medical attention.89 Typically, thyroxine therapy 
reduces glandular size and eventually thyroid autoanti-
body levels drop.92 Lymphoma of the thyroid, although 
rare, occurs almost exclusively in patients with 
Hashimoto’s thyroiditis. Large needle or open biopsy 
is needed to make the diagnosis and to determine the 
response to therapy.93 Pain associated with thyroiditis 
usually disappears with thyroxine treatment and mild 
analgesics, but it may require corticosteroids or surgical 
intervention.94

Several drugs such as amiodarone, iodine, lithium, 
interferon-α, and IL-2 can precipitate AIH. Sometimes 
cessation of these drugs can lead to remission.

The diagnosis of AIH is confirmed by an elevated 
TSH. The degree of hypothyroidism is evaluated by 
assessing free T4 which if subnormal indicates overt 
hypothyroidism. If free T4 remains in the reference 
range, the condition is referred to as mild, subclinical, or 
compensated hypothyroidism. Free T3 is unreliable for 
this purpose because the body defends maintaining its 
levels in the normal range. Autoimmunity is confirmed 
by demonstrating the presence of high titer anti-TPO 
and/or anti-Tg Abs. These are detectable in >95% of 
individuals. A relationship can usually be demonstrated 
between TSH levels and symptoms. Other autoimmune 
conditions such as pernicious anemia and Addison’s dis-
ease, should be considered in these patients because of 
their increased incidence.

Screening for hypothyroidism is indicated in sev-
eral clinical situations; patients presenting with typi-
cal symptoms and physical signs, those treated with 
amiodarone or lithium, those diagnosed with Addison’s 
disease or autoimmune polyglandular syndrome (APS) 
type 2, those with unexplained infertility, as a follow-up 
of postpartum thyroiditis, and those with Down’s and 
Turner’s syndromes all deserve assessment. Consideration 
of the diagnosis of AIH seems warranted in dementia, 
those with strong family history of thyroid autoimmu-
nity, obesity, and breast disease. Screening should be 
delayed in acutely ill patients.95 Approximately, 10% 
of those will be diagnosed with subclinical hypothy-
roidism, a similar number of females will be found to 
have anti-thyroid Abs, and these numbers increase with 
advancing age.96 The annual risk of progression to overt 
hypothyroidism is 2%–3% in those with either elevated 
TSH or Abs and 4%–5% with both.96 Higher serum 
TSH is associated with greater risk.97

Management of 
hypothyroidism
Treatment can be initiated with 50–100 μg of LT4 
daily in individuals without cardiovascular disease. 
The effects on appearance can be rapid and dramatic 
(Figure  13.2). In those with cardiac issues, starting at 
a lower dose is advisable, such as 25 μg daily. Dose 
adjustments are typically made after 6 weeks at a given 
dosage, when new steady-state levels are achieved. 
Symptomatic improvement usually lags behind normal-
ization of thyroid function tests. Normalization of TSH 
level is generally reached with LT4 doses of 75–150 μg 
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daily, depending on residual thyroid function and body 
weight. Requirements of >200 μg daily may indicate 
poor compliance or malabsorption, as does an elevated 
free T4 associated with high TSH levels. Because the 
serum half-life of T4 is 7 days in individuals with nor-
mal thyroxine-binding globulin levels, the weekly dose 
can be safely ingested as a single dose.98 Neglecting 
concomitant adrenal insufficiency as thyroid hormone 
replacement is initiated can precipitate Addison crisis. 
Thyroxine requirements may decline with loss of body 
weight or increase as the thyroid gland continues to fail.99

Evidence suggests that small adjustments of serum 
TSH within the normal reference range do not improve 
quality of life. Although a meta-analysis100 concluded 
that this was not the case, a subgroup of patients with 
deiodinase 2 gene polymorphisms exhibited improved 
well-being on a combination of T4/T3 compared with T4 
alone.101 Our policy is to institute therapy with LT4 in 
patients with elevated TSH and thyroid antibodies, tar-
geting TSH levels in the lower half of the reference range.

Hypothyroidism in pregnancy
Both overt (0.3%–0.5%) and subclinical hypothy-
roidism (2%–3%) are common in pregnancy. These 
conditions are frequently overlooked.85,102 Untreated 
maternal hypothyroidism is associated with adverse 
fetal and obstetric outcomes, including miscarriage, 
pre-eclampsia, abruptio placenta, and postpartum 
hemorrhage. In addition, it is associated with low birth 
weight and increased respiratory distress in the new-
born. These adverse events are also found in mothers 
with subclinical hypothyroidism and may also result 
from underlying thyroid autoimmunity, independent 
of thyroid function.85 Treatment with LT4 in all these 
groups reduces adverse outcomes.85,103

Serum TSH level should be maintained <2.5 mU/L 
in the first trimester and <3.0 mU/L thereafter. Early 
in pregnancy, the LT4 requirements tend to increase by 
30%–50%. Thus, thyroid function should be moni-
tored  at 6-week intervals. Postpartum LT4 require-
ments return rapidly to prepregnancy levels.85

Postpartum thyroiditis 
(see Chapter 14)
Postpartum thyroid dysfunction (PPTD) represents thy-
roid dysfunction within the year after delivery. It results 
from the resetting of immune function after pregnancy. 

It is usually transient, with hyperthyroidism occurring 
around post-partum week 13, followed by transient hypo-
thyroidism at week 19.85,104 However, many variations of 
thyroid dysfunction have been reported. PPTD can recur 
in 70% of women not developing permanent hypothy-
roidism.104 It occurs in half of those patients in whom 
TPO Abs can be detected and has an overall incidence of 
1%–21%.105 Its severity may be positively related to the 
level of TPO Ab in early pregnancy.106 Permanent hypo-
thyroidism is reported in about half of those developing 
postpartum hypothyroidism within 10 years.104,106

PPTD can be distinguished from GD by the lack of 
TSHR Abs, TAO, and dermopathy. In addition, absent or 
low iodine uptake is characteristic. Breastfeeding needs 
to be discontinued for 24 h for this test. The hyperthy-
roid phase is often transient and short-lived. Propranolol 
may be given at low doses (20–40 mg/day) for several 
weeks without adverse effects. Hypothyroidism in this 
condition is treated with LT4 but usually can be stopped 
several months after delivery. The risk of developing per-
manent hypothyroidism is life long.102,104,108 In general, 
screening of pregnant woman is reserved for those at high 
risk.107 The impact of screening and treating individuals 
found to have subclinical thyroid dysfunction associated 
with pregnancy is currently under investigation.107

Addison’s disease 
(see Secondary adrenal 
insufficiency, Chapter 5; 
Addisonian crisis/acute 
adrenal insufficiency, 
Chapter 24)
Primary adrenal failure is most frequently caused by 
autoimmune destruction of the gland.109 Historically, 
tuberculosis and other infectious processes accounted 
for a large fraction of the disease. Autoimmunity now 
accounts for 80%–90% of cases in the United Kingdom110 
(Table  13.10). Evidence suggests that both cellular 
and humoral immunity play parts in its pathogenesis. 
A variety of autoantibodies have been described that fall 
into two classes: adrenal specific, directed against cyto-
chrome P450 21-hydroxylase enzyme, and those reacting 
with any steroid-producing tissue, directed against P450 
17α-hydroxylase and side chain–cleaving enzymes.110 
They are valuable diagnostic tools and can be identified 
in 80%–90% of patients with autoimmune Addison’s 
disease. They and are absent in nonautoimmune cases.111



Autoimmune endocrine disease

281

The clinical presentation of Addison’s disease is vari-
able as is the clinical context, ranging from a slow, pro-
gressive process to an acute medical emergency. Primary 
adrenal failure is frequently accompanied by a darkening 
of the skin and such an occurrence should arouse suspicion 
(Table 13.11). The possible occurrence of Addison’s disease 
as part of APS types 1 and 2 should always be considered.

Recognizing its presence, especially in the setting 
of acutely stressful events (e.g., trauma, thermal burns, 
myocardial infarction), can be critical to survival. Our 
approach in the emergency room is to treat with exog-
enous corticosteroids immediately, before confirmatory 
laboratory testing and then document steroid defi-
ciency later. Typical physical signs and symptomatology 
include nausea and vomiting, hypoglycemia, hypoten-
sion (especially that proving to be refractory to treat-
ment), abdominal pain, and mental confusion lapsing 
into frank coma.

Clues to the diagnosis are the presence of hypona-
tremia; hyperkalemia; raised urea and creatinine; hypo-
glycemia; hypercalcemia; a normochromic; normocytic 

anemia; eosinophilia; and neutropenia. Definitive diag-
nosis depends on demonstrating a low cortisol, exclud-
ing secondary adrenal failure due to pituitary disease 
and determining the etiology. Random cortisols are not 
particularly helpful, but in the setting of an acutely ill 
patient, a value <200 nmol/L, together with an adreno-
corticotropic hormone (ACTH) level of >80 ng/L, is diag-
nostic, whereas a cortisol level of >550 nmol/L excludes 
Addison’s disease. Blood should be stored for retrospec-
tive analysis and the treatment commenced immediately 
in this setting. Cortisol levels <100 nmol/L and >525 
nmol/L at 0800–0900 h are also sometimes used to dem-
onstrate or exclude Addison’s disease112 If cortisol levels 
are between these extremes, a short Synacthen test should 
be performed that involves giving 250 μg of synthetic 
ACTH intramuscularly or intravenously at 0800–1000 h 
and measuring cortisol at 0, 30, and 60 min. Failure to 
achieve levels of ≥550 nmol/L confirms hypoadrenalism. 
The measurement of ACTH levels enables the differentia-
tion of primary from secondary adrenal failure.

Adrenal antibodies to 21-hydroxylase can be demon-
strated in >75% of patients with autoimmune Addison’s 
disease, with high specificity. Antibody-positive indi-
viduals with normal cortisol levels are at risk of devel-
oping adrenal failure and must be followed up.113 In 
the absence of adrenal autoantibodies or other evidence 
suggesting APS type 1 or 2, other causes of adrenal fail-
ure must be considered (Table 13.10). These are usually 
apparent from the clinical history. Tuberculosis in par-
ticular must be excluded. CT scan of the adrenal is the 
best investigation, because the adrenals are atrophic with 

Autoimmune destruction
Infection

Tuberculosis
Fungal infection
AIDS
Cytomegalovirus

Congenital
Adrenoleukodystrophy
Adrenal hyperplasia or hypoplasia
Inactivating ACTH receptor mutation

Drugs (metyrapone, ketoconazole, mitotane, 
suramin, etomidate)

Hemorrhage
Wa�terhouse–Friedrichsen syndrome after 
infection, especially meningococcal
Antiphospholipid syndrome
Warfarin

Infiltration
Metastases
Amyloidosis
Sarcoidosis
Hemochromatosis

ACTH, adrenocorticotropic hormone.

Table 13.10
Causes of primary adrenal failure (Addison’s 
disease).

Increased pigmentation, especially skin creases, 
recent scars, and inside cheeks

Fatigue, weakness
Depression
Nausea and weight loss
Postural hypotension
Salt craving
Abdominal pain, vomiting, diarrhea
Confusion leading to coma
Amenorrhea, decreased libido
Loss of axillary and pubic hair in 

postmenopausal women
Associated autoimmune disorders: vitiligo, 

alopecia, thyroid disease, type 1 diabetes 
mellitus (25%–50% of patients)

Table 13.11
Clinical manifestations of Addison’s disease.
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autoimmune Addison’s disease but are usually enlarged 
with tuberculosis and other infiltrative conditions.

The emergency management of an Addisonian cri-
sis consists of an intravenous. Treatment consists of an 
intravenous or intramuscular injection of 100 mg of 
hydrocortisone, followed by an intravenous infusion of 
4 mg/h or 6 hourly intramuscular injections of 50–100 
mg. Patients are usually severely dehydrated and require 
rapid fluid replacement with normal saline. Electrolytes 
need to be closely monitored because the potassium 
levels usually fall rapidly and require supplementation 
in the saline infusion. Fluid replacement needs to be 
closely monitored by urine output and blood pressure. 
Particular care needs to be taken with elderly patients 
and patients with underlying cardiac disease.

The usual replacement dose of hydrocortisone 20–30 
mg/day is given in divided doses, with the highest dose 
taken in the morning immediately on waking. At mini-
mum, there should be a second dose early evening, but 
many patients benefit from a third dose at lunchtime. 
Anticonvulsant drugs and rifampicin increase hydrocor-
tisone clearance, and patients taking these medications 
may require higher doses of replacement therapy.

In addition, fludrocortisone is required to pro-
vide mineralocorticoid replacement. The usual dose is 
50–200 μg/day as a single dose. The dose is adjusted 
to ensure a normal blood pressure with the absence of 
edema, together with measurement of electrolytes and 
plasma renin, which should be in the upper half of the 
reference range.114 The benefits of dehydroepiandros-
terone replacement therapy are unclear, and there are no 
approved formulations available for prescription.115

All patients require a careful explanation of the prin-
ciples of their treatment, and clear instructions should 
be given about the need to double the dose of hydro-
cortisone during intercurrent illness and the need to 
urgently seek medical attention if the medication can-
not be taken because of vomiting. Diarrhea and vomit-
ing in particular are associated with the risk of adrenal 
crisis. It is important that close members of the fam-
ily and friends should also be aware of these instruc-
tions. A steroid card must be issued, detailing the use 
of hydrocortisone, and the patient should also wear a 
medical bracelet or necklace stating that the patient 
is taking glucocorticoid replacement therapy. Patients 
who are traveling abroad or who live in remote locations 
should be issued with hydrocortisone for injection for 
use in an emergency (100-mg vial, water for injection, 
syringe and needle). They and their companions should 
be instructed on its administration by intramuscular 
injection.

Pregnancy does not usually cause problems in 
patients with Addison’s disease, and the medication 

does not usually require adjustment. During labor, the 
dose of replacement therapy should be doubled.

Patients should undergo routine annual review to 
ensure optimum replacement therapy and to check for 
other autoimmune conditions. A minimum check should 
enquire about general health, periods in women of repro-
ductive age, TSH, glucose, full blood count, and/or vita-
min B12 levels and antibody testing for pernicious anemia.

Autoimmune polyglandular 
syndrome type 1
APS-1 represents an autosomal recessive disorder 
caused by mutations in the AIRE (autoimmune regu-
lator) gene on chromosome 21q22.3.116 AIRE appears 
to drive the expression of tissue-restricted antigens 
(TRAs) in the epithelial cells of the adrenal medulla, 
resulting in the negative selection of TRA-reactive thy-
mocytes and preventing autoimmune disease.117 The 
diagnosis is based on distinctive features (Table 13.12), 

 
Approximate 
frequency (%)

Major components
Chronic mucocutaneous 

candidiasis
80–100

Hypoparathyroidism 80
Addison’s disease 70

Other features
Enamel hypoplasia 80
Gonadal failure 10 men; 

60 women
Nail dystrophy 50
Keratopathy 40
Tympanic membrane 

calcification
30

Vitiligo 30
Alopecia 30
Malabsorption 20
Insulin-dependent diabetes 

mellitus
10

Hypothyroidism 10
Pernicious anemia 10
Chronic active hepatitis 10

Table 13.12
Clinical features of APS-1.
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including the presence of at least two of the three major 
components, that is, chronic mucocutaneous candidia-
sis, hypoparathyroidism, and Addison’s disease,118–120 
appearing in this order in childhood, or occasionally 
in later life.

The presentation and management of Addison’s 
disease in APS-1 are as for the isolated type. Chronic 
mucocutaneous candidiasis affects the nails (70%), 
skin (10%), and oropharynx and esophagus (20%). It 
responds well to ketoconazole, but this often needs to be 
prolonged and repeated. Hypoparathyroidism presents 
with circumoral paresthesiae, tetany (including carpo-
pedal spasms), or seizures; depression and other mental 
changes may be prominent. Cataracts, calcification of 
the basal ganglia, and prolonged Q-T interval may also 
occur. Diagnosis depends on demonstrating hypocalce-
mia and low parathyroid hormone levels, with the exclu-
sion of other causes of hypoparathyroidism. Treatment 
is with vitamin D analogs such as alphacalcidol with a 
usual adult dose of 1–2 μg/day. Calcium levels need to 
be regularly monitored and the dose of vitamin D ana-
log adjusted to maintain the serum calcium within the 
normal range.

Once a patient has been diagnosed, family members 
will require screening.

Autoimmune polyglandular 
syndrome type 2
APS-2 is the most common autoimmune polyglandu-
lar syndrome. The key features of APS-2 are detailed 
in Table  13.13. The presence of two or more of the 
major endocrinopathies can be regarded as diagnostic, 
whereas one major endocrinopathy and one or more 
associated features are suggestive of APS-2 and the 
need for follow-up.118 APS-2 is an autosomal domi-
nant disorder, strongly associated with HLA-A1, -B8, 
-DR3 haplotypes and polymorphisms of the CTLA-4 
gene.121

The assessment, diagnosis, and management of each 
individual component follows the standard lines for 
the isolated disorder. The recognition of the syndrome 
is important, because the patient and family need to 
be screened clinically and biochemically on an annual 
basis, to ensure that each of the individual components 
is recognized.
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Multinodular goiter
Multinodular goiter is an enlargement of the thyroid 
gland consisting of multiple nodules. Sometimes, only 
a single nodule is found in a thyroid, often the prelude 
to more nodules. If a single nodule is hyperactive, it is 
called toxic adenoma.

Multinodular goiter is quite prevalent: In the 
Framingham study (United States), it was observed in 
6.4% of females and in 1.5% of males1; Whickham 
Survey (United Kingdom) found that 10% of females 
and 2% of males had multinodular goiter.2 Even a 
higher prevalence is documented in ultrasound studies 
and at necropsy, notably in higher age groups. Iodine 
deficiency can increase the prevalence to up to 30%; 
cigarette smoking is also an environmental risk fac-
tor.3 Moreover, family and twin studies suggest a strong 
genetic predisposition.

Pathogenesis
Most goiters consist of nodules, cysts, and areas of hem-
orrhage and calcification. Single nodules and adenomas, 
as well as most nodules in multinodular goiters, are 
monoclonal in origin. The early literature suggests 
that diffuse goiters precede nodular goiters and that 
thyroid-stimulating hormone (TSH) is involved in the 
earlier phases of growth. Evidence for this hypothesis 
is lacking. Current opinion favors a continuous patho-
physiological process operating on the background of 
the natural heterogeneity and polyclonality of human 
thyroid cells, where, in addition to TSH and iodine, 
growth factors and goitrogens are also involved in the 

evolution of thyroid nodules.4,5 In contrast, genetic 
alterations can explain thyroid growth. In autonomously 
functioning thyroid adenomas, activating mutations of 
the TSH receptor and Gs α genes have been demon-
strated. Multinodular goiters are functionally hetero-
geneous and thus appear polyclonal. However, most 
nodules are monoclonal in origin.6 Because the family 
history in patients with multinodular goiter is often 
positive, genetic research could be of clinical benefit in 
the future. Indeed, a germline polymorphism of codon 
727 of the human TSH receptor was found to be asso-
ciated with toxic multinodular goiter, and a familial 
form of goiter has been found with a link to mark-
ers on chromosome 14q.7,8 Recent studies found new 
susceptibility loci on 2q, 3p, 7q, and 8p for familial 
euthyroid goiter, confirming the genetic heterogeneity.9 
In selected cases of toxic adenoma, gain-of-function 
somatic mutations and mutations in the gene coding 
for G proteins have been demonstrated.10 However, 
these findings are not universal, and other studies have 
failed to confirm the presence of these nonfunctional 
mutations. Furthermore, these mutations may be sec-
ondary phenomena and thus not etiologically related to 
adenoma or goiter formation.

Clinical presentation
In about 50% of cases, the goiter is detected by the 
patients; in the remaining cases, it is detected by rela-
tives or a physician. Complaints are neck discomfort 
(61%), cosmetics (17%), and dyspnea (17%). Fear of 
malignancy is expressed spontaneously by a minority of 
patients but by most when asked directly.11
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Diagnosis
Ultrasonography is nowadays the preferred investigative 
tool for thyroid and is used by many endocrinologists 
worldwide. Ultrasonography has replaced diagnosis of 
goiter by inspection and palpation.12 This approach has 
also led to frequent coincidental detection of thyroid 
nodules and cysts. Ultrasound can be applied to mea-
sure the volume of goiters and the size of nodules and 
is also indispensable for fine-needle aspiration (FNA).13 
In cases of substernal extension of the goiter, magnetic 
resonance imaging (MRI) should be used. Computed 
tomography (CT) scanning should be avoided because it 
requires iodine-containing contrast agents.

It is important to exclude thyroid malignancy. The 
risk of malignancy is higher in solitary, rapidly growing 
nodules; in children or in the elderly; in males; and in 
subjects with a history of neck irradiation, particularly 
in childhood.

In goiters removed at surgery, carcinoma is found in 
10%–15%, the majority being occult. In general, the risk 
of clinically important carcinoma in multinodular goiter 
is considered to be low, and, therefore, more aggressive 
therapy for nontoxic goiter is not justified.

Ultrasound-guided FNA is now the diagnostic pro-
cedure of first choice in the evaluation of solitary or 
dominant nodules.16,17 Since its introduction, the num-
bers of thyroidectomies have declined dramatically.18 
Certain ultrasonographic features are associated with an 
increased risk of malignancy: nodule hypoechogenicity, 
microcalcifications, increased vascular flow, irregular 
borders, and the absence of a halo.19,20 Applying these cri-
teria can also be helpful in selecting the nodules within 
a multinodular goiter for aspiration. FNA cytology is 
a simple outpatient procedure. The test result can be 
benign, suspicious, malignant, or nondiagnostic. Repeat 
aspiration can augment the diagnostic accuracy and is 
indicated in case of increase of nodular size. Surgery 
is indicated in case of suspicion of malignancy or of a 
repeated nondiagnostic FNA test result. The number of 
diagnostic surgeries could possibly be further reduced 
by the application of molecular diagnosis by testing for 
common somatic mutations, BRAF, RAS, RET/PTC, 
and PAX8/PPARg, notably in case of nondiagnostic test 
results.21

In all patients, TSH should be measured. 
Subclinical hyperthyroidism is more prevalent in 
patients with multinodular goiter and is a risk for car-
diovascular morbidity and mortality. TSH can also be 
helpful as an adjunct to FNA. It was found that the 
risk of malignancy increased with the TSH level. This 
is explained by the trophic effect of TSH on thyroid 
malignant cells.22

Natural history and prognosis
The natural history of multinodular goiter is character-
ized by the increase of thyroid volume at a rate of about 
4% per year. Concomitant with the increase in size, TSH 
values decline, followed by a rise of T3 and T4 levels, 
respectively.11 This is called the evolution of “autonomy” 
of thyroid function, and eventually hyperthyroidism 
can follow.23 Toxic multinodular goiter is often compli-
cated by atrial fibrillation.24 Furthermore, epidemiologic 
studies found a relation of increased vascular morbid-
ity and mortality in elderly people with a low TSH.25,26 
Cardiac abnormalities have been demonstrated not only 
in epidemiologic studies but also in series of patients 
with “endogenous” subclinical hyperthyroidism.27 Also, 
increased heart rate, left ventricular mass, and impaired 
diastolic function have been found in patients on thy-
roxine therapy in doses that suppress TSH levels.28 Data 
about the significance of subclinical hyperthyroidism 
on other parameters vary. Cholesterol levels have been 
found to be lower; in other studies, bone gla protein, 
osteocalcin, and sex hormone–binding globulin (SHBG) 
levels were found to be higher in patients compared with 
controls.29–31 Of theoretical interest is the difference 
between endogenous subclinical hyperthyroidism in 
patients with goiter with an initial rise in T3 levels and 
patients with exogenous subclinical hyperthyroidism 
due to thyroxine therapy, in whom T4 levels are elevated. 
Large multicenter studies are needed to investigate the 
preventive effect of low-dose radioactive iodine on the 
development of atrial fibrillation, the most serious long-
standing consequence of multinodular goiter.

Treatment (see Chapter 7)
The aim of treatment of a patient with a multinodular 
goiter is the reduction of goiter size and the prevention 
of thyrotoxicosis. Given that the goiter is an incidental 
finding in the majority of cases, general advice in euthy-
roid patients is to refrain from treatment and to advise 
follow-up. In case of obstruction, the choice is between 
surgery and radioactive iodine. Treatment with thyrox-
ine to suppress the endogenous TSH secretion is only 
partially and temporarily effective and therefore no lon-
ger advised.11

Radioactive iodine is nowadays the treatment  of 
choice, particularly in elderly subjects who represent 
the majority of the patients with a multinodular goi-
ter. The efficacy of this treatment as evaluated by MRI 
is excellent. Both obstructive symptoms and thyroid 
volume decrease significantly in nearly all patients.32,33 
Most patients are treated with doses of 3–15  MBq/g 
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tissue. The efficacy of treatment is enhanced by the 
administration of recombinant TSH.34 Moreover, in 
the long-term, tracheal compression is diminished and 
inspiratory capacity is improved.35 The treatment with 
radioactive iodine is complicated by mild and tran-
sient hyperthyroidism in the majority of patients. This 
treatment is generally well tolerated. Between 3 and 6 
months, the majority of patients will have regained 
euthyroidism; only a minority has become hypothy-
roid.36 However, sometimes hyperthyroidism is caused 
by the formation of TSH receptor autoantibodies, 
probably as a result of a toxic effect of the radioac-
tive iodine on thyroid tissue. The onset of this form 
of thyrotoxicosis is insidious, can cause tachycardia 
and atrial fibrillation, and can occur even after several 
months.37

Surgery is performed in case of very large goiter, on 
patient’s preference, and it can be a good option for a 
one-sided multinodular goiter.

Toxic adenoma (see Chapter 7)
A toxic adenoma is a single hyperfunctioning thyroid 
nodule in an otherwise normal thyroid gland. A hyper-
functioning nodule can also be found in a multinodular 
goiter. From all patients presenting with hyperthyroid-
ism, about 5% has a single hyperfunctioning nodule, 
and this rate is somewhat higher in iodine-deficient 
areas. Patients are mostly female and of middle age as 
in most thyroid disorders. The diagnosis is made by 
scintigraphy—one of the rare reasons nowadays to per-
form this diagnostic test—where uptake of the iodine is 
shown in the nodule and virtually no uptake in the other 
thyroid tissue. In case of incomplete suppression of uptake 
in surrounding thyroid tissue, the term warm nodule is 
used. In a toxic multinodular goiter, different areas can 
show enhanced uptake and result in a patchy distribution 
of the radiofarmacon.

Radioactive iodine is the treatment of choice. In 
most cases, the nodule reduces in size after therapy.38 
It is highly efficacious. Unlike Graves’ disease, there 
is a much lower risk of developing hypothyroidism. 
Alternatively, surgery can be a good option as the exci-
sion of a single nodule is relatively simple, has a low risk, 
and offers immediate cure.

Thyroiditis
The hallmark of thyroiditis is thyroid inflammation. 
Thyroid inflammation can be due to different causes: phys-
ical factors (palpation, radiation), pharmacotherapeutic 

agents, microorganisms, and autoimmunity. In this sec-
tion, we focus on subacute granulomatous thyroiditis, 
subacute lymphocytic thyroiditis, and postpartum thy-
roiditis. Riedel’s thyroiditis and infectious thyroiditis are 
discussed only briefly.

Subacute granulomatous thyroiditis
Subacute granulomatous thyroiditis goes by several 
names: subacute (Quervain’s) thyroiditis, subacute non-
suppurative thyroiditis, pseudo tuberculous thyroiditis, 
giant cell thyroiditis, pseudo-giant-cell thyroiditis, or 
struma granulomatosa.

Prevalence
The incidence of subacute granulomatous thyroid-
itis is reported to be 4.9 cases per 100,000 per year.39 
Subacute granulomatous thyroiditis develops most 
frequently between the third and sixth decades.39 The 
male-to-female ratio is reported to be in the range of 
1 to 4–5.39 Given the presumed etiology (see below), 
it is not surprising that in the majority of patients the 
disease is diagnosed in the summer. Also, some disease 
clusters have been described below.

Pathogenesis
Several studies have investigated the etiology of sub-
acute granulomatous thyroiditis. These studies support 
the notion that subacute granulomatous thyroiditis is 
caused by a viral infection or a postviral inflammatory 
process.40

Indirect evidence from case series for a viral ori-
gin has emerged from studies in which viral antibod-
ies were measured in case of subacute granulomatous 
thyroiditis.41,42 Associations between mumps, measles, 
coxsackie, and other viral pathogens and the occur-
rence of subacute granulomatous thyroiditis have been 
found.41,42

In the course of subacute granulomatous thyroiditis, 
autoimmune phenomena have also been described. 
Approximately 50% of patients with subacute granu-
lomatous thyroiditis have thyroid autoantibodies; 
however, they are generally transient and their titer is 
low.43 Moreover, circulating and intrathyroidal antigen-
binding T cells are also observed in subacute granu-
lomatous thyroiditis.43 Because these phenomena are 
transient, they are unlikely to be the primary disruptive 
events in the pathogenesis of subacute granulomatous 
thyroiditis.43

Genetic associations have also been described in sub-
acute granulomatous thyroiditis. Most important are the 
genes of the major histocompatibility complex (MHC) 
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region located on the short arm of chromosome 6. MHC 
comprises the antigen-presenting molecules located on 
the cell membranes of antigen-presenting cells. HLA-
B35 and HLA-B67 have been reported to be strongly 
associated with subacute granulomatous thyroiditis.44 
Collectively, the evidence supports a viral etiology, 
either direct or indirect, for subacute granulomatous 
thyroiditis and is consistent with subacute granulo-
matous thyroiditis being the result of a “final common 
pathway” occurring after a viral infection in genetically 
susceptible individuals.

Clinical presentation
Biochemically, subacute granulomatous thyroiditis is 
characterized by a transient thyrotoxicosis occurring in 
about 75% of cases during which symptoms are usually 
mild compared with Graves’ disease.45,46 Nevertheless, 
thyrotoxic symptoms such as heat intolerance, palpita-
tions, nervousness, and increased sweating can occur. 
The thyrotoxic phase of subacute granulomatous 
thyroiditis is due to leakage of thyroid hormones from 
destroyed thyrocytes and is therefore self-limiting, usu-
ally lasting 2–10 weeks.45,46 In a minority of cases, the 
thyrotoxic phase is followed by a transient hypothyroid 
phase45,46 (Figure 14.1).

Subsequent permanent hypothyroidism seems to 
be a rare event. Nikolai et  al.47 could find no cases of 
hypothyroidism in their 1–15 years of follow-up of 124 

patients who had suffered an episode of subacute granu-
lomatous thyroiditis.47 Although considered to be a rare 
event, in another study, 15% of the patients are receiv-
ing T4 therapy after 28 years of follow-up.46

Iitaka et  al.48 have specifically addressed the ques-
tion of recurrence of subacute granulomatous thyroiditis 
after complete recovery. They surveyed their database of 
3344 patients who experienced an episode of subacute 
granulomatous thyroiditis between 1970 and 1993. 
They concluded that late recurrences arise in at least 
2% of cases. The mean latency period (±SD) between 
the first and second episodes of subacute granulomatous 
thyroiditis was 14.5 ± 4.5 years.

Diagnosis
The diagnosis of subacute granulomatous thyroiditis 
is fairly straightforward and is primarily clinical. The 
most prominent symptom of subacute granulomatous 
thyroiditis is pain in the region of the thyroid, fre-
quently described as a sore throat. Indeed, most authors 
consider it a conditio sine qua non for the diagnosis to be 
made.45 Frequently, this pain radiates to the jaw and ear. 
Other  reported symptoms are malaise, fatigue, myal-
gia, and arthralgia.42 Physical signs include fever and 
a small- to medium-sized diffuse goiter that is nearly 
always painful on palpation.42,45 Further diagnos-
tic confirmation can be obtained by finding a raised 
erythrocyte sedimentation rate, >40 mm/h in 97% 

Increased
Serum T4 Serum TSH 123I uptake

Normal

Decreased

0 1 2 3 4 5 6 7 8 9
Month

Figure 14.1
Clinical course of subacute granulomatous thyroiditis, subacute lymphocytic thyroiditis, and postpartum 
thyroiditis. Measurements of serum TSH and 123I uptake show thyrotoxicosis during the first 3 months, fol-
lowed by hypothyroidism for 3 months and then by euthyroidism. T4 denotes thyroxine. (Reproduced from 
Pearce EN et al., N Engl J Med, 348, 2646–55, 2003. With permission.)
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of patients, and a reduced or absent radioactive iodine 
uptake (usually <2%).48 Other reported findings are 
mild anemia and leucocytosis.48

With respect to late recurrences, it should be noted 
that although the biochemical severity of thyrotoxico-
sis is similar to that of the previous event, erythrocyte 
sedimentation rate is lower and the radioactive iodine 
uptake higher, indicating a less severe inflammatory 
response.48

The differential diagnosis of pain in the thyroid 
region comprises primarily acute pharyngitis and, 
within the spectrum of thyroid disorders, acute infec-
tious thyroiditis and hemorrhage into a preexistent thy-
roid nodule or cyst. Because the treatment of subacute 
granulomatous thyroiditis and acute infectious thyroid-
itis differ considerably, it is of paramount importance to 
establish a causal diagnosis. Symptoms can be localized 
to the thyroid by finding a painful goiter. Thyroid func-
tion testing should be performed because thyrotoxico-
sis is the rule in subacute granulomatous thyroiditis, 
whereas acute infectious thyroiditis and hemorrhage in 
a preexistent thyroid nodule do not present with thy-
roid dysfunction. Moreover, acute infectious thyroiditis, 
but not hemorrhage into a preexistent thyroid nodule, 
is generally accompanied by more prominent systemic 
manifestations, including a markedly elevated eryth-
rocyte sedimentation rate (ESR). In cases of doubt, a 
needle aspiration under ultrasound guidance can be of 
diagnostic value.

Measurement of radioactive iodine uptake will con-
firm the destructive nature of the thyrotoxicosis, but it 
is usually not indicated. In exceptional cases where the 
cervical pain is not a prominent feature and Graves’ dis-
ease is being considered as a plausible diagnosis, thyroid 
scintigraphy is valuable in distinguishing between these 
conditions.

Treatment
Treatment of subacute granulomatous thyroiditis 
consists of relief of pain and symptomatic treatment 
of thyrotoxic symptoms. It has not been shown that 
subsequent permanent hypothyroidism can be pre-
vented. If treatment is considered, nonsteroidal 
anti-inflammatory drugs or corticosteroids are the 
drugs of choice.45,46,48 Generally, a nonsteroidal anti-
inflammatory drug (e.g., aspirin 600 mg, 3–6 times 
daily) is given, followed by corticosteroids in case of 
insufficient pain relief within 3 days. A typical dose 
regimen consists of a starting dose of prednisone 
(40 mg/day, single dose) that should lead to a signifi-
cant reduction in pain within 48 h. The dose is reduced 
to 30 mg after 4 days, followed by a dose reduction of 
5 mg each week. With respect to thyrotoxicosis, 4–6 

weeks of treatment with a beta blocker (e.g., 40–120 
mg of propranolol or 25–50  mg of atenolol daily) is 
usually beneficial in symptomatic cases. Antithyroid 
drug therapy is ineffective and should not be given, 
because there is no increased thyroid hormone synthe-
sis. After weeks to months, the thyroid dysfunction 
returns to normal.

Symptomatic hypothyroidism is temporarily treated 
with l-thyroxine replacement therapy.

Regarding follow-up, permanent hypothyroidism 
is the most important sequel of subacute granuloma-
tous thyroiditis. Permanent hypothyroidism develops in 
<15% of patients after an episode of subacute granulo-
matous thyroiditis.

Lymphocytic thyroiditis: 
Subacute lymphocytic thyroiditis 
and postpartum thyroiditis 
(see Chapter 13)
Subacute lymphocytic thyroiditis and postpartum thy-
roiditis are variants of chronic autoimmune (Hashimoto’s) 
thyroiditis. If subacute lymphocytic thyroiditis manifests 
itself in the first year after delivery,  the term postpar-
tum thyroiditis is more appropriate. Synonyms are silent 
thyroiditis, hyperthyroiditis, atypical thyroiditis, and 
lymphocytic thyroiditis with spontaneously resolving 
hyperthyroidism.

Prevalence
The prevalence of subacute lymphocytic thyroiditis var-
ies widely.49 In various studies, subacute lymphocytic 
thyroiditis accounts for 0%–23% of all cases of thyro-
toxicosis. Because of the close temporal association with 
parturition, which facilitates prospective studies, more 
data are available on the epidemiology of postpartum 
thyroiditis than for other variants. The reported preva-
lence of postpartum thyroiditis varies widely, from 1.1% 
to 21.1%50 (Table 14.1). A critical appraisal of the avail-
able literature concluded that the prevalence of postpar-
tum thyroiditis in iodine-sufficient areas ranges between 
5% and 7%.50

Subacute lymphocytic thyroiditis can occur at virtu-
ally any age. It has been described in 5–93-year-olds.49,51 
There is a slight female preponderance, with a female: 
male ratio of 2:1.49,51

Postpartum thyroiditis occurs more frequently in 
patients with type I diabetes mellitus. The incidence of 
PPTD in patients with type I diabetes mellitus is at 
least 15%.52
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Pathogenesis
Subacute lymphocytic thyroiditis and postpartum 
thyroiditis are acute phases of autoimmune destruc-
tion in the context of an existing and ongoing pro-
cess of thyroid autosensitization50 (Figure 14.2). This 
is suggested by the presence of thyroid autoantibod-
ies, the histology of both focal organized and diffuse 
destructive lymphocytic thyroiditis with folliculolysis 
and disruption, the presence of circulating activated 
T cells, and the association between specific MHC 
haplotypes.50

At present, the initiating events in subacute lym-
phocytic thyroiditis and postpartum thyroiditis remain 
unknown. Immunotherapy with interferon-α and inter-
leukin-2 can induce thyroid autoantibodies and a clini-
cal picture similar to that of lymphocytic thyroiditis.51 
In postpartum thyroiditis, it is clear that, after the pro-
found pregnancy-associated immunomodulation, there 
is a rebound effect leading to aggravation of thyroid 

autoimmunity during the puerperal period that plays 
an important in the pathogenesis of this condition.50 
These observations indicate that a sudden change in 
“immunohomeostasis” plays an important role in the 
initiation of the disorder.

Iodine has been implicated in several ways. Most 
important is iodine excess in autoimmune-prone indi-
viduals. After the introduction of iodine supplementa-
tion to a population, a rise in thyroid autoantibodies 
and a higher incidence of lymphocytic thyroiditis have 
been observed.50 Besides iodine, other environmental 
factors such as toxins and cigarette smoking have been 
implicated as pathogenetic factors in the development of 
thyroid autoimmunity.51

Presentation
Subacute lymphocytic thyroiditis and postpartum 
thyroiditis classically run a biphasic course: a thyro-
toxic phase is followed by a hypothyroid phase.50,51 
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A scheme depicting the gradual loss of thyroid reserve over time (often years) due to thyroid autoimmune 
mechanisms. On the basis of a genetic predisposition for endocrine and thyroid autoreactivity, an insult on 
the level of the thyroid (leading to the attraction of antigen-presenting cells [APCs]), and various other elicit-
ing factors (e.g., iodine, smoking), a thyroid autoimmune reaction is initiated. TPO antibodies are markers of 
the ongoing thyroid autosensitization process. Pregnancy ameliorates the process, whereas the puerperal 
period aggravates thyroid autoimmunity. If thyroid reserve was already considerably compromised before 
pregnancy, or if the transient autoimmune attack in the puerperal period is severe enough, subclinical hypo-
thyroidism and even overt hypothyroidism will develop (PPTD). (Reproduced from Muller AF et al., Endocr 
Rev, 22, 605–30, 2001. With permission.)
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The disease can also present as either transient thyrotox-
icosis or hypothyroidism50,51 (Figure 14.1). The duration 
of thyrotoxicosis is variable and can be 1–2 months.50,51 
The onset of thyrotoxicosis in postpartum thyroiditis 
is variable, ranging from the first to the sixth month 
postpartum.50 During the thyrotoxic phase, the physical 
symptoms are usually mild compared to Graves’ thyro-
toxicosis and toxic multinodular goiter.50,51 The thyro-
toxic phase is due to leakage of thyroid hormones from 
destroyed thyrocytes and is  therefore self-limiting.50,51 
Permanent hypothyroidism is the most important 
sequel of subacute lymphocytic thyroiditis and postpar-
tum thyroiditis and occurs in about 6% and 12%–61% 
of patients, respectively.50,51

Treatment
Because management and follow-up of postpartum 
destructive thyrotoxicosis and Graves’ disease differ, it is 
important to establish a causal diagnosis. The presence 
of ophthalmopathy and TSH receptor antibodies points 
to a diagnosis of Graves’ disease. In cases of doubt, thy-
roid scintigraphy should be performed, with a diffusely 
elevated uptake in Graves’ disease and a suppressed 
uptake in cases of subacute lymphocytic thyroiditis and 
postpartum thyroiditis.50,51

It is important to be aware that thyrotoxicosis in 
patients with a previous episode of Graves’ disease does 
not necessarily represent a relapse; postpartum thyroid-
itis can be superimposed on Graves’ disease, emphasiz-
ing the role of thyroid scintigraphy in establishing a 
correct diagnosis.53 During breastfeeding, however, the 
administration of 131I is contraindicated.54 When 123I is 
used, breastfeeding should be stopped for 3 days, fol-
lowed by measurement of radioactivity in the milk to 
assess safety of resuming breastfeeding.54

Due to the nature of the thyrotoxicosis—
destruction mediated—antithyroid drug therapy 
should not be given. In symptomatic cases, a short 
course of beta blockade may be beneficial, for exam-
ple, 40–120 mg of propranolol or 25–50 mg of ateno-
lol daily until serum-free T4 is normal. In cases of 
hypothyroidism, treatment with l-thyroxine is given. 
Spontaneous recovery of thyroid function should not 
be awaited. Instead, it is reasonable to stop thyrox-
ine after 2–6 months to see whether remission has 
occurred. If so, yearly assessment of thyroid func-
tion is advised. The risk of recurrence of thyroiditis 
after another pregnancy is 25%–50%. A pragmatic 
approach is to maintain the thyroxine replacement 
therapy and postpone the cessation of therapy until 
completion of the family.

The prevalence of permanent, clinically overt 
hypothyroidism after an episode of subacute lymphocytic 

thyroiditis or postpartum thyroiditis is sufficiently high 
to warrant yearly determination of TSH levels.47

Riedel’s thyroiditis
Riedel’s thyroiditis is also known as Riedel’s struma, 
fibrous thyroiditis, or invasive thyroiditis. It is a rare 
disorder of unknown cause.51

Because Riedel’s thyroiditis is sometimes associated 
with fibrosis in other areas (retroperitoneal, mediastinal, 
orbital) and organs (lung, heart, bile ducts, parotids, and 
lacrimal glands), it is considered a rare manifestation of 
systemic collagenosis.55 Indeed, on histology, the thy-
roid is densely infiltrated with connective tissue, with 
the presence inflammatory cells, especially lymphocytes 
and plasma cells.56

The clinical hallmark is an unusually hard thyroid 
gland that is often diffusely enlarged and attached to 
adjacent muscles, nerves, blood vessels, and trachea.51 
Other symptoms include anterior neck pain, dysphagia, 
and tracheal compression, with dyspnea and hoarse-
ness.51 As thyroid infiltration progresses, hypothyroid-
ism occurs in about 25% of cases.55 In exceptional 
cases, even hypoparathyroidism can ensue. Carcinomas 
and sclerosing lymphomas should be ruled out; this is 
best achieved by surgical biopsy. Systemic steroids and 
tamoxifen can stabilize the fibrosis and alleviate symp-
toms.57,58 Hypothyroidism should be treated with thy-
roxin replacement therapy. Long-term follow-up with 
yearly check of thyroid function is warranted.

Infectious thyroiditis
Infection of the thyroid is a rare event. Most thyroid 
infections involve pyogenic bacteria, although other 
microorganisms can also be involved.59

Infectious thyroiditis is often observed in two age 
groups: in children under age 10 years, when the infec-
tion frequently reaches the thyroid via a fistula from the 
left pyriform sinus, and in young middle-aged adults, in 
whom underlying thyroid disease—goiter, thyroiditis, 
adenoma, or carcinoma—seems to be a predisposing 
factor.60

Infectious thyroiditis should be considered when-
ever there are signs of infection accompanied by neck 
pain. Signs often include a uni- or bilateral tenderness to 
palpation, local erythema and warmth, dysphagia, and 
dysphonia. Thyroid function is usually normal. The dif-
ferential diagnosis comprises infection of neck cysts (thy-
roglossal duct cyst, cystic hygroma, bronchial cleft cyst); 
subacute granulomatous thyroiditis; hemorrhage in a 
nodule; and, in case of slowly growing infectious agents, 
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diffuse goiter or carcinoma. If infectious thyroiditis is 
suspected, a causal diagnosis is best established by FNA 
or surgical excision of the involved thyroid lobe. This 
will enable drainage as well as initiation of antibiotic 
therapy based on direct staining and culture results. In 
children, and in adults with recurrent episodes of sup-
purative thyroiditis, antibiotic cover should be directed 
against oropharyngeal flora, because in these groups 
infection is most likely caused by a fistula from the 
pyriform sinus. In  these cases, barium swallow or CT 
scanning should be performed after recovery. In  cases 
of pyriform fistula, fistulectomy should then be consid-
ered. There is no reason to advocate long-term follow-up 
after appropriate treatment for infectious thyroiditis.

TSH receptor mutations 
and thyroid disease
The TSH receptor (TSHR) is a G protein–coupled recep-
tor with the typical serpentine seven-transmembrane 
domains. It is preferentially coupled to Gs that activates 
adenylyl cyclase, generating cyclic adenosine monophos-
phate (cAMP), when TSH binds to the receptor.61 At 
higher levels of TSH, the TSHR also binds to Gq with 
activation of phospholipase C and the production of inosi-
tol phosphate.62 The cAMP pathway regulates expression 
of the thyroglobulin and thyroperoxidase genes, thyro-
cyte growth, and thyroid hormone secretion, whereas the 
inositol phosphate pathway is primarily involved in the 
control of organification of iodine and hormone synthesis.

Activating mutations of the TSHR have been 
described in familial nonautoimmune hyperthyroidism, 
sporadic congenital nonautoimmune hyperthyroidism, 
and autonomously functioning adenomas (toxic adeno-
mas). Activating mutations have been described in the 
extracellular domains and N terminus and intracellular 
domains and C terminus and transmembrane domains. 
The majority of mutations are localized in the trans-
membrane domains, in particular the sixth transmem-
brane domain63 (Figure 14.3).

Somatic activating mutations of 
the TSHR in toxic adenomas
Somatic mutations of the TSHR were first described in 
toxic adenomas.64 Activating somatic mutations were 
identified in the carboxyl-terminal portion of the third 
cytoplasmic loop in 3/11 toxic adenomas. The muta-
tions were only found in the tumor tissue, involving 
B619G in two cases and A623I in one case. Activating 

mutations have since been reported in up to 80% of 
toxic adenomas and in a proportion of hyperfunction-
ing nodules in toxic multinodular goiters. Activating 
mutations of Gs (gsp) have also been detected in ~10% 
of toxic adenomas.65–67

The treatment for toxic adenomas is the same, 
whether or not there is a TSHR or Gs mutation present. 
The situation for germline mutations, however, is quite 
different.

Germline activating 
mutations of the TSHR
Autosomal dominant nonautoimmune hyperthyroidism 
is defined clinically by the familial occurrence of thy-
roid autonomy in two or more generations. The demo-
graphic prevalence is difficult to estimate. The reported 
prevalence is increasing as awareness of the disease grows. 
The onset of thyrotoxicosis varies from fetal/neonatal 
presentation, through to adulthood. Neonatal sporadic 
or nonautoimmune hyperthyroidism, unlike Graves’ 
disease, is characterized by the absence of TSH-binding 
inhibitory immunoglobulins and the persistence of thy-
rotoxicosis beyond 3 months of age. It is associated with 
intrauterine growth retardation, low birth weight, and 
tachycardia. The presence of goiter at presentation is 
variable. There may be other associated features such as 
microcephaly and developmental delay. Characteristically, 
the patients have severe disease that is difficult to control 
and relapses after medical therapy.63,68 Goiters tend to 
enlarge and become multinodular in later life.

Two heterozygous activating germline mutations of 
the TSHR, associated with familial nonautoimmune 
hyperthyroidism, were first described in two families 
with autosomal dominant hyperthyroidism involving 
residues in the third (V509A) and seventh (C672T) 
transmembrane domains.69 Since then, numerous dif-
ferent mutations have been described in many families. 
Some of the mutations have also been found in toxic 
adenomas (Figure 14.3). Most of the mutations activate 
cAMP, but a subset also activates phospholipase C.63

Graves’ disease is the main differential diagnosis 
of familial nonautoimmune hyperthyroidism. Unlike 
Graves’ disease, nonautoimmune hyperthyroidism is 
not associated with a high female preponderance. It also 
lacks the autoimmune features characteristic of Graves’ 
disease. Interestingly, however, some patients present 
with associated ocular symptoms, in particular pro-
ptosis. They have been particularly described in spon-
taneous congenital nonautoimmune hyperthyroidism. 
Unlike autoimmune thyroid disease, however, there are 
no inflammatory components.63
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In contrast to Graves’ disease, although patients may 
respond to antithyroid medical therapy, they inevitably 
relapse when treatment is withdrawn. Definitive treat-
ment is required in the form of total thyroidectomy and/
or radioiodine.

Germline inactivating 
mutations of the TSHR
Resistance to TSH is characterized by elevated TSH 
levels, normal or low levels of T3 and T4, and the 
absence of a goiter (normal or hypoplastic thyroid 

gland). The first mutation responsible for the inactiva-
tion of the TSHR was described in the hyt/hyt mouse. 
Homozygous hyt/hyt mice have thyroid hypoplasia and 
are hypothyroid.70 Loss-of-function mutations were 
first described in a family with compensated hypo-
thyroidism, that is, clinically euthyroid with elevated 
serum TSH but normal T3 and T4 levels.71 The trait 
appeared in three sisters from parents who were clini-
cally and biochemically euthyroid. The sisters were 
found to be compound heterozygotes, with two dif-
ferent mutations in the extracellular domain of TSHR 
(maternal allele, P162A; paternal allele, I167N). Since 
then, loss-of-function mutations have been described 
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Activating mutations of the TSHR gene in the various genetic hyperthyroidism syndromes. Comparison 
of amino acid structure of the TSHR and locations of gain-of-function mutations found in familial 
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in several families and individuals. The mutations are 
mainly recessively inherited, with a spectrum of phe-
notypes from compensated hypothyroidism to severe 
congenital hypothyroidism. The functional effects of 
mutations vary from mild impairment of function, 
where affected individuals have compensated hypo-
thyroidism, to mild hypothyroidism and severe hypo-
thyroidism where both alleles carry nonfunctioning 
mutations. These latter individuals usually present 
with congenital hypothyroidism. A study of a large 
consanguineous community in Israel has identified 
two TSHR mutations (P68S located in the extracel-
lular domain and L653V located in the third extra-
cellular loop) occurring in 33 subjects. Five subjects 
were homozygous for L653V, twenty subjects hetero-
zygous for L653V, four subjects heterozygous for P68S, 
and four subjects were compound heterozygous P68S/
L653V4. All the homozygous and compound heterozy-
gous patients had compensated hypothyroidism, with 
the L653V homozygous individuals having the highest 
TSH levels. Heterozygous individuals with the L653V 
allele but not the P68S allele had significantly higher 
mean TSH levels than normal individuals, although 
many were in the normal range. Thyroid status 
remained stable in five homozygous individuals for the 
L653V allele over a period of 3.5 years.72 This is in con-
trast to patients with compensated autoimmune hypo-
thyroidism who may develop frank hypothyroidism 
requiring thyroxine replacement therapy.

Resistance to thyroid hormone
Thyroid hormone action is encoded by two highly 
homologous receptors, TRα and TRβ, encoded by genes 
on chromosomes 17 and 3, respectively. Alternate splic-
ing generates three highly homologous nuclear receptor 
isoforms (TRα1, TRβ1, and TRβ2) that have differ-
ing tissue distributions.73 TRα1is most abundant in 
the central nervous system, myocardium, and skeletal 
muscle; TRβ1 in liver and kidney; and TRβ2 in the 
pituitary and hypothalamus.

RTH is rare and is characterized by elevated thy-
roid hormone levels, together with an unsuppressed 
TSH level, reflecting RTH in the hypothalamic–
pituitary–thyroid axis. Peripheral RTH appears to be 
variable, resulting in variable clinical manifestations 
of the abnormality.74 The condition is inherited in an 
autosomal dominant manner, associated with diverse, 
heterozygous TRβ gene mutations that occur de novo in 
approximately 10% of sporadic cases. A large number of 
mutations have been identified that impair binding to 
thyroid hormones and/or transcriptional activity of the 

receptors.75–77 In addition, mutant receptors also have a 
dominant negative action on wild-type receptors.78,79

Clinical features of RTHs
Many patients are asymptomatic, only coming to atten-
tion after routine testing of thyroid function. These 
patients are considered to be in a state of compensated 
euthyroidism, termed generalized RTH. Some patients, 
however, present with a variable range of symptoms 
of thyrotoxicosis, consistent with preservation of at 
least some peripheral sensitivity to thyroid hormones. 
Although there is overlap between these two entities, 
the presence or absence of thyrotoxic symptoms is useful 
in the clinical management of these patients.80 Elevated 
resting energy expenditure has been described in adults 
and children with TRβ mutations, with an increased 
energy intake of 40%. The elevated energy expenditure 
was intermediate between euthyroid and thyrotoxic con-
trol subjects. Basal mitochondrial substrate oxidation is 
increased, whereas ATP synthesis is decreased, indicat-
ing uncoupling of oxidative phosphorylation in skeletal 
muscle. There was, however, no distinction between 
subjects with features of generalized RTH and those 
with clinical features of peripheral sensitivity.81 This 
retained sensitivity to thyroid hormone is likely due 
to the predominant expression of the TRα isoform in 
skeletal muscle. A similar retained sensitivity has been 
described in the myocardium.82

Goiter is the commonest presenting sign in >50% 
of patients. The most common error in diagnosis is 
Graves’ disease. If a patient undergoes a thyroidectomy, 
the goiter will usually recur, often with multinodular 
features. The main differential diagnosis in patients 
with elevated TSH and thyroid hormone levels is a 
thyrotropin-secreting pituitary tumor. These patients 
are clinically thyrotoxic and may have other features 
indicative of a pituitary tumor. Other causes of a raised 
serum T4 and TSH that need to be considered are listed 
in Table 14.2. Assay artifacts due to interfering protein 
binding or antibodies can usually be excluded using a 
two-step assay or equilibrium dialysis for fT4, and serial 
dilutions for TSH.

Recently, patients with heterozygous inactivating 
mutations in TRα1 have been identified.83–85 The phe-
notype of these patients includes growth retardation, 
delayed skeletal development mildly delayed motor and 
cognitive development and constipation. Thyroid func-
tion tests demonstrate low free T4, high T3, low rT3 and 
normal TSH levels.

There may be associated low growth hormone and 
IGF-I levels and dyslipidaemia.
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Management of RTHs
The need for therapy is guided by the presence or absence 
of features of thyrotoxicosis or hypothyroidism. Most 
patients are clinically euthyroid and do not require treat-
ment, unless they have a large goiter. Surgery or radio-
iodine should be avoided, because the goiter will often 
recur. Supraphysiological doses of thyroxine may be con-
sidered in this situation and also in patients who have fea-
tures of hypothyroidism. In this situation, careful clinical 
monitoring is required, particularly of basal metabolic 
rate, cardiac function, and bone (biomarkers of turn-
over, bone density). Ideally, TSH should be normalized. 
Additional useful biomarkers are SHBG, ferritin, choles-
terol, and angiotensin-converting enzyme. Tachycardia 
may be managed with cardioselective beta blockers.

Although antithyroid drugs may be considered for 
patients with features of thyrotoxicosis, they may be asso-
ciated with a further rise in TSH levels, overriding their 
effects, with an increase in the size of a goiter. Thyroid 
hormone analogues such as TRIAC (3,3,5-triiodothyro-
acetic acid) may be used. TRIAC has has predominantly 
pituitary and hepatic thyromimetic effects—tissues that 
are relatively refractory to thyroid hormones in RTH, and 
it has a preferential affinity for TRβ in vitro.86 The Food 
and Drug Administration (FDA) has issued several health 
warnings referring to the use of TRIAC for nonmedical 
reasons, such as weight loss and reduction in body fat in 
body builders. Patients who cannot be controlled with 
TRIAC alone may respond to combined therapy with an 
antithyroid drugs such as carbimazole/methimazole.87 An 
alternative therapy that may be considered is with dextro-
thyroxine (D-T4).

Patients with TRα1 mutations have been reported to 
demonstrate partial responses to treatment with thyrox-
ine, although cognitive and motor functions have been 
unaffected.83–85

Thyrotropin-secreting 
pituitary adenomas 
(see Chapter 1)
Thyrotropin-secreting pituitary adenomas (TSH-omas) 
are rare. An observational study in Sweden has esti-
mated an age-standardized incidence of 0.26 per million 
between 2005 and 2009, with a prevalence of 2.8 per 
million in 2010. The peak age-specific incidence was 
55–69 years.88 There is no clear gender predominance. 
In a  Franco-Belgian study of 43 patients presenting 
between 1976 and 2001, the mean age of diagnosis was 
44 ± 13 years.89

Clinical features of TSH-omas
Patients may present with symptoms and signs of 
thyrotoxicosis, although this may be mild or subclini-
cal. Some patients present with symptoms of a pituitary 
adenoma. The tumors are most frequently macroad-
enomas; they may be invasive and are often associated 
with chiasmal compression. Rarely, TSH-omas are 
malignant.90

Macroadenomas occurred in 16.28 (57%) of patients 
in the Swedish study.88 In contrast, in the Franco-
Belgian study, 34/43 (79%) had a macroadenoma that 
was invasive in 31(72%). Three tumors were giant mac-
roadenomas. Two patients did not have demonstrable 
tumors on pituitary imaging, indicating that a normal 
MRI scan cannot unequivocally exclude a TSH-oma.89 
Similarly, a pituitary abnormality on an MRI scan in 
a patient with elevated TSH and thyroid hormone lev-
els does not necessarily exclude a diagnosis of thyroid 
hormone resistance.91 In questionable cases, inferior 
petrosal sinus sampling with central and peripheral 
measurement of TSH, 111In-pentetreotide scintigraphy, 
and positron emission tomography may be helpful.89

There is often concomitant evidence of pituitary dis-
ease. In the Swedish study, 5/27(18.5%) of patients had 
some degree of hypopituitarism. Cosecretion of prolac-
tin is the most frequent additional endocrine secretory 
abnormality, occurring in 9/27 (33%) of patients in the 
Swedish study, 9/43 (21%) in the Franco-Belgian study, 
and 3/25 (12%) in a U.S. study.90 Growth hormone 
secretion, sometimes with features of acromegaly, may 
also occur, ranging from 4%90 to 14%88 to 19%.89

Investigation of TSH-omas
The differential diagnosis of a TSH-oma from RTH is 
summarized in Figure 14.4.

Raised serum-binding proteins
Familial dysalbuminemic hyperthyroxinemia
Anti-iodothyronine/anti-TSH antibodies
Nonthyroidal illness
Acute psychiatric illness
Drugs, e.g., amiodarone, heparin
Intermittent T4 therapy or T4 overdose
Thyrotropin-secreting pituitary tumor
RTH

Table 14.2
Causes of raised serum T4 with nonsuppressed TSH.
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Thyrotropin-secreting adenomas characteristically 
secrete glycoprotein hormone α-subunit (GPH 
α-subunit), with elevated basal levels in the majority 
of patients. Glycoprotein hormone α-subunit levels 
can, however, be misleading in patients with elevated 
gonadotropin levels, such as postmenopausal women 
and in patients who have had previous thyroid treat-
ment associated with elevated TSH levels. Additional 
sensitivity is achieved by measuring the GPH 
α-subunit/TSH molar ratio TSH molar ratio which 
is usually >1.0. Thyrotroph-secreting adenomas usu-
ally fail to suppress TSH secretion with the pharma-
cological doses of T3 (80–100 μg/day for 8–10 days). 
They may also demonstrate a lack of TSH response to 
thyrotropin-releasing hormone (TRH).90 The majority 
of TSH-omas express somatostatin receptors (SSTs) 2 
and 5, demonstrating TSH suppression in response to 
acute octreotide challenge (octreotide 100 μg s.c.),89,90 
although responsivity does not necessarily predict 
efficacy with long-term treatment with somatostatin 
analogs.

Management of TSH-omas
Surgery is the treatment of choice. Due to the size and 
invasiveness of many tumors, however, surgical cure 
may not be achieved. In addition, these tumors often 
have a fibrotic consistency, rendering surgery difficult. 
In patients selected for first-line surgery, long-term 
remission/cure has been achieved in 16/22 (73%),88 
19/36 (53%),89 and 8/25 (32%)90 of patients. Patients 
with invasive residual disease should be considered for 
radiotherapy. Adjuvant medical therapy with octreo-
tide or lanreotide may achieve medical control in these 
patients. Patients may be treated with somatostatin ana-
logs presurgically, although there is no evidence that 
this improves surgical outcome and, unlike somatotroph 
adenomas, tumor shrinkage is seen less frequently.89,90 
Nonetheless, consideration can be given to somatostatin 
analogs as primary medical therapy in selected patients. 
Dopamine (D2) receptors are expressed by TSH-omas.92 
Occasionally, tumors may respond to DA agonist ther-
apy.89,90 The coexpression of SST2 and 5 and DA2 on 

Raised total T4/T3
Normal/raised TSH

TSH-secreting pituitary
adenoma

Resistance to thyroid
hormone

•   Confirm elevated T4 by 2-step
approach or equilibrium dialysis

•   Linearity of TSH assayed in dilution

•   Elevated GPH α-subunit
•   Raised  GPH α-subunit/TSH molar
    ratio
•   Abnormal pituitary MRI (beware
    of incidentalomas; normal scan
    does not exclude TSH Home)
•   No TSH response to T3 or TRH
•   Elevated SHBG and other
    biomarkers

•   Affected �rst degree relatives
•   Normal GPH α-subunit
•   Normal GPH α-subunit/TSH
    molar ratio
•   Normal pituitary MRI scan
•   Normal TSH responses to T3 or TRH
•   Normal SHBG and other
    biomarkers

Figure 14.4
Differential diagnosis of thyrotroph-secreting pituitary adenoma from resistance to thyroid hormone.
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TSH-omas may render them amenable to treatment with 
somatostatin–dopamine analog chimeric molecules in 
the future.92
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15
Differentiated and undifferentiated thyroid cancer
Michael J. Stechman, David Scott-Coombes

Introduction
Thyroid cancer is the commonest endocrine malignancy, 
but itself is rare, accounting for <1% of all cancers. 
Thyroid cancer includes a wide spectrum of diseases of 
which there are four distinct subtypes. Differentiated 
thyroid cancer (DTC) accounts for most malignancies 
(85%) and arises from the follicular cell. Anaplastic thy-
roid cancer (ATC) (1%–3%) is undifferentiated and may 
arise from preexisting differentiated tumor or de novo. 
Medullary thyroid cancer (10%) is a tumor of the para-
follicular C cells. It may occur sporadically, as an iso-
lated familial condition or in association with multiple 
endocrine neoplasia type 2 (MEN2) (see Chapters 7, 9). 
Thyroid lymphoma (3%) is usually of the non-Hodgkin’s 
B-cell type arising on a background of Hashimoto’s 
thyroiditis and is best managed by hemato-oncologists.

Differentiated thyroid cancer
Epidemiology
The incidence of DTC has a geographical variation and 
is more common in women (2.4/100,000 in the United 
Kingdom; 5.2/100,000 in the United States) compared with 
men (0.9/100,000 in the United Kingdom; 2.1/100,000 
in  the United States).1 Between 1973 and 2002, there 
has been a 2.4-fold increase in its incidence in the United 
States, but the mortality has not altered, suggesting that 
this phenomenon may simply be increased detection 
of smaller tumors.2 The principle subtypes of DTC are 
papillary and follicular. Their prevalence is partly depen-
dent upon iodine intake in a particular geographic area. 

In  iodine-sufficient areas, papillary carcinomas account 
for about 80% of tumors, whereas in areas of iodine defi-
ciency, as the prevalence of follicular carcinoma rises, the 
prevalence of papillary carcinoma falls to 35%–55%.3

Pathology
Papillary thyroid carcinoma
Papillary thyroid carcinoma (PTC) tumors present 
in the third and fourth decades, predominantly in 
women. The tumor is unencapsulated with both papil-
lary and follicular structures. The papillae have a fibro-
vascular core covered by a single layer of tumor cells 
(Figure  15.1). The nuclei are typically pale-staining 
“glass-ground” in appearance with longitudinal grooves 
and cytoplasmic inclusion vacuoles, producing the 
“Orphan Annie” appearance. Psammoma bodies are 
calcified degenerative changes that occur in the papillae 
and are characteristic of papillary carcinomas, occurring 
in 40%–50% of tumors. Multifocality is present in 
20%–80% of cases, with 30% being bilateral.4 Several 
subtypes or variants of papillary carcinoma have been 
identified4 (Table 15.1). The main variant that seems to 
be clinically significant is the tall cell variant (height of 
cell greater than twice its width). This variant is more 
likely to present at an older age, and these tumors have a 
higher recurrence rate, mortality, and rate of progression 
to more poorly differentiated subtypes such as ATC.5 
Papillary carcinomas frequently spread to local lymph 
nodes,6 more commonly in children than adults, being 
seen in 50%–89% of cases.4 Microscopic nodal dis-
ease has minimal impact on overall survival, although 
local recurrence rates may be higher. In contrast, bulky 
nodal disease in high-risk patients affects survival and 
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loco regional recurrence rates.7 Distant metastatic spread 
is uncommon, occurring in <10% of patients.

Follicular neoplasm
Unlike PTC, follicular tumors can either be benign 
(adenoma) or malignant (carcinoma). Follicular thyroid 
carcinomas (FTCs) present at a later age, peaking in the 
fourth and fifth decades. They are encapsulated tumors 
with follicular differentiation but without the charac-
teristic nuclear changes of PTC. Capsular invasion is 
the key feature that distinguishes follicular carcinomas 
from follicular adenomas.8 It is for this reason that fol-
licular carcinomas cannot be differentiated from benign 
follicular adenomas using cytology. Two main types are 
recognized: minimally invasive, infiltrating the tumor 
capsule, and widely invasive, with involvement of sur-
rounding blood vessels (Figure 15.2). Follicular tumors, 

Figure 15.1
Histopathology of PTC. (a) Low-power (×40) FNA demonstrating papillary structures. (b) High-power (×400) FNA 
demonstrating intranuclear cytoplasmic inclusion (arrow). (c) Low-power (×40) demonstrating papillary tumor 
surrounded by normal, compressed thyroid tissue. (d) High-power (×400) demonstrating ground glass nuclei.

Histological 
type

Relative 
proportion 
(%)

Prognosis 
compared with 
classical type

Classical 50
Follicular 

variant
25–30 Similar

Encapsulated 10 Better
Tall cell 10 Less favorable
Diffuse 

sclerosing
4 Less favorable

Columnar cell <1 Poor

Table 15.1
Subtypes of papillary carcinoma.



Differentiated and undifferentiated thyroid cancer

309

unlike PTCs, characteristically metastasize by hema-
togenous spread, most commonly to lung and bone. 
Hürthle cell carcinomas (oncocytic variant) are uncom-
mon and are more often multifocal, frequently involv-
ing regional nodes. However, only 10% of these tumors 
take up radioiodine, and they have a greater tendency 
for tumor recurrence and increased mortality.9 Insular 
carcinoma is a morphologically distinct tumor (neither 
PTC nor FTC) derived from the follicular cell that has 
an aggressive biological course. These tumors affect 
elderly patients and have a poor prognosis.

Etiology and molecular pathogenesis
The exact etiology of DTC remains largely unknown; 
however, the two most significant risk factors associated 
with its development are exposure to ionizing radiation 
and a positive family history for the disease.

Exposure to radiation
Pooled analysis of atomic bomb survivors, children 
exposed to therapeutic external radiotherapy, and chil-
dren exposed to the Chernobyl nuclear accident10,11 
have demonstrated that childhood exposure to radia-
tion is associated with the development of both benign 
and malignant thyroid tumors. The risk is inversely 
proportional to age and the dose–response curve is 
linear, reaching its maximum at doses of 20–30 Gy, 
but tapering off at doses >30 Gy.12 Nodules found in 
radiation-exposed individuals should be investigated 
in the same manner as nonexposed individuals, but if 
found to be suspicious or malignant, surgical treatment 
should be more aggressive because more than half of 
these tumors are multicentric.13 Once exposed, the risk 
persists for up to 40 years and may lead to other head-
and-neck tumors, including those of the salivary14 and 
parathyroid glands.15

Figure 15.2
Histopathology of FTC. (a) FNA (×200) demonstrating microfollicles, follicular neoplasm. (b) Follicular 
carcinoma demonstrating minimal invasion of the tumor capsule (arrow) (×100). (c) Follicular carcinoma 
demonstrating capsular invasion (×100). (d) Follicular carcinoma demonstrating vascular invasion (×100).
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Family history and genetic epidemiology
In common with some other solid tumors, patients with 
DTC are more likely than the general population to 
have a relative affected by the disease. A study of 9.6 
million individuals on the Swedish Family-Cancer data-
base estimated the genetic component, or heritability of 
thyroid cancer, to be 53%.16 This was higher than any 
other tumor studied but may be skewed by the inclu-
sion of medullary thyroid cancer. Other studies compar-
ing hospital and population-based samples of patients 
with DTC with unaffected controls have determined 
that those with DTC are between 4.1 and 8.6 times 
more likely to have a first-degree relative (FDR) with 
the disease than controls or the general population.17–19 
The most recent of these found the risk was more evi-
dent in those with a sibling FDR.19 To determine the 
underlying genetic cause for apparently sporadic DTC, 
genome-wide association studies have been performed 
in U.S., European, and U.K. populations.20–24 Such 
studies involve genotyping the germline DNA from 
patients affected by DTC and comparing the results 
with those obtained from unaffected controls. To date, 
DTC risk has been found to be associated with single-
nucleotide polymorphisms (SNPs) at chromosomal loca-
tions 8q24, 9q22, and 14q13; evidence is conflicting for 
a further SNP at 5q24. Inheritance of these high-risk 
alleles appears to confer up to a 10-fold increase in risk 
of developing DTC compared with the correspond-
ing low-risk alleles. The proximity of the 9q22 SNP 
to the FOXE1 (TTF2) gene and the 14q13 SNP to the 
NKX2-1 (TTF1) gene suggests that they may have a 
role in the etiology of sporadic DTC.

Familial DTC
Despite evidence supporting a genetic or heritable 
cause for DTC, <5% of cancers have a clear, genetic 
origin. They may occur as Mendelian tumor syndromes 
(phosphatase and tensin [PTEN]-hamartoma tumor 
syndrome/Cowden syndrome, familial adenomatous 
polyposis/Gardner syndrome, Carney complex type 1, 
Werner syndrome, and Pendred syndrome) or as famil-
ial syndromes in which PTC is the predominant feature, 
such as pure familial PTC, familial PTC associated with 
papillary renal cell carcinoma, and familial PTC with 
multinodular goiter. Details on these rare disorders are 
provided in Table 15.2.

Molecular pathogenesis of DTC
Somatic alterations in genes affecting several signal 
transduction pathways have been demonstrated in 
thyroid cancer and can be broadly classified into point 
mutations and chromosomal rearrangements.25 It is 

proposed that point mutations arise due to chemical 
mutagenesis, whereas chromosomal rearrangements 
occur with exposure to ionizing radiation.25 Mutations 
of the B-type Raf kinase (BRAF) and RAS oncogenes 
cause activation of the mitogen-activated protein kinase 
(MAPK) and the phosphatidylinositol 3-kinase/v-Akt 
murine thymoma viral oncogene (PI3K/AKT1) signal-
ing pathways, and lead to downstream effects on the 
nuclear expression of genes involved in cell proliferation, 
cell differentiation, cell survival, and tumorigenesis. In 
particular, the T1799A missense mutation in BRAF 
(leading to V600E amino acid change) appears specific 
for PTC and is observed in up to 69% of PTC and 24% 
of PTC-derived ATC. Because it is demonstrably asso-
ciated with increased risk of recurrence and reduced 
disease-specific survival,26 it may become a useful 
prognostic marker in PTC. The RET/PTC and PAX8/
peroxisome proliferator-activated receptor (PPAR)γ 
chromosomal arrangements are seen in PTC and FTC, 
respectively. The recombinant protein product of the 
RET/PTC fusion gene leads to a constitutively active 
RET tyrosine kinase that activates the MAPK pathway 
upstream of BRAF.27 PAX8 is a thyroid transcription 
factor and PPARγ promotes cell differentiation and 
inhibits cell growth. The likely effect of the PAX8/
PPARγ rearrangement is to remove the inhibitory effect 
of PPARγ gene upon cell growth.28

Clinical presentation
Most cancers present with a goiter. Thyroid nodules occur 
in about 5%–10% of adults of which the overwhelming 
majority (95%) are benign. Features in the history that 
alert the physician to a cancer and warrant an urgent refer-
ral are listed in Table 15.3. Every patient should undergo 
a thorough clinical examination and particular attention 
should be paid to the size and consistency of the goiter 
as well as presence–absence of cervical lymphadenopathy. 
Increasingly thyroid nodules are incidentally identified 
during radiological imaging for indications other than 
the thyroid (thyroid incidentalomas), for example, carotid 
artery duplex (9%), cross-sectional scans (15%), and posi-
tron emission tomography (PET) scans (3%).29

Investigation of thyroid 
nodule and staging
Thyroid function tests should be requested in all patients. 
Thyroid scintiscan and serology should be considered 
when thyroid-stimulating hormone (TSH) is suppressed. 
Any new thyroid nodule should undergo fine needle 
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aspiration biopsy (FNAB) that can be undertaken by 
the clinician in the outpatient clinic or under ultrasound 
control. The FNAB report should be reported according 
to British Thyroid Association (BTA)/American Thyroid 
Association (ATA) guidelines30 (Table 15.4). Cases of thy-
roid incidentalomas should undergo an ultrasound scan, 
and those with suspicious sonographic features (calcifica-
tion, irregularity, solid lesion, hypervascularity) should 
undergo ultrasound-guided FNAB.31 When a diagnosis 
of PTC is made, patients should undergo an ultrasound 
staging of the neck (Figure 15.3). Computed tomography 
(CT) scanning is avoided because it is less sensitive than 
ultrasound for lymph node staging, and administration 

Syndrome Features Inheritance Chromosome Gene

Cowden 
syndrome

Hamartomas, 
breast cancer, 
FTC, and rarely 
PTC

A-D 10q23.31 PTEN

Familial 
adenomatous 
polyposis

Gastrointestinal 
polyps, 
osteomas, 
retinal 
hypertrophy, 
desmoid 
tumors, 
cribriform PTC

A-D 5q22.2 APC

Carney complex Adrenal, pituitary, 
and gonadal 
cancers, PTC, 
FTC

A-D 17q23-24 PRKAR1a

Werner syndrome Premature aging, 
sarcomas, 
osteosarcomas, 
FTC/PTC

A-R 8p11-12 WRN

Pendred 
syndrome

Deafness, diffuse 
goiter, PTC

A-R 7q22.3 SLC26A4

Familial PTC PTC — 2q21 ?
Familial PTC and 

papillary renal 
neoplasia

PTC and renal 
tumors

— 1q21 ?

Familial PTC and 
multinodular 
goiter

PTC and goiter — 14q32 ?

A-D, autosomal dominant; A-R, autosomal recessive; ?, unknown.

Table 15.2
Familial syndromes associated with DTC.

Extremes of age (<20 years, >70 years)
Family history of thyroid cancer
History of exposure to radiation
Hoarseness
Rapid enlargement of goiter (over 4–6 weeks)
Presence of cervical lymphadenopathy

Table 15.3
“Red flag” features and symptoms for thyroid 
cancer.
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of intravenous contrast can saturate iodine-avid tissue 
and significantly delay radioiodine treatment. However, 
cross-sectional imaging (ideally without contrast) is indi-
cated when there is suspicion of local invasion or sig-
nificant retrosternal extension. A suggested algorithm is 
presented in Figure 15.4.

Surgery for DTC
Thyroidectomy with or without lymphadenectomy is 
the mainstay of treatment for DTC and should aim to 

gain local control of disease, preserve function, provide 
accurate staging, and prevent loco regional recurrence. 
The minimum operation for low-risk tumors should 
be lobectomy and isthmusectomy, whereas higher risk 
tumors will require total thyroidectomy. Apart from 
risk to the recurrent laryngeal nerve that is common to 
both operations, total thyroidectomy requires long-term 
levothyroxine replacement and may result in hypopara-
thyroidism. The risk of recurrent laryngeal nerve injury 
and hypoparathyroidism should also be taken into con-
sideration when balancing the risk of lymph node dis-
section with the risk of local recurrence. Discussion and 
planning of treatment for patients with thyroid cancer 
is ideally managed in a multidisciplinary setting with 
appropriate audit of complications and outcomes.

Surgery for PTC
The diagnosis of PTC is usually possible preoperatively 
with FNAB, allowing staging and planned treatment. 
Tumor size, age, and metastases at presentation will 
dictate the extent of thyroidectomy required. Thus, 
multivariate analysis has demonstrated that clini-
cally significant tumors (>1 cm in diameter) should be 
treated with total thyroidectomy.32 Those over the age of 
45 years are at greater risk of recurrence, with a higher 
mortality and should be treated similarly.33 Regardless of 
tumor size, those with metastases require total thyroid-
ectomy for local control and also to facilitate radioactive 
iodine therapy. Other factors that increase the risk of 
contralateral disease and that should prompt total thy-
roidectomy in patients with tumors close to 1 cm in size 
are prior exposure to head-and-neck irradiation, FDR 
family history of DTC, and evidence of multifocality 
(e.g., two or more foci). Micropapillary thyroid cancer 
(<1 cm) with no other risk factors has a very low risk in 
terms of mortality and local recurrence and can be man-
aged by thyroid lobectomy alone. Finally, despite the 
overwhelmingly good prognosis of most patients with 
PTC, a minority will present with locally advanced dis-
ease. Tumor invasion into the trachea or larynx should 
be treated by excision of all macroscopic tumor, includ-
ing, if necessary, tracheal resection or vertical hemi-
laryngectomy and reconstructive surgery,7 provided the 
patient has a good performance status and is free from 
metastatic disease. Fortunately, the necessity for such 
procedures is rare and macroscopic clearance is usually 
feasible by tracheal shave procedure. Adjuvant therapy 
with external beam radiotherapy as well as radioactive 
iodine should be considered in these patients to reduce 
the risk of local recurrence.

Classification Definition

Thy 1a Insufficient cellular 
material

Thy 1c Consistent with 
benign cyst 
contents

Thy 2 Benign
Thy 3a Some features of PTC
Thy 3f Suspicious for 

follicular neoplasm
Thy 4 Suspicious for PTC
Thy 5 Malignant

Table 15.4
Classification of thyroid cytology results.

Figure 15.3
Ultrasound of a malignant lateral cervical node 
showing the characteristic punctuate microcalcifica-
tion of psammoma bodies within a metastatic node.
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Surgery for FTC
Approximately 15%–20% of lesions with Thy3f cytol-
ogy will be invasive FTC, but definitive diagnosis 
requires paraffin-block histology, usually via diagnostic 
lobectomy. The necessity for further treatment (comple-
tion thyroidectomy and radioactive iodine) depends 
upon tumor size, whether the disease is minimally or 
widely invasive, the presence of vascular invasion, and 
the histological subtype. Thus, patients >45 years, 
tumors >4 cm, widely invasive FTC, Hürthle cell vari-
ant histology, or vascular invasion are all best treated by 
completion thyroidectomy and radioactive iodine (RAI) 
after initial lobectomy. Those with T1 tumors (<2 
cm) (Table 15.5) that are minimally invasive, with no 
other adverse features (age >45 years, vascular invasion, 

aggressive histological features) can be managed with 
thyroid lobectomy alone. Some minimally invasive T2 
tumors (2–4 cm) may also be managed with lobectomy 
alone, provided they are in young patients with no con-
tralateral thyroid nodules and without any of the above-
mentioned adverse features.

Lymph node dissection
Micro- or macroscopic regional lymph node metas-
tases are present in up to 60% of patients with PTC 
but at a lower frequency in other histological sub-
types.7 Although nodal metastasis is reported to have 
minimal impact upon overall survival, it is likely that 
it does increase local recurrence rates. Furthermore, 

Toxic nodule/graves

Thyroid nodule/goiter

Thyroid function tests

Hyperthyroid

Isotope scan

RAI or surgery

Euthyroid

THY5

Solid

Fine needle aspiration

THY4 THY3 THY2

Stage Core or F/S

ObserveSurgery Surgery Surgery

THY1

Cystic

Surgery

Recurs after x2 FNA

Figure 15.4
Algorithm for the management of a thyroid nodule. RAI, radioactive iodine; Core, core biopsy; F/S, intraop-
erative frozen section; FNA, fine needle aspiration cytology.
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a Surveillance, Epidemiology, and End Results (SEER) 
database report cited lymph node metastasis as an inde-
pendent risk factor for decreased survival in patients 
>45 years with PTC and in those with FTC.34 Therefore, 
patients with radiologically and/or clinically involved 
central compartment (level VI) lymph nodes should 
undergo therapeutic central compartment neck dissec-
tion at time of thyroidectomy. If lateral nodal involve-
ment is present (levels II–V), a selective neck dissection 
of involved levels should also be performed; “berry pick-
ing” should be avoided. The evidence for lymph node 
dissection in those with radiological and clinically nega-
tive lymph nodes (prophylactic dissection) is less clear 
but is currently reserved for those patients with high-
risk features such as age >45 years and locally advanced 
(T3 and T4) (Table 15.5) primary tumors.35

Risk stratification in the 
follow up of DTC
To provide accurate information on tumor extent, 
patients should be staged according to the American Joint 
Committee on Cancer (AJCC) Tumor-node-metastasis 
(TNM) staging system (Table  15.5). Several scoring 
systems, for example, MACIS, AMES, and AGES, have 

also been derived and score several risk factors, including 
presence of metastasis, age, completeness of resection, 
extrathyroidal extension, and tumor size, to identify the 
85% of patients at low risk and the minority at high risk 
of mortality. In an effort to predict the risk of recurrence, 
the ATA revised 2009 guidelines using a three-level 
stratification system (low, intermediate, and high risk)35 
(Table 15.6).

Low-risk patients
This subgroup has either minimal or no benefit from 
RAI therapy in terms of reduced risk of recurrence or 
death, but remnant ablation may aid follow-up (see 
below); so, RAI may be used in selected cases, accord-
ing to MDT discussion.

Intermediate- and high-risk patients
Intermediate- and high-risk subgroups have either 
demonstrable benefit in terms of reduced risk of death, 
or reduced risk of recurrence, and RAI should be 
recommended.

Stratifying patients in the light of their response 
to therapy improves prognostic assessment and allows 
better planning for follow-up.36 The ATA system has 

Stage Age <45 years Age >45 years Anaplastic (any age)

I Any T, any N, M0 T1, N0, M0
II Any T, any N, M1 T2, N0, M0
III T3, N0, M0

T1/2/3, N1a, M0
IVA T4a, N0/1, M0 Any T, N, or M

T1/2/3/4a, N1b, M0
IVB T4b, Any N, M0
IVC Any T, any N, M1

Source:	 From AJCC Cancer Staging Manual, 7th ed., 2010, published by Springer-Verlag, Inc., New York. 
T1, tumor, diameter ≤2 cm; T2, primary tumor, diameter >2–4 cm; T3, primary tumor, diameter >4 cm limited to the thyroid or with minimal 
extrathyroidal extension; T4a, tumor of any size extending beyond the thyroid capsule to invade subcutaneous soft tissues, larynx, trachea, 
esophagus, or recurrent laryngeal nerve; T4b, tumor invades prevertebral fascia or encases carotid artery or mediastinal vessels; TX, pri-
mary tumor size unknown but without extrathyroidal invasion; N0, no metastatic nodes; N1a, metastases to level VI (pretracheal, paratra-
cheal, and prelaryngeal/Delphian lymph nodes); N1b, metastasis to unilateral, bilateral, contralateral cervical, or superior mediastinal 
nodes; NX, nodes not assessed at surgery; M0, no distant metastases; M1, distant metastases; MX, distant metastases not assessed.

Table 15.5
Tumor-node-metastasis (TNM) staging system for thyroid cancer.
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since been validated in a large retrospective study37 and 
refined by the addition of measurements of response to 
therapy such as postoperative imaging, TSH-suppressed 
thyroglobulin (Tg), and stimulated Tg.

RAI therapy (see Chapter 7)
Most DTC cells retain the ability to trap and organify 
iodine, although not with the same efficiency as that of 
a normal follicular cell. This property paves the way for 
adjuvant RAI therapy whereby uptake of 131I into can-
cer cells leads to a targeted destruction (owing to beta-
emitting properties of the isotope). This treatment has 
been deployed for decades, but a lack of randomized trials 
and national differences in practice means that there is no 
standardized approach to this treatment. There are three 
principle applications of RAI38 (Table 15.7). Patients at 
high-risk of recurrence or death will be offered adjuvant 
therapy with RAI, and there is good evidence for a sur-
vival benefit in patients with metastatic disease.39 Two 
weeks before RAI therapy, the patient is commenced on 
a low-iodine diet. At the time of taking the RAI, TSH 
must be high to stimulate radioiodine uptake. This is 
either achieved by thyroid hormone withdrawal (THW) 
or the use of recombinant human TSH (rhTSH). A pro-
spective randomized study found that THW and rhTSH 

Low risk (all the following are 
present)

Intermediate risk (any of the 
following is present)

High risk (any of the following is 
present)

No local or distant metastasis Microscopic invasion into the 
perithyroidal soft tissues

Macroscopic tumor invasion

All macroscopic tumors resected Cervical lymph node metastases 
or 131I uptake outside the 
thyroid bed on the 
posttreatment scan, if done 
after remnant ablation

Incomplete tumor resection with 
gross residual disease

Tumor does not have aggressive 
histology (tall cell, insular, 
columnar cell, Hürthle cell 
carcinoma, FTC)

Tumor with aggressive histology 
or vascular invasion (tall cell, 
insular, columnar cell, Hürthle 
cell carcinoma, FTC)

Distant metastases

No vascular invasion
No 131I uptake outside the thyroid 

on posttreatment scan, if done

Source:	 From ATA, Thyroid Cancer Guidelines, 2009; Cooper DS et al., Thyroid, 19, 1167–214, 2009. With permission.

Table 15.6
Risk stratification for recurrent disease.

Application Benefit

Remnant ablation To facilitate follow-up 
by achieving 
undetectable serum 
Tg and a negative 
iodine whole-body 
scan. It will also 
facilitate detection 
of metastases by 
preventing iodine 
uptake by normal 
thyroid tissue

Adjuvant therapy Destruction of occult 
cancer cells in the 
neck not treated by 
surgery

Treatment of 
persistent disease

Treatment of RAI-avid 
distant metastases

Source:	 Reproduced from Tala H, Tuttle RM, Clin Oncol (R Coll 
Radiol), 22, 419–29, 2010. Copyright 2011, with permission from 
Elsevier.

Table 15.7
Applications of RAI.
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stimulation were equally effective in preparing patients 
for RAI ablation with significant improved quality of life 
in the rhTSH group.40 Current advice discourages the use 
of a tracer scan before RAI treatment because of “thyroid 
stunning” that reduces the efficacy of an ablation dose.41 
At the time of treatment, the patient is resident in an 
isolation room and is not fit for discharge until the radia-
tion level falls to below national guidelines. The com-
monest side effect is transitory sialadenitis because RAI 
is also taken up by salivary gland tissue. Patients receive 
a combination of lozenges, antiemetics, and antacids in 
an attempt to ameliorate side effects. Long-term side 
effects are remarkably few, but patients with extensive 
metastatic pulmonary disease may develop lung fibrosis. 
After RAI therapy, patients are prescribed levothyroxine.

TSH suppression
DTC expresses TSH receptors on the cell membrane 
and responds to TSH stimulation by increasing rates of 
cell growth. Long-term suppression of TSH using sup-
raphysiological doses of levothyroxine has been a corner-
stone in the treatment of these patients in an attempt to 
decrease the risk of thyroid cancer recurrence and even 
cancer-related mortality.42 There is emerging evidence 
that suppressive therapy may be beneficial in high-
risk patients, but the data in low- to intermediate-risk 
patients are less convincing.43,44 The benefits of TSH 
suppression need to be balanced against the adverse 
effects of TSH suppression on the heart and skeleton.38

Follow up
The goal of follow-up is to detect recurrence early. Most 
recurrences will be in the neck (thyroid bed or lateral 
lymph nodes). Serum Tg is a specific tumor marker for 
DTC and is an excellent predictor of relapse and indi-
cator of residual disease.3 It should be undetectable in 
patients who have undergone total thyroid ablation. 
A measurable Tg indicates the presence of thyroid tis-
sue or recurrent disease. Circulating anti-Tg antibodies 
interfere with Tg assays, making the interpretation of 
Tg levels difficult. However, a rising antibody titer is 
a surrogate marker for recurrent disease. Tg can either 
be measured in patients on levothyroxine (suppressed) 
or off-thyroxine and/or with recombinant TSH (stim-
ulated).45 Low-risk patients can be followed up every 
9 months with a suppressed Tg, whereas high-risk 
patients (for death or recurrence) are followed up with 
stimulated Tg every 6 months and an annual neck ultra-
sound scan.38

Recurrence
Surgery should be the first consideration in the man-
agement of recurrent disease. A compartment-oriented 
surgical resection of biopsy-proven loco regional metas-
tases is recommended for metastases >1 cm. This sur-
gery is challenging and should only be undertaken in 
expert surgical centers. Radiotherapy should be con-
sidered in patients with evidence of rapidly progressive 
disease or in whom there is no radioiodine uptake in 
known tumor sites. It should be considered in patients 
with extensive inoperable residual disease invading the 
aerodigestive system. Radiotherapy is particularly effec-
tive as palliation in patients with painful bone metasta-
ses. Chemotherapy has no proven role in patients with 
differentiated FTC or PTC. Its palliative use may be 
considered in patients with dedifferentiating tumors.

Anaplastic thyroid carcinoma 
Anaplastic thyroid carcinoma (ATC) has a dismal prog-
nosis. It has an incidence of 1–2 per million, and this 
incidence is decreasing, whereas the incidence of dif-
ferentiated cancer is increasing.46 It is predominantly a 
disease of the elderly (>70 years). Up to 25% of cases 
have a preexisting goiter47 presenting with a rapidly 
enlarging goiter (Figure 15.5). Local invasion is common 
(Figure 15.6) and dysphagia, hoarseness, and stridor are 
frequent symptoms. Metastases are found in 50% of 
patients at presentation.48 The median survival is 3–5 
months.49 Similar to DTC, ATC is associated with 
genetic mutations, particularly involving the mitogen-
activated protein (MAP) kinase PI3K pathways. The 
BRAF mutation is a major cause of aberrant activation 
of the MAP kinase pathway, and this is associated with 
dedifferentiation of PTC.50 The PI3K signaling path-
way plays a fundamental role in the regulation of cell 
growth, and proliferation and PI3K mutation are par-
ticularly common in ATC.51

Management
All patients with ATC are regarded as having systemic 
disease. Surgery is considered as an option to achieve 
local control, but for many patients the disease is too 
advanced to make resection feasible. ATC loses its abil-
ity to take up iodine, so RAI therapy is not an option. 
There is little evidence that external beam radiotherapy 
to the primary tumor alters the course of the disease, 
but it may be considered on an individual basis and 
its benefits must be weighed against toxic side effects 
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(skin,  esophagus, myelopathy).52 The most successful 
results from the use of conventional chemotherapy have 
been achieved with doxorubicin with a response rate of 
about 20%.53 Because the genetic basis of ATC tumori-
genesis is better understood, targeted therapies are 
emerging, particularly the use of tyrosine kinase inhibi-
tors, and their outcomes are currently under investiga-
tion. It is important that patients are considered for 
entry into clinical trials.
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16
The inherited basis of hypogonadotropic hypogonadism
Pierre-Marc G. Bouloux

Introduction
Congenital isolated hypogonadotropic hypogo-
nadism (CIHH) is a well-known cause of absent 
pubertal development in both boys and girls and 
results from inadequate secretion of the two pitu-
itary gonadotropins, luteinizing hormone (LH) and 
follicle-stimulating hormone (FSH), with consequent 
impairment of normal testicular or ovarian function. 
With a prevalence estimation, based on a civilian and 
military hospital series, of 1/4000 to 1/10, 000 in 
males,1 CIHH is reported to be between two and five 
times more common in boys than in girls.2 Patients 
with CIHH usually come to clinical attention dur-
ing adolescence or adulthood because of incomplete 
or absent pubertal development; owing to progress in 
molecular genetics and clinical practice, the diagnosis 
can be made earlier in cases where the diagnosis is 
specifically sought.

Congenital hypogonadotropic hypogonadism is a 
component of several syndromes, usually managed 
in the pediatric setting (Table  16.1), when it may 
occur together with nongonadal features such as short 
stature due to growth hormone deficiency and other 
anterior pituitary hormone deficiencies,3,4 primary 
adrenal failure,5 (early onset) childhood obesity,6,7 or 
in association with several neurological disorders,8–10 
when early onset of the extragonadal features may 
predominate.

Current understanding of the pathophysiology and 
origins of CIHH can be gleaned from the ontogeny of 
the gonadotropin-releasing hormone (GnRH) neuronal 
system and the rapid progress made in the molecular 
genetics of this condition.

Ontogeny of the 
GnRH system
Embryological studies conducted in mammals,11–14 birds,15 
amphibians,16 and fish17 have established that neuroendo-
crine GnRH cells originate, proliferate, and then migrate 
from the medial part of the olfactory pit into the brain in an 
axonophilic manner along the olfactory–vomeronasal nerve 
pathway. The stem cell population giving rise to GnRH 
neurons is as yet unknown because cells are only identifi-
able once they express GnRH. In humans, GnRH neuronal 
migration begins during the sixth embryonic week, at a 
time when axon terminals of the olfactory sensory neu-
rons first come into contact with the rostral pole of the 
forebrain just before the emergence of the olfactory bulbs. 
On reaching the base of the telencephalon, GnRH neurons 
penetrate into the brain, just caudal to the olfactory bulb 
anlage, before making their way superficially along the 
medial wall of the cerebral hemisphere to their final resting 
location in the septopreoptic hypothalamic region.18

The fully developed GnRH system consists between 
1500 and 2000 neurons scattered in the anterior 
septopreoptic area of the hypothalamus, whose axons 
converge onto the median eminence portal capillaries 
where neurosecretion occurs. This full developmental 
sequence, completed by the eighth to ninth week of 
embryonic development, can therefore be compart-
mentalized into several discrete but well-coordinated 
events, starting with (1) fate specification of GnRH 
neurons; (2) expansion of cell numbers (mitosis and 
apoptosis); (3) cell migration (a mixture of chemore-
pulsive and chemorepellent events); (4) coalescence of 
individual GnRH neurons into a responsive, secreting, 
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and coordinating network functioning in an inte-
grated manner; and (5) the development of a capac-
ity to incorporate and integrate internal and external 
feedback signals into the final feedback control mech-
anisms that modulate GnRH release. Mutations in 
the genes whose actions determine any one or more 

of these pathways could theoretically underpin con-
genital forms of hypogonadotropic hypogonadism. 
Postnatally, a further tier of regulation of these neu-
rosecretory events involves the reversible detachment 
of these nerve endings onto the capillary loops of the 
median eminence.19

Syndrome Phenotype Genetic defect

Prader–Willi Mental retardation, morbid obesity, 
hypotonia

Deletions within paternally 
imprinted 15q11.2-12 region

Carbohydrate intolerance
Autosomal dominant
Cryptorchidism

Laurence–Moon–Bardet–Biedl Mental retardation, obesity retinitis 
pigmentosa, autosomal recessive 
post-axial polydactyly

BBS-1-11 (multiple loci)

20p12
16q21,15q22.3-23,14q32.1

Biemond Iris coloboma polydactyly, 
developmental delay

CHARGE anomaly (see text) Adrenohypoplasia
Primary adrenal deficiency DAX-1
Congenita

Septo-optic dysplasia Small, dysplastic pale optic discs HESX1
Pendular nystagmus, midline 

Hypothalamic defect with DI, GH, 
ACTH,TSH and LH/FSH 
deficiency, absent septum 
pellucidum

Solitary median maxillary 
incisor syndrome

Prominent midpalatal ridge SHH 7q3

Hypopituitarism PROP1
GH, TSH, LH/FSH deficiency PROP1 5q
LH, FSH + multiple hormone 

deficiencies
LHX3

Severe restriction of head rotation 
due to rigid cervical spine

Anterior pituitary hypoplasia SOX2
Anophthalmia, microphthalmia
Coloboma

Borjeson–Forssman–Lehmann 
syndrome

Mental retardation X-linked ataxia

Gordon Holmes HH, ataxia, dementia Inactivating mutations in 
RNF216/OTUD4

Table 16.1
Congenital syndromes associated with HH.
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Over the past 22 years, steady progress has been made 
toward unraveling the molecular genetic abnormalities 
that can underpin the inherited forms of hypogonado-
tropic hypogonadism. What has emerged is a complex 
group of genes and patterns of inheritance spanning 
from classical monogenic to what seems progressively to 
have become classified an oligogenic disorder of poten-
tially interacting genes underpinning the phenotype.

Development of 
reproductive activity
In humans, the fetal GnRH pulse generator and its 
downstream gonadotrope and gonadal axis activation 
are functional in both sexes by the end of the first tri-
mester of gestation but then become quiescent in utero 
such that by the time of parturition, serum LH and FSH 
are fully suppressed in cord blood, the consequence of 
negative feedback inhibition from placentally derived 
sex steroids. Shortly after birth, male infants demon-
strate a brief surge of LH and testosterone that persists 
for about 12 h, followed by, about 1–2 weeks later (with 
the gradual elimination of placentally derived inhibitory 
hormonal influences), what is tantamount to a minipu-
berty, differing in its duration between the two sexes.20 
Thus, in males, LH, FSH, and testosterone peak between 
4 and 10 weeks. The hypothalamo–pituitary axis then 
gradually becomes less active until around 6 months, 
after which GnRH quiescence becomes complete,21 only 
to be reawakened with the onset of puberty. At the onset 
of puberty, Sertoli cells undergo a radical change in their 
morphology and function, switching from an immature 
proliferative state to a mature, nonproliferative state. 
FSH induces proliferation of immature Sertoli cells, 
and the number of Sertoli cells is directly associated 
with sperm-producing capability. In females, there is a 
greater persistence of GnRH secretory activation for up 
to 3 years, with a greater preponderance of FSH secretion 
throughout. The male minipuberty serves to expand 
the pool of Sertoli cells, with a concomitant increase in 
germ cells available for future fertility.22 In macaque 
monkeys, exposure to superactive GnRH analogs at 
this critical phase leads to suppression of future fertility 
potential.23 A further effect of the minipuberty is the 
exposure of the developing male brain to testosterone 
concentrations not far short of adult values, as well as 
those of hormone-sensitive tissues such as the penis and 
for completion of testicular descent. Absence of in utero 
and early postnatal sex steroid exposure may explain 
in part the frequency of micropenis seen in males with 
idiopathic hypogonadotropic hypogonadism  (IHH). 

Gonadotropin  secretion then becomes effectively 
silenced by an ill-understood restraint mechanism until 
the onset of puberty.

Clinical presentation 
of hypogonadotropic 
hypogonadism
HH is suspected when onset of pubertal development 
is incomplete or absent after the age of 13 years in girls 
and 14 years in boys, particularly if pubertal delay is 
associated with cryptorchidism or micropenis or is per-
sistent after the age of 18 years. In females, it is likely 
to present as failure of breast and secondary sexual hair 
development in association with primary amenorrhea, 
associated with low levels of FSH and LH and estradiol 
levels.

Prepubertal diagnosis in boys with CIHH is rarely 
made before puberty, although the presence of neona-
tal unilateral or bilateral cryptorchidism or micropenis 
or hyposmia/anosmia may suggest the diagnosis; the 
finding of low gonadotropins and testosterone during 
the expected minipuberty (within the first 6 months of 
postnatal life) can establish an early diagnosis if cryptor-
chidism, micropenis, or both are present.24

Constitutional short stature and pubertal delay 
(CSSPD) can cause diagnostic confusion: in complete 
forms, CIHH can be usually distinguished from CSSPD 
by virtue of the growth pattern, with CIHH having nor-
mal height for chronological age and CSSPD tending to 
be short.25 In mild or partial forms, additional associated 
physical signs (e.g., cryptorchidism or micropenis) sug-
gestive of a syndromic form can be helpful. CIHH has a 
normal growth pattern during childhood but lacks the 
usual pubertal growth spurt. The absence of long-bone 
epiphyseal closure results in eunuchoid proportions and 
relative tall stature, and an arm span exceeding height. 
Lack of exposure to testosterone not only leads to rela-
tive stunting of upper segment growth, and general 
retardation of bone maturation, but also predisposes to 
osteopenia, and osteoporosis in later life.26

Gynecomastia is occasionally seen in patients with 
untreated CIHH, although more usually after human 
chorionic gonadotropin (hCG) or supraphysiological 
testosterone exposure, the latter being due to aromati-
zation into estradiol. Partial congenital gonadotropin 
deficiency affects only a minority of male patients and 
is characterized by incomplete virilization, gynecomas-
tia, and a testicular volume >4 mL or even close to 
normal and with only moderate clinical and endocrine 
abnormalities.
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CIHH in women
In >90% of women, CIHH is characterized by primary 
amenorrhea, with variable breast development rang-
ing from absent to almost normal. Pubic hair may be 
absent, sparse, or even normal. Partial forms may lead 
to an underestimation of the true prevalence of this 
condition in females. The mildest form, present in a 
minority of women, is associated with isolated chronic 
anovulation, with estradiol secretion adequate for 
endometrial development as evidenced by progestogen-
induced endometrial stripping; oligomenorrhea may 
be present in these women. These attenuated forms 
have also been described in women having conceived 
spontaneously.

Diagnostic difficulty may arise in women with 
primary amenorrhea, normal olfaction, and no iden-
tified mutation where the differential diagnosis lies 
between CIHH and functional hypothalamic amen-
orrhea. In such cases, it is important to exclude other 
causes of HH such as those due to low body mass, 
eating disorders, excessive physical activity, and 
chronic underlying conditions. Sometimes, only after 
a period of observation with later reassessment of the 
hypothalamo–pituitary ovarian axis can the diagnosis 
be established. It has recently become recognized that 
a genetic lesion responsible for CIHH may be pres-
ent in a significant number of women presenting with 
hypothalamic amenorrhea.27

Clinical evaluation of 
suspected CIHH
The first step in the evaluation is a thorough anamnesis 
and family history followed by physical examination. 
Certain physical signs will increase suspicion of underly
ing CIHH, such as hyposmia/anosmia, cleft lip/palate, 
bimanual synkinesia,28,29 and features suggesting the 
CHARGE syndrome30 as well as skeletal abnormalities 
(Figure 16.1). Pubertal status according to Tanner stag-
ing should be established. Family history should focus 
on the reproductive histories of male and female family 
members.

The many nonreproductive phenotypes associated 
with CIHH therefore include the following: mirror 
movements of the upper limbs (bimanual synkine-
sis),31–34 eye movement abnormalities,29 congenital pto-
sis and abnormal visual spatial attention,35 hearing 
impairment,36 renal agenesis,37 cleft lip or palate,38 
agenesis of one or several teeth (hypodontia),39 obesity 
and digital abnormalities.40

Kallmann syndrome
Kallmann syndrome (KS) is diagnosed when low 
serum gonadotropins and gonadal steroids are coupled 
with a compromised sense of smell (hyposmia or anos-
mia), with the latter being ascertainable on the anam-
nesis (subjective) or by means of detailed questioning 
or objectively by formal olfactory test, such as the 
Pennsylvania smell test.

Even severe CIHH in men is not associated with 
ambiguous external genitalia, and the penis can range 
from normal to micropenis proportions (Figure  16.2). 
Although LH and FSH will have been deficient in these 
cases, testosterone secretion secondary to fetal Leydig 
cell stimulation by placental hCG will have occurred 
during early development.

Investigations
In males, the diagnosis of HH is based on low plasma 
total testosterone levels, usually associated with an inap-
propriately low or “normal” LH and FSH. Although it 
was thought that the use of ultrasensitive gonadotropin 
assays might also give an insight into the central con-
trol of gonadotropin secretions in affected individuals, 
with some patients showing no discernible pulsatile LH 
secretion, with others demonstrating reduced LH pulse 
frequency or amplitude, and still others an exclusively 
LH nocturnal secretion, it has become evident that 
there is no genotype–phenotype relationship between 

Figure 16.1
Digital abnormality of the toes, with broad great toe 
in a male with a de novo mutation of FGFR1, anos-
mia, and HH. The hands were normal.
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the LH secretion profile and underlying genetic abnor-
mality (See Figure 16.3).

Patients with complete gonadotropin deficiency 
pose no diagnostic difficulties with prepubertal range 
testosterone levels and low inhibin B concentrations, 
a marker of FSH deficiency. Difficulties arise in par-
tial forms of CIHH when gonadotropin and inhibin 
B levels can be in the reference range. Other studies 
have shown that patients with CIHH retain prepuber-
tal circulating anti-Müllerian hormone concentrations 
indicative of absent pubertal FSH-dependent testicu-
lar maturation, induced by intratesticular testoster-
one.41 Its use for diagnostic purposes is still under 
evaluation.

GnRH test
It is doubtful whether the GnRH test provides 
any additional information to that gleaned from 

ultrasensitive baseline gonadotropin assays. The 
conventional 100-μg GnRH test does not usu-
ally discriminate between gonadotropin deficiency 
of hypothalamic or pituitary origin, and a partial 
response is usually present in partial pituitary defi-
ciency, both in patients with CIHH and in those with 
acquired postpubertal HH. In congenital gonadotro-
pin deficiencies, the response to GnRH test is highly 
variable; absent responses are seen when the testes are 
very small in men and breast development is absent 
in women. In complete forms with testicular vol-
umes <2  mL, a slight or totally absent gonadotropin 
response is observed. In partial forms with testicular 
volume >6  mL, the response can be positive, or even 
supranormal in the case of LH.

Plasma estradiol concentrations are often near 
the detection limit in CIHH, paralleling the 
degree of breast development, whereas estradiol 
can range  from  just detectable when a little breast 
development is present to the levels seen in the mid-
follicular phase  in  patients with Tanner 3–4 breast 
development.

Finally, before making a firm diagnosis of iso-
lated congenital gonadotropin deficiency, all ante-
rior pituitary functions must be investigated to 
exclude hyperprolactinemia, or other anterior pitu-
itary deficiencies, or an associated endocrine disor-
der that may be part of syndromic forms of CHH. 
In all cases of IHH, the diagnostic work-up should 
include serum iron binding capacity and ferritin lev-
els to rule out hemochromatosis, and the anamnesis 
should rule out other underlying chronic illness and 
opioid use.

Ultrasound examination
Renal ultrasound examination can reveal malforma-
tion or unilateral agenesis in patients with X-linked 
KAL1 but is invariably normal in other causes of 
CIHH (euosmic and hyposmic).42 Ultrasound exami-
nation of the scrotum and testes is helpful in situ-
ations where there is difficulty palpating the testes, 
and to give objective evidence of maldescent and its 
level.

In women, transabdominal ultrasound can help 
size the uterus, an indicator of estrogenic exposure 
and transvaginal ultrasound, where possible can enable 
direct visualization of endometrial thickness, ovary 
volume, and the number of developing follicles and 
their size, which reflects the severity of gonadotropin 
deficiency.

Figure 16.2
Genitalia of a 21-year-old man with KS. Sparse pubic 
hair represents the effects of adrenarche, and the 
penile shaft is short and the scrotum hypoplastic. 
LH <0.1, FSH <0.1, testosterone <0.5 nmol/L.
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Hypothalamo–pituitary 
imaging
Magnetic resonance imaging (MRI) of the brain and 
olfactory bulbs is useful in CIHH and can demonstrate 
absent or hypoplastic olfactory bulbs and sulci in cases 
of KS31,43 (Figure 16.4). MRI is also useful to exclude 
hypothalamic or pituitary lesions as the cause of HH. 
MRI is invariably normal in IHH but can occasionally 
show structural abnormalities such as absent corpus cal-
losum and abnormal cerebellum.

Classification of genetic 
causes of HH
Rapid progress has been made in unraveling the genetic 
basis of CIHH. Targeted clinical investigation, together 
with the catalyst provided by mapping of the human 
genome, has enabled the identification of several genes 
involved in GnRH ontogeny and whose loss of function, 
singly or in combination, results in the phenotype of HH.

The genes whose loss of function result in HH can 
broadly be classified into three groups.
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Figure 16.3
Heterogeneity in the profiles of LH and follicle-stimulating hormone (FSH) secretion in patients with IHH. 
The pulsatile LH secretion in a healthy young man (a) is contrasted with a complete absence of LH pulses 
in a man with IHH (b). The patient in (c) has a few low-amplitude, nighttime LH pulses, reminiscent of early 
puberty, while the patient in (d) has a normal frequency of LH pulses, all of which have low amplitude. 
We do not know whether this clinical heterogeneity in LH pulsatile secretion is due to different degrees 
of gonadotropin-releasing hormone (GnRH) deficiency or whether it reflects genetic heterogeneity in the 
pathophysiology of this syndrome. (Adapted from Crowley WF Jr, et al., Recent Prog Horm Res, 41, 473–
531, 1985.)



The inherited basis of hypogonadotropic hypogonadism

327

1.	 Genes that appear to represent purely neurodevel-
opmental genes whose loss of function affects the 
development and migration of GnRH neurons 
(KAL1, NELF, fibroblast growth factor receptor 
[FGFR]1, fibroblast growth factor [FGF] [and its 
synexpression group], PROKR2, PROK2, CHD7, 
SEM3A, SEM3E, HPSST 3, WDR11) into the 
hypothalamus

2.	 Genes that appear to have a purely neuroendocrine 
role (GnRH1, GnRHR, KISS 1, KISS1R, TAC3, 
TACR3)

3.	 Genes that appear to have a mixed role and are impli-
cated in both development and neuroendocrine func-
tion (FGF8, FGF1,PROK2, PROKR2) (Table 16.2)

Genes mutated in HH
Multiple genetic defects can cause KS (Table  16.2), 
and multiple inheritance patterns have been reported, 

including X-linked recessive, autosomal dominant, and 
autosomal recessive. Frequently, however, the condi-
tion is sporadic. For each genetic form of KS identified 
so far, the clinical heterogeneity of the disease within 
affected families clearly indicates that the manifestation 
of KS phenotypes is dependent on factors other than the 
mutated gene itself. These factors may include epigen-
etic factors and modifier genes effects. More recently, 
it has become evident that CIHH is not infrequently 
a digenic or oligogenic condition, a further explana-
tion for the variable penetrance of the disease within 
pedigrees.44

A greater variability in the degree of hypogonad-
ism has been observed in patients carrying mutations 
in FGFR1, FGF8, PROKR2, or PROK2 than in KAL1 
patients, in which the phenotype is invariably severe.45,46 
Spontaneously fertile individuals carrying mutations in 
many of the autosomal KS genes account for the trans-
mission of the disease over several generations, whereas 
the X-linked form of KS is usually transmitted by the 
female carriers of KAL1 mutations, who are clinically 
unaffected. Among the variety of nonreproductive and 
nonolfactory disorders that affect a fraction of the KS 
patients, some have been reported for specific genetic 
forms of the disease.

Unilateral renal agenesis occurs in approximately 
30% of KAL1 patients42 but has so far not been 
reported in patients with FGFR1, FGF8, PROKR2, or 
PROK2 mutations. The loss of nasal cartilage, external 
ear hypoplasia, and skeletal anomalies of the hands or 
feet have only been reported in KAL2 (FGFR1) patients. 
In contrast, hearing impairment is common to several 
genetic forms of KS, although it should be noted that 
the underlying defect (conductive, perceptive, or mixed) 
is likely to vary between different genetic forms. Palate 
defects should also be considered as one of these shared 
traits, even though the severity differs between KAL1 
(high arched palate) and KAL2 (cleft palate). The cleft 
lip, palate, or both may occur in as many as 25%–30% 
of the KAL2 cases. Finally, bimanual synkinesis is 
highly prevalent in KAL1 (maybe >75% of the cases), 
but it seems to be much less common in KAL2.

KAL1 (anosmin 1)
The KAL1 gene, located on the X chromosome at the 
Xp22.3 locus, was the first gene identified to be mutated 
in X-linked KS.47 It encodes an extracellular cell mem-
brane associated glycoprotein (anosmin 1) involved in 
cellular adhesion, cell migration, and neurite outgrowth 
and is bound extracellularly to heparan sulfate glycos-
aminoglycans, via its FnIII domains.48,49

Figure 16.4
Coronal MRI showing olfactory sulci and bulbs in a 
normal subject (a) and absent bulbs and sulci in a 
patient with KS (b). OS, OB.
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Structurally, KAL1 is a modular protein compris-
ing a large cysteine-rich N-terminal domain, a whey 
acidic protein (WAP)–like domain, four contiguous 
fibronectin-like type III (FnIII) repeats, and a small 
C-terminal domain rich in basic residues. The WAP 
domain is structurally similar to those of many ser-
ine protease inhibitors, whereas the FnIII repeats are 
structurally related to some cell adhesion molecules. 
Early indicators, gleaned from a human fetus carrying 
a chromosomal deletion at Xp22.3 that included KAL1, 
showed that GnRH cellular migration was abnormal, 
with GnRH neurons accumulating in the upper nasal 
region50; the olfactory bulbs were also absent. It was 
inferred that KAL1 gene mutations led to the failure of 
the later phases of GnRH neuronal migration (GnRH 
neuronal arrest in the subcribriform plate area) coupled 
with failed olfactory bulb development.

Mutations in KAL1 are mainly nonsense or frame-
shift mutations, or large gene deletions. They tend to 
be associated with a more severe KS phenotype, with 
anosmia and HH, a high frequency of cryptorchidism, 
microphallus, and small testes in males. All reported 
families with KAL1 mutations and HH have exclusively 
anosmic HH. Indeed, in a patient with KS, a family 
history of normosmic HH makes an underlying KAL1 
mutation unlikely.

In the embryo, anosmin 1 is expressed in the inter-
stitial matrix of the presumptive olfactory bulbs during 
the sixth embryonic week,51 although it is also present 
in the olfactory pit epithelium. Such a distribution is 
consistent with a role of anosmin 1 in the initial stage of 
olfactory bulb morphogenesis, which occurs at the end 
of the sixth embryonic week. Evidence has accrued that 
anosmin 1 is a modulator of FGFR1 signaling,52 with 
FGFR1 having an important role in the evagination of 
the olfactory bulbs from the neuroepithelial wall.53

FGFR1 (KAL2) mutations
FGFR1, a member of the receptor tyrosine kinase super-
family located on chromosome 8, is also implicated in cell 
migration and has an obligatory requirement for heparin 
sulfate (as does anosmin 1) for its signaling. In the pres-
ence of heparan sulfate proteoglycans (HSPGs), FGF 
binds with high affinity to FGFR and induces receptor 
dimerization, thereby triggering transautophosphory-
lation of tyrosine residues in the intracellular domain. 
FGF signaling also controls cell proliferation, differen-
tiation, and survival and thus plays essential roles in 
various processes of embryonic development. Several 
signaling proteins are phosphorylated in response to 
FGF stimulation (Shc, phospholipase Cγ, STAT1, Gab1, 

FRS2α), leading to activation of downstream signaling 
pathways that include Ras/mitogen-activated protein 
kinase (MAPK) and phosphatidylinositol-3 kinase/Akt 
pathways. FGF8 can activate the FGFR1c splice form of 
FGFR1.54

Both FGFR1 and anosmin 1 represent separate though 
interacting genes involved in GnRH neuronal migration 
to the hypothalamus. Although loss-of-function muta-
tions in FGFR1 and KAL1 can present with very similar 
phenotypes, FGFR1-related phenotypes are highly vari-
able, with patients having both normosmic or anosmic 
forms of HH; indeed females with anosmia and normal 
reproductive function have been described with FGFR1 
mutations.55,56 Moreover, reversal of GnRH deficiency 
has even been reported in some male patients with 
FGFR1 mutations after therapy with testosterone.

FGF8 mutations
Fibroblast growth factor 8 (FGF8) is one of the ligands 
for FGFR1. Mutations in FGF8 have been associated 
with KS in humans; in mice, homozygous mutation in 
FGF8 leads to absent hypothalamic GnRH neurons, 
whereas heterozygous mice had markedly fewer hypo-
thalamic GnRH neurons.57 As with FGFR1 muta-
tions, humans with FGF8 mutations have a range of 
phenotypes, including adult onset HH.58 In common 
with FGFR1 mutations, patients with FGF8 mutations 
have a cleft palate in 30% of cases and may also display 
ear, cartilage, and digital abnormalities (Table  16.3). 
The presence of these abnormalities in a patient with 
HH should raise suspicion for FGFR1/FGF8 mutation.

PROKR2/PROK2
The clinical phenotypes of PROKR2/PROK2 mutations, 
encoding prokineticin receptor-2 and prokineticin-2, 
respectively, range from both classical KS to normosmic 
hypogonadotropic hypogonadism.59 Nonreproductive 
phenotypes include fibrous dysplasia, bimanual synkine-
sia, and epilepsy. Patients with the more severe repro-
ductive dysfunction tend to have biallelic mutations in 
PROK2/PROKR2 and fewer associated nonreproductive 
abnormalities. Patients with monoallelic mutations have 
less severe reproductive dysfunction and more nonrepro-
ductive abnormalities. The PROKR2 is a G protein–
coupled receptor that binds to the ligand PROK2. 
Mouse prok2 knockout models have small, abnormally 
shaped olfactory bulbs with an accumulation of neurons 
in the rostral migratory stream (RMS) between the sub-
ventricular zone and the olfactory bulb.60
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Putative loss-of-function mutations in PROKR2 or 
PROK2 have been detected in approximately 9% of the KS 
patients.61–63 Most of these mutations are missense (loss-
of-function) mutations, and many have also been found 
in apparently unaffected individuals, challenging their 
pathogenic role in the disease. Although the PROK2/
PROKR2 system regulates various biological processes, 
including intestinal contraction, circadian rhythms, and 
vascular function, its role in GnRH neuronal migration 
remains unclear. It is not expressed in GnRH neurons.

Charge syndrome
The CHARGE syndrome (Hall–Hittner syndrome) 
acronym stands for coloboma, heart malformations, 
atresia of the choanae, retardation of growth and devel-
opment, genital anomalies, and ear anomalies (auditory 
and vestibular). In addition, HH may be present, and 
most if not all CHARGE patients have both olfactory 
bulb aplasia or hypoplasia, two KS-defining features.64 
CHARGE has an estimated birth incidence of 1 in 

8500–12,000. Other infrequently occurring features 
include characteristic face and hand dysmorphia, hypo-
tonia, arhinencephaly, semicircular canal agenesis or 
hypoplasia, hearing impairment, urinary tract anoma-
lies, orofacial clefting, dysphagia, and tracheoesopha-
geal anomalies. Multiple sets of diagnostic criteria for 
CHARGE syndrome have been proposed.65

The causative CHD7 gene encodes a chromodomain 
(chromatin organization modifier domain) helicase 
DNA–binding protein expressed in the olfactory plac-
ode, which gives rise to GnRH neurons, spinal cord, 
nasopharynx, and eye. This protein may explain some of 
the organ involvement. Most patients are heterozygous 
for loss-of-function mutations in CHD7.

KS cases occurring in association with congeni-
tal heart disease or choanal atresia may represent 
unrecognized mild CHARGE cases. Additional traits 
shared between CHARGE and the KAL2 (FGFR1) 
genetic form of KS include cleft lip or palate (present 
in 20%–35% of KAL2 and CHARGE patients), exter-
nal ear malformation (present in virtually all CHARGE 
patients and a few KAL2 patients), agenesis of the 
corpus callosum, and coloboma. Because of the simi-
larity between CHARGE and KAL2 phenotypes, it is 
tempting to speculate that there are functional interac-
tions between CHD7 and the FGFR1 signaling. Thus, 
IHH/KS may be a mild allelic form of the CHARGE 
syndrome; indeed, CHD7 has been designated as KAL5.

Kisspeptin and GPR54
Kisspeptin, a peptide encoded by the gene KISS1, was 
originally described as a metastasis suppressor in mela-
noma and breast cancer.66 It binds to GPR54, encoded 
by the gene KISS1R. The kisspeptin–KISS1R system is 
established as an important positive regulator of GnRH 
secretion, and in humans, intravenous kisspeptin acutely 
releases gonadotropins.67 Loss-of-function mutations in 
GPR54/KISS1R in patients can cause both familial and 
sporadic forms of normosmic CIHH,68,69 although they 
represent a rare cause of HH. Further studies in affected 
humans and in knockout mice have revealed that muta-
tions in GPR54 resulted in normosmic (n)IHH with 
an autosomal recessive mode of inheritance. Although 
animal models have not conclusively demonstrated HH 
with loss of function in kisspeptin, a loss-of-function 
mutation leading to nIHH has been recently described 
in the kisspeptin gene KISS1 in humans.70

Clinical and endocrinological evaluation of individu-
als with CIHH affected by mutations in GPR54 reveal 
low sex steroid levels and low gonadotropin levels. In 
males, micropenis and cryptorchidism are frequently 

Skeletal phenotypes
  Cleft lip/palate
  Dental agenesis
  Absent nasal cartilage
  External ear hypoplasia
  Mandibular hypoplasia
  Thoracic dystrophia
  Asymmetry of limbs
  Cubitus valgus
  Syndactyly
  Clinodactyly
  Osteoporosis
Miscellaneous phenotypes
  Synkinesia
  Agenesis of corpus callosum
  Frontal bossing
  Hypertelorism
  Iris Coloboma
  Hearing loss
  Epilepsy
  Sleep disorder
  Obesity

Table 16.3
Nonreproductive phenotypic abnormalities 
reported in patients with FGFR1 mutations.
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noted, and in females primary amenorrhoea and partial 
breast development are evident. Exogenous gonadotropin 
therapy leads to testicular maturation, with the appear-
ance of sperm in the ejaculate and subsequent fertility 
ruling out primary testicular dysfunction. Pulsatile 
GnRH therapy in affected females leads to ovulation and 
conception. These findings indicate that loss-of-function 
mutations in GPR54/KISS1R do not diminish the sensi-
tivity of gonadotropic cells to GnRH nor the sensitivity 
of the gonads to gonadotropins. Thus, in humans as in 
mice, GPR54/KISS1R loss of function mainly appears to 
affect hypothalamic GnRH secretion, with no discern-
ible direct effect on the pituitary or gonads. Patients 
with GPR54 defects demonstrate a markedly higher sen-
sitivity to exogenous pulsatile GnRH than a cohort of 
CIHH patients receiving similar therapy; indeed, some 
patients retain a persistent pulsatile LH secretion with a 
normal frequency but a very low amplitude, suggesting 
that GPR54 inactivation impaired but did not prevent 
the neuroendocrine onset of puberty.

GnRHR
Whereas KS genes are primarily involved in GnRH neu-
ronal ontogeny, genes in which mutations lead to norm-
osmic hypogonadotropic hypogonadism are involved in 
the regulation of the hypothalamic–pituitary–gonadal 
axis. GnRHR gene defects were the first identified cause 
of nonsyndromic CHH. Mutations in the GnRHR are 
responsible for roughly one fifth of the sporadic cases 
and about half of autosomal recessive inherited cases of 
nIHH, whereas mutations in the gene for GnRH have 
proven rare, accounting for about 1% of cases.71 The 
most consistent characteristic of patients with GnRHR 
mutations is their pituitary resistance to pulsatile GnRH 
administration when the phenotype is severe and their 
spontaneous LH secretion is nonpulsatile. Mutations can 
affect GnRH binding, receptor activation, or interaction 
with coupled effectors, but it has also been shown that 
GnRHR protein misfolding with misrouting may also be 
caused by mutations and lead to loss of human GnRHR 
function. High-dose GnRH may elicit a response in par-
tial forms, with an increase in the LH pulse amplitude, 
and occasional pregnancies have been reported after pul-
satile GnRH administration.

GnRH1 mutations as a cause 
of CIHH in humans
GnRH is crucial for regulating reproduction in mam-
mals. It is synthesized by hypothalamic neurons and 

released from nerve endings into the portal circula-
tion. After binding to the membrane GnRHR type 1 
receptor, it stimulates gonadotropic cells of the anterior 
pituitary to synthesize and release LH and FSH, which 
in turn, stimulate synthesis and secretion of sex steroid 
hormones, and gametogenesis. Proof that GnRH muta-
tions are involved in CIHH pathogenesis appeared in 
two reports in 2009.72,73

As would be anticipated, pulsatile GnRH adminis-
tration restored the patient’s ovarian function, as indi-
cated by increased circulating estradiol and inhibin 
B levels and the appearance of a single dominant fol-
licle seen on ultrasonography. Both index subjects were 
homozygous for the mutation, whereas their unaffected 
parents and sisters were heterozygous and had a normal 
reproductive phenotype.

Leptin and LEPR mutations
Mutations in both leptin and leptin receptor (LEPR) 
are associated with HH in addition to obesity and 
hyperphagia.6,7 In 300 patients studied with severe 
early-onset obesity and hyperphagia, 3% had a muta-
tion in the LEPR. These subjects were characterized by 
altered immune systems and HH in addition to their 
obesity. Interestingly, they had relatively normal levels 
of leptin.

DAX-1
X-linked congenital adrenal hypoplasia (CAH) is asso-
ciated with normosmic HH, and the DAX-1 gene has 
been implicated in this relationship.74 DAX-1 works 
during embryologic development to antagonize SRY 
and is therefore essential in sexual differentiation. It is 
also a transcriptional repressor of SF1.75 DAX-1 encodes 
a nuclear receptor that is expressed in embryonic stem 
cells, steroidogenic tissues, the ventromedial hypo-
thalamus, and the pituitary gonadotrophs. The adre-
nal failure reflects a developmental abnormality in the 
transition of the fetal to adult zone, resulting in min-
eralocorticoid and glucocorticoid deficiency, whereas 
the etiology of the HH involves a combined and vari-
able deficiency of hypothalamic GnRH secretion and/
or pituitary responsiveness to GnRH, resulting in low 
gonadotropins and low testosterone. Treatment with 
exogenous gonadotropins does not generally result in 
spermatogenesis. It is always the adrenal dysfunction 
that prompts investigation into the function of the 
hypothalamic–pituitary–gonadal axis as infants with 
CAH that are not recognized clinically are unlikely to 
survive until puberty.
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Neurokinin B and NKB 
receptor mutations
Neurokinin B (NKB/TAC3) and its receptor (NKBR/
TAC3R) represent a further system whose malfunction is 
linked to normosmic (n)HH. NKB is highly expressed 
in the arcuate nucleus, a region of the brain that also 
expresses high levels of kisspeptin. In a study of four 
separate families with strong histories of nHH without 
known mutations in other CIHH genes, affected indi-
viduals were found to have homozygous mutations in 
either the TAC3 gene that encodes NKB or the TAC3R 
gene that encoded the NKBR.76,77

The anatomical and functional relationship between 
the GPR54/kisspeptin and NKB/NKBR has led to a 
greater understanding of the physiological regulation of 
GnRH release. Kisspeptin and NKB are directly involved 
in signaling between the arcuate nucleus and GnRH 
neurons and are found together with dynorphin 23 in 
these arcuate neurons. They may represent the GnRH 
pulse generator. Continuous kisspeptin infusion results in 
normal GnRH secretion in patients with loss-of-function 
mutations in TAC3 or TAC3R, suggesting that NKB is 
proximal to kisspeptin in the pathway for GnRH release 
possibly acting as a modulator of kisspeptin release.

NK3R is expressed on rodent GnRH-expressing 
neurons, and axons of neurons expressing neurokinin 
B are closely anatomically apposed to those of GnRH 
neurons within the median eminence where NKB-
immunoreactive varicosities have been reported to be 
in direct contact with GnRH-immunoreactive axons. 
NKB expression is highest in the arcuate nucleus, where 
it colocalizes with estrogen receptor-α and dynorphin 
23, both of which are involved in progesterone feedback 
in response to GnRH secretion.

HS6ST1
Insights from studies of cell-specific overexpression of 
kal-1 in a set of Caenorhabditis elegans interneurons that 
demonstrated a kal-1–dependent axonal branching phe-
notype prompted a genetic modifier screen that uncov-
ered mutations in the C. elegans HS 6-O-sulfotransferase 
gene (hst-6) as suppressors of a kal-1 gain-of-function 
phenotype. This finding supported earlier studies 
indicating that anosmin 1 required HS with specific 
6-O-sulfate modifications for its in vivo action. Heparan 
6-O-sulfation is also required for the function of FGFR1 
and its ligand FGF8, with loss-of-function mutations 
in both genes being associated with human GnRH 
deficiency. The human HS6ST1 homolog has been 
investigated as a candidate gene for GnRH deficiency, 

leading to the identification of mutations associated 
with reduced enzymatic activities in in vivo and in vitro 
HST6ST1 in 2% of IHH patients.78

WDR11
By defining the chromosomal breakpoint of a balanced 
t(10;12) translocation from a subject with KS and scan-
ning genes in its vicinity in unrelated hypogonadal 
subjects, WDR11 has been identified as an autosomal 
dominant gene involved in human puberty. Six patients 
with a total of five different heterozygous WDR11 mis-
sense mutations, including three alterations (A435T, 
R448Q, and H690Q) in WD domains important for 
β propeller formation and protein–protein interaction, 
were identified.79 WDR11 has been shown to inter-
act with EMX1, a homeodomain transcription factor 
involved in the development of olfactory neurons; more-
over, missense alterations in WDR11 reduce or abolish 
this interaction. These findings suggested that impaired 
pubertal development in these patients resulted from a 
deficiency of productive WDR11 protein interaction.

FGF8 synexpression group
The hypothesis that mutations in genes encoding a 
broader range of modulators of the FGFR1 pathway 
might contribute to the genetics of CIHH as causal or 
modifier has been tested in a large group of IHH indi-
viduals and has revealed that mutations in members of 
the so-called FGF8 synexpression group, namely FGF17, 
IL17RD, DUSP6, SPRY4, and FLRT3, harbor potential 
loss-of-function mutations in CIHH patients.80 On the 
basis of their protein–protein interaction patterns with 
proteins known to be altered in CIHH, FGF17 and 
IL17RD were predicted to be potentially important 
genes in IHH. Most of the FGF17 and IL17RD mutations 
altered protein function in vitro. IL17RD mutations were 
found only in KS individuals and were strongly linked to 
hearing loss (six of eight individuals). Mutations in genes 
encoding components of the FGF pathway were found to 
be associated with complex modes of CIHH inheritance 
acting primarily as contributors to an oligogenic genetic 
architecture underlying CIHH.

SOX10
The transcription factor SOX10 plays an important role 
in the development of the neural crest and is involved 
in the maintenance of progenitor cell multipotency, lin-
eage specification, and cell differentiation. Mutations in 
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SOX10 have been implicated in Waardenburg syn-
drome (WS), a rare disorder characterized by the 
association between pigmentation abnormalities and 
deafness. SOX10 mutations cause a variable phenotype 
that spreads over the initial limits of the syndrome defi-
nition. On the basis of findings of olfactory bulb agen-
esis in WS individuals, SOX10 was hypothesized to be 
also involved in KS. SOX10 loss-of-function mutations 
were found in approximately one third of KS individu-
als with deafness, indicating a substantial involvement 
in this clinical condition. Study of SOX10-null mutant 
mice revealed a developmental role of SOX10 in a sub-
population of glial cells called olfactory ensheathing 
cells. These mice showed an almost complete absence 
of these cells along the olfactory nerve pathway, as well 
as defasciculation and misrouting of the nerve fibers, 
impaired migration of GnRH cells, and disorganization 
of the olfactory nerve layer of the olfactory bulbs.81

SEMA3A
Cosegregation between the KS phenotype and a hetero-
zygous (i.e., autosomal dominant) SEMA3A deletion in a 
family with several affected members has been reported. 
If semaphorin 3A haploinsufficiency can be validated 
as causally linked to (irreversible) KS, this relation-
ship would contrast with the situation in model mice, 
in which only homozygous knockout leads to a similar 
phenotype. Interestingly, none of the family members 
with KS reported had any other clinical neurological 
abnormalities, suggesting that the role of semaphorin 
3A in neuronal migration is restricted in humans to 
the olfactory system development and GnRH neuron 
migration, despite its expression in other neuronal and 
non neuronal structures.82

Ataxia, dementia, and HH
Whole-exome sequencing in a patient with ataxia and 
HH, followed by target sequencing of candidate genes in 
similarly affected patients, has revealed that the syndrome 
of ataxia, dementia, and HH can be caused by inactivating 
mutations in RNF216, or by a combination of mutations 
in RNF216 and OTUD4, linking disordered ubiquitina-
tion to neurodegeneration and reproductive dysfunction.83

Reversible forms of CIHH
So-called reversible male forms of CIHH have been 
recognized for several decades84,85 and have been 

demonstrated with several CIHH genotypes, including 
KAL1, FGFR1, the GnRH receptor (GnRHR) gene, and 
PROKR2.86–88 In these patients, very late activation of 
pulsatile gonadotropin secretion (due to late activation 
of GnRH pulse generator, or gonadotroph responsive-
ness) occurs, such that gonadotropin secretion improves 
with time. This clinical variant, estimated to affect 
about 10% of cases, should be actively sought either by 
regular monitoring of testicular volumes, or periodic 
interruption of testosterone replacement therapy (TRT), 
and measurement of gonadotropins with 09.00 testos-
terone. It is evident that when reversible forms occur 
before 20 years of age in a euosmic subject with no iden-
tifiable mutations, an alternative diagnosis is severe con-
stitutional pubertal delay.

Oligogenic inheritance
Although normosmic CIHH and KS have long been 
considered as monogenic disorders with a Mendelian 
inheritance pattern, several cases of possible digenic/
oligogenic inheritance in KS44 have been reported. 
Such digenic inheritance has been shown in both KS 
and normosmic CIHH patients who bore mutations in 
both PROKR2 and PROK2, in FGFR1 and NELF, or in 
GNRHR as well as in PROKR2, and GnRH1, GNRHR, 
or KISS1R.89 Defects in different genes could act syner-
gistically to induce the CIHH or the KS phenotype, or 
to modify the severity of the GnRH deficiency, partially 
explaining the phenotypic variability observed within 
and across families with CHH and KS.

When should clinical 
genetic testing be 
undertaken in KS?
Given the large array of genetic defects that may be 
causally linked to both normosmic CIHH and KS, what 
should be the clinician’s approach to genetic testing in 
any one individual? The mode of inheritance is clearly 
of relevance and needs to be discussed with patients. 
In a study of eight KS genes in six pathways (KAL1, 
FGF8/FGFR1, PROK2/PROKR2, HS6ST1, NELF, 
and CHD7) conducted in 219 male and female patients 
with KS (not nHH), it was hypothesized that mutations 
in these six pathways would exhibit specific phenotypes 
that could be used to direct genetic testing.90 Of 219 
KS patients, 151 had rare sequence variants (RSVs) 
in at least one of these genes, and none was found 
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in 68  patients. Several phenotypes were examined: 
reproductive phenotype, presence of unilateral renal 
agenesis, bimanual synkinesis, hearing loss, presence 
of cleft palate, dental agenesis, and skeletal anomalies. 
A severe reproductive phenotype was seen most com-
monly in KAL1, and renal agenesis in KAL1 but also in 
the RSV-negative group. Synkinesia was seen in KAL1 
and FGFR1 genotypes but also in other groups, includ-
ing the RSV-negative groups, but not HS6ST1. Hearing 
loss was more common in the CHD7 versus non-CHD7 
groups but was also seen in all other groups except 
HS6ST1. Cleft lip/palate was seen in all groups except 
KAL1 and PROK2/PROKR2. Dental agenesis was 
seen most commonly in the FGFR1/FGF8 group but 
also identified in the CHD7/RSV-negative group. 
Syndactyly, polydactyly, or camptodactyly were seen 
exclusively in the FGFR1/FGF8 group (Figure  16.3); 
scoliosis, kyphosis, excessive joint mobility, short fourth 
metacarpal bones, clinodactyly, foreshortened limb 
bones, and flat feet were seen in all groups.

Treatment for CIHH
The treatment for both normosmic CIHH and KS is 
that of the resulting hypogonadism. Treatment is first 
to initiate virilization or breast development and sec-
ond to develop fertility. Hormone replacement therapy, 
with testosterone for males and combined estrogen and 
progesterone for females, is required to stimulate the 
development of secondary sexual characteristics. When 
fertility is desired, either gonadotropins or pulsatile 
GnRH is used to obtain testicular growth and sperm 
production in males or ovulation in females, although 
less successfully in males who have a history of cryptor-
chidism. Both treatments restore fertility in the major-
ity of affected individuals. It is still unknown whether 
transient hormone replacement therapy in affected male 
infants to simulate the postnatal surge in gonadotropins 
could have later salutary impact on their sexual life and 
reproductive prognosis.

Treatment of HH in 
the male patient
Testosterone replacement therapy
TRT is available in a variety of formulations for clini-
cal use, including oral, injectable esters, transder-
mal patch, and gel preparations, each with its own 

unique pharmacokinetic profile. This topic is covered 
in Chapter 17. Treatment is commenced at a low dose 
initially and gradually increased at 6-month intervals 
to respect the normal cadence of puberty in the male. 
Tostran gel and Testim gel are particularly useful, 
allowing upward titration of the administered dose. 
Injectables (e.g., testosterone enanthate, 50 mg every 
month) are given for 9 months, and the dose is gradually 
escalated to the adult dose of 200 mg every 2–3 weeks 
over the course of 3–4 years.

Induction of spermatogenesis
In men desirous of fertility, options for spermato-
genesis induction include exogenous gonadotropins 
or pulsatile GnRH. GnRH substitution is more 
effective for hypothalamic than pituitary disorders, 
whereas administration of exogenous gonadotropins 
is suitable for patients with both pituitary and hypo-
thalamic disorders. hCG, with its longer biological 
half-life, is used as an LH substitute, in conjunction 
with FSH in the form of either human menopausal 
gonadotropins, highly purified urinary FSH prepa-
rations,  or  recombinant FSH formulations (Gonal F, 
Puregon).

FSH is necessary for the maintenance of spermato-
genesis, as evidenced by the findings in contraceptive 
trials using testosterone esters, where azoospermia was 
only attained in patients in whom serum FSH levels 
were fully suppressed.91 In a subset of patients with 
HH and larger testicular size, spermatogenesis can be 
stimulated with hCG alone,92 although it is likely that 
men with the fertile eunuch syndrome and sufficient 
endogenous FSH secretion to sustain normal sper-
matogenesis with hCG alone are well represented in 
this subgroup.

High intratesticular testosterone concentrations 
are essential for normal spermatogenesis. Thus, 
spermatogenesis can be induced by a combination of 
hCG and human menopausal gonadotropin (hMG), 
though not by a regimen of purified FSH and testos-
terone alone.93

Exogenous gonadotropin therapy
Traditionally, FSH has been administered using hMG 
derived from the urine of postmenopausal women. 
In  this preparation, FSH activity predominates and 
LH activity is low, necessitating combined adminis-
tration with hCG to achieve fertility.94 Highly puri-
fied urinary FSH preparations give enhanced specific 
activity in comparison to hMG (10,000 vs. 150 U/mg 
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protein  for hMG); however, these preparations have 
been superseded by recombinant human FSH (r-hFSH) 
formulations made in Chinese hamster ovary cells with 
a 48 ± 5 h half-life and devoid of intrinsic LH activity 
(Puregon, Gonal F).

Recombinant gonadotropins can be administered 
subcutaneously, a route that is as effective a mode of 
delivery as the intramuscular route, and is conducive 
to good compliance. hCG alone at a dose of 1000 U 
on alternate days, or 1500U twice weekly (with dosage 
titration based on trough testosterone levels), is given 
initially. With larger initial testicular volume, sper-
matogenesis can be initiated with hCG alone, most 
likely due to residual FSH secretion.95,96

Once there is a plateau in the response to hCG, and 
assuming no spermatozoa are seen in the ejaculate after 
3–4 months of treatment, therapy with FSH (in one 
of the three forms described above) is added at a dose 
of 75 U on alternate days initially, increasing to daily, 
if necessary.97,98 Continuation of this combined regimen 
for 12–24 months induces testicular growth in almost 
all patients, with spermatogenesis in a large propor-
tion and pregnancy rates in the range of 50%–80%.97,98 
Better outcome can be expected with larger baseline 
testicular size, and absence of previous cryptorchidism 
gynecomastia is seen in up to 33% of patients on gonad-
otropin therapy, the consequence of excessive secretion 
of estrogen by Leydig cells in response to hCG, and is 
avoidable by using the lowest dose of hCG capable of 
maintaining serum testosterone levels toward the lower 
end of the normal range.99,100

Gonadotropin therapy of HH patients rarely 
generates sperm concentration in the World Health 
Organization (WHO) reference range. This result 
may be because initial “priming” of testes did not 
occur during the minipuberty and also because of 
the high incidence of undescended testes. Failure to 
achieve normal sperm counts does not preclude fertil-
ity, however, and in one study the median sperm con-
centration achieved at conception was reported to be 
5 million/mL. The smaller the initial testicular vol-
ume, the longer the duration of treatment required, 
and it may take up to 24 months for spermatogenesis 
to be induced.

Given the aforementioned findings, it is sensible 
to start treatment 6–12 months before the time at 
which fertility is desired. Once pregnancy is achieved, 
therapy should be continued until at least the second 
trimester, and if a further conception is planned shortly 
thereafter, therapy with hCG alone should be contin-
ued. In contrast, if a longer interval is anticipated, 
testosterone therapy can be recommenced. The option 
of storing sperm for subsequent use in intrauterine 

insemination or intracytoplasmic sperm injection 
should also be discussed. In patients in whom the 
combination of hCG and FSH is required to induce 
spermatogenesis initially, treatment with hCG alone 
may be sufficient for subsequent pregnancies due to 
larger starting testicular size.

Pulsatile GnRH therapy
The alternative to gonadotropin therapy is pulsatile 
administration of GnRH administered by a program-
mable, portable mini-infusion pump. Although intra-
venous administration produces the most physiologic 
GnRH pulse contour and ensuing LH response, the 
subcutaneous route is clearly more practical for the 
long-term treatment required to stimulate spermato-
genesis. The frequency of GnRH administration rec-
ommended is every 2 h at a dose of 25–600 ng/kg/
bolus, with the GnRH dose being titrated for each 
individual to ensure normalization of testosterone, 
LH, and FSH. Serum testosterone and gonadotropin 
levels should be monitored monthly, and once testicu-
lar volume reaches 8 mL, regular semen analyses are 
obtained.

The majority of patients require treatment for at 
least 2 years to maximize testicular growth and achieve 
spermatogenesis, although, similar to the response to 
gonadotropin therapy, the time taken to reach these 
endpoints tends to be shorter in patients with a larger 
initial gonadal size, and a poorer response is expected in 
patients with a history of bilateral cryptorchidism.

Effect of postnatal gonadotropin 
therapy in males with HH
Because patients with HH may be diagnosed shortly 
after birth because of micropenis and cryptorchidism, 
combined with subnormal LH and FSH concentrations 
during the postnatal period, treating these patients 
with gonadotropins postnatally, to mimic physiologi-
cal development, could improve testicular growth 
and fertility potential later in life. There has been 
one report of an HH male being treated by recombi-
nant human LH and FSH in doses of 20 and 21.3 U 
s.c. twice weekly, respectively, from 7.9 to 13.7 months 
of age. During treatment, concentrations of LH, FSH, 
inhibin B, and estradiol increased to values within nor-
mal limits, whereas serum testosterone remained unde-
tectable. Penile length increased from 1.6 to 2.4 cm and 
testicular volume, assessed by ultrasound, increased by 
170%.101
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Management of 
HH in females
Estrogen replacement therapy
Initial therapy is with ethinylestradiol 5 μg orally, for 
at least 6 months. A transdermal twice weekly estradiol 
patch may be used as an alternative. Treatment is con-
tinued until breakthrough bleeding occurs, after which 
cyclical therapy with medroxyprogesterone acetate 
5 mg daily for 2 weeks is introduced. The dose of ethi-
nyl estradiol is gradually increased over a 2- to 3-year 
period to a final dose of 20–30 μg daily.

Gonadotropin therapy
Originally introduced more than 50 years ago, puri-
fied human urinary postmenopausalgonadotropins 
(HMGs) containing LH to FSH bioactivity of 1:1 have 
been successfully used to induce ovulation in hypo-
gonadotropic hypogonadal states. The availability of 
purified and highly purified urinary FSH, and recom-
binant human FSH (rFSH, >99% purity), has largely 
superseded HMG and can be given subcutaneously 
with none of the batch-to-batch variability observed 
with HMG. The aim of ovulation induction with 
gonadotropins is the generation of a single dominant 
follicle.

Step-up and step-down protocols
A conventional step-up gonadotropin protocol would 
involve a starting FSH dose of 37.5–75 U/day designed 
to allow the FSH threshold to be reached gradually, 
minimizing excessive stimulation and thereby reducing 
the risk of development of multiple follicles. The dose 
is increased only if, after 7 days, no response is docu-
mented on ultrasonography and serum estradiol moni-
toring. The dose is incrementally increased at weekly 
intervals by 37.5–75 U to a maximum of 225 U/day, 
and the response is then monitored by ultrasonic cycle 
tracking with measurement of endometrial thickness 
and follicular diameter.

In the step-down protocol, therapy with 150 U 
FSH/day is started until a dominant follicle (>10 mm) 
is seen on transvaginal ultrasonography, with the 
dose then being decreased to 112.5 U/day, followed 
by a further decrease to 75 U/day 3 days later, a dose 
that is continued until hCG is administered to induce 
ovulation.

Purified urinary FSH has some LH activity but rFSH 
does not. The experience with rFSH in hypogonado-
tropic hypogonadal women (WHO class 1) indicates 
that women who have very low serum LH concentra-
tions (<0.5 U/L) need exogenous hCG (or 75 U/day s.c. 
recombinant LH) to maintain adequate estradiol bio-
synthesis and follicle development.

hCG at 5000–10,000 U i.m. is used to trigger ovu-
lation when ovarian follicles >20 mm are achieved and 
the endometrium is >10 mm thick.102

Cycle tracking
Transvaginal ultrasonography is used to measure fol-
licular diameter and endometrial thickness, with an 
optimal scanning frequency of every 2 or 3 days in the 
late follicular phase. The criteria for follicle maturity are 
a follicle diameter of 18–20 mm and/or a serum estra-
diol >734 pmol/L/dominant follicle.

hCG is given on the day that at least one follicle 
appears to be mature. If three or more follicles >15 mm 
are present, stimulation is stopped, hCG is withheld, 
and a barrier contraceptive is advised to prevent multiple 
pregnancies and ovarian hyperstimulation. Preovulatory 
concentrations of estradiol above the normal range may 
predict ovarian hyperstimulation.

Pulsatile GnRH therapy
Pulsatile administration of GnRH using an infusion 
pump stimulates the production of endogenous FSH and 
LH and can be used in patients whose HH is not caused 
by GnRHR loss-of-function mutations. The resulting 
serum FSH and LH concentrations remain within the nor-
mal range, so the chances of multifollicular development 
and ovarian hyperstimulation are low. The subcutaneous 
route can be used, and to mimic normal pulsatile GnRH 
release, the pulse interval is 60–90 min and the dose is 
2.5–10 μg/pulse.103–106 The lower dose should be  used 
initially to minimize the likelihood of multiple  preg-
nancies; the dose should then be increased to the mini-
mum dose required to induce ovulation. Pulsatile GnRH 
administration may be discontinued after ovulation, and 
the corpus luteum supported by hCG.

Outcomes
Ovulation rates of 90% and pregnancy rates of 80% 
have been reported in women treated with pulsatile 
GnRH. Local complications such as phlebitis may occa-
sionally occur.
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17
Hypogonadism, erectile dysfunction, 
and infertility in men
Pierre-Marc G. Bouloux, Shalender Bhasin

Hypogonadism in men
Hypogonadism is a multisystem syndrome associated 
with impaired androgen production or action. Androgen 
deficiency can result from abnormalities of testicular 
function (primary hypogonadism), hypothalamic or 
pituitary regulation of testicular function (secondary 
hypogonadism), or impairment of androgen action at 
the target tissue (androgen resistance).

Failure to diagnose and treat androgen deficiency 
can have potentially serious health consequences. It is 
important to screen for androgen deficiency, because 
hypogonadism may be a manifestation of a serious 
underlying disease such as a pituitary tumor or some 
other systemic illness such as human immunodeficiency 
virus (HIV) infection. Left untreated, severe androgen 
deficiency may result in osteoporosis and increased 
risk of fracture,1–6 loss of muscle mass (sarcopenia) and 
function,2,7–9 impaired sexual function,10–15 lowered 
mood and energy level,7 increased fat mass (particu-
larly in the visceral fat compartment),16–20 and insulin 
resistance.16–20

Frequency of androgen deficiency
Androgen deficiency is a common disorder that frequently 
remains undetected because the symptoms of androgen 
deficiency in adult men are often nonspecific.21,22 For 
instance, in the Massachusetts Male Aging Study,21,22 
4% of men, aged 40–70 years, who were asymptom-
atic had serum testosterone levels less than 150 ng/dL 
(4.5 nmol/L) in association with increased luteinizing 
hormone (LH) levels (indicative of primary gonadal 
malfunction). The symptoms commonly attributed to 

androgen deficiency, such as decreased sexual desire and 
activity and low energy, did not demonstrate a high cor-
relation with low testosterone levels.21,22

In the European Male Aging Study (EMAS), a ran-
dom population of 3369 men aged between 40 and 79 
years were surveyed, with data collected for subjects’ 
general, sexual, physical, and psychological health.23 
Levels of total testosterone were measured in morning 
samples by mass spectroscopy, and free testosterone was 
computed using the Vermeulen formula. Symptoms of 
poor morning erections, low sexual desire, erectile dys-
function, inability to perform vigorous physical activity, 
depression, and fatigue were significantly related to the 
testosterone level. Increased probabilities of the three 
sexual symptoms and reduced physical vigor were dis-
cernible with total testosterone levels of 8–13  nmol/L 
(2.3–3.7 ng/mL) and free testosterone levels of 160–280 
pmol/L (46–81  pg/mL). Using these data, Wu et  al. 
proposed that late-onset hypogonadism (LOH) could 
be defined by the presence of at least three sexual symp-
toms, associated with a total testosterone level of less 
than 11 nmol/L (3.2 ng/mL) and a free testosterone level 
of less than 220 pmol/L (64 pg/mL). Using these crite-
ria, it was found that only 2.1% of men in the popula-
tion studied could be classified as having LOH.24

A high index of suspicion is therefore the key to 
diagnosis. It is important to recognize that while men 
presenting with loss of sexual desire and function 
and diminished secondary sex characteristics should 
undoubtedly be screened for androgen deficiency, the 
Massachusetts Male Aging Study21,22 demonstrated that 
these symptoms are uncommon in middle-aged men 
with androgen deficiency. If screening was triggered 
only by the presence of these symptoms, a significant 
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number of hypogonadal men would remain undiag-
nosed. Since the following patient groups have a high 
prevalence of low testosterone levels, they should be 
screened for androgen deficiency (Table 17.1):

1.	 Patients presenting with delayed sexual develop-
ment may have constitutional delay of puberty, 
primary or secondary hypogonadism, or one of a 
variety of other causes; testosterone levels should be 
measured in all such patients.

2.	 Men presenting with infertility. Approximately 
10% of men presenting with infertility have 
Klinefelter’s syndrome,25,26 and an additional 
1%–3% have hypogonadotropic hypogonadism.

3.	 Men younger than the age of 50 presenting with 
minimal trauma fractures. Minimal trauma frac-
tures are uncommon in men younger than age 50,6,7 
but when they do occur in younger men, impaired 
androgen secretion or action is often a contributory 
cause.

4.	 Men with chronic illness. There is a high preva-
lence of low testosterone levels in men with chronic 
illness,27–36 such as that associated with HIV 
infection,27–32 end-stage renal disease,33–35 and 
chronic obstructive pulmonary disease (COPD).36 
Testosterone replacement increases lean body mass 
and muscle strength in HIV-infected men with 
weight loss and low testosterone levels.37–39

5.	 Men being treated with medications that impair tes-
tosterone secretion, alter its metabolism, or attenuate 
its action. Particular attention should be paid to the 
use of glucocorticoids,40,41 ketoconazole,42,43 meges-
trol acetate,44,45 gonadotropin-releasing  hormone 

agonists,46,47 neuropsychiatric drugs,48–50 cancer che-
motherapeutic drugs, and long-term opiate use.

6.	 Men over the age of 60. Serum testosterone levels pro-
gressively decrease with advancing age,1,51–57 so that by 
age 60, approximately 25% of men have serum testos-
terone levels in the hypogonadal range. Testosterone 
replacement therapy in older men with low-normal 
testosterone levels is associated with  gains in lean 
body mass, reduction in fat mass, and increased mus-
cle strength and bone mineral density.56–63

7.	 Men presenting with erectile dysfunction. Eight 
percent of men presenting with erectile dysfunction 
have low testosterone levels.53,64–71 Androgen defi-
ciency and erectile dysfunction are two common, 
but independently distributed, clinical disorders in 
middle-aged and older men.53,64–71

Although attempts have been made to generate disease-
specific questionnaires to detect older male candidates 
for testosterone testing72,73 (e.g., Morley developed and 
validated a 10-question Androgen Deficiency in Aging 
Males [ADAM] scale; see Table 17.2), in practice they 
tend to lack specificity, although many have consider-
able sensitivity.

Evaluation
History
The diagnostic workup of androgen deficiency is initi-
ated by an assessment of the general health of the patient, 
because systemic illness is frequently associated with 
low testosterone levels (Figure  17.1). Twenty  to thirty 
percent of men infected with HIV have previously been 

The following groups of men have high prevalence of androgen deficiency and warrant measurement of 
serum testosterone levels:

	 1.	 Men with loss of sexual desire and function
	 2.	 Men with loss of secondary sex characteristics
	 3.	 Men with delayed pubertal development
	 4.	 Men being evaluated for infertility
	 5.	 Men with erectile dysfunction
	 6.	 Men presenting with minimal trauma fracture before the age of 50
	 7.	 Men with chronic illness such as that associated with HIV infection, chronic obstructive lung disease, 

and end-stage renal disease
	 8.	 Men being treated with medications that impair testosterone production or action
	 9.	 Men over the age of 60

Table 17.1
Clinical states that are associated with a high prevalence of androgen deficiency and warrant screening.
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reported to have low testosterone levels,27–32 although 
with more effective antiretroviral therapy, the preva-
lence is probably lower nowadays.

Similarly, a substantial proportion of patients with 
COPD,36 diabetes mellitus (type 2 diabetes), end-stage 
renal disease,33–35 and many types of cancer have low 
testosterone levels.

It is important to evaluate lifestyle factors and sub-
stance abuse, because they can be associated with andro-
gen deficiency. Eating disorders, excessive exercise, and 
recreational drug abuse (e.g., opiates) are often associ-
ated with both delayed pubertal development and hypo-
gonadism in adults.74–76

The energy balance and the hypothalamic control of 
the reproductive axis are intimately linked. Excessive 
exercise is associated with hypogonadotropic hypogo-
nadism, probably as a consequence of increased cen-
tral corticotropin-releasing hormone tone, the degree 
of gonadotropin deficiency being correlated with the 
magnitude of energy drain.75

Weight loss in patients with anorexia nervosa is asso-
ciated with functional gonadotropin-releasing hormone 
(GnRH) deficiency, hypogonadotropic hypogonadism, 
and slow GnRH pulse frequency.75,76 Leptin is believed 
to be one of the biochemical links between energy stores 
and the central regulation of reproduction.77

Use of recreational drugs such as alcohol, marijuana, 
opiates, and cocaine can be associated with hypogo-
nadotropic hypogonadism.78,79 Alcohol has inhibitory 

effects at all levels of the hypothalamic–pituitary–
testicular axis. The physician should inquire about 
the use of glucocorticoids,40,41 ketoconazole,42,43 cancer 
chemotherapeutic agents, GnRH agonists and antago-
nists,46,47 and neuroleptic agents,49,50 or a previous his-
tory of pelvic irradiation. Pharmacological doses of 
glucocorticoids inhibit LH and follicle-stimulating hor-
mone (FSH) secretion by multiple mechanisms and also 
directly inhibit testicular synthesis of testosterone.40,41 
Ketoconazole is an inhibitor of several P450-linked 
steroidogenic enzymes in the testosterone biosynthetic 
pathway, including CyP450scc.42,43 Androgen deficiency 
and subfertility are well-known, frequent, long-term 
complications of cancer chemotherapy. Many antipsy-
chotic and antidepressant drugs are associated with 
hyperprolactinemia that can cause hypogonadotropic 
hypogonadism.49,50

The physician should inquire about early-morning 
erections, frequency of sexual thoughts, intensity of sex-
ual feelings, and frequency of sexual acts such as mastur-
bation and intercourse. Overall frequency of sexual acts 
and libido are decreased in androgen-deficient men.7,10–15 
However, young, hypogonadal men retain the ability to 
achieve erections in response to visual erotic stimuli.13 
Mood and energy level should be ascertained; men with 
acquired androgen deficiency often report decreased 
energy and increased irritability (“grumpiness”).80 
Androgen replacement improves positive aspects of mood 
and reduces irritability in androgen-deficient men.80

Questions Used as Part of the Saint Louis University ADAM Questionnaire
	 1.	 Do you have a decrease in libido (sex drive)?
	 2.	 Do you have a lack of energy?
	 3.	 Do you have a decrease in strength and/or endurance?
	 4.	 Have you lost height?
	 5.	 Have you noticed a decreased “enjoyment of life”?
	 6.	 Are you sad and/or grumpy?
	7.	 Are your erections less strong?

	 8.	 Have you noticed a recent deterioration in your ability to play sports?
	 9.	 Are you falling asleep after dinner?
	10.	 Has there been a recent deterioration in your work performance?

Source:	 Table reprinted with permission from Morley JE, et al., Validation of a screening questionnaire for androgen deficiency in aging 
males. Metabolism 49(9): 1239–42, 2000.
Note:	 A positive questionnaire result is defined as a “yes” answer to questions 1 or 7 or any three other questions. 

Table 17.2
A 10-question Androgen Deficiency in Aging Males (ADAM) questionnaire, developed and validated by 
Morley.
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Physical examination
In addition to the general physical examination, atten-
tion should be focused on assessing secondary sex char-
acteristics such as hair growth, testicular volume, breast 
enlargement, prostate size and consistency, height, and 
span and body proportions (to look for euneuchoidism, 
where span exceeds height and lower segment length 
exceeds upper segment length). Hair growth in the beard, 
chest, and pubic regions is androgen dependent. There 
are ethnic differences in the intensity of hair growth (e.g., 
a paucity of facial and body hair in the Chinese).

Testicular volume can be measured by using a Prader 
orchidometer and taking note of testicular consistency 
and any inguinal scars pertaining to previous orchi-
dopexy operations for cryptorchidism. Patients with 
Klinefelter’s syndrome have markedly reduced testicular 
volumes (1–2 mL).25,26

In men with congenital hypogonadotropic hypo-
gonadism, testicular volume is a good marker of the 
degree of gonadotropin deficiency and the likelihood 
of response to therapy.81,82 In general, men with idio-
pathic hypogonadotropic hypogonadism (IHH) whose 

General health evaluation, nutritional history,
lifestyle factors, complete blood counts

and chemistries, urinalysis

Measure total testosterone level

Total T 200–400 ng/dL 
(6.34–13.86 nmol/L)

Measure free T Total T >275 ng/dL (>10.2 nmol/L)

Repeat total T
between 8 and 11 a.m.

Low

LH elevated

Primary testicular dysfunction
Obtain karyotype to exclude

Klinefelter's syndrome

Obesity, dysmorphic features

Specific hypothalamic syndrome
such as Prader–Willi syndrome

Total T <275 ng/dL (>10.2 nmol/L)

Total T <200 ng/dL (<6.94 nmol/L) Total T >400 ng/dL  
(>13.86 nmol/L)

Androgen deficiency excluded

Normal

LH normal or decreased

Prolactin, MRI of
hyopothalamic–pituitary region,

assessment of pituitary hormones

Hypogonadotropic hypogonadism

Prolactin and MRI normal;
other pituitary hormones normal,

no dysmorphic feature — IHH

Anosmia/hyposmia, sensorineural
deafness, unilateral

kidney — Kallmann's syndrome

Androgen deficiency confirmed
Measure LH

Figure 17.1
An algorithmic approach to the diagnosis of androgen deficiency. T, testosterone; IHH, idiopathic hypogo-
nadotropic hypogonadism.
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testicular volume is less than 4 mL have more severe 
gonadotropin deficiency and are less likely to respond to 
human chorionic gonadotropin (hCG) alone than those 
with testicular volumes greater than 8 mL.

Androgen deficiency can be associated with breast 
enlargement in men, although gynecomastia is more 
often due to other causes such as liver and kidney dis-
ease, medication, or physiological hormonal changes 
during the neonatal period, puberty, and old age. Breast 
enlargement may also occur after both institution of 
androgen replacement therapy and pharmacological 
administration such as in body building. The pro-
pensity to gynecomastia reflects underlying aromatase 
activity.

Inactivating mutations of 
the LH receptor gene
Inactivating mutations of the LH receptor gene are 
associated with hypogonadism and Leydig cell hypo-
plasia.92,93 Several families with resistance to LH action 
due to inactivating mutations of the LH receptor have 
been reported. Men with LH receptor mutations present 
with a spectrum of phenotypic abnormalities ranging 
from feminization of external genitalia in 46,XY males 
to Leydig cell hypoplasia, primary hypogonadism, and 
delayed sexual development. In a patient with Leydig 
cell hypoplasia and hypogonadism, a T-to-A mutation 
in position 1874 of the LH receptor gene was found.94 
Testicular histology in this man revealed the absence 
of mature Leydig cells; the seminiferous tubules had 
thickened basal lamina and spermatogenic arrest at the 
elongated spermatid stage.95 Female members of the 
kindred with LH receptor mutation revealed normal 
development of secondary sex characteristics, increased 
LH levels, and amenorrhea.

Inactivating mutations of 
the FSH receptor gene
It would be expected that a loss-of-function mutation 
of the gene for the human FSH receptor (2p21) would 
be associated with hypergonadotropic ovarian dysgen-
esis. In 1995, a search for linkage in multiple affected 
Finnish families reported finding a C566T transition 
predicting an Ala189Val substitution. This mutation 
segregated perfectly with the disease phenotype of pri-
mary amenorrhea, arrest of follicular development, and 
infertility.96 Expression of the gene in transfected cells 
showed almost no signal transduction. Compared with 
similar patients with ovarian dysgenesis who did not 
have the mutation, patients with the mutation were 
shorter and had more ovarian follicles.97 In contrast to 
females, males with this mutation were fertile but had 
reduced sperm counts. Population studies have shown 

this mutation in about 1% of Finns, with geographical 
enrichment suggestive of a founder effect.

To date, five additional inactivating mutations have 
been described, including cases with double heterozy-
gosity of mutations. The clinical features are slightly 
different, apparently due to differences in residual 
activity in the mutated proteins.

Laboratory evaluation
A full blood count, including hemoglobin, urea and 
electrolytes, creatinine, fasting blood glucose, aspar-
tate aminotransferase (AST), alanine aminotransferase 
(ALT), bilirubin, alkaline phosphatase, and urinaly-
sis, should be performed as part of the general health 
evaluation.

The measurement of total serum testosterone level, 
preferably in an early-morning sample obtained between 
8 and 11 a.m., remains the best biochemical test for the 
diagnosis of androgen deficiency. A total serum testoster-
one level of less than 200 ng/dL (7 nmol/L) in an early-
morning serum sample in association with consistent 
symptoms is evidence of testosterone deficiency. An early-
morning serum testosterone level greater than 350 ng/dL 
(12 nmol/L) makes the diagnosis of androgen deficiency 
unlikely. In men with serum testosterone levels between 
200 and 350 ng/dL (7–12 nmol/L), the measurement of 
total testosterone level should be repeated, and the free 
testosterone level should be measured. In  older men, 
and in patients with Klinefelter’s syndrome and those 
in other clinical states that are associated with increased 
sex hormone–binding globulin (SHBG) levels, measure-
ments of total testosterone level may underestimate the 
degree of testosterone deficiency. In these patients, an 
indirect calculation of free and bioavailable testosterone 
using the Vermeulen formula (this requires knowledge 
of the SHBG and albumin levels), or, if available, a direct 
measurement of the free testosterone level can be useful 
in unmasking testosterone deficiency.

Serum LH levels should be measured in men with 
low testosterone levels, because it can help in deter-
mining whether the site of lesion is in the testis or 
at the hypothalamic–pituitary site. Men with andro-
gen deficiency can be classified as hypergonadotropic 
(high LH) or hypogonadotropic (low or inappropri-
ately normal LH) based on their LH levels. An ele-
vated LH level indicates a lesion at the testicular level. 
Common  causes  of primary testicular failure include 
Klinefelter’s syndrome, HIV infection, uncorrected 
cryptorchidism, cancer chemotherapeutic agents, 
radiation, surgical orchiectomy, and prior infectious 
orchitis. A karyotype should be determined to exclude 
Klinefelter’s syndrome in men with low testosterone 
and elevated LH levels.
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Men who have low testosterone levels but “inap-
propriately normal” or low LH levels have hypogo-
nadotropic hypogonadism, their defect residing at the 
hypothalamic–pituitary site.83 The causes of hypogo-
nadotropic hypogonadism include space-occupying 
lesions of the hypothalamic–pituitary site, hyperprolac-
tinemia, eating disorders, iron overload states such as 
hemochromatosis and hemosiderosis, excessive exercise, 
substance abuse, chronic illness, and a number of hypo-
thalamic syndromes characterized by hypogonadotropic 
hypogonadism.83 (See Chapter 16).

In men with hypogonadotropic hypogonadism, 
the physician should verify or exclude the presence of 
systemic illness, eating disorders, excessive exercise, and 
substance abuse. Serum prolactin level should be mea-
sured, and a magnetic resonance imaging (MRI) scan of 
the hypothalamic–pituitary region with a contrast agent 
should be obtained. Measurement of serum prolactin 
and MRI scan of the hypothalamic–pituitary region 
can help exclude the presence of a space-occupying 
lesion. Serum iron, transferrin saturation, and ferritin 
levels can be measured to exclude iron overload states 
such as hemochromatosis. Patients in whom all other 
detectable causes of hypogonadotropic hypogonadism 
have been excluded are classified as having IHH. Some 
men with IHH have hyposmia or anosmia, cleft palate, 
digital abnormalities, coloboma, and/or a single kidney, 
many of these associated features being pathogno-
monic of Kallmann’s syndrome (Figure 17.2).84 Several 
hypothalamic syndromes are associated with hypogo-
nadotropic hypogonadism; these syndromes are recog-
nized by a pattern of associated dysmorphic features 
(see chapter 16 on the inherited causes of IHH).

When should free testosterone 
levels be measured?
Measurement of free testosterone levels can be useful in 
diagnosing androgen deficiency in men with alterations 
in SHBG levels.85–88 Most of the circulating testoster-
one is bound to SHBG and albumin; only 0.5%–2.0% 
of circulating testosterone is unbound or “free.” Total 
testosterone levels are affected by the prevalent SHBG 
concentrations. Alterations in SHBG levels due to 
normal aging,85,86 obesity,89,90 some types of medica-
tions, or chronic illness such as chronic liver disease, 
or on a congenital basis, can confound interpretation 
of total testosterone levels. Therefore, measurement of 
free testosterone levels, presumably reflecting the bio-
logically active fraction, can be useful in the conditions 
discussed in the following subsections, particularly if 
the total testosterone levels are in the borderline zone.

Obesity
Obese men have decreased SHBG levels. Most mildly 
to moderately obese men have lower serum total testos-
terone levels due to decreased SHBG concentrations;89,90 
their free testosterone concentrations are normal. 
Severely obese men may have hypogonadotropic hypo-
gonadism due, in part, to increased estradiol levels (the 
result of increased aromatization of testosterone by adi-
pose tissue) that suppress LH and FSH secretion.90

Older men
Serum SHBG concentrations are increased in older 
men.85,86 Therefore, total testosterone levels underesti-
mate the degree of age-related decline in serum testos-
terone levels.

Figure 17.2
MRI scans of a normal person and two patients with Kallmann’s syndrome. (a) MRI section of a normal 
brain, with well-developed rhinencephalon and olfactory sulcus (arrows). (b and c) Sections of the rhinen-
cephalon from patients with idiopathic hypogonadotropic hypogonadism and anosmia, showing poorly 
developed olfactory bulbs and absence of olfactory sulci. (From Klingmuller D et  al., J Clin Endocrinol 
Metab, 65, 581–4, 1987.)
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Chronic illness
Serum SHBG concentrations are increased in HIV-
infected men27 and in some types of liver disease (e.g., 
cirrhosis associated with hepatitis C infection), but they 
may be decreased in men with nephrotic syndrome.

Hyperthyroidism
SHBG concentrations are increased in hyperthyroidism, 
which is often associated with a raised total testosterone 
level.

The methods for free testosterone 
measurement (Table 17.3)
Measurements of serum-free testosterone levels are 
fraught with difficulty and are not recommended as a 
general screening test. Serum-free testosterone levels 
should be measured only in specific clinical situations, 
as described in this chapter, and measurements should 

be obtained (1) from a reliable laboratory that has expe-
rience with the assay and (2) by using an appropriate 
assay that is not affected by the SHBG concentration.

The tracer analog methods are relatively inexpensive 
and convenient, but they are dependent on SHBG con-
centrations and, therefore, do not provide a true index of 
“free” testosterone.88 They should not be used because 
of concerns about validity. Gas chromatography–mass 
spectrometry (GC-MS), although not available in rou-
tine laboratories, holds the greatest promise for accuracy 
and sensitivity, especially when measuring lower levels.

Free testosterone levels measured by equilibrium 
dialysis have good clinical correlation.87,88 The equi-
librium dialysis methods are technically demanding, 
affected by dialysis conditions, and available from only a 
few commercial laboratories.

Measurement of bioavailable testosterone levels by 
the ammonium sulfate precipitation method has good 
clinical correlation.86

Method Potential merits and demerits Utility

Tracer analog methods These methods are affected by SHBG 
concentrations and therefore do not 
provide a true index of "free" 
testosterone

They are convenient to 
perform but should not be 
used because of concerns 
about validity

Equilibrium dialysis using 
tracer or direct 
measurement of dialyzed 
testosterone

Free testosterone levels measured by 
equilibrium dialysis have good clinical 
correlation. The equilibrium dialysis 
methods are technically demanding, 
affected by dialysis conditions, and 
available only from a few commercial 
laboratories

They are clinically useful if 
performed in a reliable 
laboratory

Bioavailable testosterone 
level (unbound plus 
albumin-bound 
testosterone fraction)

Measurement of bioavailable 
testosterone levels by ammonium 
sulfate precipitation has good clinical 
correlation

Clinically useful if performed 
in a reliable laboratory. The 
method is available only 
from a few commercial 
laboratories

Calculation of free 
testosterone levels by 
measurement of total 
testosterone and SHBG 
levels

Total testosterone and SHBG levels can 
be measured accurately and precisely 
by direct immunoassays. The validity 
of the algorithms used to calculate 
free testosterone from total 
testosterone and SHBG concentrations 
in men with chronic illness has not 
been established

Useful in healthy, young men, 
but validity not established 
in different illnesses that 
might affect SHBG 
concentrations and binding

Table 17.3
Methods for the measurement of serum-free testosterone levels.
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Free testosterone concentrations can also be cal-
culated from total testosterone and SHBG concen-
trations by using previously published algorithms. 
Total testosterone and SHBG levels can be measured 
accurately and precisely by direct immunoassays. 
The validity of the algorithms used to calculate free 
testosterone from total testosterone and SHBG con-
centrations in men with chronic illness has not been 
established; this method may be useful in healthy, 
young men, but its validity has not been established 
in different illnesses that might affect SHBG concen-
trations and binding.

Treatment of androgen deficiency
Testosterone replacement therapy can be adminis-
tered by using one of several available formulations 
with appropriate attention to its pharmacokinetics 
(Table  17.4). The benefits of testosterone replacement 
therapy have only been demonstrated in men who have 
androgen deficiency, as indicated by serum testosterone 
levels that are distinctly below the lower limit of the 
normal male range.

The dose of testosterone that is optimum for replace-
ment is unknown, because we do not know the dose 
dependency of various androgen-dependent physiologi-
cal processes. Although serum testosterone concen-
trations that are at the lower end of the normal male 
range can normalize sexual function in men, it is not 
clear whether low-normal testosterone levels can main-
tain bone mineral density and muscle mass. We also 
do not know whether serum testosterone concentrations 
in the high-normal range that might restore bone min-
eral density will adversely affect insulin sensitivity or 
plasma lipids. In light of these uncertainties, the current 
recommendation is to restore serum testosterone levels 
to the mid-normal range.

Clinical pharmacology of the available 
androgen formulations and key points about 
testosterone replacement therapy (Table 17.4)
Testosterone replacement therapy should be guided 
in part by an understanding of the clinical pharma-
cology of the formulation used. Testosterone serves 
as a prohormone, and it is converted in the body to 
17β-estradiol by the enzyme CyP450 aromatase and to 
5α-dihydrotestosterone by the enzyme 5α-reductase. 
The effects of testosterone on bone resorption, plasma 
lipids, gonadotropin inhibition, and certain organiza-
tional effects on the brain require its conversion to 
estradiol. Similarly, 5α reduction of testosterone to 
5α-dihydrotestosterone is obligatory for mediating its 

effects on the genital skin, the scrotum, the prostate, 
and the scalp. It is generally believed that testosterone 
may have direct effects on muscle and bone formation, 
since patients with 5α-reductase deficiency generally 
have good musculature. Therefore, while evaluating 
testosterone formulations, it is important to ascer-
tain that the formulation being used can achieve 
physiological estradiol and dihydrotestosterone con-
centrations in addition to mid-normal testosterone 
concentrations.

Orally administered, 17α-alkylated 
derivatives of testosterone 
(17α-methyltestosterone)
Testosterone is well absorbed after its oral adminis-
tration, but it is quickly degraded during its passage 
through the liver. Therefore, it is not possible to achieve 
sustained blood levels of testosterone after oral adminis-
tration of crystalline testosterone. 17α-Alkylated deriv-
atives of testosterone are relatively resistant to hepatic 
degradation and can be given orally; however, because 
of the potential for hepatotoxicity, these formulations 
should not be used for testosterone replacement.98,99 
Hereditary angioedema due to C1 esterase deficiency 
is the only exception to this general recommendation; 
in this condition, oral 17α-alkylated androgens are use-
ful because they stimulate hepatic synthesis of the C1 
esterase inhibitor.

Injectable testosterone esters
The esterification of testosterone at the 17β-hydroxy 
position makes the molecule hydrophobic and extends 
its duration of action.100–102 De-esterification of testos-
terone esters occurs quickly in plasma, is not limiting, 
and cannot account for the long duration of action. It is 
the slow release of testosterone ester from its oily depot 
in the muscle that accounts for its extended duration. 
The longer the side chain and hydrophobicity of the 
ester, the greater the duration of action. Thus, testos-
terone enanthate and cypionate, with longer side chains, 
have longer durations of action compared to testosterone 
propionate.

Within 24 h after intramuscular administration 
of 200 mg testosterone enanthate or cypionate, serum 
testosterone levels rise into the high-normal or sup-
raphysiological range and then gradually decline into 
the hypogonadal range over the next 2 weeks.101,102 
A  bimonthly regimen of testosterone enanthate or 
cypionate results in “highs” and “lows” in serum tes-
tosterone levels that are attended by changes in the 
patient’s mood, sexual desire, and activity and energy 
levels.
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The kinetics of testosterone enanthate and cypi-
onate are identical. The serum levels of estradiol and 
dihydrotestosterone (metabolites that are derived by 
conversion from testosterone) are normal if testosterone 
replacement is physiological.

The recent introduction of intramuscular testoster-
one undecanoate (Nebido, Bayer, Leverkusen, Germany; 
1 g) provides a convenient preparation with a long dura-
tion of action103,104 The first two injections are given 
at an interval of 6 weeks, and thereafter at 3-month 
intervals. Nebido is made up in a 4 cc preparation that 
must be administered as a deep intramuscular injection. 
Occasional patients have reported coughing following 
injection, possibly the consequence of circulating oily 
droplets.

Testosterone transdermal systems
Three transdermal testosterone patches are now  com-
mercially available: a scrotal testosterone patch 
(Testoderm, ALZA Corporation, Palo Alto, CA, USA) 
and two nongenital patches (Androderm, Watson-
TheraTech, Salt Lake City, UT, USA; and Testoderm 
TTS, ALZA Corporation) (Table 17.4).

The scrotal transdermal system
The scrotal transdermal system, when applied daily 
on the scrotal skin, can produce mid-normal serum 
testosterone levels in hypogonadal men 4–8 h after 
application of the patch, followed by a gradual 
decrease in serum testosterone levels over the next 
24 h.105 Serum estradiol levels are normal, but dihy-
drotestosterone levels are high in hypogonadal men 
treated with the scrotal testosterone patch, presum-
ably due to the high rates of 5α reduction of testos-
terone to dihydrotestosterone during passage through 
the scrotal skin. Because testosterone effects on the 
prostate are mediated through its metabolite, dihy-
drotestosterone, there was initial concern that long-
term exposure to high serum dihydrotestosterone 
levels might have deleterious effects on the prostate. 
However, long-term follow-up of men treated with 
the scrotal patch has not revealed an unusual increase 
in prostate problems.106

Nongenital patches
One or two nongenital patches can be applied on the 
nonscrotal skin. Serum testosterone and estradiol levels 
are in the mid-normal range 4–12 h after application of 
the patch.100,107 Unlike the scrotal patch, the nongenital 
patch produces physiological levels of serum dihydrotes-
tosterone. Sexual function and a sense of well-being are 
restored in androgen-deficient men treated with the 
nongenital patch.

The transdermal systems are more expensive than 
testosterone esters. The expense of testosterone esters 
is increased if injections are given in a medical office; 
however, nearly all patients or their close family mem-
bers can be taught to administer the injections. The use 
of nongenital patches may be associated with skin irri-
tation in some individuals; the frequency of local skin 
reactions is greater with the Androderm patch than 
with the Testoderm patch.

Testosterone gel
The US Food and Drug Administration (FDA) has 
approved a testosterone hydroalcoholic gel for the 
treatment of classical hypogonadism in men. The tes-
tosterone gel is available in 2.5 and 5 g unit doses 
that nominally deliver 25 and 50 mg of testosterone, 
respectively, to the application site. Initial pharmaco-
kinetic studies108 have demonstrated that 50, 75, and 
100 mg doses applied daily to the skin can raise and 
maintain serum total and free testosterone concentra-
tions into the mid- to high-normal range in healthy, 
hypogonadal men. Serum total and free testoster-
one concentrations are uniform throughout the 24 h 
application period.

The current recommendations are to start 
with a 75 mg dose and to adjust the dose based on 
the measurement of serum testosterone levels. If 
steady-state total testosterone concentrations exceed 
800 ng/dL (>30 nmol/L) on this dose, the dose should 
be reduced to 50 mg daily. Conversely, if the serum 
testosterone concentrations are lower than 500 ng/dL 
(<18.7 nmol/L), then the dose should be increased to 
100 mg daily.

The relative advantages of the testosterone gel are 
its ease of application, its invisibility after application, 
and the flexibility of dosing. The major concern about 
the use of the gel is the potential for transfer to one’s 
sexual partner and to children, who may come in close 
contact with the patient. Initial studies have shown that 
significant transfer can occur to the female partner after 
vigorous and direct skin-to-skin contact. Less than 5% 
of treated individuals reported skin irritation at the 
application site.

Tostran (Prostakan) gel contains 2% testosterone 
(10 mg/mL) in a 60 g multidose dispenser and has been 
used successfully as a transcutaneously active prepara-
tion109 delivery. The excipient contains butylhydroxy-
toluene and propylene glycol, and it overcomes the 
inconvenience of “one dose fits all.” The site of applica-
tion is the intact skin of the abdomen or inner thighs, 
preferably in the morning. Hands must be washed 
after application, and the application site should not be 
washed for 2 h.
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Testosterone undecanoate
This testosterone ester, when administered orally in oleic 
acid, is absorbed preferentially through the lymphatics 
into the systemic circulation and is spared first-pass deg-
radation through the liver. Doses of 40–80 mg, given 
two or three times daily, are typically used. However, 
the clinical responses are variable in different individu-
als and on different days in the same individual. Serum 
dihydrotestosterone-to-testosterone ratios are higher 
in hypogonadal men treated with oral testosterone 
undecanoate, as compared to healthy eugonadal men.

Testosterone implants
Implants of crystalline testosterone have been used 
for androgen replacement in men and women for over 
60 years. The implants are inserted in the subcutane-
ous tissue (in the abdominal wall or buttock) by means 
of a trocar through a small skin incision after admin-
istration of a local anesthetic. Testosterone is released 
by surface erosion from the implant and absorbed into 
the systemic circulation. Four to six 200 mg implants 
can maintain serum testosterone concentrations in the 
mid- to high-normal range for up to 6 months. The 
need for skin incision for insertion and removal, spon-
taneous extrusions (2%–5%), and fibrosis at the site 
of implant insertion are potential drawbacks of this 
formulation.

Novel androgen formulations
A number of novel androgen formulations with better 
pharmacokinetics or more selective activity profiles are 
under development. These novel delivery systems may 
provide greater convenience, a better physiological tes-
tosterone profile, or a longer duration of action. A biode-
gradable testosterone microsphere formulation has been 
shown to provide physiological testosterone levels for 
10–11 weeks.

Efforts to develop nonsteroidal, selective androgen 
receptor modulators (SARMs) with defined properties 
represent a most exciting development. In a manner 
analogous to selective estrogen receptor modulators 
such as raloxifene, it may be possible to administer 
androgen agonists that exert the desired physiological 
effects on muscle, bone, and sexual function, but do 
not adversely affect the prostate and the cardiovascu-
lar system.

Contraindications for androgen 
administration in men
Testosterone replacement is contraindicated or should 
be administered with caution in men with certain 
androgen-sensitive clinical disorders.

Prostate cancer
Prostate cancer is an androgen-dependent tumor, and 
androgen administration may promote tumor growth. 
Although testosterone administration is absolutely 
contraindicated in men with a history of active pros-
tate cancer, in those who have had early disease eradi-
cated by either radical prostatectomy or radiotherapy, 
testosterone replacement can be considered with care-
ful monitoring of the prostate-specific antigen (PSA) 
level.

Benign prostatic hypertrophy with severe symptoms
Testosterone replacement can be administered safely 
to men with benign prostatic hypertrophy who have 
mild to moderate symptom scores. Androgen defi-
ciency is associated with decreased prostate volume, 
and androgen replacement increases prostate volumes 
in those in age-matched controls.110–112 In patients 
with preexisting, severe symptoms of benign prostatic 
hypertrophy, even small increases in prostate volume 
during testosterone administration may exacerbate 
obstructive symptoms. In these men, testosterone 
should either not be administered or be administered 
with caution, with careful and frequent monitoring of 
obstructive symptoms.

Erythrocytosis
Testosterone replacement, particularly when admin-
istered through the intramuscular route, is associated 
with an increase in red cell mass, presumably through its 
effects on erythropoietin and stem cell proliferation.113–116

Therefore, testosterone replacement should not be 
administered to men with a baseline hematocrit of 52% 
or greater without appropriate evaluation and treatment 
of erythrocytosis.

Sleep apnea
Testosterone can induce sleep apnea or exacerbate 
preexisting sleep apnea because of its neuromuscular 
effects on the upper airway,117–122 and it should not be 
given to men with severe obstructive sleep apnea with-
out appropriate evaluation and treatment of the sleep 
apnea.

Breast cancer
Because testosterone is converted to estrogen, it is con-
traindicated in patients with breast cancer.

Monitoring androgen replacement therapy
Tables 17.5 and 17.6 list the clinical outcomes and labo-
ratory tests that should be monitored in order to assess 
the adequacy and safety of testosterone replacement 
therapy.
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Frequency of monitoring
Evaluations of the clinical effectiveness and safety of 
testosterone replacement therapy should be performed 
3 and 6 months after initiating testosterone therapy and 
annually thereafter.

Establishing the efficacy of testosterone 
replacement therapy (Table 17.5)
Target testosterone levels
We do not have a clinically useful biological marker of 
androgen action. The complexities of the diurnal, pulsa-
tile, and circannual rhythms of testosterone make it dif-
ficult to mimic the endogenous pattern of testosterone 
secretion. Therefore, restoration of serum testosterone 
levels into the mid-normal range remains the goal of 
therapy.107 Serum testosterone level should be measured 
3 months after initiating therapy to assess the adequacy 
of therapy. In patients being treated with testoster-
one enanthate or cypionate, serum testosterone levels 
should be 400–700 ng/dL (15–26 nmol/L) 1 week after 
the injection. If nadir levels 14 days after the injection 

are low, the interval between injections may be short-
ened; a less preferred option is to increase the dose. In 
men on chronic transdermal therapy, serum testoster-
one levels 4–12 h after the patch application should be 
mid-normal. If serum testosterone levels are lower than 
450 ng/dL (17 nmol/L) 4–8 h after patch application, 
the dose should be increased to two patches daily. In 
men being treated with testosterone gel, serum testos-
terone levels should be 450–800 ng/dL (17–30 nmol/L). 
If serum testosterone levels are outside this range, the 
dose should be appropriately adjusted.

Clinical evidence of efficacy
Restoration of sexual function, secondary sex char-
acteristics, energy level, and a sense of well-being are 
important objectives of testosterone replacement ther-
apy. Therefore, it is important to ask the patient about 
sexual desire and activity, whether the patient has early-
morning erections, and whether he is able to achieve 
and maintain erections that are adequate for sexual 
intercourse.

Some hypogonadal men continue to complain of 
sexual dysfunction even after testosterone replacement 
has been instituted; these patients can benefit from 
counseling. Hypogonadal men with prepubertal onset 
of androgen deficiency who are started on testosterone 
in their late 20s or their 30s may find it difficult to 
cope with their newfound sexuality and need counsel-
ing. If the patient has a sexual partner, it is crucial 
to include the partner in counseling because of the 
dramatic physical and sexual changes that occur with 
androgen treatment.

Facial hair growth in response to androgen replace-
ment is variable and depends on the patient’s racial 
background.

LH and FSH levels
The usefulness of LH and FSH levels to assess the ade-
quacy of testosterone replacement remains question-
able. In men with hypergonadotropic hypogonadism, 
particularly those with Klinefelter’s syndrome, it is 
uncommon for serum LH and FSH levels to be normal-
ized by physiological replacement doses of testosterone 
that restore sexual function. Similarly, measurements of 
LH and FSH levels are not useful in men with hypo-
gonadotropic hypogonadism, because in these men the 
feedback relationship between serum testosterone and 
LH secretion is perturbed because of the underlying 
hypothalamic–pituitary disorder.

Bone mineral density
Institution of testosterone replacement therapy is 
associated with an increase in bone mineral density 

Restoration and maintenance of sexual function
Induction and maintenance of secondary sex 

characteristics such as hair growth
Restoration of energy and sense of well-being
Restoration of serum testosterone level in the 

mid-normal range for healthy, eugonadal men

Table 17.5
Assessment of treatment efficacy.

Clinical
Clinical evaluation should focus on ascertaining 

the presence of:
Breast tenderness or enlargement
Acne and oiliness of skin
Symptoms of sleep apnea
Symptoms of benign prostatic hypertrophy
Digital rectal examination for prostatic
enlargement or nodules

Biochemical
Hemoglobin level
Serum PSA

Table 17.6
Monitoring of adverse effects.
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in androgen-deficient men. Men with IHH who have 
closed epiphyses experience an increase in cortical bone 
density, while those with open epiphyses demonstrate 
increases in both cortical and trabecular bone density 
after testosterone treatment. In adult men with andro-
gen deficiency acquired after the completion of puber-
tal development, testosterone replacement induces an 
improvement primarily in the trabecular bone den-
sity. The bone density is, however, not normalized in 
most hypogonadal men by physiological testosterone 
replacement. The clinical utility of following bone 
mineral density in androgen-deficient men has not 
been demonstrated.

Body composition assessment
Testosterone treatment is associated with an increase 
in lean body mass and muscle strength;123–126 however, 
measurements of body composition are not clinically 
indicated at this time.

Monitoring potential adverse 
experiences (Table 17.6)
Men receiving androgen replacement therapy should be 
monitored for potential adverse effects.

Hemoglobin levels
Administration of testosterone to androgen-deficient 
men is typically associated with a 3%–5% increase in 
hemoglobin levels. Clinically significant polycythemia 
is uncommon in young hypogonadal men, but it can 
occur in men with sleep apnea, a significant smoking 
history, or COPD; in such patients, hemoglobin levels 
should be closely monitored after institution of testos-
terone replacement therapy. Testosterone administration 
in older men is associated with greater increments in 
hemoglobin than those observed in young, hypogonadal 
men. The magnitude of hemoglobin increase during 
testosterone therapy appears to be related to the magni-
tude of the peak serum testosterone levels. Testosterone 
replacement by means of a transdermal system has been 
reported to produce a lesser increase in hemoglobin lev-
els than that associated with testosterone esters.

Digital examination of the prostate, 
and serum PSA levels (Table 17.7)
Testosterone replacement therapy increases prostate 
volume and PSA levels to those seen in age-matched 
controls, but continued androgen treatment does not 
further increase prostate volume beyond that expected 
for age.106,110-112,127,128 There is no evidence that testos-
terone replacement causes prostate cancer. However, 
androgen can exacerbate preexisting prostate cancer and 
should not be administered to men with a history of 

active prostate cancer. Many older men harbor micro-
scopic foci of cancer in their prostates. In addition, older 
men with prostate cancer may have low testosterone lev-
els.129 We do not know whether long-term testosterone 
administration to older men will unmask microscopic 
foci of prostate cancer. This uncertainty is the main rea-
son for periodic PSA measurements in men receiving 
testosterone replacement therapy.

Serum PSA levels are lower in testosterone-deficient 
men and are restored to normal following testosterone 
replacement;106,110,127,128,130 however, serum PSA levels do 
not increase progressively in healthy hypogonadal men 
with replacement doses of testosterone. In two recent 
placebo-controlled trials of testosterone administration 
in older men, the change in serum PSA levels over a 
3-year treatment period was not significantly different 
between placebo and testosterone-treated men.

Serum PSA levels tend to fluctuate when measured 
repeatedly in the same individual over time. Therefore, 
when serum PSA levels in androgen-deficient men on tes-
tosterone replacement therapy show a change from a previ-
ously measured value, the clinician has to decide whether 
the change warrants detailed evaluation of the patient for 
prostate cancer, or whether it is simply due to test-to-test 
variability in PSA measurement. The  data from the 
Finasteride Study for Benign Prostatic Hypertrophy dem-
onstrated that the 95% confidence interval for the change 
in PSA values measured 3–6 months apart is 1.4 ng/mL. 
Therefore, a change in PSA of >1.5 ng/mL between any 
two values measured 3–6 months apart in the same 
patient should be verified by a repeat PSA measure-
ment. If the repeated measurement confirms a change of 
>1.5 ng/mL from the previous value, then that patient 
should be referred for urological evaluation. In addition, 
in patients in whom sequential PSA measurements are 
available for more than 2 years, the PSA velocity criterion 
can be used; a change of >0.75 ng/mL/year in PSA veloc-
ity is unusual in men with benign prostatic disease and 
warrants evaluation for prostate cancer. However, Carter 
has emphasized that the PSA velocity criterion should 
not be used for time periods <2 years.

Sleep apnea
Testosterone can induce or exacerbate sleep apnea in 
some individuals, particularly those with obesity or 
COPD.117–121 This appears to be due to the direct effects 
of testosterone on laryngeal muscles.

Evaluation of the local application site in men 
treated with transdermal patches and gel
In patients being treated with a testosterone patch 
or testosterone gel, the application site should be 
inspected for local skin reactions, including erythema 
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and induration, that can occur in 5%–10% of patients 
receiving the nongenital patch. Blister formation is rela-
tively rare. Local skin reactions are less common with 
the Testoderm patch than with the Androderm patch.

Cardiovascular risk assessment
The long-term effects of testosterone supplementation 
on cardiovascular risk are unknown. Testosterone effects 
on plasma lipids depend on the dose (physiological or 
supraphysiological), the route of administration (oral or 
parenteral), and the formulation (whether aromatizable 
or not). Physiological testosterone replacement by an aro-
matizable androgen has a modest or no effect on plasma 
high-density lipoprotein (HDL). In middle-aged men 
with low testosterone levels, physiological testosterone 
replacement has been shown to improve insulin sensitiv-
ity and reduce visceral obesity. In epidemiological studies, 
serum testosterone concentrations are inversely related to 
waist-to-hip ratio and plasma HDL levels, which are sur-
rogate markers for the risk of heart disease. These data 
suggest that physiological testosterone replacement may 
reduce cardiovascular risk in androgen-deficient men (as 
discussed further in this chapter). Indeed, a low testos-
terone level is not uncommon in patients with diabetes 

mellitus and/or metabolic syndrome, and numerous 
studies  have  reported an association between testoster-
one deficiency and visceral obesity, insulin resistance, 
and dyslipidemia.131,132 In a 6-month study, transdermal 
testosterone replacement therapy was associated with 
beneficial effects on insulin resistance, total and LDL 
cholesterol, Lp(a), and sexual health in hypogonadal men 
(total testosterone <11 nmol/L or free testosterone of 
<255 pmol/L), lending support to the notion that testos-
terone may reduce cardiovascular risk in such patients.109 
While no specific recommendations can be made at 
this time, men receiving androgen replacement therapy 
should undergo cardiovascular risk assessment as part of 
their general health evaluation.

Breast enlargement
Testosterone administration can induce breast enlarge-
ment due to testosterone conversion to estradiol, although 
this is an uncommon complication. Even with administra-
tion of supraphysiological doses of testosterone enanthate, 
less than 4% of men in a contraceptive trial developed 
detectable breast enlargement. Breast cancer is listed as 
a contraindication for testosterone replacement therapy, 
primarily because of concern that increased estrogen 

	 1.	 Enquire about symptoms of benign prostatic hypertrophy using an American Urologic Association 
(AUA) symptom questionnaire, perform a digital rectal examination, and obtain a baseline PSA 
measurement before initiating androgen replacement therapy

	 2.	 Testosterone should not be administered to men with baseline PSA greater than 4 ng/mL, AUA 
symptom score >14, or a palpable abnormality on digital rectal examination without a urological 
evaluation

	 3.	 The presence of benign prostatic hypertrophy by itself is not a contraindication for testosterone 
replacement therapy. However, testosterone should not be prescribed to men with AUA symptom 
score greater than 14 without a thorough urological evaluation

	 4.	 After institution of testosterone replacement therapy, serum PSA measurement and digital rectal 
examination should be performed at 3 months, 9 months, and annually thereafter. In addition, at 
these points, an assessment of the symptoms of benign prostatic hypertrophy should be made by 
using the AUA symptom score

	 5.	 There is considerable test-to-test variability in PSA measurements. A change in serum PSA level of 
greater than 1.5 ng/mL between two measurements 3–6 months apart should be verified by retesting. 
A persistent increase of 1.5 ng/mL or greater should warrant a urological evaluation to exclude 
prostate cancer.

	 6.	 In men in whom sequential PSA levels are available over a period of greater than 2 years, PSA 
velocity can be calculated as the change from baseline in PSA levels divided by the elapsed time in 
years; PSA velocity is expressed as ng/mL/year. A PSA velocity of greater than 0.75 ng/mL/year 
should warrant a urological evaluation to exclude prostate cancer. However, PSA velocity criteria 
must not be applied to follow-up data of less than 2 years’ duration.

Table 17.7
Guidelines for prostate follow-up in hypogonadal men receiving androgen replacement.
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levels during testosterone treatment might exacerbate 
breast cancer growth. There are, however, few case reports 
of breast cancer occurring as a complication of testoster-
one treatment. Men with Klinefelter’s syndrome have a 
higher risk of breast cancer than the general population.

Testosterone therapy in late-onset hypogonadism 
It is now becoming increasingly recognized that older men 
with common medical conditions have a higher prevalence 
of borderline low serum testosterone levels; these condi-
tions include obesity, metabolic syndrome, diabetes mel-
litus, osteoporosis, COPD, coronary heart disease, HIV, 
inflammatory conditions (e.g., arthritis), and cardiac, 
renal,  and liver failure. These conditions have stronger 
associations with the finding of borderline low testoster-
one than aging per se. Late-onset hypogonadism (LOH) is a 
clinical and biochemical syndrome associated with aging-
related comorbidities (especially obesity), and it is charac-
terized by symptoms suggestive of testosterone deficiency 
and consistently low testosterone levels, after exclusion of 
classical causes for hypogonadism (e.g., Klinefelter syn-
drome, Kallmann syndrome, and pituitary tumors).

Biochemical diagnosis
National and international guidelines, recommenda-
tions, and position statements are available for the 
diagnosis of hypogonadism.133 To establish the diag-
nosis, serum total testosterone levels should be mea-
sured before 11 a.m. because of the circadian rhythm. 
Readings below the reference range on at least two 
different occasions support a diagnosis of hypogonad-
ism less than 8–12 nmol/L. Additional investigations 
include the measurement of gonadotropins and prolac-
tin and the calculation of free testosterone when total 
testosterone is borderline. Methods for the calculation of 
free testosterone can be found at www.issam.ch.

Treatment
While testosterone treatment in patients with classical 
hypogonadism is effective and safe, some studies sug-
gest that testosterone replacement in LOH may have 
some short-term benefits (improved body composition, 
greater bone density, increased lean body mass, reduced 
fat mass, and improved sexual function);134 however, 
longer term studies of sufficient power to document 
clinical outcomes are lacking.135 Although testosterone 
replacement therapy has been used effectively for many 
years in younger patients with classical hypogonadism 
without major adverse effects, this experience and the 
risk–benefit balance cannot be extrapolated to LOH.

Occult prostate cancer is common in elderly men. In 
the absence of long-term controlled studies, it is unclear 
whether testosterone therapy has adverse effects on the 

prostate. A history of prostatic symptoms should be 
taken, and measurement of PSA should be performed 
before commencing testosterone treatment in men older 
than 40 years. Currently, major international guide-
lines recommend continued surveillance with annual 
PSA measurement and, if the PSA level is abnormal, 
urological referral. Since testosterone replacement may 
cause secondary polycythemia, the hematocrit should 
be assessed before and annually after the beginning of 
therapy. The long-term effects of testosterone treatment 
on cardiovascular disease susceptibility are currently 
unknown,23,136 and therefore testosterone replacement 
should be used cautiously in men with symptomatic 
cardiovascular disease.137,138

Modern testosterone preparations allow delivery of 
physiological doses to achieve better replacement ther-
apy. The aim of testosterone treatment is to achieve 
serum testosterone levels within the mid-reference range.

Erectile dysfunction in men
Erectile dysfunction is the inability of the male to attain 
and/or maintain an erection sufficient to allow sexual 
intercourse.62,139,140 “Impotence” is a more general term 
that also includes libidinal, orgasmic, and ejaculatory 
dysfunction in addition to an inability to attain or 
maintain a penile erection.62

Prevalence
Erectile dysfunction is a common problem, affecting 
10–30 million men in the United States alone.14,62,139–142 
The prevalence of erectile dysfunction increases with 
age; it affects less than 3% of men younger than 45 
years of age, but 75% of men over 80 years of age.14,142

Men suffering from other medical problems such as 
hypertension, diabetes, cardiovascular disease, and end-
stage renal disease have a significantly higher prevalence 
of erectile dysfunction than healthy men.14,62,142

The regulation of sexual function and 
the physiology of penile erection
Sexual function is a complex, multicomponent system 
that comprises central mechanisms for regulation of libido 
and arousability, and local mechanisms for the nitric oxide 
synthase activity in the cavernosal smooth muscle.143 
Therefore, it is possible that physiologically normal tes-
tosterone concentrations might be required for optimum 
penile rigidity. Orgasm and ejaculation are not androgen 
dependent and can occur without a full penile erection.

Normal penile erection requires coordinated involve-
ment of the intact central and peripheral nervous 
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systems, the corpora cavernosa and spongiosa, as well 
as a normal arterial blood supply and venous drain-
age (Figure  17.3).144–147 The cavernosal arteries and 
their branches, the helicine arteries, provide blood flow 
to the penis.147 Helicine arteries drain blood into the 
cavernosal sinuses.144,145 Dilation of the helicine arter-
ies increases the blood flow and pressure in the caver-
nosal sinuses.144,145 Relaxation of the cavernosal smooth 
muscle that surrounds the cavernosal sinuses along 
with increased blood flow (from 10  cc/min when flac-
cid to 150 cc/min during tumescence) result in pooling 
of blood in the cavernosal spaces and penile engorge-
ment. The expanding corpora cavernosa compress the 
venules against the rigid tunica albuginea, restricting 
the venous outflow from the cavernosal spaces. This 
facilitates entrapment of blood in the cavernosal sinuses 
(passive veno-occlusion) and achievement of a rigid 
erection.144

The relaxation of the cavernosal smooth muscle tra-
beculae is under the regulation of the autonomic nervous 
system.144–149 Although cholinergic, adrenergic, and nor-
adrenergic noncholinergic (NANC) mediators all play a 
role, the principal biochemical regulator of cavernosal 
smooth muscle relaxation is nitric oxide derived from 
the nerve terminals innervating the corpora cavernosa, 
endothelial lining of the penile arteries, and cavernosal 
sinuses.144–149 Nitric oxide also induces arterial dilation. 
The actions of nitric oxide on the cavernosal smooth 
muscle and the arterial blood flow are mediated through 
the activation of guanyl cyclase and the production of 
cyclic guanosine monophosphate (cGMP).144–150 The lat-
ter acts as an intracellular second messenger and causes 
smooth muscle relaxation by lowering intracellular cal-
cium (Figure 17.4).147

A class of enzymes called cyclic nucleotide phospho-
diesterases degrades cGMP into an inactive form, GMP. 

Dorsal vein
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Circumflex vein
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Helicine arteries

Trabecular sinuses

Cavernosal smooth muscle

Figure 17.3
Anatomy of penile erection. Corpora cavernosa are made up of trabecular spaces that are surrounded 
by cavernosal smooth muscle. Helicine arteries provide the arterial supply to the cavernosal spaces. The 
dorsal nerve provides sensory innervation to the penis. During erection, the relaxation of the trabecular 
smooth muscle and increased blood flow result in engorgement of the sinusoidal spaces in the corpora 
cavernosa. The expansion of the sinusoids compresses the venous return against the tunica albuginea, 
resulting in entrapment of blood. This imparts rigidity to the tumescent penis. (Adapted from Lue TF, N Engl 
J Med, 342, 1802–13, 2000.)
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There are many isoforms of cyclic nucleotide phospho-
diesterases, and these isoforms are widely distributed 
throughout the body; the predominant isoform of this 
enzyme in the cavernosal smooth muscle is cyclic nucle-
otide phosphodiesterase 5 (PDE5).140,144,147

Hydrolysis of cGMP by this enzyme results in rever-
sal of the smooth muscle relaxation and relief of penile 
erection. Sildenafil, vardenafil, and tadalafil are potent 
and selective inhibitors of the activity of PDE5, and 
they prevent breakdown of cGMP and enhance penile 
erection.148

Additional cGMP-independent pathways, some of 
which proceed through cyclic adenosine monophos-
phate (cAMP)-dependent mechanisms, also contribute 
to trabecular smooth muscle relaxation. For instance, 
prostaglandin E1, normally synthesized by corpus 
cavernosum smooth muscle, can increase intracellular 
cAMP concentration and potentiate smooth muscle 
relaxation.144–151

Evaluation of patients with 
erectile dysfunction (Table 17.8)
History
The diagnostic workup of the patient with erectile 
dysfunction should start with an evaluation of general 
health.139,140 General medical history should be directed 
at identifying etiological factors as well as factors that 
might affect the selection and response to therapy. The 
presence of diabetes mellitus, coronary artery disease, 
peripheral vascular disease, and hypertension may sug-
gest a vascular cause. A history of stroke, spinal cord or 
back injury, multiple sclerosis, or dementia may point 
to a neurological disorder. Also relevant are a history of 
pelvic trauma, prostate surgery, or priapism. Social his-
tory should include ascertainment of recreational drug 
abuse—particularly alcohol, cocaine, marijuana, and 
tobacco. Information about medications, particularly 
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Figure 17.4
Biochemical mechanisms of penile smooth muscle relaxation. The relaxation of the cavernosal smooth 
muscle is regulated by intracellular cAMP and cGMP. These intracellular second messengers, by acti-
vation of specific protein kinases, cause sequestration of intracellular calcium and closure of calcium 
channels. This results in a net decrease in intracellular calcium, causing smooth muscle relaxation. Nitric 
oxide, released by noradrenergic, noncholinergic nerve endings, stimulates guanyl cyclase. Sildenafil, by 
inhibiting phosphodiesterase type 5 (PDE5), increases the amount of intracellular cGMP. Prostaglandin 
E1 stimulates cAMP generation. Papaverine inhibits phosphodiesterases 2, 3, and 4 (PDE 1,2,3), and 
thereby increases the amount of intracellular cAMP. cAMP; 3’,5’-cyclic adenosine monophosphate; cGMP; 
3’,5’-guanyl monophosphate; ATP, adenosine triphosphate; NANC, noradrenergic, noncholinergic nerve 
endings; NO, nitric oxide; PGE1, prostaglandin E1; GTP, Guanosine Triphosphate; 5’ AMP, 5’ adenosine 
monophosphate.
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antihypertensives, antiandrogens, antidepressants, and 
antipsychotics, is important, because almost one-fourth 
of all cases of impotence can be attributed to medica-
tions. Psychiatric illnesses such as depression or psy-
chosis, or drugs used to treat these disorders, might be 
associated with sexual dysfunction.

A detailed sexual history, including the nature of 
relationships, partner expectations, situational erectile 

failure, performance anxiety, and marital discord, should 
be elicited (Table 17.8).139,140 It is important to distin-
guish between inability to achieve erection, changes 
in sexual desire, failure to achieve orgasm and ejacula-
tion, and dissatisfaction with a sexual relationship. The 
physician should inquire about the onset, duration, and 
quality of erections and the presence of nocturnal and 
early-morning erections.

History
	A.	 Ascertain psychosexual history of:
	 1.	 The strength of marital relationship and marital discord
	 2.	 Depression
	 3.	 Stress
	 4.	 Performance anxiety
	B.	 Ascertain etiological factors, such as:
	 1.	 The presence of diabetes mellitus, hypertension, end-stage renal disease, peripheral vascular 

disease
	 2.	 History of spinal cord injury, stroke, or Alzheimer’s disease
	 3.	 Prostate or pelvic surgery
	 4.	 Pelvic injury
	 5.	 Concomitant medications such as antihypertensive, antidepressant, antipsychotic; antiandrogens 

such as flutamide, casadex, cyproterone acetate, and cimetidine; inhibitors of androgen production 
such as ketoconazole and GnRH agonists

	 6.	 The use of recreational drugs such as alcohol, cocaine, opiates, and tobacco
	C.	 Ascertain factors that might affect choice of therapy and the patient’s response to it such as:
	 1.	 Coexisting coronary artery disease and its symptoms and severity
	 2.	 The use of nitrates for angina
	 3.	 Exercise tolerance
	 4.	 The use of vasodilators for hypertension or congestive heart failure

Physical examination
	 1.	 Ascertain signs of androgen deficiency such as loss of secondary sex characteristics, eunuchoidal 

proportions, small testicular volume, or breast enlargement
	 2.	 Neurological findings of spinal cord lesion, previous stroke, or peripheral neuropathy; genital and 

perineal sensation
	 3.	 Palpation of femoral and pedal pulses, and evidence of lower extremity ischemia
	 4.	 Penile examination to exclude Peyronie’s disease

Laboratory evaluation
	 1.	 Brachial penile blood pressure index
	 2.	 Intracavernosal injection of vasodilator
	 3.	 Duplex ultrasonography
	 4.	 Pelvic arteriography
	 5.	 Cavernosography

Table 17.8
Diagnostic evaluation of erectile dysfunction.
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Physical examination
A directed physical examination should assess second-
ary sex characteristics, the presence or absence of breast 
enlargement, and testicular volume. An evaluation of 
femoral and pedal pulses can provide clues to the pres-
ence of peripheral vascular disease (Table 17.8).

The neurological examination should focus on the 
presence of motor weakness, perineal sensation, rec-
tal sphincter tone, and the bulbocavernosus reflex. 
The  examination of the penile shaft should ascertain 
any unusual curvature or palpable chordee, and the 
patient should be asked about any significant deviation 
of the penile shaft during tumescence.

Laboratory tests
The workup of the man with erectile dysfunction 
should start with a general health evaluation.139,140 
Measurements of hemoglobin, white blood count, AST, 
ALT, bilirubin, alkaline phosphatase, blood urea nitro-
gen (BUN), and creatinine can provide useful informa-
tion about general health and the presence of liver and 
kidney disease.

Evaluation of penile vasculature 
and blood flow
There are several tests that can evaluate the integrity 
of penile vasculature and blood flow.139,140 Of these, 
the penile brachial blood pressure index is the sim-
plest. For computation of this index, brachial and 
penile blood pressure measurements are taken on both 
sides with the patient in the supine position before 
and after leg exercise.152–155 The ratio of the penile-to-
brachial systolic blood pressure is calculated on both 
sides under these conditions. An abnormal response is 
defined as any penile-to-brachial systolic blood pres-
sure ratio of <0.65 or a decrease in the index of >0.15 
after exercise. The penile brachial blood pressure index 
is a relatively specific but not very sensitive marker of 
vascular insufficiency.152–155 This index can provide a 
useful clue to the presence of vascular insufficiency, 
which should then be further investigated by duplex 
sonography or angiography. Recent publications have 
raised questions about the reproducibility and accu-
racy of this index.154

Intracavernosal injection of a vasoactive amine such 
as prostaglandin E1 can be helpful in men for whom 
this mode of therapy is being considered.139,140 This pro-
cedure can show whether the patient will respond to 
this therapeutic modality and facilitate patient educa-
tion about the procedure and its potential side effects. 
Failure to respond to intracavernosal injection can raise 
the suspicion of vascular insufficiency or a venous leak 

that might need further evaluation and treatment. The 
penile brachial blood pressure index and the response to 
intracavernosal injection may diverge in about 20% of 
men with vascular problems. A venous leak should be 
suspected in these individuals.

Most men with erectile dysfunction do not need 
duplex color sonography, cavernosography, or pelvic 
angiography.139,140 These procedures should be per-
formed only in patients where the results of these 
tests would alter the management or prognosis, and 
only by those with considerable experience with their 
use. For instance, angiography could be useful in a 
young man.

Nocturnal penile tumescence
Although recording of nocturnal penile tumescence 
(NPT) can help differentiate organic from psychogenic 
impotence, this test is expensive, labor-intensive, and not 
required in most men with erectile dysfunction. A his-
tory of nighttime or early-morning erections, or a stamp 
test, has a high correlation with erections recorded by an 
NPT device.

Diagnostic tests to exclude androgen 
deficiency and hypothalamic–
pituitary lesions
There is considerable debate about the usefulness and 
cost-effectiveness of hormonal evaluation and the extent 
to which androgen deficiency should be investigated in 
men presenting with erectile dysfunction. Eight to ten 
percent of men with erectile dysfunction have low tes-
tosterone levels; the prevalence of androgen deficiency 
increases with advancing age.53,65–67,71

The prevalence of low testosterone levels is not signif-
icantly different between men who present with erectile 
dysfunction and an age-matched healthy population.53 
These data are consistent with the proposal that erectile 
dysfunction and androgen deficiency are two common 
but independently distributed disorders.53

It is important to exclude androgen deficiency in this 
patient population for several reasons.68 First, androgen 
deficiency is a correctable cause of sexual dysfunction, 
and many, though not all, men with erectile dysfunction 
and low testosterone levels would respond to testosterone 
replacement. Second, hypogonadism might have additional 
deleterious effects on the individual’s health; for instance, 
hypogonadism might contribute to osteoporosis; loss of 
muscle mass and function; increased risk of disability, falls, 
and fracture; insulin resistance; and cardiovascular disease. 
Therefore, regardless of the presence of sexual dysfunc-
tion, androgen deficiency should be corrected by appro-
priate hormone replacement therapy. Further, androgen 
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deficiency might be a manifestation of a serious underlying 
disease, such as HIV infection or a hypothalamic–pituitary 
space-occupying lesion, and needs evaluation.

In large studies,53,65,67 only a small fraction of men 
with erectile dysfunction and low testosterone levels 
have been found to have space-occupying lesions of the 
hypothalamic–pituitary region. In one large survey, all 
of the hypothalamic–pituitary lesions were found in 
men with serum testosterone levels less than 150 ng/dL 
(<5.6  nmol/L).67 Therefore, the cost-effectiveness of the 
diagnostic workup to rule out an underlying lesion of the 
hypothalamic–pituitary region can be increased by lim-
iting the workup to men with serum testosterone levels 
less than 150 ng/dL (<5.6 nmol/L).

Treatment of erectile dysfunction
The selection of the therapeutic modality should be 
based on the underlying etiology, patient preference, 
the nature and strength of the patient’s relationship 
with his sexual partner, and the absence or presence of 
underlying cardiovascular disease and other comorbid 
conditions.139,140 A stepwise approach that first utilizes 
noninvasive therapies that are easier to use and have 
fewer adverse effects and then progresses to therapies 
that require injections or surgical interventions only 
after the first-line choices have been exhausted can mini-
mize risk and increase patient acceptance (Table  17.9). 
The physician should discuss the risks and benefits of all 
the diagnostic procedures and therapies with the couple. 

The treatment of associated medical disorders should 
be optimized. In men with diabetes mellitus, efforts 
to optimize glycemic control should be instituted, 
although improving glycemic control may not improve 
sexual function. In men with hypertension, control of 
blood pressure should be optimized, and, if possible, 
the therapeutic regimen should be modified to remove 
antihypertensive drugs that impair sexual function. 
This strategy is not always possible, because almost all 
antihypertensive agents have been associated with sex-
ual dysfunction; the  frequency of this adverse event is 
less with converting enzyme inhibitors than with other 
agents.

All patients with erectile dysfunction can benefit 
from and should receive psychosexual counseling.

First-line therapies
Psychosexual counseling
Counseling is always indicated in both psychogenic 
and organic impotence. It can help decrease perfor-
mance anxiety and increase the patient’s ability to 
cope with the problem.139,140 Involving the partner 
in the counseling can help dispel misperceptions about 
the problem, decrease stress, enhance intimacy and the 
ability to talk about sex, and increase the chances of 
a successful outcome of therapy. Counseling sessions 
are also helpful in uncovering conflicts in relation-
ships, psychiatric problems, alcohol and drug abuse, 
and significant misperceptions about sex. Although 
psychobehavioral therapy has been claimed to relieve 
depression and anxiety, there is a striking paucity of 
outcome data on the effectiveness of this therapeutic 
modality.

Sildenafil
Sildenafil is a selective type 5 phosphodiesterase inhibi-
tor that is a safe and effective first-line oral treatment for 
erectile dysfunction.156–161

Mechanism of action
Sildenafil blocks the hydrolysis of cGMP induced by 
nitric oxide.156,157 Therefore, sildenafil action requires 
an intact nitric oxide response, as well as constitutive 
synthesis of cGMP by the cells. By selectively inhibit-
ing cGMP catabolism in the cavernosal smooth muscle 
cells, sildenafil restores the natural erectile response to 
sexual stimulation, but it does not produce an erection 
in the absence of such stimulation.

The intactness of the nitric oxide production path-
way and sexual stimulation are both necessary for silde-
nafil to successfully induce an erection.

	 1.	 All patients and their sexual partners can 
benefit from and should receive 
psychosexual counseling

	 2.	 First-line therapies:
	(a)	 Sildenafil citrate
	(b)	Vacuum constriction devices

	 3.	 Second-line therapies:
	(a)	 Intracavernosal injection of alprostadil
	(b)	Intracavernosal injections of other 

vasoactive amines
	 4.	 Third-line therapies:

	(a)	 Penile prosthesis
	(b)	Vascular surgery

Table 17.9
A stepwise approach to treatment of erectile 
dysfunction.



Endocrinology in Clinical Practice

366

Efficacy
The efficacy of sildenafil was demonstrated in a ran-
domized dose–response study151 in which 532 men 
with organic, psychogenic, or mixed erectile dysfunc-
tion were randomized to receive placebo or 25, 50, or 
100 mg sildenafil for 24 weeks. In this dose–response 
study,151 patients on sildenafil performed better in terms 
of increased rigidity, frequency of vaginal penetra-
tion, and maintenance of erection. Increasing doses of 
sildenafil were associated with higher mean scores for 
the questions assessing frequency of penetration and 
maintenance of erections after sexual penetration. In a 
follow-up dose escalation study,151 329 men were ran-
domly assigned to receive placebo or 50 mg sildenafil 
for 12 weeks. At each follow-up, the dose of sildenafil 
was increased or decreased by 50%, depending upon the 
therapeutic response or side effects. Sixty-four percent 
of attempts at intercourse were successful for the men 
receiving sildenafil, as compared to 22% for men receiv-
ing placebo. The mean numbers of successful attempts 
per month were 5.9 for men receiving sildenafil and 
1.5 for those receiving placebo. The mean scores for 
orgasms, intercourse satisfaction, and overall satisfac-
tion were also significantly higher in the sildenafil group 
than in the placebo group.151

Sildenafil has been shown to be effective in men with 
diabetes mellitus in a separate clinical trial.68 In  this 
randomized clinical trial, 268 men with diabetes mel-
litus and erectile dysfunction received either placebo or 
sildenafil for 12 weeks. Fifty-six percent of men receiv-
ing sildenafil reported improved erections, compared 
with 10% of those receiving placebo (P < 0.001). The 
percentage of men reporting at least one successful 
attempt at intercourse was 61% for the sildenafil group 
versus 22% for the placebo group. This study68 demon-
strated that sildenafil is an effective treatment for erec-
tile dysfunction in patients with diabetes mellitus.

Sildenafil is also effective in men with erectile dys-
function due to a variety of other causes, including spinal 
cord injury and prostatectomy.158,159 In general, baseline 
sexual function and the etiology of sexual dysfunction 
are good predictors of response to therapy;158 however, 
there is no baseline characteristic that predicts abso-
lute failure to respond to sildenafil therapy. Therefore, a 
therapeutic trial of sildenafil is warranted in all patients 
except those in whom it is contraindicated.158

Adverse effects associated with sildenafil 
therapy shown in Table 17.10
In clinical trials, the adverse effects that have been 
reported with greater frequency in sildenafil-treated 
men than placebo-treated men include headaches, 

flushing, dyspepsia, respiratory tract disorders, and 
visual disturbances.160 Sildenafil does not affect semen 
characteristics.161–168 No cases of priapism were noted in 
any of the pivotal clinical trials.

Hemodynamic effects of sildenafil citrate
In postmarketing surveillance, several instances of myo-
cardial infarction and sudden death were reported162–168 
in men using sildenafil. Forty-four of the 130 deaths 
reported by the FDA from March to November 1998 
occurred in temporal relation to the ingestion of silde-
nafil;162–168 16 of these deaths occurred in individuals 
who were taking nitrates. Because most men presenting 
with erectile dysfunction also have a high prevalence of 
cardiovascular risk factors, it is unclear whether these 
events were causally related to the ingestion of silde-
nafil, underlying heart disease, or both.168

In a rigorously controlled study,169 oral administra-
tion of 100 mg sildenafil to men with severe coronary 
artery disease produced only small decreases in systemic 
blood pressure and no significant changes in cardiac out-
put, heart rate, coronary blood flow, and coronary artery 
diameter. This led the American Heart Association to 
conclude that the preexistence of coronary artery disease 
by itself does not constitute a contraindication for the 
use of sildenafil.168

Guidelines for the use of sildenafil in men with 
coronary artery disease are shown in Table 17.1146,168

Before prescribing sildenafil, it is crucial to assess car-
diovascular risk factors. If the patient has hypertension 

Adverse event Sildenafil (%) Placebo (%)

Headache 16 4
Flushing 10 1
Dyspepsia 7 2
Rate of 

discontinuation
2.5 2.3

Source:	 Morales A, et al., International Journal of Impotence 
Research 10, 69–74, 1998.
Note:	 Most adverse effects were reported to be mild to moder-
ate in intensity and transient. In other studies, visual distur-
bances resulting in blue–green color-tinged vision, increased 
light perception, blurred vision, and myalgias have also been 
reported in association with the use of sildenafil.

Table 17.10
Common adverse events associated with the use 
of sildenafil in men with erectile dysfunction.
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or symptomatic coronary artery disease, the treatment 
of those clinical disorders should be optimized.140,168 
The physician must inquire about the use of nitrates, 
because sildenafil is absolutely contraindicated in indi-
viduals taking any form of nitrates or nitrites on a daily 
basis.

Sildenafil can be used in men who use nitrates infre-
quently. However, sildenafil should not be used within 
24 h of the use of nitrates.168

In men with preexisting coronary artery disease, 
sexual activity can induce coronary ischemia;167 these 
individuals should undergo assessment of their exercise 
tolerance. One practical way to assess exercise tolerance 
is to have the patient climb one or two flights of stairs. 
If the individual can safely climb one or two flights of 
stairs without angina or excessive shortness of breath, 
he can probably engage in sexual intercourse with a sta-
ble partner without similar symptoms. Exercise testing 
before prescribing sildenafil may be indicated in some 
men with significant heart disease to assess the risk of 
inducing cardiac ischemia during sexual activity.168

In men with congestive heart failure, on vasodila-
tor drugs, or on complex regimens of antihypertensive 
drugs, it is advisable to monitor blood pressure after ini-
tial administration of sildenafil.168

There have been extensive reviews published on the 
safety of sildenafil therapy.170–177

Drug–drug interactions
Sildenafil is metabolized mostly by the P450 2C9 and 
the P450 3A4 pathways.168 Cimetidine and erythromy-
cin, inhibitors of P450 3A4, increase the plasma concen-
trations of sildenafil. Protease inhibitors may also alter 
the activity of the P450 3A4 pathway and affect the 
clearance of sildenafil.168

Conversely, sildenafil is an inhibitor of the P450 2C9 
metabolic pathway, and its administration could poten-
tially affect the metabolism of drugs metabolized by 
this system, such as warfarin and tolbutamide.168

The most serious interactions of sildenafil are with 
the nitrates. The vasodilator effects of nitrates are aug-
mented by sildenafil; this also applies to inhaled forms 
of nitrates such as amyl nitrate or nitrite, which are sold 
under the street name “poppers.” Concomitant admin-
istration of the two drugs can cause a potentially fatal 
decrease in blood pressure.168

Therapeutic regimens
In most men with erectile dysfunction, sildenafil should 
be started at an initial dose of 25 mg. If this dose does 
not produce any adverse effects, then the dose should be 
increased to 50 mg.168 Further dose adjustment should 
be guided by the therapeutic response to therapy and 
occurrence of adverse effects. Increments in unit dose 
should be limited to 25 mg at one time. Typically, unit 

	 1.	 Sildenafil is absolutely contraindicated in men taking long-acting or short-acting nitrate drugs on a 
regular basis.

	 2.	 If the patient has stable coronary artery disease, is not taking long-acting nitrates, and uses short-
acting nitrates only infrequently, the use of sildenafil should be guided by careful consideration of 
risks.

	 3.	 All men taking nitrates should be warned about the risks of the potential interaction between nitrates 
and sildenafil. The patients should also be warned that concurrent recreational use of inhaled nitrates 
or poppers could result in marked hypotension that could be serious or even fatal.

	 4.	 Sildenafil is contraindicated within 24 h of the ingestion of any form of nitrate.
	 5.	 In men with preexisting coronary artery disease, the risks of inducing cardiac ischemia during sexual 

activity should be assessed before prescribing sildenafil. This assessment may include a stress test.
	 6.	 Men who are taking a combination antihypertensive medication should be warned about the 

possibility of sildenafil-induced hypotension. This is of particular concern in men with congestive 
heart failure who have low blood volume or who are receiving complex regimens that include 
vasodilators or diuretics.

Source:	 Bhasin S, Swerdloff RS, Endocrine Rev, 7, 106–14, 1986.

Table 17.11
American College of Cardiology and American Heart Association recommendations for the use of 
sildenafil by men with cardiac disease.
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doses higher than 100 mg are not recommended. To 
minimize the risk of hypotension and adverse cardio-
vascular events in association with the use of sildenafil, 
the American Heart Association has prepared a list of 
recommendations (Table 17.11), which should followed 
rigorously.168

Sildenafil should be taken at least 1 h before sexual 
intercourse. It should not be taken more than once in 
any 24 h period.

Cost-effectiveness of sildenafil use 
for erectile dysfunction
A number of studies have evaluated the economic cost 
of treating erectile dysfunction in men in managed-care 
organizations.178-180 These analyses, using a prevalence-
based cost-of-illness approach, have concluded that 
sildenafil and vacuum constriction devices are the most 
cost-effective of all the available therapeutic options in 
the managed-care setting and should be considered as 
first-line strategies.178–180

Tadalafil (Cialis®)
Tadalafil (Cialis®) dosed at 5–20 mg two to three times 
a week orally has a prolonged duration of action, lasting 
up to 36 hours, enabling thrice weekly dosing, where 
appropriate. It should be used with caution in those who 
are likely to have prolonged erections (e.g., diseases such 
as sickle cell anemia, multiple myeloma or leukaemia, or 
a history of recurrent prolonged erections), men with an 
abnormal or deformed penis, heart disease, serious liver 
problems, or serious kidney problems.

It should not be used in patients with angina who 
are taking nitrate drugs, serious heart disease or a recent 
heart attack or stroke, low blood pressure or uncontrolled 
high blood pressure, those advised that sexual activity 
is not advisable because of health problems (e.g., heart 
problems or a recent stroke), or people who have previ-
ously experienced loss of vision because of nonarteritic 
anterior ischemic optic neuropathy (NAION). The dose 
is 5–20 mg.

Tadalafil is a substrate of and predominantly metab-
olized by CYP3A4 and drugs that inhibit CYP3A4 can 
increase tadalafil exposure. For example, ketoconazole 
(400 mg daily), a selective and potent inhibitor of 
CYP3A4, increases tadalafil 20-mg single-dose expo-
sure (AUC) by 312% and Cmax by 22%, relative to the 
values for tadalafil 20 mg alone. 

Ritonavir (200 mg twice daily), an inhibitor of 
CYP3A4, CYP2C9, CYP2C19, and CYP2D6, increases 
tadalafil 20-mg single-dose exposure (AUC) by 124% 
with no change in Cmax, relative to the values for 
tadalafil 20 mg alone. Based on these results, in patients 

taking concomitant potent CYP3A4 inhibitors, the 
dose of CIALIS should not exceed 10 mg, and the drug 
should not be administered at less than 72 hr intervals.

Vardenafil (Levitra)
The dose is 5–20 mg, and it has an identical mode of 
action to sildenafil. Caution should be exerted in patients 
with bleeding disorders, or active peptic ulceration, and 
those in whom there is a susceptibility to prolongation 
of the QT interval

Certain drugs are contraindicated with vardenafil. 
These include α-blockers (e.g., doxazosin) and nitrates 
(e.g., isosorbide, nitroglycerin), and certain antiar-
rhythmics (e.g., amiodarone, procainamide, quinidine, 
sotalol) because the risk of irregular heartbeat may be 
increased

Azole antifungals (e.g., itraconazole), HIV protease 
inhibitors (e.g., indinavir, ritonavir), macrolide antibiot-
ics (e.g., erythromycin), or telithromycin may increase 
the risk of vardenafil’s side effects. In contrast, rifampin 
may decrease vardenafil’s effectiveness.

Vacuum devices for inducing erection
Commercially available vacuum devices consist of a 
plastic cylinder, a vacuum pump, and an elastic con-
striction band.139,140 The plastic cylinder fits over the 
penis and is connected to a vacuum pump. The vacuum 
within the cylinder draws blood into the penis, pro-
ducing an erection. An elastic band slipped around the 
base of the penis traps the blood in the penis, maintain-
ing an erection as long as the rubber band is retained 
around the base. The constriction band should not be 
left in place for more than 30 min. These devices are 
safe, relatively inexpensive, and reasonably effective. 
These devices impair ejaculation, resulting in entrap-
ment of semen. They are difficult and awkward for some 
patients to use. Some couples dislike the lack of spon-
taneity engendered by the use of these devices. Partner 
cooperation is usually important for the successful use 
of these devices.181–188

Testosterone replacement in androgen-deficient 
men presenting with erectile dysfunction
Testosterone replacement in healthy, young, androgen-
deficient men restores sexual function.10,13,14,189–196 
In healthy young men, relatively low-normal lev-
els of serum testosterone can maintain sexual func-
tion.10,193,196 In male rats,194,195 a decrease in serum 
testosterone concentrations to castration levels is 
associated with marked impairment of all measures 
of mating behavior, and testosterone replacement 
to levels that are at the lower end of the adult male 
range normalizes all measures of mating behavior. 
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In general, supraphysiological doses of testosterone do 
not further improve sexual function. It is possible that 
increasing testosterone levels above the physiological 
range might increase arousability; however, this has 
not been conclusively demonstrated.

Androgen deficiency and erectile dysfunction are 
two common but independently distributed clinical 
disorders in middle-aged and older men that often 
coexist in the same patient. Eight to ten percent of 
men presenting with erectile dysfunction have low 
testosterone levels.53,65–67,69 The prevalence of low tes-
tosterone levels is not significantly different between 
middle-aged and older men with impotence and those 
without impotence.53 Testosterone administration is 
unlikely to improve sexual function in men with nor-
mal testosterone levels. Therefore, indiscriminate use of 
testosterone replacement in all older men with erectile 
dysfunction is not warranted. However, it is important 
to exclude testosterone deficiency in older men present-
ing with erectile dysfunction. Androgen deficiency may 
be a manifestation of an underlying disease such as a 
pituitary tumor. In addition, therapies directed just at 
erectile dysfunction in men will not correct androgen 
deficiency, which, if left uncorrected, will have deleteri-
ous effects on bone, muscle, energy level, and sense of 
well-being.

Many, but not all, impotent men with low testos-
terone levels experience improvements in their libido 
and overall sexual activity with androgen replacement 
therapy.68,197 The response to testosterone supplemen-
tation even in this group of men is variable,53,65–67,69 
because of the coexistence of other disorders such as 
diabetes mellitus, hypertension, cardiovascular disease, 
and psychogenic factors.53 A meta-analysis197 of the use-
fulness of androgen replacement therapy concluded that 
testosterone administration is associated with greater 
improvements in sexual function than those associated 
with placebo in men with erectile dysfunction and low 
testosterone levels.197

Erectile dysfunction in middle-aged and older men 
is often a multifactorial disorder. Common causes of 
erectile dysfunction in men include diabetes mellitus, 
hypertension, medication, peripheral vascular disease, 
psychogenic factors, and end-stage renal disease. These 
factors often coexist in the same patient. Therefore, 
it is not surprising that testosterone treatment might 
not improve sexual function in all men with androgen 
deficiency.

Testosterone treatment does not improve sexual 
function in impotent men who have normal testosterone 
levels.66 We do not know whether testosterone replace-
ment improves sexual function in impotent men with 
borderline serum testosterone levels.

Second-line therapies
Intraurethral therapies
Intraurethral prostadil
Mechanism of action
Alprostadil is a stable, synthetic form of prostaglandin 
E1 which causes an increase in cAMP levels and thereby 
promotes cavernosal smooth muscle relaxation.

Efficacy
Alprostadil, when applied into the urethra, has been 
shown to improve erectile function in approximately 43% 
of patients with organic impotence in placebo-controlled, 
double-blind clinical trials.198–200 Use of a constriction 
device after application of transurethral alprostadil can 
increase the efficacy of this form of therapy.

Treatment regimen
Typically, the initial dose of 500 μg is applied in the 
doctor’s office. The patient should be observed for clini-
cal response and adverse effects such as decrease in blood 
pressure and local bleeding. The dose of alprostadil can 
be increased to 1000 μg per application or decreased to 
250 μg, depending upon the clinical response and the 
adverse effects.

Potential complications of transurethral alprostadil. 
Common side effects of transurethral alprostadil ther-
apy are penile pain and urethral burning.198–200 Urethral 
bleeding and priapism are unusual side effects of trans-
urethral alprostadil.

Relative merits and demerits of transurethral therapy. 
The major shortcomings of transurethral alprostadil are 
its relatively low and inconsistent response rates as well 
as penile pain. The advantages include local application 
and low incidence of systemic complications.

Intracavernosal injection of vasoactive 
amines (Table 17.12)
Several formulations of alprostadil are commercially 
available (e.g., CaverJect, Pfizer, New York, NY, USA; 
Prostin VR, Pfizer; and Edex, Auxilium, Chesterbrook, 
PA, USA). In addition, a combination of phentolamine, 
papaverine, and alprostadil is also available (Trimix).

Intracavernosal alprostadil
Mechanism of action
Alprostadil increases cAMP generation and thereby 
causes cavernosal smooth muscle relaxation.

Efficacy
Intracavernosal injections of alprostadil can result in 
successful erection in almost 75% of treated men. It is 
more effective than papaverine and phentolamine.
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Regimens
The usual dose range is 5–20 μg. The first injection 
should be administered in the physician’s office; this can 
help determine whether the patient will respond to this 
form of therapy. This can also be useful for educating 
the patient about the technique and potential adverse 
effects.

Potential side effects
Common side effects of intracavernosal alprostadil 
injections are painful erections, hyperalgesia, priapism, 
and fibrosis. The incidence of priapism and fibrosis is 
lower than that observed with papaverine.

Relative merits and demerits
High rates of efficacy and low incidence of priapism are 
the main advantages of alprostadil over other forms of 
intracavernosal therapies. However, the need for intra-
cavernosal injection, painful erections, and the need 
for urological backup in the event of priapism are its 
relative drawbacks.

Papaverine
Mechanism of action
Papaverine is an antispasmodic agent and exerts its 
action as a nonselective phosphodiesterase inhibitor. 
As such, it would be expected to increase both cAMP 

and cGMP levels within the trabecular smooth muscle 
cell, resulting in an increase in penile blood inflow, cav-
ernous artery diameter, and cavernosal smooth muscle 
relaxation.

Efficacy
Intracavernous injection of vasoactive substances has been 
shown to be an effective treatment of organic  erectile 
dysfunction in 50%–80% of treated patients.

Dose regimen
The usual dose regimen is 15–60 mg.

Potential complications
Up to 50% of men discontinue this kind of therapy 
due to the inconvenience of injections, needle phobia, 
and side effects such as plaque or nodule formation, 
hematoma, and infection. The incidence of priapism 
and corporal fibrosis is high (up to one-third of treated 
men).

Relative merits and demerits
Papaverine is not commercially available in the United 
States. A topical preparation of papaverine has been 
studied and is not as effective as intracavernosal injec-
tion.14 High rates of priapism and fibrosis make it an 
unacceptable choice in an internist’s practice without 
adequate urological backup.

	 1.	 The patient should be instructed on how to inject the medication, and he should be educated about 
the risks of this form of therapy.

	 2.	 Physicians who wish to prescribe intracavernosal injections must have contingency plans and a 
designated urologist to handle emergencies related to complications of intracavernosal injections, 
such as priapism.

	 3.	 It is advisable to administer the first injection in the physician’s office and observe the blood pressure 
and heart rate response. This provides an excellent opportunity for educating the patient, observing 
adverse effects, and determining whether the patient will respond to this form of therapy.

	 4.	 The dose of the vasoactive substance should be adjusted to achieve an erection that is sufficient for 
sexual intercourse but that does not last for more than 30 min.

	 5.	 The patient should be advised that priapism and fibrosis are potential complications of 
intracavernosal therapy.

	 6.	 After the injection, the patient should compress the injection site to minimize the risk of hematoma 
formation and subsequent fibrosis.

	 7.	 If the erection does not abate in 30 min, the patient should be instructed to take a tablet of 
pseudoephedrine or an intracavernosal injection of phenylephrine. If this is not effective, the patient 
should either call a designated urologist or come to the emergency room.

	 8.	 Intracavernosal therapy is not suitable for patients with psychiatric disorders, hypercoagulable states, 
or sickle cell disease, and for those who are receiving anticoagulant therapy.

Table 17.12
Checklist before administering intracavernosal therapy.
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α-Adrenergic receptor blockers
The sympathetic α-adrenergic receptors are thought 
to mediate and maintain corpus cavernosum tone in a 
detumescent state. All three subtypes of α-adrenergic 
receptors are expressed in human corpus cavernosum. 
Phentolamine, an α1- and α2-adrenergic antagonist, 
has been used alone and in combination with other 
agents for the treatment of erectile dysfunction.

Efficacy
When given alone, phentolamine is not very effective 
in producing rigid erections. However, in combina-
tion with papaverine, it is highly effective in producing 
successful erections in over 75% of treated men.

Dose regimen
One-half to one milligram of phentolamine is usually 
given in combination with 30 mg papaverine.

Potential complications
Major side effects of phentolamine are hypotension and 
palpitations due to reflex tachycardia. When given in 
combination with papaverine, it can induce priapism 
and fibrosis.

Third-line therapies
Penile prosthesis
Insertion of penile prostheses should be limited to men 
who have failed other forms of therapy. The available 
prosthetic devices are of three types: inflatable, semi-
rigid, and malleable. The major complications of pros-
thetic devices include infections, erosions, and the risk 
of mechanical failure. Penile prostheses have a finite life 
span and need replacement in 5–10 years. They produce 
an unnatural erection. Because of the concern about sili-
cone implants, their use has decreased significantly in 
recent years. Migration of silicone particles to regional 
lymph nodes has been reported, although we do not 
know whether this migration has any adverse health 
consequences.

Newer therapeutic approaches under development
A number of novel selective phosphodiesterase inhibi-
tors are under development. Milrinone is a selective type 
3 phosphodiesterase inhibitor in human corpus caverno-
sum. Rolipram is a selective type 4 phosphodiesterase 
inhibitor.

Doxazocin, an α-adrenergic blocker, was evalu-
ated for its potential in enhancing the effects of intra-
cavernosal therapy; results showed limited efficacy. 
Chlorpromazine, deliquamine, moxysylate, prazosin, 

and yohimbine have not been shown to be efficacious 
in large-scale, placebo-controlled, randomized clinical 
trials. Trazodone has been shown to cause priapism and 
induce erection when injected intracavernosally. Oral 
trazodone has been used to treat psychogenic erectile 
dysfunction.

Apomorphine, a dopamine receptor agonist, is 
known to induce erection when administered orally. 
Side effects, including nausea and vomiting, may be 
unacceptable.

Endothelin is a potent vasoconstrictor and is syn-
thesized by trabecular smooth muscle cells. Therefore, 
endothelin receptor antagonists may be useful in the 
treatment of erectile dysfunction. Most of the studies to 
date have been in animal models. In future, gene ther-
apy holds promise for the management of impotence.

Gene therapy for erectile dysfunction
This represents an evolving field that is currently in the 
preclinical phase of investigation. As proof of concept, 
however, somatic gene transfer has been possible in ani-
mal studies, with the tissue-specific overexpression of 
potassium channels, nitric oxide synthase, and vascular 
endothelial growth factor. This type of approach may be 
applicable to humans provided that safe vectors become 
available.201

Infertility and 
subfertility in men
Infertility, defined as the inability of a couple to achieve 
pregnancy despite unprotected intercourse for a period 
of greater than 12 months, affects 10%–15% of cou-
ples.202–207 In a third of infertile couples, the primary 
problem resides in the male partner; in a third, in the 
female partner; and in the remaining third, in both the 
male and the female partner.203–207

Germ cell development in the testis
The process of spermatogenesis takes place in the semi-
niferous tubules of the testis and is divided into three 
major stages207 (Figure  17.5): spermatogonial replica-
tion, meiosis, and spermiogenesis. During the first stage, 
the spermatogonial stem cells divide mitotically several 
times to give rise to successive generations of spermato-
gonia, of which there are at least three main types in 
the human tubules: the dark type A, the pale type A, 
and type B.207 The type B spermatogonia proliferate to 
give rise to primary spermatocytes at the preleptotene 
stage of meiosis, in which DNA is actively synthesized. 
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The second stage is the process of meiosis, which con-
sists of two successive divisions of the spermatocyte 
accompanied by only one duplication of chromosomes 
(Figure 17.5). At the completion of meiosis, four sperma-
tids are produced, each containing a single, or haploid, 
set of chromosomes. The final stage of spermatogenesis 
is called spermiogenesis, which involves a complex pro-
cess of structural transformation and differentiation of 
the spermatid. During spermiogenesis, the chromatin of 
the spermatid condenses into a compact mass of dense 
granules, and the nucleus becomes invested by a mem-
branous derivative of the Golgi apparatus, the acrosome, 
which contains enzymes that will digest a path for the 
sperm to penetrate the outer vestments of the egg. The 
cytoplasm elongates and surrounds the flagellum, which 
sprouts from a centriole. At the time of sperm forma-
tion, most of the cytoplasm is cast off in the form of 
a residual body. The spermatid completes its metamor-
phosis into a spermatozoon by forming a complex tail 
by the axonemal complex of two inner-singlet and nine 
outer-doublet microtubules. In men, the total duration 

of spermatogenesis has been evaluated at between 60– 
74 days.207

Normal spermatogenesis requires complex inter-
actions between germ cells and various somatic cells, 
such as Sertoli and Leydig cells, and the synergistic 
actions of the pituitary gonadotropins LH and FSH. 
LH, after binding to its G protein–coupled receptor, 
stimulates the production of testosterone by the Leydig 
cells; high intratesticular testosterone concentrations 
are essential for the initiation and maintenance of 
spermatogenesis within the testis. FSH initiates func-
tion in immature Sertoli cells by stimulating the for-
mation of the blood–testis barrier and the secretion 
of a wide range of proteins and growth factors, such 
as androgen-binding protein, inhibin, activin, stem 
cell factor, plasminogen activator, transferrin, sulfated 
glycoproteins, and lactate.208 Once spermatogenesis is 
established in the adult testis, Sertoli cells become less 
responsive to FSH.

Failure of spermatogenesis can result from impaired 
secretion or action of LH and FSH or from intrinsic 
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Figure 17.5
Stages of spermatogenesis in the human testis. After the migration of germ cells into the gonadal ridges 
is complete during embryogenesis, there are approximately 300,000 germ cells per gonad. The primordial 
germ cells differentiate and undergo mitotic divisions, so that at the time of puberty there are approxi-
mately 6 million germ cells in each testis. The germ cell development is arrested at the stage of sper-
matogonia dark type A. With sexual maturation, each spermatogonium differentiates and gives rise to 16 
primary spermatocytes. Each primary spermatocyte enters meiosis and gives rise to four haploid sperma-
tids. The spermatids are initially round, and they undergo a series of differentiation steps that include the 
reorganization of the nucleus and cytoplasm and the development of a flagellum, resulting in the formation 
of spermatozoa. Each spermatogonium gives rise to 64 spermatozoa. (Adapted from Griffin JE et al., (eds.) 
Williams Textbook of Endocrinology, 8th edn., Saunders, Philadelphia, 1992, pp. 810.)
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defects in spermatogenesis within the testis. While a 
multitude of acquired causes can impair spermatogen-
esis, there is reason to believe that a genetic basis exists 
in a majority of infertile men. It is worth emphasizing 
that the molecular defects that result in infertility in a 
majority of infertile men remain unknown. Although 
the number of human genes known to be implicated in 
the pathophysiology of infertility is small, a significantly 
larger database exists for the mouse and Drosophila. For 
instance, 2400 Drosophila loci have been implicated in 
male sterility! It is certain that additional autosomal 
and X- and Y-specific candidate genes that are associ-
ated with defects of germ cell replication, meioisis, or 
spermiogenesis will be discovered in man.

Pathogenesis of infertility
Common causes of infertility are listed in Table 17.13. 
Several large surveys of infertile men have been pub-
lished.202–207,209 Although differences exist in the fre-
quency of various etiological factors in surveys from 
different centers, based in part on patient referral 
patterns, the nature and extent of investigation, and 
geography, these surveys are in agreement that sub-
fertility and infertility in men form a heterogeneous 
group of disorders.209 A specific cause of infertil-
ity is not determinable in most men. Most infertile 
men have idiopathic oligozoospermia or male factor 
infertility.

Of infertile men, 15%–20% are azoospermic. An 
additional 10% have severe oligozoospermia (sperm 

density less than 1 million/mL). Correctable or treat-
able causes of infertility, such as gonadotropin defi-
ciency and obstruction, are present in only a small 
number of men.

Although varicoceles are present in 10%–30% of 
men with infertility, their role, if any, in the pathophysi-
ology of male infertility remains controversial.

Diagnosis
History
In the diagnostic workup of infertility, it is impor-
tant to evaluate both the male and the female partner 
simultaneously (Figures 17.6 and 17.7).210 The history 
should focus on duration of infertility, previous evi-
dence of fertility in the man or the woman, contracep-
tive use, sexual function, and the frequency and timing 
of intercourse in relation to the menstrual cycle. The 
inquiry should also be directed at ascertaining the 
timing of pubertal development, shaving frequency, 
hair loss, and hair distribution. A history of scrotal 
trauma, genitourinary infection, sexually transmitted 
disease, and scrotal or inguinal surgery may also be 
pertinent. Details of other medical problems such as 
erectile dysfunction, diabetes mellitus, and autonomic 
neuropathy that might be associated with retrograde 
ejaculation should be obtained.

Physical examination
Physical examination should focus on determining 
whether the patient has evidence of androgen deficiency. 
The measurements of body proportions (height-to-span 

Diagnosis Incidence (%)

Idiopathic infertility 60–80
Primary testicular failure (chromosomal disorders including Klinefelter’s syndrome, 

undescended testis, irradiation, orchitis, drugs)
8–10

Genital tract obstruction (congenital absence of vas, vasectomy, epididymal obstruction) 5
Coital disorders <1
Hypogonadotropic hypogonadism (pituitary adenomas, panhypopituitarism, idiopathic 

hypogonadotropic hypogonadism, hyperprolactinemia)
3–4

Varicocelea 15–35
Others (sperm autoimmunity, drugs, toxins, systemic illness) 5

Source:	 Adapted from Baker HW et  al., Relative incidence of etiologic factors in male infertility. In:  Santen RJ, Swedloff RS, eds. 
Reproductive Dysfunction: Diagnosis and Management of Hypogonadism, Marcel Dekker, New York, 341–72, 1986. With permission.
a	 Although the prevalence of varicocele in infertile men is higher than in the general population, it is not known whether the presence of 

varicocele causes or contributes to infertility.

Table 17.13
Major etiologic diagnoses in infertile men.
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and upper segment-to-lower segment ratio); voice (high 
pitched or not); hair distribution, including escutch-
eon; muscle mass; and body habitus, and the absence or 
presence of gynecomastia, can point to hypogonadism. 
Measurement of testicular volume by the Prader orchi-
dometer is an important part of the evaluation. The pres-
ence of cryptorchidism, varicocele, or nodularity of the 
vas deferens should be recorded. A digital rectal examina-
tion for assessment of prostate size should be performed.

Laboratory evaluation
An algorithm for the evaluation is provided in 
Figure  17.8. Initial evaluation should focus on assess-
ment of general health and include a complete blood 
count, blood chemistries, and urinalysis.210

Semen analysis
Three or more semen samples should be obtained by mas-
turbation after a 48 h abstinence period. Semen should 

be assessed for volume, sperm density and count, sperm 
motility, and sperm morphology.211,212 According to the 
World Health Organization,211 a normal semen speci-
men in 1987 should have a volume of more than 2 mL, 
sperm density of greater than 20 million/mL, and a 
total sperm count of 40 million per ejaculate. More than 
50% of sperm should show forward motility, and more 
than 30% of cells should have normal morphology. This 
was revised in 2010 and the new ranges are shown in 
Table 17.14.

The significance of leukocytes in the semen is not 
clear. The presence of leukocytes in the semen does not 
necessarily indicate accessory gland infection.

Hormonal evaluation
Measurement of testosterone, LH, and FSH can help in 
the diagnosis of hypogonadism and determine whether 
hypogonadism is hypogonadotropic or hypergonado-
tropic210 (Figures 17.7 through 17.9).
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Figure 17.6
Evaluation of an infertile couple. LH, luteinizing hormone; FSH, follicle-stimulating hormone.
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Figure 17.7
Evaluation of an infertile man with abnormal sperm count and morphology. LH, luteinizing hormone; FSH, 
follicle-stimulating hormone.

Low LH, FSH and testosterone levels

Rule out systemic illness, eating disorders,
recreational drug use, and excessive exercise

Measure prolactin level and obtain MRI scan of
the hypothalamic–pituitary region

Other causes of hypogonadotropic hypogonadism
ruled out, look for associated dysmorphic

features; diagnosis of hypothalamic syndromes
made by pattern recognition

Figure 17.8
An algorithm for further evaluation of men with hypogonadotropic hypogonadism.
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High LH and FSH levels in the presence of low tes-
tosterone concentrations suggest primary testicular fail-
ure. In these men, a karyotype should be performed to 
exclude the presence of Klinefelter’s syndrome (47,XXY) 
or its variants. A normal karyotype, however, does not 
exclude the possibility of mosaicism (46,XY/47,XXY).

Elevated testosterone and elevated LH levels in a man 
who appears hypogonadal suggest androgen insensitiv-
ity. Analysis of skin fibroblasts for androgen binding 
or analysis of peripheral lymphocyte DNA can help to 
confirm mutations in androgen receptor or 5α-reductase 
genes. An isolated increase in serum FSH levels with 
normal LH and testosterone levels suggests failure of the 
germ cell compartment.

If the patient has hypogonadotropic hypogonadism, 
a history of eating disorders, excessive exercise, and sys-
temic illness should be looked for (Figure 17.8). Serum 
prolactin levels should be measured, and an MRI scan of 
the hypothalamic–pituitary region should be obtained to 
exclude a space-occupying lesion. In older men with mild 
hypogonadotropic hypogonadism, the search for addi-
tional causes of hypogonadotropism is often unrewarding, 
and the cost-effectiveness of extensive pituitary evaluation 
has not been established. Older men with severe hypogo-
nadotropic hypogonadism and with serum testosterone 

levels less than 150 ng/dL (5.2 nmol/L) should be evalu-
ated for the presence of a pituitary pathology by obtain-
ing prolactin measurements and an MRI scan.

Men with azoospermia and normal LH and testos-
terone levels may have an obstructive lesion, such as 
congenital absence of the vas deferens or epididymis, or 
an acquired obstruction (Figure 17.9). In such patients, 
postejaculatory urine should be checked to exclude 
retrograde ejaculation, and seminal fructose should be 
measured. Very low fructose concentrations suggest 
the absence of seminal vesicles or obstruction. In such 
patients, exploration and testicular biopsy should be per-
formed to rule out obstruction or germ cell failure. If the 
absence of vas deferens or seminal vesicles is confirmed, 
then the individual should be tested for mutations in the 
cystic fibrosis conductance regulator (CFTR) gene.

In men who have normal hormone levels and low or 
normal sperm count, specialized sperm function tests 
are indicated. Various sperm function tests, including 
the cervical mucus penetration test, acrosome reac-
tion, zona-free hamster egg penetration test, human 
zona pellucida binding test, and specialized sperm 
biochemistry, are used in specialized andrology labo-
ratories. The clinical utility of the acrosome reaction 
is not clear. A positive hamster oocyte penetration 

Azoospermia with normal LH,
FSH and testosterone

Postejaculatory
urine for sperm Semen fructose

Present Absent

Testicular biopsy and
exploration for

epididymal obstruction

Congenital absence of
seminal vesicles or

acquired obstruction of
the ejaculatory duct

If absence of vas deferens or ejaculatory duct is
con�rmed, test for CFTR mutations

Figure 17.9
Evaluation of azoospermic men with normal LH, FSH, and testosterone levels. CFTR: cystic fibrosis trans-
membrane conductance regulator.
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test is indicative of the ability of sperm to undergo 
capacitation and acrosome reaction, and penetrate and 
fuse with the hamster egg. This reaction has good 
concordance with fertilization in an in vitro fertiliza-
tion procedure. It has, however, a significant number 
of false-negative results.

Testicular biopsy
Although testicular biopsy can provide information 
about the spermatogenic defect, there are very few 
instances where this procedure alters the management 
and prognosis. For instance, testicular biopsy is indicated 
in an infertile man who is azoospermic but has normal 
testosterone and LH concentrations. This  individual 
should undergo further workup to exclude the presence of 
obstruction, including an examination of postejaculatory 
urine for sperm and seminal fructose. If seminal fructose 
is present, testicular biopsy and exploration should be 
performed to rule out obstruction and establish the pres-
ence of spermatogenesis in the testis. Testicular biopsy 
has also been used to retrieve sperm or spermatids for 
intracytoplasmic sperm injection (ICSI) in men with azo-
ospermia in whom sperm cannot be obtained from the 
semen. Fertility has been achieved by intracytoplasmic 
injection of sperm obtained from testicular biopsy in men 
with azoospermia associated with Klinefelter’s syndrome 
or other causes.

Computer-aided sperm analysis
Many computer-aided sperm analysis systems are commer-
cially available. These systems are convenient, but they offer 
no real advantage over manual methods for assessment of 
sperm morphology. These automated systems are suscep-
tible to error in the estimation of sperm concentration.

Genetic testing
Because genetic disorders account for a significant 
fraction of infertile men, genetic testing of the infer-
tile man and of the offspring will become increasingly 
important, especially in those couples who are being 
considered for ICSI. As mentioned in the “Hormonal 
Evaluation” section, infertile men with congenital 
absence of the vas deferens or seminal vesicles should 
be screened for mutations in the CFTR gene. Infertile 
men with azoospermia or severe oligozoospermia in 
whom the cause of infertility cannot be ascertained 
should be screened for Y chromosome microdeletions. 
Offspring born through the use of ICSI have a higher 
frequency of sex chromosome aneuploidy than the gen-
eral population; in addition, the prevalence of sex chro-
mosome disorders is 6–10-fold higher among infertile 
men, especially those with azoospermia. This has led 
some to conclude that infertile men with nonobstructive 

azoospermia should undergo karyotype analysis. Men 
with postmeiotic germ cell arrest may have mutations 
in the CREM gene.

In all instances, a detailed family history should be 
obtained, which would then guide genetic testing.

Genetic disorders 
associated with infertility 
in man (Table 17.15)
Genetic disorders associated 
with impaired gonadotropin 
secretion or action
These disorders have already been discussed in this 
chapter. This section will focus only on the genetic dis-
orders of germ cell development.

Primary defects of spermatogenesis
Sex chromosome disorders
Approximately 5% of infertile men carry chromosome 
abnormalities; of these, a majority involve sex chro-
mosomes (4% on average), and 1% involve the auto-
somes.213–216 The prevalence of sex chromosomal and 
autosomal abnormalities in infertile men is 15 and 6 times 
higher, respectively, than in the general population.217,218

Klinefelter’s syndrome
Klinefelter’s syndrome is the most common chromo-
somal disorder associated with male infertility and is 
found in 1:500 to 1:1000 live-born males throughout 
all ethnic groups.217,218 The most frequent karyotype in 
men with Klinefelter’s syndrome is 47,XXY (93%), but 
46,XY/47,XXY; 48,XXXY; 48,XXYY; and 49,XXXXY 
karyotypes have also been reported.26,219,220 The XXY 
chromosomal constitution has been described in other 
mammals such as mouse, Chinese hamster, cat, dog, 
sheep, ox, and pig, and it is associated with sterility. The 
testes of 47,XXY animals are devoid of germ cells.26,220

Azoospermia is the rule in men with Klinefelter’s 
syndrome who have the 47,XXY karyotype. Men with 
mosaicism may have germ cells in their testes, especially 
at a younger age.

Testicular histology in men with Klinefelter’s syn-
drome shows hyalinization of seminiferous tubules and 
absence of spermatogenesis.25,26 Patients with mosaicism 
may have normal-sized testes and spermatogenesis at 
puberty. However, progressive degeneration and hyalin-
ization of seminiferous tubules take place after puberty. 
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Genetic or 
chromosomal 
disorder Genotype Hormonal profile Histology Semen

Klinefelter’s 
syndrome

47,XXY, 
46,XY/47,XXY

Low or low-normal 
testosterone, 
increased LH and 
FSH

Hyalinization of 
seminiferous 
tubules, absence 
of germ cells, 
normal or 
hyperplastic 
Leydig cells

Azoospermia

Y chromosome 
microdeletions

46,XY, 
microdeletions 
of AZFa, AZFb, 
AZFc, AZFd 
regions

Usually normal or 
low-normal 
testosterone, 
normal LH, and 
normal or increased 
FSH

Variable. Some 
men may have 
Sertoli cell–only 
phenotype, 
others have 
germ cell arrest

Azoospermia or 
severe 
oligozoospermia

Bilateral 
congenital 
absence of 
vas deferens

Mutations of the 
CFTR gene

Usually normal 
testosterone, LH 
and FSH

Testicular histology 
tends to be 
normal, but 
patients have 
obstructive 
azoospermia

Azoospermia. May 
or may not have 
clinical features 
of cystic fibrosis

CREM mutations Mutations of the 
CREM gene

Normal testosterone 
and LH, normal or 
elevated FSH

Germ cell arrest at 
the spermatid 
stage early in 
spermiogenesis

Azoospermia

Thalassemia Mutations of one 
or more 
β-globin 
gene(s)

Typically have 
hypogonadotropic 
hypogonadism with 
low testosterone, 
and low LH and 
FSH; occasionally 
primary testicular 
failure may also 
occur

Azoospermic, 
depending on 
degree of 
gonadotropin 
deficiency

Sickle cell 
disease

Mutations of the 
globin gene

May have primary 
testicular failure 
due to testicular 
infarcts resulting in 
low testosterone 
and high LH and 
FSH. Some patients 
may have iron 
overload and 
hypogonadotropic 
hypogonadism

Testicular infarcts May have 
oligozoospermia, 
depending on 
the severity of 
the disease and 
the degree of LH 
and FSH 
deficiency

Table 17.15
Relatively common chromosomal and genetic disorders in infertile men in which genetic testing is 
possible.
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In some men, the tubular dysgenesis is patchy; degen-
erating tubules are interspersed with apparently nor-
mal tubules. The Leydig cells appear to be increased, 
although their function is impaired.

The 47,XXY karyotype in patients with Klinefelter’s 
syndrome results from nondysjunction during the first 
meiotic division in one of the parents. Nondysjunction 
of maternal chromosomes is the cause of the 47,XXY 
karyotype in two-thirds of affected men. Advanced 
maternal age is a risk factor for nondysjunction. The 
mechanism by which an extra X chromosome renders 
patients infertile is not known. In male germ cells, 
inactivation of the single X chromosome in primary 
spermatocytes of heterogametic males is necessary for 
spermatogenesis to proceed through meiosis. The neces-
sity for X inactivation in male germ cell differentiation 
in heterogametic species is not clearly understood; how-
ever, inactivation of the single X may be necessary for 
normal sex chromosome pairing or to prevent expres-
sion of some X-linked genes that are detrimental to 
spermatogenesis.

The hypogonadism associated with Klinefelter’s 
syndrome can range from mild to severe, leading to a 
wide variation in clinical presentation. Penile length in 
these patients appears to be inversely correlated with 
length of the CAG repeats in the androgen receptor.221 
The phenotype in the adult is, in addition to severely 
impaired spermatogenesis and varying degrees of hypo-
gonadism, manifested by a tall body habitus with 
sparse body and facial hair, gynecomastia, diminished 
libido, and small testes. In childhood, common present-
ing features can include delayed speech development, 
learning difficulties in school, unusually rapid growth 
in mid-childhood, and truncal obesity. The cause of 
language difficulties often encountered in individuals 
with Klinefelter’s syndrome has been investigated by 
high-resolution MRI, which has demonstrated a relative 
reduction in the left temporal gray matter compared 
with control subjects.222 Of interest is that individuals 
who had been treated with testosterone had larger tem-
poral lobe volumes than those not receiving testoster-
one; indeed, it appears that testosterone improves verbal 
fluency scores of Klinefelter’s syndrome patients.

The hypothalamic–pituitary–testicular axis in 
boys with Klinefelter’s syndrome can appear normal 
until puberty, with no apparent differences in the 
levels of testosterone, LH, or FSH when compared 
to controls.223 However, at the onset of puberty and 
subsequently, laboratory analysis reveals normal or 
low-normal testosterone and elevated gonadotropin 
levels, with FSH elevated to a greater extent than LH. 
Treatment consists of testosterone therapy to improve 
virilization, sexual function, bone density, and quality 

of life. Gynecomastia is treated by cosmetic surgery 
after androgen replacement therapy has begun. New 
approaches to the treatment of infertility in the patients 
have involved testicular sperm extraction (TESE) 
using microsurgical techniques to identify occasion 
foci of spermatogenesis and the use of subsequent 
ICSI.224 However, disappointingly, analysis of sper-
matozoa obtained by testicular biopsy in individuals 
with Klinefelter’s syndrome has revealed an increased 
prevalence of sperm with an additional X chromosome, 
and higher rates of aneuploidy and trisomy 21.225,226 
Preimplantation genetic diagnosis (PGD) is generally 
offered to couples with Klinefelter’s syndrome who 
undergo successful TESE and ICSI. This technique 
allows for selecting chromosomally abnormal embryos 
in order to avoid transferring abnormal embryos. In a 
comparison of PGD in 113 embryos from 20 couples 
with Klinefelter’s syndrome with 578 embryos from 
control couples with X-linked disease undergoing 
PGD for gender determination, a significantly higher 
percentage of sex chromosome (13.2% vs. 3.1%) and 
autosome (15.6% vs. 5.2%) abnormalities in embryos 
from Klinefelter’s syndrome couples as compared with 
the X-linked couples was found.227 With respect to the 
sex chromosome abnormalities, monosomy X, mono-
somy Y, 47,XXX, 47,XYY, and mosaicisms were iden-
tified. Interestingly, no embryo with 47,XXY from 
Klinefelter’s syndrome couples was identified.

Studies have shown that in adults with Klinefelter’s 
syndrome, overall age-matched mortality is roughly 
doubled, mainly from nonneoplastic diseases of the car-
diovascular, respiratory, and digestive systems, and from 
diabetes, with an increase in the incidence of breast 
cancer (20-fold higher), extragonadal germ cell tumors 
(posterior mediastinum), and autoimmune diseases. 
Taurodontism (an enlargement of the pulp in molar 
teeth), predisposing one to premature dental caries, is 
seen in almost 50% of Klinefelter’s syndrome patients. 
Early varicose veins are also a feature of Klinefelter’s syn-
drome, as is an increased risk of deep vein thrombosis.

Noonan’s syndrome: the male Turner’s syndrome
These patients have the 46,XY karyotype, male exter-
nal genitalia, and the clinical stigmata of  Turner’s 
syndrome.228 The condition is autosomal  dominant 
or  occasionally sporadic in nature, and it  is  charac-
terized by short stature, hypertelorism, downward-
slanting eyes, ptosis, strabismus, low-set ears with 
thickened  helices, a high nasal bridge, micrognathia 
(a triangular-shaped face due to an abnormally small 
lower jaw), a high arched palate, a low hairline, and 
dental malocclusion. The condition is caused by muta-
tions in genes in the Ras–MAPK signaling pathway. 
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Approximately 50% of men with Noonan’s syndrome 
have mutations in the PTPN11 (protein tyrosine 
phosphatase nonreceptor type 11) gene,229 and the 
remainder have mutations in the SOS1 (son of seven-
less homolog 1), RAF1, or KRAS genes. The testis 
size is reduced, the Leydig cell function is impaired, 
gonadotropins are raised, and there is delayed 
puberty.  Sterility and cryptorchidism (seen in 50%) 
are common.

XYY syndrome
There is a higher frequency of the 47,XYY karyotype 
in men with tall stature and nodular cystic acne, among 
prisoners and mental hospital patients.230 The mean 
intelligence quotient and educational level are lower in 
47,XYY individuals than in healthy controls.

Mixed gonadal dysgenesis (45,X/46,XY)
The patients with mixed gonadal dysgenesis usually 
have a 45,X/46,XY karyotype, a testis on one side, and 
a streak gonad on the other.231 Some degree of ambi-
guity in the genitalia is usual. The phenotypic males 
with mixed gonadal dysgenesis often have abdominal 
testes with normal Leydig cells but without any germ 
cells.231 The dysgenetic gonad is at high risk for neoplas-
tic degeneration.

XX males
These patients have a male phenotype and normal-
looking testes, but they are azoospermic and have high 
LH and FSH levels.232,233 The portion of the Y chro-
mosome that contains the Sry may be translocated onto 
the X chromosome or an autosome; a few patients may 
be mosaics and carry some 46,XY cell lines. However, 
because they lack other Y-specific genes required for 
spermatogenesis, they are sterile.

The Y chromosome microdeletion syndrome
Large deletions of the Y chromosome that can be seen 
under the microscope in late prophase and hence are 
detectable on routine karyotype are uncommon in 
infertile men. However, submicroscopic deletions of 
the long arm of the Y chromosome, which are not 
detectable on karyotype and hence are called “micro-
deletions,” are present in 5%–10% of azoospermic 
men.234–246 These microdeletions can be detected 
by PCR-based sequence-tagged site mapping or by 
Southern hybridization. The initial studies had focused 
on infertile men with severe defects of spermatogenesis 
(i.e., those with azoospermia). However, more recent 
studies have shown that Y deletions are also present in 
oligozoospermic men.247,248 Most infertile men with Y 
deletions have severe defects of spermatogenesis (i.e., 

they have either azoospermia or severe oligozoosper-
mia).249–251 Although the total number of infertile men 
with Y deletions who have been studied in detail is 
small, most of these patients have had testicular vol-
umes of less than 15 mL and elevated FSH levels. The 
testicular histologies in the small number of reported 
cases of Y deletions have revealed either Sertoli cells 
only or germ cell arrest phenotypes. The limited num-
ber of patients in whom testicular histology has been 
examined has not allowed a correlation between the 
location and size of the deletion and the histological 
phenotype. However, Vogt et al.252 have reported that 
three loci can be identified in Yq, termed AZFa, AZFb, 
and AZFc, wherein deletions are associated with spe-
cific testicular histopathology.

Two Y-specific candidate gene families have been 
cloned by deletion mapping of infertile men with Yq 
deletions and proposed as candidates for the putative 
AZF locus, the RBM (RNA-binding motif containing) 
gene family247,253 and the DAZ (deleted in azoosper-
mia) gene family.250,254–256 Both are multiple-copy gene 
families256,257 that contain the RNA-binding motif. 
The RBM gene family has more than 30 copies spread 
throughout the Y chromosome, most of the copies being 
located in deletion intervals 6A and 6B. At least two 
members of the RBM gene family, RBM-1 and RBM-2, 
are expressed in the testis.257 The presence of the RNA-
binding motif in the predicted protein sequence sug-
gests that these genes play a role in RNA processing; 
however, the precise role of the RBM proteins in germ 
cell development remains unclear.

The DAZ gene family is also a multiple-copy gene 
family.256 The mouse and Drosophila homologs of DAZ 
have been mapped to chromosomes 17 and 3, respec-
tively.254,258 An autosomal homolog of DAZ has also 
been identified in the human and mapped to chromo-
some 3.234,259 The homologs of the autosomal DAZ-like 
gene, DAZL1, are present in all mammalian species; 
DAZ homologs are present only on the Y chromosomes 
of great apes and Old World monkeys. Mutations of the 
DAZL1 gene in Drosophila, boule, are associated with 
meiotic arrest and azoospermia.254

Similarly, DAZL1 mutations in knockout mice are 
associated with sterility, providing further evidence for 
the role of this gene product in germ cell development.235

In infertile men with DAZ deletions, both mei-
otic arrest and Sertoli cell–only phenotypes have been 
described; it is possible that germ cell degeneration may 
occur secondarily.

The precise physiological function and role of the 
RBM and DAZ gene families in human spermatogenesis 
remain unclear. The RNA molecules that are the targets 
of these RNA-binding proteins have not been identified. 
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Using DAZ as bait in a two-hybrid system, Tsui et al.306 
identified two novel proteins, DAZ-associated proteins 
(DAZAP) 1 and 2, that interact with DAZ and DAZL1. 
The DAZAP genes have been mapped to chromosomal 
regions 19p13.3 and 2q33–q34.

Although deletions involving the DAZ genes appear 
to be the most frequent, a large proportion of Y deletions 
are outside the DAZ region; some of these involve the 
RBM gene. Additional candidate gene families, includ-
ing BPY2, CDY1, PRY, and TTY2, have been identified 
in the AZFc region of the Y chromosome.236 The role 
of these additional Y-specific gene families in germ cell 
development and infertility is not understood. It is also 
not clear how deletions of one or two copies of the RBM 
or DAZ genes could explain infertility when there are 
multiple copies of these genes elsewhere on the Y chro-
mosome. A significant proportion of infertile men with 
DAZ deletions are oligospermic and not azoospermic. 
Furthermore, only 5%–10% of infertile men have Y 
deletions. These data suggest that additional Y-specific 
and autosomal genes may be involved in other infertil-
ity phenotypes.236

The length of the polyglutamine tract in the 
androgen receptor protein and infertility237-240

The length of the CAG trinucleotide repeat in exon 
1 of the androgen receptor gene that encodes for the 
polyglutamine tract in the androgen receptor pro-
tein is polymorphic in humans.237–241 In vitro studies 
have demonstrated that the transactivational activity 
of the androgen receptor protein is related inversely 
to the length of the polyglutamine tract. Individuals 
with very long tracts have spinobulbal muscular 
atrophy (Kennedy’s disease), a degenerative disease 
of the spinal cord neurons. However, several reports 
indicate that men with idiopathic oligozoospermia 
have a higher likelihood of having longer polygluta-
mine tracts than fertile men.237–239 For instance, in 
one study of 153 infertile men and 72  healthy con-
trols, Yong et al.239 reported that 20% of infertile men 
have reduced androgenicity because of a long CAG 
repeat length in exon 1 of the androgen receptor gene. 
These authors have proposed that long polyglutamine 
tracts are associated with increased risk of infertility 
and reduced risk of prostate cancer. Conversely, these 
authors assert that short polyglutamine tracts are 
associated with increased transactivational activity, 
increased risk of prostate cancer, and reduced risk of 
infertility. Dadze et  al.,240 on the other hand, found 
no relationship between the CAG repeat length and 
impaired spermatogenesis in a sample of infertile 
men of German origin. Therefore, the validity of this 
hypothesis remains to be verified.

Autosomal gene defects and male infertility
Cyclic adenosine 3′,5′-monophosphate-
response element modulator gene expression 
and spermatogenic arrest241

The cAMP-response element modulator gene codes for 
a transcription factor that is expressed in postmeiotic 
germ cells and is important for physiological regulation 
of the balance between differentiation and apoptosis 
during normal germ cell development.241–245 Mice that 
are null for CREM protein are sterile and reveal sper-
matogenic arrest at the first step of spermiogenesis.245 
Late spermatids are absent, and there is an increase in 
the number of apoptotic germ cells in the seminifer-
ous tubules of CREM-mutant mice.245 Normal sper-
matogenesis in fertile men is characterized by a switch 
from CREM repressors to CREM activator isoforms in 
postmeiotic germ cells. In situ hybridization studies on 
testicular biopsies obtained from infertile men with 
germ cell arrest have demonstrated the absence of acti-
vator isoforms of CREM in postmeiotic germ cells and 
increased apoptosis.241–244 These data suggest that germ 
cell arrest could result from failure of this normal tran-
sition from repressor to activator isoforms of CREM in 
the seminiferous tubule.

Bilateral congenital absence of vas 
deferens and the CFTR mutations
Mutations in the coding region of the CFTR gene may 
result in congenital absence of the vas deferens with-
out causing the classic pulmonary disease.246 Fifty to 
seventy percent of men with congenital absence of the 
vas deferens harbor mutations of the CFTR gene. About 
50% are homozygous for a common cystic fibrosis gene 
abnormality such as F508, and some have compound 
heterozygosity.

Gonadal dysfunction associated with 
sickle cell disease and thalassemia
A significant proportion of men with sickle cell disease 
have low testosterone levels. The majority of men with 
sickle cell disease and low testosterone levels suffer from 
primary testicular dysfunction.261 It is assumed that 
testicular dysfunction results from microinfarcts in the 
testis because of the vaso-occlusive disease. However, 
hypogonadotropic hypogonadism due to hypothalamic–
pituitary dysfunction has also been reported in men 
with sickle cell disease.

The pituitary and gonadal dysfunction occurs in 
thalassemia due to iron deposition in these tissues.262 
Hypogonadotropic hypogonadism is the predominant 
form of androgen deficiency syndrome in men with tha-
lessemia and can be treated effectively with gonadotropin 
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replacement therapy. Pituitary and testicular overload 
and the resulting hypogonadism can be prevented by 
prophylactic iron-chelating therapy.

Testicular dysfunction in myotonic dystrophy
Myotonic dystrophy is an autosomal dominant disorder 
associated with CTG repeats in the dystrophin gene. 
Testicular atrophy occurs in 75% of these men, primarily 
due to degeneration of the seminiferous tubules. Although 
Leydig cells are preserved, serum testosterone levels are 
low in many patients due to primary testicular failure.263

Subfertility associated with diabetes
Men with diabetes mellitus may experience infertility if 
they have retrograde ejaculation due to autonomic neu-
ropathy or if they have poor glycemic control. Impotence 
is common in men who have had diabetes for more than 
10 years.

Treatment
The role of the internist in the 
management of the infertile couple
The internist can play an important role in the treat-
ment of infertile men by initiating a rational diagnostic 
evaluation and referring those who require more special-
ized care.264 The internist should focus on ascertaining a 
specific treatable cause of infertility, even though specific 
treatment modalities may be applicable to only a fraction 
of infertile men. In this regard, it is particularly impor-
tant to identify and treat gonadotropin deficiency, because 
hormone replacement therapy in this disorder is highly 

effective. Similarly, it is also useful to quickly ascertain 
whether the patient has untreatable sterility in which 
case the couple should be appropriately counseled about 
adoption or artificial insemination with donor sperm. 
One of the most useful roles that an internist can play 
is to present to the couple a realistic prognosis, the pros 
and cons of different treatment options, and estimates of 
costs, and to guide the couple away from interventions 
that have not been shown to be effective (Table 17.16).

Gonadotropin treatment of men with 
hypogonadotropic hypogonadism
Preparations
hCG and human menopausal gonadotropin (hMG) 
preparations have been commercially available for over 
three decades.265–269 hCG is purified from the urine 
of pregnant women, being secreted primarily by the 
human placenta during pregnancy. hMG is derived 
from the urine of postmenopausal women. While hCG 
primarily stimulates Leydig cell testosterone production 
by interacting with LH–hCG receptors, hMG contains 
LH and FSH activities in almost equal proportions 
(Table 17.15).

Treatment modalities whose beneficial 
effects have not been demonstrated 
in male factor infertility
Highly purified preparations of hLH and hFSH, derived 
from human cadaver pituitary, had become available for 
research studies from the National Pituitary Agency 

Clomiphene and antiestrogens
Varicocelectomy
LH and FSH
Testosterone rebound
Antibiotics
Vitamins and minerals
Artificial insemination by husband’s sperm
Low-dose glucocorticoid therapy

Source:	 Adapted from Burger HG, Baker HW, Annu Rev Med, 38, 29–40, 1987. With permission.

Table 17.16
Treatment modalities whose beneficial effects have not been demonstrated 
in male factor infertility.
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of the National Institute of Diabetes and Digestive 
and Kidney Diseases. However, the occurrence of a 
“slow virus” degenerative disease (Creutzfeldt–Jakob 
disease) in a few patients treated with earlier prepa-
rations of human growth hormone (HGH)260 led to 
the withdrawal and cessation of the use of all human 
pituitary hormones for therapeutic purposes. A highly 
purified hFSH preparation is commercially available, 
and, although extensively used in gynecological appli-
cations, it is now available for use in medicine with 
hypogonadotropic hypogonadism.270–273 The mature 
β subunit of rhFSH has seven fewer amino acids than 
are reported in the literature, but it has similar oligo-
saccharide structures as purified urinary hFSH prepa-
ration (Follitropin Beta: Puregon).271

Recombinant hFSH is also indistinguishable from 
purified urinary hFSH in its biological activity in vitro 
and in vivo. rhFSH is available in ampoules containing 
75 IU (approximately 7.5 μg FSH), which accounts for 
>99% of protein content. The pharmacokinetics of uri-
nary hFSH and recombinant hFSH are similar.

Biological effects of 
gonadotropin therapy
Pharmacological doses of hCG, when administered to 
normal men, lead to biphasic testosterone and estradiol 
responses.274–277 When 1500–6000 units of hCG are 
given intramuscularly to normal adult men, an initial 
peak in serum testosterone levels can be observed 2 h 
later, with a sustained peak at 72–96 h. Serum testos-
terone levels may remain elevated for as long as 6 days 
after a single hCG injection. Serum estradiol levels also 
exhibit a similar biphasic response. It should be noted 
that the biphasic testosterone and estradiol responses are 
characteristic of only postpubertal, normally virilized 
men.274–279 In prepubertal boys or hypogonadotropic 
men not previously primed with gonadotropins, only a 
monophasic increase in serum testosterone, peaking.

72–96 h after hCG injection, can be seen, and there 
is significant latency before testosterone levels begin to 
rise. Smals et al.274 have suggested that an early testos-
terone response in normally virilized postpubertal men 
results from testosterone release from a readily releasable 
pool of preformed hormone and/or a rapid induction of 
mature enzymatic machinery. Wang et  al.277 demon-
strated that hypogonadotropic men who were previously 
primed with hCG treatment also exhibit a biphasic tes-
tosterone response to LH infusion, consistent with the 
proposal that maturation of the biphasic adult pattern 
is a function of prior gonadotropin priming of the testis.

Multiple injections of pharmacological doses of 
hCG lead to diminished testosterone response to sub-
sequent hCG injections, a phenomenon referred to as 
“desensitization.”274–276 Desensitization to hCG can be 
seen under several different clinical and experimental 
circumstances: first, multiple daily hCG injections do 
not result in higher serum testosterone levels than single 
daily injections; and, second, men with hCG-secreting 
neoplasia do not usually have elevated serum testoster-
one levels.274

It has long been known that in prepubertal males, 
hCG, when given alone, widens the seminiferous tubules 
and increases the number of primary spermatocytes.280,281

However, spermatogenesis does not progress to com-
pletion, and germ cell development remains arrested. 
The addition of hMG to patients on hCG results in an 
increase in testis size, progression of germ cell develop-
ment, completion of spermiogenesis, and the appearance 
of sperm in the ejaculate.

Therapeutic aspects
The two best predictors of success of gonadotropin 
therapy in hypogonadotropic men are testicular vol-
ume at  presentation and the time of onset of hypo-
gonadotropism (prepubertally or postpubertally). 
In general, the larger the testis size, the greater the 
likelihood of success; best responses are seen in men 
with initial testicular volume greater than 8 mL.82,282 

Similarly, patients who became hypogonadotropic 
after puberty (e.g., because of a pituitary tumor, sur-
gery, or irradiation) experience higher overall success 
rates than those who have never undergone pubertal 
changes.82,282

The presence of a coincidental or associated primary 
testicular abnormality will, of course, attenuate the tes-
ticular response to gonadotropin therapy. Some patients 
with IHH may also have cryptorchidism; earlier stud-
ies283,284 indicated that these patients did not respond 
well to hCG therapy, leading to an erroneous specula-
tion that there may be dual defects in IHH, the first 
hypothalamic and the second testicular.

Although a variety of treatment regimens are being 
used, there is no consensus on what constitute the opti-
mum dose and schedule of gonadotropin administra-
tion. Published data and empirical clinical experience 
indicate that a reasonable starting dose is 1000–1500 
IU82,282–284 given intramuscularly three times weekly. 
Serum testosterone levels should be measured 6–8 
weeks later, 48–72 h after an hCG injection, in order to 
adjust and optimize the regimen. The goal should be to 
adjust the dose to achieve serum testosterone levels in 
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the mid-normal range. Sperm counts should be moni-
tored on a monthly basis. It may take several82,282–284 
months for spermatogenesis to be restored, and patients 
often get very impatient and prematurely disappointed. 
Therefore, it is very important to forewarn patients 
about the potential length and expense of the treatment, 
and to provide conservative estimates of success rates.

If, after 6 months of therapy with hCG alone, serum 
testosterone levels are in the mid-normal range but the 
sperm concentrations are low, it is time to add FSH. This 
can be done by using hMG, highly purified FSH, or 
recombinant FSH. The selection of FSH dose is empiri-
cal. A common practice is to start with the addition of 
0.5 to 1 ampoule of hMG (1 ampoule = 75 IU LH plus 
75 IU FSH) three times each week in conjunction with 
the hCG injections. If, after 3 months of combined treat-
ment, sperm densities are still low, the dose of hMG 
should be increased to 1 or 2 ampoules. It may occasion-
ally take 18–24 months or longer for spermatogenesis to 
be restored. Physiologically, it may make more sense to 
use FSH first to increase the pool of Sertoli cells, which 
support spermatogenesis, prior to adding hCG, and stud-
ies are in progress to determine whether the outcome is 
superior with this strategy rather than the other one dis-
cussed here. There are also ongoing studies investigating 
the use of modified long-acting FSH analogs (FSH-CTP, 
or corifollitropin), which have to be injected only every 
two weeks, in the induction of spermatogenesis.

Spermatogenesis-inducing therapy is expensive but 
is otherwise well tolerated. The development of anti-
bodies to hCG is not a common event.285–288 Braunstein 
et  al.285 found no evidence of antibodies in 41 people 
treated with hCG for weight reduction. Another study 
found antibodies in less than 1% of men treated with 
short courses of hCG.286 There are only a handful of case 
reports of treatment failure due to the development of 
anti-hCG antibodies.285–288

In men with postpubertal onset of hypogonadotro-
pism, spermatogenesis can usually be reinitiated by hCG 
alone, and the success rates are high.82 In contrast, men 
in whom hypogonadotropic hypogonadism developed 
prior to the completion of pubertal maturation usu-
ally do not respond to hCG alone but require combined 
treatment with hCG and hMG for longer duration, and 
their overall success rates are lower. Prior androgen ther-
apy appears not to affect subsequent responsiveness to 
gonadotropin therapy.289

The degree of gonadotropin deficiency, as reflected 
by the pretreatment testicular volume, is an important 
determinant of the response to gonadotropin therapy. 
In  general, men with testicular volumes greater than 
8  mL have higher response rates than those with 
testicular volumes less than 4 mL.282

An open-label clinical trial by the Spanish 
Collaborative Group on Male Hypogonadotropic 
Hypogonadism270 evaluated the efficacy of self-
administered highly purified hFSH (150 IU three times 
a week) and hCG (2500 IU twice a week) in men with 
IHH. Serum testosterone concentrations were normal-
ized in all but one patient. Testicular volume increased 
threefold during treatment, and 80% of men who were 
initially azoospermic achieved a positive sperm count. 
The maximum sperm density during treatment was 
25±8 million/mL. Three men developed gynecomastia.

Pulsatile GnRH therapy
Pioneering studies by Knobil’s group290–292 had pre-
dicted that pulsatile administration of GnRH would 
be required to maintain normal LH and FSH output 
from the pituitary. Continuous infusion of GnRH in 
monkeys, made hypogonadotropic by radiofrequency 
lesions of the hypothalamic GnRH-secreting nuclei, 
downregulates LH and FSH secretion. Synthetic GnRH 
is commercially available for therapy of patients with 
hypogonadotropism due to GnRH deficiency.293 
However, the success of GnRH therapy assumes normal 
pituitary and gonadal function. The agonist analogs of 
GnRH are not useful for restoring gonadotropin secre-
tion, because after an initial short-lived stimulatory 
phase, GnRH agonists downregulate pituitary LH and 
FSH output.294–296

A large number of clinical studies utilizing GnRH 
in a variety of treatment regimens have demonstrated 
successful induction of puberty by pulsatile administra-
tion of low doses of GnRH. Therapy is usually started 
with an initial dose of 25 ng/kg per pulse, administered 
subcutaneously every 2 h by a portable, and FSH levels 
need to be monitored. The dose of GnRH may need 
to be increased until serum testosterone levels in the 
mid-normal range are reached. There is considerable 
variability in the GnRH dose requirement among dif-
ferent subjects, and doses ranging from 25 to 200 ng/kg 
may be required to induce virilization.278 Once pubertal 
changes have been initiated, the dose of GnRH can be 
reduced without any adverse effects on serum testoster-
one, LH, and FSH levels.

The gonadotropin secretion and gonadal function can 
be maintained for extended periods of time (months to 
years) in a majority of carefully selected patients with 
IHH by pulsatile GnRH therapy.278,279,297 Development 
of anti-GnRH antibodies is an uncommon occurrence, 
but it can be a cause of treatment failure. Increases in 
sperm counts and testicular volume have been reported 
in over 70% of treated men, and improvements in sexual 
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function and virilization can be induced in over 90% of 
subjects. Some of the patients with IHH have associated 
cryptorchidism, and these men might have an additional 
testicular defect. Local cutaneous infections do occur, but 
they are infrequent and minor. While induction of vir-
ilization by pulsatile GnRH administration in patients 
with IHH has provided important insights into the 
mechanisms of puberty and regulation of gonadotropin 
secretion by GnRH, this approach has no particular 
advantage over the traditional gonadotropin therapy.283,284 
Carrying a portable infusion device can be cumbersome, 
and follow-up of these patients often requires consider-
able physician supervision and laboratory monitoring.

Liu et al.282 compared an hCG–hMG regimen with 
pulsatile GnRH therapy regarding its efficacy in induc-
ing spermatogenesis. After 2 years of therapy, 40% of 
GnRH-treated men and 80% of the hCG–hMG treated 
men produced sperm. The sperm concentrations in all 
men were below 5 × 106/mL and were comparable in 
the two groups. In another retrospective review,283,284 
hCG–hMG and pulsatile GnRH therapy were found 
to be equally effective in inducing spermatogenesis. 
Spermatogenesis was induced in 54  of 57 courses of 
therapy, and pregnancies occurred in 26 of 36 courses. 
The two therapies did not significantly differ in terms 
of the time to first appearance of sperm or pregnancy 
rates. These and other data283,284 demonstrate that both 
pulsatile GnRH therapy and traditional gonadotropin 
replacement therapy are equally effective in inducing 
spermatogenesis in men with IHH.

Azoospermia
The presence of azoospermia, total teratozoospermia, 
and primary testicular failure with azoospermia indi-
cates a poor prognosis.298 In these instances, adoption 
and artificial insemination using donor sperm are rea-
sonable options.202,298

With the advent of ICSI, the prognosis for these 
men has improved. There are several case reports 
of successful pregnancies in partners of men with 
Klinefelter’s syndrome using intracytoplasmic injec-
tion of sperm retrieved from testicular biopsy into 
the oocyte.299–301 Palermo et al.300 have reported high 
success rates with the use of ICSI using spermatozoa 
surgically retrieved from azoospermic men. These 
investigators report clinical pregnancy rates of 49% for 
nonobstructive cases and 57% for testicular sperma-
tozoa obtained from men with obstructive azoosper-
mia.300 Success rates vary considerably among centers, 
depending upon patient selection and experience with 
the procedure.

Couples who are undergoing ICSI using testicular 
spermatozoa should be counseled about the risks of sex 
chromosome aneuploidy and other genetic disorders 
being transmitted to the offspring through ICSI. Also, 
it is best to present a realistic prognosis and dampen 
expectations at the very outset.

Should varicoceles be treated surgically 
or left alone in infertile men?
Varicoceles are present in 10%–30% of infertile men; 
however, they are also common in men of known fer-
tility.302 Therefore, the role of varicoceles in the patho-
physiology of male infertility remains unclear.302–307 
Although many uncontrolled studies have reported 
improvements in sperm density and sperm motility 
after varicocele resection, these data are difficult to inter-
pret because of the lack of appropriate control groups. 
Most varicocele studies have lacked scientific rigor and 
are uninterpretable. Only a few controlled clinical tri-
als have been performed, and these trials have failed 
to show significantly greater improvements in fertility 
after surgical resection of varicoceles than after coun-
seling alone.304 Therefore, there are insufficient data to 
support a recommendation for surgical resection of vari-
coceles in most infertile men.

The expert opinion among urologists favors surgical 
correction of varicoceles in adolescent boys; the rationale 
is that there is catch-up growth of the testes after varico-
celectomy which might not occur without the surgical 
correction. However, prospective data from controlled 
clinical trials are lacking.

Intracytoplasmic sperm injection 
for male factor infertility
ICSI, first used successfully in 1992 for the treatment 
of infertility, has become a widely used treatment 
modality worldwide.308 Tens of thousands of infertile 
couples have undergone this procedure since then, at 
hundreds of centers around the world.264,308–310 A recent 
survey convened by the European Society of Human 
Reproduction and Embryology308 has reported that the 
fertilization rates obtained with ejaculated, epididymal, 
and testicular spermatozoa for 1995 were 64%, 62%, 
and 52%, respectively. Eighty to ninety percent of cou-
ples had embryo transfer, and the viable pregnancy rates 
were 21% for ejaculated, 22% for epididymal, and 19% 
for testicular sperm. The incidence of multiple gestation 
was 30%–40%. The pregnancy rates were similar for 
obstructive and nonobstructive azoospermia.308

There has been considerable concern about the 
possibility of transmitting genetic disorders from the 
parents to the offspring born through the use of ICSI. 
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Reassuringly, the perinatal outcome of children born 
after ICSI was not significantly different from those born 
after in vitro fertilization or natural conception.263,308–310 
A small increase in frequency of congenital malfor-
mations has been explained on the basis of the higher 
prevalence of multiple births. When multiplicity is 
taken into account, the incidence of major or minor 
malformations is not increased.264,308–310 There is, how-
ever, a small but significant increase in the frequency 
of chromosome aneuploidy, especially sex chromosome 
aneuploidy, among the offspring of ICSI. Data from 
the Swedish Medical Birth Registry264,311 have also 
demonstrated an increase in relative risk of hypospa-
dias. Long-term data on the mental and physical well-
being of children born through the use of ICSI are not 
available.

Therefore, a large body of carefully collected 
data indicates that ICSI is a safe treatment modal-
ity that can be effective in many cases of male factor 
infertility.311

However, ICSI is an expensive and complicated pro-
cedure. Couples should undergo extensive counseling 
before they are referred for ICSI. They should also be 
advised to undergo genetic counseling and testing.
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18
Amenorrhea and hirsutism
Stephen Franks

Introduction
Amenorrhea and hirsutism are two of the commonest 
presenting symptoms to a reproductive endocrine clinic, 
reflecting the high prevalence of these symptoms in the 
female population. If they occur together, amenorrhea 
and hirsutism are very likely to represent manifestations 
of polycystic ovary syndrome (PCOS) that is by far the 
commonest endocrine disorder in women of reproduc-
tive age. In this chapter, amenorrhea and hirsutism are 
considered, but the significance of the coincidence of 
these symptoms is discussed in detail in the context of 
PCOS.

Amenorrhea
Amenorrhea is conventionally defined as absence of 
periods for 6 months or more. Amenorrhea can be fur-
ther categorized as primary amenorrhea in a woman 
who has never menstruated and secondary amenorrhea 
in a woman who has had at least one period. With the 
exception of a small proportion of cases in which there 
is a congenital or acquired genital tract abnormal-
ity, amenorrhea is indicative of anovulation and most 
commonly reflects a disorder of gonadotropin regula-
tion or PCOS. As one might expect, the proportion 
of young women who have a congenital abnormality 
of ovarian development (such as Turner syndrome) 
or of the genital tract is greater in women with pri-
mary amenorrhea than in women with secondary 
amenorrhea (such congenital abnormalities accounting 
for about 60% of cases of primary amenorrhea); oth-
erwise, there is considerable overlap in causes of pri-
mary and secondary amenorrhea.1 In adolescent girls, 

there is little distinction between delayed menarche 
(defined as no periods by 16 years of age) and primary 
amenorrhea, but it is important to assess the stage of 
pubertal development in girls with delayed menarche. 
The causes of secondary amenorrhea are summarized 
in Table 18.2.

Causes of amenorrhea
The common causes of amenorrhea are shown in 
Tables 18.1 and 18.2. Causes can be classified, function-
ally, into three major groups: primary ovarian failure 
(POF), now more commonly called primary ovarian 
insufficiency (POI); deficiency or disordered regulation 
of gonadotropins; and PCOS in which the mechanism 
of anovulation is uncertain. For a more comprehensive 
list of endocrine causes of amenorrhea, see the review by 
Unuane et al.2

The prevalence of the various causes of amenorrhea 
varies somewhat from clinic to clinic, but overall, the 
most common causes of secondary amenorrhea are func-
tional disorders of gonadotropin regulation, PCOS, and 
POI. Primary pituitary deficiency of gonadotropins is 
rare, but it is important to note that although pituitary 
tumors (other than hyperprolactinemia) are uncommon 
causes of amenorrhea, it may be an early, or even present-
ing symptom in women who have acromegaly,3 Cushing 
disease,4 or nonfunctioning pituitary adenomas. In 
such cases, the length of the history and concurrence of 
other symptoms and signs are often the most important 
clues that there may be a less common underlying cause 
for the amenorrhea. For example, although PCOS is by 
far the commonest cause of amenorrhea with hirsutism, 
one would be more suspicious of a diagnosis of Cushing 
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syndrome in a woman who presented in her mid-thirties 
with a short history of these symptoms without any pre-
vious such history.

In a series of 100 consecutive patients presenting 
to a single reproductive endocrine clinic (at St. Mary’s 

Hospital, Imperial College Healthcare National Health 
Service [NHS] Trust) with amenorrhea,1 the single most 
common cause was a hypothalamic disorder of gonado-
tropin regulation mainly due to weight loss or excessive 
exercise (35%). Twenty other patients had evidence of dis-
ordered gonadotropin regulation resulting from hyperp-
rolactinemia (11 cases) or of unknown origin (9  cases). 
Thirty-two percent had PCOS and 11% had POF.

Primary ovarian failure
POF, usually defined as the menopause occurring at or 
before the age of 40 years, or its alternative term POI, 
affects about 1% of women. It is characterized by raised 
(menopausal) serum levels of follicle-stimulating hormone 
(FSH). Most cases are idiopathic, and a clear-cut underly-
ing cause for POF is evident in only in about one-third of 
women. Among those women with an identifiable cause 
of POF, women who are survivors of cancer treatment are 
probably the most common cases in which a specific diag-
nosis can be made. Improved treatment of cancer, both in 
children and adults, has led to an increase in the number 
of women presenting with ovarian failure due to radio-
therapy or chemotherapy. Genetic causes of POF usu-
ally involve the X chromosome, but there are increasing 
reports of autosomal abnormalities.5 Absence of a second 
X chromosome, XO, or Turner’s syndrome leads to pre-
mature depletion of oocytes during the first decade of life 
and typically presents as POF. However, some patients 
have a mosaic karyotype (45XX, 45X) and present later 
with POF. Other karyotypic abnormalities associated with 
POF include small deletions of the short or long arm of 
the X chromosome or gene mutations on the X chromo-
some. Although most women with XXX have normal 
ovarian function, a few will develop POF. Abnormalities 
in the FMR1 gene (on the long arm of the X chromosome) 
are one of the most genetic causes of POF.5 The recogni-
tion of FMR1 polymorphisms as a cause of POF followed 
the observation that POF occurred commonly in hetero-
zygous carriers of fragile X syndrome.6 A genetic mutation 
in the FSH receptor has also been identified as a rare cause 
of POF presenting with primary amenorrhea.

It is estimated that about 30% of women with POF 
have an autoimmune cause for POF. Detection of auto-
antibodies is uncommon in POF, but the strong associa-
tion with other autoimmune endocrinopathies, such as 
thyroid disease, provides good, if indirect, evidence for 
an autoimmune component to POF.7

Disordered regulation of gonadotropins
Organic causes of gonadotropin-releasing hormone 
(GnRH) deficiency are well characterized but relatively 
uncommon causes of anovulation, whereas functional 

A.  Primary ovarian or genital tract disorders
– Gonadal dysgenesis (most commonly 

Turner syndrome)
– Genital (Müllerian) tract abnormalities
– Disorders of sexual development (DSDs)

B.  Hypothalamic/pituitary disorders
– Deficiency of gonadotropin-releasing 

hormone

Note:	 Plus any of the causes of secondary amenorrhea

Table 18.1
Causes of primary amenorrhea.

A.  Primary ovarian insufficiency
– Genetic
– Autoimmune
– Irradiation or chemotherapy
– Idiopathic

B.  Secondary ovarian dysfunction
i.	� Disorders of gonadotropin regulation

Organic	 – �Hyperprolactinemia
– �Kallmann’s syndrome and 

its variants
– �Destructive lesions of 

hypothalamus
Functional	 – Weight loss

– Exercise
– Idiopathic

ii.	 Gonadotropin deficiency
– �Pituitary tumor
– �Pituitary surgery or 

irradiation
– �Granulomatous/

inflammatory infiltration
C.  Polycystic ovary syndrome
D.  Genital tract abnormalities

Table 18.2
Causes of secondary amenorrhea.
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causes are common.8 Weight loss, excess exercise, and 
psychological stress can have a profound effect on the 
hypothalamic GnRH pulse generator and lead to a fall 
in FSH and luteinizing hormone (LH) secretion and 
abolition of ovulatory cycles. These women may present 
with various forms of cycle irregularity but most com-
monly with amenorrhea. The typical endocrine picture 
is low (sometimes normal) circulating levels of FSH and 
LH, with inappropriately low serum estradiol. On ultra-
sound, the endometrium is thin and the ovaries are typ-
ically small with very few antral follicles, but they may 
contain multiple follicles that resemble the appearance 
of a midpubertal ovary.9 Cycle disturbance may persist, 
even when weight is regained or stressful lifestyle fac-
tors are removed. Some women who present with hypo-
thalamic amenorrhea do not have a clear-cut history of 
vigorous exercise, anorexia, or bulimia, and they often 
have a normal body mass index (BMI) at the time of 
presentation. These women are often high achievers who 
put little time aside for relaxing and socializing. Before 
any medical therapy is considered, it is important to 
address the psychological issues that may be behind the 
hypothalamic disturbance.8

Hyperprolactinemia (see Chapter 1)
Hyperprolactinemia is the commonest pituitary disor-
der causing amenorrhea. It is often due to an autono-
mous prolactin-secreting pituitary tumor. Despite this, 
it can also be regarded as a disorder of gonadotropin 
regulation because the mechanism of anovulation 
involves an adverse effect of raised prolactin on the nor-
mal hypothalamic control of gonadotropin secretion.10 
The characteristic endocrine profile is a persistently 
raised serum prolactin, with low gondotropins and low 
estrogen production.

Polycystic ovary syndrome
PCOS is the commonest cause of anovulatory infer-
tility.11,12 It frequently presents with amenorrhea, or, 
more commonly, with oligomenorrhea. It is typically 
associated with excess androgen production so that hir-
sutism is also a common presenting feature, as is dis-
cussed in more detail below. In contrast to patients with 
other  causes of amenorrhea, amenorrheic women with 
PCOS are not estrogen-deficient; their serum estradiol 
levels tend to be in the normal early-mid follicular 
phase range.

The etiology of PCOS remains unclear, but both 
genetic and environmental (particularly nutritional) 
factors are involved.13 The evidence for a genetic basis 
is strong, but PCOS is a complex endocrine disorder 
and it is likely that more than one or probably several 

genes are involved.14,15 Many logical candidate genes in 
the steroidogenic and metabolic pathways have been 
explored, but no locus has emerged from such studies 
as having a convincing etiological contribution to the 
syndrome. However, recent genome-wide association 
studies (GWASs) have suggested some promising can-
didate loci, including those on chromosome 2 close to 
the genes encoding gonadotropin receptors. The role of 
dietary factors is best illustrated by the higher preva-
lence of symptoms amongst overweight or obese women 
with PCOS, compared with those in lean women with 
the syndrome.16,17 The classic definition of PCOS is the 
combination of anovulation with clinical and/or bio-
chemical evidence of hyperandrogenism but studies 
based on ultrasonographic identification of polycystic 
ovaries suggested that this definition needs to be broad-
ened. The spectrum of presentation of patients with 
PCOS includes women with hirsutism who have regular 
cycles as well as nonhirsute women with anovulation. 
These findings led to the revision of diagnostic criteria 
for PCOS.18 The most common biochemical feature of 
each of these groups is raised serum concentrations of 
testosterone and other androgens. Hypersecretion of LH 
is common, particularly in anovulatory women, and is 
a specific but not very sensitive index of the syndrome; 
many patients with all other clinical and biochemical 
features of PCOS have normal LH levels. The diagnosis 
is made primarily on clinical and ultrasonographic cri-
teria. The finding of a raised level of testosterone, LH, or 
both merely complements the clinical diagnosis.

Nevertheless, it is important to measure serum tes-
tosterone in hirsute women because a greatly increased 
serum testosterone level (i.e., more than twice the upper 
limit of the normal range) is an indication for further 
investigation. More serious causes of hirsutism, such as 
Cushing syndrome and adrenal or ovarian tumors are 
rare but may masquerade as PCOS (indeed, polycys-
tic ovaries are commonly found on ultrasonography in 
these conditions), and a serum testosterone is a useful 
screening procedure. A short history of hirsutism or 
rapid worsening of hyperandrogenic symptoms should 
alert the investigator to the probability of one of these 
much less common but more serious causes.

A metabolic disorder in PCOS
PCOS is now known to be associated with a character-
istic metabolic disorder comprising hyperinsulinemia, 
insulin resistance, and dyslipidemia.11,12,19,20 There is an 
interaction between the effect of PCOS and that of obe-
sity so that the metabolic abnormalities in women with 
PCOS are amplified to a much greater degree by obesity 
than is the case for weight-matched control subjects. 
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The metabolic abnormalities also appear to be a par-
ticular feature of those with the classic syndrome (i.e., 
hyperandrogenism and anovulation), whereas equally 
hyperandrogenemic women with polycystic ovaries but 
regular menses tend to have normal insulin secretion 
and action.21

These findings have significant implications for 
long-term health. Between 15% and 30% of obese 
young women with PCOS have impaired glucose tol-
erance or frank, type 2 diabetes mellitus (T2DM), and 
it is estimated that women with PCOS have a two- to 
fourfold increase in risk for T2DM.16,20 As far as inves-
tigation of metabolic abnormalities in women with 
PCOS is concerned, it is suggested that an oral glucose 
tolerance test should be performed routinely in obese 
women with PCOS (BMI >30 kg/m2).20 Nevertheless, 
all obese subjects with PCOS must be considered to be 
at risk of T2DM and should be offered dietary advice.

Investigation of amenorrhea
Investigation of patients with amenorrhea or oligo-
menorrhea generally requires only a small number of 
tests1 (Table 18.3). A single blood sample is taken for 
the measurement of FSH, LH, and prolactin, and a 
detailed pelvic ultrasound scan is helpful in assessing 
ovarian and endometrial morphology. In patients pre-
senting with amenorrhea, it is also necessary to assess 
estrogen production, either by direct measurement of 
serum estradiol or by performing a progestogen with-
drawal test. If patients are also complaining of symp-
toms of hyperandrogenism (acne, hirsutism, alopecia), 
serum testosterone should be measured. It is debatable 
whether thyroid function tests (i.e., a baseline serum 
measurement of thyroid-stimulating hormone [TSH]) 
should be performed routinely in women with amen-
orrhea or anovulatory menses. Abnormal thyroid func-
tion tests may be no more common in women with 

menstrual disorders than in an age-matched, female 
population with regular, ovulatory menses. But because 
thyroid disease is common among the female popula-
tion, and TSH measurement is certainly indicated in 
patients with POF and hyperprolactinemic amenorrhea, 
both of which are associated with primary hypothyroid-
ism, it is the practice in my clinic to measure thyroid 
function routinely.

Management of patients 
with amenorrhea
Management of patients with amenorrhea or oligomen-
orrhea includes the following three categories: treat-
ment of infertility, treatment of hormone (estrogen 
and/or progesterone) deficiency, and treatment of the 
consequences of hormone excess (e.g., hirsutism due to 
hyperandrogenism and galactorrhea due to hyperprolac-
tinemia) (Figure 18.1).

Induction of ovulation
The choice of treatment for induction of ovulation 
depends on making the appropriate diagnosis. For 
women with POF, there is no point in trying to stimu-
late ovulation; here, the emphasis should be on hormone 
replacement therapy (HRT). Infertility in women with 
POF can only effectively be treated by egg donation 
in the context of an assisted reproductive technology 
(ART) program.

For women with functional hypothalamic disorders 
of gonadotropin regulation, it is important to treat any 
underlying cause. For women with weight loss–related 
or exercise-related amenorrhea, it is not simply a matter 
of advising that they eat more healthily or exercise less 
vigorously; psychological support is very important in 
management.8 Even in those with idiopathic “functional 
hypothalamic amenorrhea,” psychotherapy may be indi-
cated and can be effective.22 In some cases, women with 
hypothalamic amenorrhea who have regained weight, 
reduced exercise, and benefited from psychological 
therapies do not resume menses. It is then appropriate 
to induce ovulation using pulsatile GnRH therapy, the 
more physiological approach, or exogenous gonadotro-
pins, equally effective but carrying the greater risk of 
multiple follicle development.

In women with PCOS, induction of ovulation can be 
accomplished in 75%–80% of cases by the use of anti-
estrogens, typically clomiphene citrate, the treatment 
of first choice for anovulatory women with PCOS.23–25 
The conventional starting dose is 50 mg/day for 5 
days (from day 2 onward) after a spontaneous period of 

•	 Serum FSH (LH)
•	 Serum prolactin
•	 Assessment of estrogen production (serum 

estradiol, progestogen withdrawal test)
•	 Testosterone
•	 Serum TSH
•	 Pelvic ultrasonography

Table 18.3
Investigation of amenorrhea.
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Measure serum concentrations of
FSH and prolactin
Assess estrogen production by
progestogen withdrawal test,
serum estradiol, or endometrium
on ultrasound examination

Amenorrhea 2
Investigation and management

FSH
concentration
raised ?

Prolactin
concentration
raised ?

No

Yes Yes Yes

No

HYPERPROLACTINEMIA

No

HYPOGONADOTROPIC
 HYPOGONADISM

POLYCYSTIC
 OVARY SYNDROME
or other MILD DISORDER
 OF GONADOTROPIN
 REGULATION/ACTION

Exclude:
Prolactin-
stimulating
drugs-(e.g.,)
phenothiazines,
primary
hypothyroidism

Due to
weight
loss ?

Weight
gain

Pregnancy
wanted ?

Induction of
ovulation with
pulsatile GnRH
FSH or HMG/HCG

Estrogen
replacement

Pregnancy
wanted ?

Consider
cyclical
estrogen/
progestogen

Treatment with
clomiphene
citrate

Ovulation
after
clomiphene
treatment

Pelvic
ultrasound
examination

Polycystic
ovaries ?

Consider low dose
gonadotropin
treatment  or laparascopic
ovarian diathermy

Continue
treatment

Pituitary imaging 
(MRI, CT)

Prescribe dopamine agonists for:
Induction of ovulation
Correction of estrogen de�ciency
Treatment of galactorrhea
Reduction of pituitary tumor size

Pituitary surgery and/or
irradiation (rarely)

Counselling
Esstrogen
replacement
Oocyte donation

FSH    = follicle-stimulating hormone
GnRH = gonadotrop-releasing hormone releasing hormone
HMG  = human menopausal gonadotropin
HGC   = human chorionic gonadotropin

Estrogen
de�ciency ?

Likely
diagnosis is:

PRIMARY
 OVARIAN
 FAILURE

No No

No

No

No

Yes Yes

Yes

Yes

Yes

Figure 18.1 (Continued)
Algorithm for assessment, investigation and management of primary and secondary amenorrhea 
(Updated from Franks S, Br Med J (Clin Res Ed) 294(6575); 815–9, 1987.)
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progestogen-induced withdrawal bleed. It is prudent to 
monitor the first cycle of treatment by ultrasound track-
ing and endocrine tests to determine whether ovulation 
has occurred and whether there has been either a poor 
response (no dominant follicle emerging) or an exces-
sive response (too many follicles). The dose can then be 
adjusted accordingly, but there is no clear evidence that 
increasing the dose above 100 mg/day can improve the 
ovulation and pregnancy rate. Management of clomi-
phene-resistant subjects is more difficult. Laparoscopic 
ovarian diathermy can be effective,26 but in many centers 
the treatment of choice in clomiphene nonresponders is 
low-dose FSH,25 with careful ultrasonographic monitor-
ing of the ovarian response.27

Hormone replacement therapy 
(see Chapter 5)
In women with POF or with hypothalamic amenorrhea 
who do not wish to conceive, the associated estrogen 
deficiency requires treatment both to control symptoms 
(hot flushes, vaginal dryness) and to prevent long-term 
consequences of estrogen deficiency, notably osteopenia 
and osteoporosis. In the absence of definitive comparative 
studies, there is no clear consensus about whether estro-
gen replacement in young women should be by conven-
tional HRT or by combined oral contraceptive (COC)5 
and often personal preferences of doctor and patient tend 
to dictate the choice. Although there remains concern 
about the potential adverse effects of long-term estrogen 
replacement to women receiving HRT after the natural 
menopause, there is no evidence that estrogen treatment 
in young women increases the risk of breast disease or 
cardiovascular disease over and above that seen in women 
having spontaneous cycles or those on oral contraceptive.

Regulation of menses
Regulation of menses may be an issue in amenorrheic 
women with PCOS in whom there is a risk of unop-
posed estrogen production (i.e., without the protective 
effect of progesterone) leading to endometrial hyperpla-
sia and increased long-term risk of uterine cancer. At 
the very least, endometrial thickness should be moni-
tored regularly; in the absence of data, the interval is 
somewhat arbitrary but perhaps every 3–6 months. In 
addition, in most cases, it is advisable to give cyclical 
progestogens or prescribe COC.

Hirsutism (see Chapters 1, 10)
The definition of hirsutism in women is excessive ter-
minal hair in a male pattern distribution.28,29 The effect 

of excess body hair in an individual woman depends not 
only on its extent and severity but also on cultural influ-
ences.30 The effects of androgen excess on the hair follicle 
is affected by ethnic origin, with hirsutism being a more 
prevalent symptom of hyperandrogenism in women 
from the Indian subcontinent and from Mediterranean 
countries than it is in those of northern European or east 
Asian origin. Virilization is an extreme manifestation 
of androgen excess that may include not only hirsut-
ism but also frontotemporal balding, clitoromegaly, and 
deepening of the voice. It is more likely to be indica-
tive of a more serious cause of androgen excess, such as 
androgen-secreting tumor, than is “simple” hirsutism.

In taking a careful history regarding duration and 
severity of hair growth, it is important to assess its 
impact on daily life,30 including asking how much time 
the woman spends in removing body hair, and by which 
method. Severe hirsutism has a serious adverse effect on 
social interactions in that affected women are very likely 
to be depressed.31–33 In terms of assessment of hirsutism 
in the clinic, it is useful to use the Ferriman–Gallwey 
chart (Table 18.4) that provides a simple scoring system 
for assessment of distribution and severity of excess 
body hair.28,30

Circulating testosterone is largely protein-bound 
either to sex hormone–binding globulin (SHBG) (about 
80%) or albumin (about 19%). Only about 1% of tes-
tosterone is therefore “free” in the circulation, and it 
is the free fraction of testosterone that is considered to 
be the bioavailable form.34 It is still not clear whether 
protein-bound (especially albumin-bound) testosterone 
is also biologically available, but it is well-recognized 
that changes in the serum concentrations of SHBG 
affect testosterone bioactivity.

Causes of hirsutism
The common causes of hirsutism are summarized 
in Table  18.5. PCOS accounts for most cases,11,12,35,36 

including not only women with the classic combina-
tion of oligomenorrhea and hirsutism but also women 
who have regular cycles and hirsutism.11 Nearly 90% 
of women with hirsutism and regular cycles, who may 
previously have been regarded as having idiopathic hir-
sutism,11,35 have polycystic ovaries. Hyperthecosis is a 
somewhat nebulous entity, mainly based on histological 
appearance, which, especially in premenopausal women, 
probably represents an extreme of the polycystic ovary. 
In hyperthecosis, there are “islands” of theca cells within 
the stroma, as well as in follicles, and these islands are 
presumed to contribute to excess androgen produc-
tion. In postmenopausal women, these foci of stromal 
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androgen production may be further activated by high 
circulating levels of LH. Androgen-secreting tumors of 
the ovary are rare, but it is clearly important to make 
an early diagnosis based on history and, usually, greatly 
elevated serum levels of testosterone.

Women with PCOS who are overweight are more 
likely to be hirsute than those who are lean,37,38 and 
weight gain is often associated with an increase in 
the extent and severity of hirsutism. Conversely, hir-
sutism may improve in women who lose weight.17,39 

Hyperinsulinemia in PCOS may contribute to the 
severity of hirsutism by a direct effect of insulin on 
androgen production by the ovary and by suppressing 
production of SHBG and thereby increasing bioavail-
ability of testosterone.

The most common adrenal cause of hirsutism is 
nonclassical (late-onset) congenital adrenal hyper-
plasia (CAH) due to deficiency of the 21-hydroxylase 
enzyme.29,40 The less common, classical (early-onset, 
salt-losing) form of CAH is usually diagnosed in 

Site Grade Definition

  1. Upper lip 1 A few hairs at outer margin
2 A small moustache at outer margin
3 A moustache extending halfway from outer margin
4 A moustache extending to midline

  2. Chin 1 A few scattered hairs
2 Scattered hairs with small concentrations
3 & 4 Complete cover, light and heavy

  3. Chest 1 Circumareolar hairs
2 With midline in addition
3 Fusion of these areas, with three-quarters cover
4 Complete cover

  4. Upper back 1 A few scattered hairs
2 Rather more, still scattered
3 & 4 Complete cover, light and heavy

  5. Lower back 1 A sacral tuft of hair
2 With some lateral extension
3 Three-quarters cover
4 Complete cover

  6. Upper abdomen 1 A few midline hairs
2 Rather more, still midline
3 & 4 Half and full cover

  7. Lower abdomen 1 A few midline hairs
2 A midline streak of hair
3 A midline band of hair
4 An inverted V-shaped growth

  8. Arm 1 Sparse growth affecting not more than a quarter of the limb surface
2 More than this; cover still incomplete
3 & 4 Complete cover, light and heavy

  9. Forearm 1–4 Complete cover of dorsal surface; 2 grades and 2 of heavy growth
10. Thigh 1–4 As for arm
11. Leg 1–4 As for arm

Table 18.4
Semiquantitative assessment of hirsutism using the Ferriman–Gallwey score.
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infancy (or even in utero), and early treatment can pre-
vent development of symptoms and signs of androgen 
excess. Late-onset CAH may be difficult to distin-
guish clinically from PCOS because the presenta-
tion on nonclassical 21-hydroxylase deficiency can be 
identical to that of PCOS.40 Thus, it may present as 
hirsutism (with or without menstrual disturbances) 
accompanied by elevated levels of LH and testosterone 
and polycystic ovaries on ultrasound. It is debatable 
whether measurement of 17-hydroxyprogesterone (17-
OHP) in a random sample or after a short Synacthen 
test (SST) should be part of the routine testing of 
patients with hirsutism (see below). Other important 
adrenal causes include Cushing syndrome and adrenal 
tumors, but these causes are rare, and important clues 
to diagnosis such as short duration, severe symptoms, 
and highly elevated serum testosterone levels may 
be gleaned from history and initial investigations. 
In 10%–15% of women with hirsutism, there is no 
obvious underlying cause; in such cases, a diagnosis of 
idiopathic hirsutism is appropriate.

Investigation of hirsutism
It is arguable that no investigations are needed in 
women who have mild, long-standing hirsutism and 
who have regular menstrual cycles (Table  18.6).29 
They are likely to have polycystic ovaries or idiopathic 
hirsutism. The main reason for measuring serum tes-
tosterone in a woman with hirsutism is to exclude 
more serious causes of androgen excess. Women with 

chronic hirsutism and regular cycles are likely to have 
normal or modestly elevated serum levels of testos-
terone. Currently available commercial testosterone 
immunoassays are unreliable for measuring levels in 
the normal female range,41 so many laboratories have 
turned to tandem mass spectrometry (TMS) assays. 
Generally, the finding of a testosterone level within the 
normal range, by any method, is unlikely to be indica-
tive of serious pathology. It is higher levels that should 
prompt further investigation, particularly those that 
are >2 SDs outside the normal range. Measurement 
of SHBG and calculation of the free testosterone (T) 
index (total T/SHBG  ×  100) are not routinely indi-
cated in the investigation of hirsutism.

In moderate hirsutism, particularly if associated 
with oligomenorrhea or amenorrhea, PCOS is by far 
the commonest cause, and this clinical diagnosis should 
be supported by ultrasonography and endocrine tests: 
serum testosterone, LH, and FSH in the first instance. 
The differential diagnosis includes nonclassical CAH, 
but it is debatable whether it is necessary routinely to 
perform the specific diagnostic tests for 21-hydroxylase 
deficiency. The chance of a positive diagnosis depends 
on the expected background prevalence of CAH in the 
local population, and even if the diagnosis is made, 
management of hirsutism is not likely to be any differ-
ent from that in women with PCOS. The definitive test 
for CAH is measurement of 17-OHP before and during 
a standard SST that may be supplemented by genetic 
screening.

It is important to perform further tests in women 
who present with severe hirsutism, women with a short 
duration of hirsutism, and women whose serum testos-
terone is more than twice the upper limit of the nor-
mal range. If the serum testosterone level is in the male 
range (i.e., >10 nmol/L), a tumor of the ovary or adrenal 
should be suspected. In rare instances, very high tes-
tosterone levels may occur in women with PCOS and 
severe insulin resistance; in such cases, the presence of 
acanthosis nigricans is a helpful diagnostic sign.

Measurement of DHEAS is helpful if an adrenal 
source of androgen excess is suspected. A 24 h urine 
free cortisol measurement is a useful screening test for 
Cushing syndrome.29 Imaging of the ovaries and adre-
nals by ultrasound or magnetic resonance imaging 
(MRI) is necessary in cases where a tumor is suspected. 
Selective venous catheterization is rarely required and, if 
needed, should only be performed in endocrine centers 
with extensive experience of this technique. The use of 
other tests depends on clinical and biochemical point-
ers, for example, fasting insulin levels in women with 
PCOS, acanthosis nigricans, and very high testosterone 
levels.

Ovarian
•	 PCOS (>80%)
•	 Ovarian tumors (sex cord stromal tumors; 

Sertoli–Leydig cell tumors; adrenal-like 
tumors of the ovary) (<1%)

Adrenal
•	 Congenital adrenal hyperplasia (classical 1%; 

nonclassical [late-onset] 3%)
•	 Cushing syndrome (<1%)
•	 Adrenal tumors (adenoma, carcinoma) (<1%)

Idiopathic
•	 With raised androgens (5%)
•	 Without raised androgens (7%)

Table 18.5
Causes of hirsutism.
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Management of hirsutism
It is important in the management of hirsutism to use 
the combined approach of physical methods of hair 
removal and, where indicated, medication, usually 
hormonal therapy29,42 (Table 18.7). The various methods 
of hair removal should be discussed with the patient. 
It may be appropriate to refer patients to a dermatolo-
gist, if he or she has a special interest in the management 
of hirsutism. Electrolysis or laser hair removal is often 
very effective; unfortunately, such treatment is rarely 
available within the NHS.

In a mild hirsutism, hair removal by shaving or depil-
atory creams may suffice. An alternative for treatment of 
facial hirsutism is the ornithine decarboxylase inhibitor 
eflornithine (Vaniqa®).43 It may take up to 3 months of 
use to demonstrate significant reduction in hair growth, 
and it should be discontinued after 4 months of treat-
ment if there is no noticeable improvement. Eflornithine 
is probably most effective in combination with laser hair 
removal.44

Endocrine management of hirsutism usually means 
use of combined oral contraceptives to suppress ovarian 
androgen production and therefore lowering of serum 
testosterone levels. This approach may suffice in women 
with mild-to-moderate hirsutism, but in more severe 
hirsutism, additional benefit can be achieved by the 
use of an androgen receptor inhibitor, such as cyproter-
one acetate or spironolactone.29,45,46 Co-cyprindiol (ini-
tially marketed as Dianette®) is a combined hormonal 
preparation containing cyproterone acetate (2 mg) and 
is licensed for the treatment of severe acne as well as 
moderately severe hirsutism. However, the data sug-
gesting that co-cyprindiol is associated with a greater 
risk of venous thromboembolism than third-generation 

“pills” remain controversial,47 and, in practice, it is a 
useful, usually well tolerated, and effective treatment 
for hirsutism.

The antiandrogen flutamide may also be effective but 
is not recommended for treatment of hirsutism because 
of potential hepatotoxicity. Finasteride is an inhibitor of 
5α-reductase, which converts testosterone to the more 
potent androgen dihydrotestosterone, but its efficacy in 
treating hirsutism is difficult to evaluate because of a 
lack of appropriately powered randomized controlled tri-
als.48 Metformin has been claimed to reduce hair growth, 
but systematic analysis of the results of studies points to 
only a small and clinically insignificant effect.49,50

Suppression of ovarian function by long-acting 
analogs of GnRH agonists is largely ineffective and 
unnecessary, as is oophorectomy. The exceptions 
are those rare cases where hirsutism results from 

Mild, chronic hirsutism, regular cycles No tests? (testosterone, pelvic ultrasonography)
Moderate hirsutism with or without cycle 

disturbance
Testosterone, LH, FSH, ultrasonography

Severe hirsutism, short history, 
testosterone >5 nmol/La

DHEAS, 17-OHP, dexamethasone suppression, 24 h urine 
free cortisol, ovarian and/or adrenal imaging, fasting 
glucose/insulin

a	 Extensive investigation should be reserved for more severe cases or cases with a short history of hirsutism or with markedly elevated 
serum testosterone (more than twice upper limit of normal range for the lab). DHEAS, dehydroepiandrosterone sulfate; 17OHP (usually 
measured before and during an SST).

Table 18.6
Investigation of hirsutism.

Hair removal
•	 Creams, shaving, electrolysis, laser

Topical inhibition of hair growth
•	 Eflornithine

Suppression of androgen secretion and/or action
•	 Oral contraceptives
•	 Antiandrogens: cyproterone acetate 

(including co-cyprindiol); spironolactone; 
flutamide

•	 5α-reductase inhibitors: finasteride

Table 18.7
Management of hirsutism.
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hyperthecosis or androgen-secreting ovarian tumors. 
Because, in hyperthecosis, testosterone secretion 
remains LH-dependent, suppression of LH with long-
acting agonist analogs of GnRH lowers testosterone. 
Indeed, this treatment is useful both in diagnosis and 
management, although alternatives for treatment are 
antiandrogens and oophorectomy.

Management of symptoms of hirsutism due to non-
classical CAH is probably best accomplished by using 
the combination of physical hair removal and antian-
drogens, as for PCOS. There is little evidence to sug-
gest that the use of glucocorticoids is more effective in 
these circumstances. The one situation in which glu-
cocorticoid suppression may be helpful is if women 
with nonclassical CAH are hoping to conceive. In such 
circumstances, the endometrium in spontaneous and 
induced menstrual cycles may remain thin because of 
higher than normal progesterone concentrations in the 
follicular phase.

In summary, hirsutism is a very common and dis-
tressing problem. Its most common cause is PCOS, but 
a carefully obtained history will provide indicators of 
rare but more serious causes, such as androgen-secreting 
tumors. Investigations should be targeted to the clinical 
presentation. Optimum management requires a combi-
nation of physical hair removal, hormonal treatments, 
and, where necessary, psychological support.
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Endocrine problems in pregnancy
Anjali Amin, Stephen Robinson

Introduction
Endocrine complications in pregnancy are common 
and potentially life-threatening. Their prevention and 
treatment require an understanding of the physiology 
of pregnancy and its relation to the pathophysiology 
of the condition. Pregnancy is associated with exten-
sive maternal physiological changes to accommodate 
the  needs of the mother and fetus. The maternal 
endocrine adaptations in pregnancy have both causal 
and reactive elements. Many of the endocrine diseases 
occurring in women of childbearing age can lead to 
subfertility; therefore, preexisting endocrine conditions 
may need special interventions to facilitate ovulation. 
If these conditions remain untreated, they can lead to 
serious morbidity and mortality for both mother and 
fetus; therefore, early recognition is imperative.

Endocrine complications in pregnancy represent a 
useful paradigm to address all medical complications 
of pregnancy. After addressing the pathophysiology of 
the condition in pregnancy, it is useful to consider each 
of the maternal issues, fetal issues, obstetric issues, and 
finally the effect of having the condition in pregnancy 
in the long term for the condition itself. Gestational age 
may need to be considered, in diagnosis and manage-
ment, particularly for surgical procedures that may be 
necessary during pregnancy (Box 19.1).

The diagnosis of endocrine conditions presenting 
during pregnancy can pose challenges because bio-
chemical testing may be limited in pregnancy. Adult 
nonpregnant reference ranges may not be accurate in 
pregnancy. In addition, certain radiological investiga-
tions may be contraindicated in pregnancy, adding to 
the difficulties surrounding the diagnosis.

Thyroid disease
Pregnancy results in major alterations in maternal thy-
roid hormone physiology. Human chorionic gonadotro-
phin (hCG), produced by the syncytiotrophoblasts of 
the developing placenta, has a high degree of homol-
ogy with thyroid-stimulating hormone (TSH) and can 
stimulate the TSH receptor.1 During the first trimester, 
the high concentration of hCG stimulates the thyroid in 
terms of growth and function, resulting in a suppressed 
TSH in several normal pregnancies.2,3 Some mothers 
may go on to develop a high tri-iodothyronine (T3) and 
free T3. Later in pregnancy as estrogen rises, so does 
the thyroid-binding globulin,4 due to reduced catabo-
lism.5 Consequently, total thyroxin (T4) concentrations 
are increased in the mother, although free T4 usually 
remains normal or slightly low.6 The fetus places high 
iodine demands on the mother; therefore, the mother 
may become relatively iodine deficient as a consequence 
of fetal demands and urinary loss. Rising TSH and 
maternal goiter consequent to relative iodine deficiency is 
not uncommon in iodine-deficient areas.6 Relative iodine 
deficiency is found in many countries, including the 
United Kingdom.7 Increased thyroid hormone produc-
tion is only possible with adequate iodine availability.8 
Furthermore, the increase in maternal glomerular filtra-
tion rate results in higher iodine requirements because 
iodine is passively excreted; the ideal intake defined 
by  the World Health Organization (WHO) is 250 μg 
daily.9 In addition, expansion of plasma volume results in 
a lower serum albumin concentration.10 As a consequence 
of these physiological changes, normal reference ranges 
from a nonpregnant population are not valid in preg-
nancy. Hence, cautious interpretation of thyroid function 
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tests in pregnancy needs to be made11 (Figure 19.1). The 
role of thyroid in pregency is as follows:

1.  In normal pregnancy, hCG, produced by the corpus 
luteum, stimulates the maternal thyroid in terms of 
growth and function. hCG has great homology with 
TSH. This hCG effect can cause enough thyroid 
hormone production to reduce or even suppress TSH 
production by the pituitary. The mother is relatively 
hyperthyroid in normal pregnancy, even when there 
is no thyroid pathology.

2.  Thyroid hormones are carried by several proteins, 
but the majority is carried by thyroid-binding 
globulin. Thyroid-binding globulin production is 
increased by estrogen, leading to an increased need 
for thyroid hormones. The normal hypothalamic 

pituitary thyroid axis can adapt and produce more 
thyroid hormone. The mother with less capacity of 
the thyroid to adapt may become relatively hypo-
thyroid and would need to increase thyroid hormone 
replacement to compensate.

3.  The fetoplacental unit takes up iodine. This uptake 
can cause an iodine-insufficient mother to become 
an iodine-deficient mother. In turn, this can cause 
growth in the thyroid. Thyroxine does cross 
the placenta, but the flow is limited by placental type 
3 monodeiodinases. The placenta does not have the 
same flexibility for T3 transfer.

4.  Maternal production of TSH receptor antibody is 
able to cross the placenta, and in excess, this can 
cause fetal goiter and fetal thyrotoxicosis. This can 
occur in utero, presenting with fetal tachycardia, and 
then continue into the first 2 weeks of life. However, 
the thyrotoxicosis is not then maintained.

Thyroid disease is one of the most common endocrine 
abnormalities found in pregnancy. Maternal thyroid dis-
ease can have adverse effects on the pregnancy and the 
fetus.12 The most frequently encountered disorders include 
thyrotoxicosis, hypothyroidism, and thyroid nodules.

Thyrotoxicosis (see Chapter 13)
Thyrotoxicosis is a constellation of symptoms, signs, 
and risks resulting from excessive amounts of thyroid 
hormones. Thyrotoxicosis occurs in approximately 

Box 19.1  Endocrine 
complications in pregnancy

When considering endocrine diseases of 
pregnancy, it is useful to consider the interac-
tion of maternal–placental–fetal physiology 
on the pathophysiology of the disease on

•	 Pregnancy outcomes
•	 Maternal outcomes
•	 Fetal outcomes
•	 The natural history of the disease 

itself

Placenta

Pituitary

Thyroid

TSH

Iodine

HCG

BABYMOTHER

Hypothalamus

TSH‐R Ab

Figure 19.1
The thyroid in pregnancy.
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0.2% of all pregnancies.13 Autoimmune thyroid disease 
(AITD) or Graves’ disease accounts for the majority 
of these cases in areas with sufficient iodine intake,14 
especially in women of reproductive age. Other causes 
of hyperthyroidism include multinodular goiter and 
autonomously functioning nodules; hyperthyroidism 
may be seen early in a destructive thyroiditis such as 
postviral, Hashimoto’s, or postpartum thyroiditis. In 
cases of a low or suppressed serum TSH, the distinction 
between normal physiological changes of pregnancy 
and hyperemesis gravidarum and hyperthyroidism 
must be made.12

Preexisting AITD frequently improves during preg-
nancy, which is likely to be related to alterations in 
immune mechanisms. Conversely, cases of AITD occur 
more frequently during the postpartum period than 
at other times in women of childbearing age,15 In the 
period after birth, exacerbation of immune reactivity 
normally occurs between 3 and 12 months,16 leading 
to recurrence of disease. Clinical improvement tends to 
be in the second and third trimester, which is thought 
to be related to the reduction in levels of circulating 
thyroid-stimulating immunoglobulins.17

Preexisting ophthalmopathy often improves in preg-
nancy, due to a relative immune suppression, with a 
potential for deterioration in the postpartum period.

Pregnancy issues
Untreated thyrotoxicosis may adversely affect the preg-
nancy, with increased rates of miscarriage, low birth 
weight, prematurity, eclampsia, and congenital birth 
defects.18–20 The incidence of small, for gestational age, 
infants is higher in mothers who remain hyperthyroid 
compared with those who were euthyroid through 
their pregnancy.20 The mother may proceed to thy-
roid storm, especially at a time of intercurrent stress 
such as miscarriage or general anesthetic. The placenta 
presents a relative barrier to high maternal circulating 
thyroid hormone concentrations. However, the immu-
noglobulin G (IgG) antibody responsible for AITD 
(TSH receptor-stimulating antibody, TRAB) may 
cross  the placenta. At the end of the pregnancy, this 
may then cause a fetal goiter with consequent face pre-
sentation and fetal thyrotoxicosis; the latter typically 
persists for the duration of time it takes for the mater-
nally derived TRAB to be cleared, usually between 
3 and 12 weeks. TRAB represents the crucial differ-
ence when compared with gestational thyrotoxicosis. 
Stimulating maternal TRABs can cross the placenta 
and cause both fetal hyperthyroidism and fetal goiter 
in 1%–5% of neonates born to mothers with AITD.19,21 
The placenta represents a barrier to maternally derived 
thyroid hormones.

Diagnosis
The hypermetabolic state of pregnancy can make 
the diagnosis of thyrotoxicosis difficult. Heat intol-
erance, warm skin, tachycardia, emotional lability, 
weight loss, diarrhea, and significant tachycardia and 
systolic flow murmurs may occur but may be seen in 
normal pregnancy, too.13,17 Features of AITD include 
thyroid-associated ophthalmopathy, smooth goiter with 
bruit, and family history of autoimmune thyroid disease.

Gestational thyrotoxicosis may be found alone or 
with hyperemesis gravidarum and can occur at any 
stage in pregnancy but typically does not persist beyond 
20  weeks of gestation.22 Hyperemesis gravidarum 
occurs in 0.3%–1% of pregnancies and is characterized 
by nausea and vomiting, resulting in >5% weight loss, 
ketonuria, dehydration, and electrolyte and liver abnor-
malities in severe cases.23,24 Any woman presenting with 
hyperemesis gravidarum should have her thyroid func-
tion checked, although few women will need treatment 
for the thyroid function. Distinguishing gestational 
thyrotoxicosis from AITD may be difficult but is sup-
ported by lack of evidence of autoimmunity, goiter, and 
negative TRAB.12 TSH can be transiently suppressed 
related to the high concentrations of hCG25,26 and the 
T3 and T4 concentrations variably elevated.

The diagnosis of thyrotoxicosis is made based on 
clinical findings and thyroid function tests. TSH is sup-
pressed with elevated free T4 and T3 concentrations. 
Nuclear imaging with technetium uptake scan cannot 
be performed in pregnancy. Thyroid peroxidase and 
TRABs are measured in an effort to separate AITD and 
gestational thyrotoxicosis. Furthermore, TRABs may 
cross the placenta and stimulate the fetal thyroid.21 The 
likelihood of developing fetal hyperthyroidism requiring 
treatment is related to the level of maternal stimulating 
TRAB levels.27 Levels greater than five times control val-
ues make both intrauterine and neonatal thyrotoxicosis 
likely. Hence, these antibodies should be measured either 
before pregnancy or by the end of the second trimester 
in women with current AITD, those with a previous his-
tory and treatment with radioiodine therapy or thyroid-
ectomy, and those with a previous neonate with AITD.12 
In normal labor, the fetus must flex the neck to pres-
ent the lowest skull diameter to the pelvis; a fetal goiter 
prevents this flexion. A fetal thyroid ultrasound can be 
carried out to investigate fetal goiter when TRABs are 
positive. Women with hyperthyroidism could consider a 
definitive approach before conception (Box 19.2).

Treatment
β-Blockers are important for symptom control and for 
rate control in the presence of significant maternal tachy-
cardia. If the free T3 is >10 pmol/L, many physicians 
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would consider antithyroid medication but would only 
be able to confirm the diagnosis of autoimmune thy-
rotoxicosis retrospectively. First-line treatment is medi-
cal, with one of the thionamide derivatives, carbimazole 
or PTU. Current Endocrine Society Practice guidelines 
suggest PTU as first-line treatment, especially during 
first-trimester organogenesis because methimazole has 
rarely been linked with congenital abnormalities.12,28,29 
This is notoriously difficult to ensure because many 
women may not have their thyroid function checked 
until their booking visit, which classically in the United 
Kingdom does not occur until 12 weeks of gestation. 
There are no data suggesting the change to PTU in 
early pregnancy is associated with reduced malforma-
tion; furthermore, PTU is associated with hepatitis that 
does not necessarily resolve on therapy discontinuation. 
It has been suggested that methimazole crosses the pla-
centa at a greater rate than PTU,30 although this has 
not been confirmed.31 PTU is favored for new diagnoses 
because it does not cross into breast milk; however, if 
a mother presents taking carbimazole, many physicians 
do not change medication in pregnancy.32 Methimazole 
may rarely have fetal side effects, including aplasia cutis, 
although PTU is known to have more maternal effects 
such as hepatitis.33 Antithyroid drugs need dose titra-
tion, based on TSH and T4 values. Doses of antithyroid 
drugs should maintain the maternal free T4 in the upper 
nonpregnant reference range. Block-and-replace regi-
mens should not be used in pregnancy because carbima-
zole can cross the placenta but the replacing thyroxin 
does not; therefore, there is potential for fetal hypothy-
roidism. Doses of <20 mg of carbimazole or 150 mg of 
PTU are considered unlikely to affect the fetus.

Surgical treatment should be considered in women 
who are unable to tolerate medical treatment because 
of allergy or severe adverse reaction, women who do not 
respond to medical treatment or require persistently 

high doses of medication, and women noncompliant 
to therapy. Surgery is ideally performed in the second 
trimester when organogenesis is complete; however, the 
dangers of severe untreated maternal thyrotoxicosis are 
considerable and surgery can be performed in the third 
trimester. Adequate β-blockade is essential before such 
surgery. Surgery is however associated with an increased 
risk of spontaneous abortion or premature delivery.34

Radioactive iodine treatment has no role in preg-
nancy because it crosses the placenta and hence may 
ablate the fetal thyroid and has a risk of teratogenicity 
in terms of radiation dose.

A mother who had AITD in the past and was treated 
with surgery or radioactive iodine may still have TSH 
receptor antibodies despite being hypothyroid and tak-
ing thyroxin.21 One could be alerted to this scenario with 
the presence of active thyroid-associated ophthalmopathy. 
The fetus of such a pregnancy may become thyrotoxic and 
develop a goiter in utero. Fetal tachycardia exceeding 160 
beats per minute after 22 weeks of gestation can be used as 
evidence of intrauterine thyrotoxicosis. Treatment of the 
mother with antithyroid medication should be adjusted 
to maintain a fetal heart rate of 140 beats per minute or 
so. Untreated, the weight of such infants is often low; the 
birth may be preterm, with microcephaly and cerebroven-
tricular enlargement. Neonates have hyperphagia, diar-
rhea, and they may be irritable, with frontal bossing and 
a triangular facies. Neonatal hyperthyroidism occurs in 
approximately 5% of neonates of mothers with AITD.21 
TSH and T4 ought to be measured in the cord blood of 
babies born to mothers with a history of AITD. If the 
mother has been on treatment with antithyroid drugs at 
the end of her pregnancy, clinical signs of neonatal thy-
rotoxicosis may be unapparent at birth, presenting only a 
few days after delivery, due to protection of the fetus by 
the maternal antithyroid drugs. Neonatal hyperthyroid-
ism should be treated promptly with antithyroid medica-
tion and β blockade. Either propylthiouracil 5–10 mg/kg/
day or carbimazole 0.5–1 mg/kg/day should be admin-
istered every 8 h to inhibit thyroid hormone synthesis. 
In severely ill infants, propranolol 2 mg/kg/day may be 
helpful in slowing the heart and reducing hyperactivity. 
The disease is self-limiting.

Familial gestational 
hyperthyroidism
Familial gestational hyperthyroidism is an extremely 
rare cause of thyrotoxicosis in pregnancy and is caused 
by an autosomal dominant mutation in the thyrotropin 
receptor that is hypersensitive to the effects of hCG.35 
There is a family history of thyrotoxicosis in pregnancy. 

Box 19.2  The management of 
hyperthyroidism in pregnancy

•	 Propylthiouracil (PTU) could be consid-
ered in the first trimester; carbimazole 
subsequently.

•	 The lowest dose of thionamide should 
be used, aiming to keep free T3 and 
Free T4 at the upper end of normal.

•	 Positive maternal TSH receptor anti-
body measured in the second trimes-
ter indicates fetal thyroid ultrasound at 
34 weeks of gestation.



Endocrine problems in pregnancy

415

The thyrotoxicosis begins to improve as hCG concentra-
tions fall, and it resolves postpartum. The symptoms 
and signs are similar to those seen with autoimmune 
thyrotoxicosis, without the autoimmune phenomena 
such as exophthalmos, anti-TSH receptor antibody posi-
tivity, and lymphocytic infiltration of the thyroid gland. 
Treatment is the same as for AITD.

Hypothyroidism (Box 19.3) 
(see Chapter 13)
Hypothyroidism, or underactive thyroid, is found 
when the thyroid gland fails to produce or secrete suf-
ficient thyroid hormones, T4 and T3. The definition of 
sufficient depends on pregnancy; the fetus appears to 
require near perfect maternal function compared with 
the nonpregnant state. Primary hypothyroidism is com-
mon in women of childbearing age, with a prevalence of 
2%–3% of women during pregnancy.12

Pregnancy issues
Normal maternal thyroid function is essential to both 
mother and the developing fetus. Untreated mater-
nal hypothyroidism is associated with an increased risk 
of obstetric complications and adverse neonatal out-
comes.12 Abnormal maternal thyroid function is par-
ticularly important during the first 12–14 weeks of 
gestation, when fetal brain development relies heavily 
on placental transfer of maternal thyroid hormone.36 The 
severely hypothyroid mother is at increased risk of pre 
eclampsia.37 When the mother is hypothyroid, the fetus 
is at increased risk of congenital anomalies, low birth 

weight, and stillbirth. Severe MH is associated with 
cognitive delay in early childhood.38 Even mild MH is 
associated with lower developmental IQ score in children 
at the age of 6 years.39 Mothers with treated hypothyroid-
ism demonstrate no such risk. Adverse maternal and fetal 
outcomes secondary to thyroid dysfunction during preg-
nancy may justify screening for thyroid function early in 
pregnancy and treating with levothyroxine if the mother 
is found to be hypothyroid. By contrast, a well-powered 
study of nearly 22,000 women at 12 weeks of gestation 
demonstrated no benefit for fetal brain development for 
screening and management and treatment for maternal 
hypothyroidism in pregnancy, compared with no screen-
ing.40 There is a higher prevalence of subclinical hypothy-
roidism in women who deliver before 32 weeks and an 
association between thyroid autoimmunity and adverse 
obstetric outcome independent of thyroid function.41 
Higher maternal TSH levels even within the reference 
range have been linked to a higher risk of miscarriage, 
fetal and neonatal distress, and preterm delivery.42,43 To 
date, there is no  solid evidence to advocate universal 
screening of maternal TSH.

It is reported that the mother with positive thyroid 
peroxidase antibodies is at increased risk of miscar-
riage even when euthyroid; this intriguing area is under 
investigation, and no treatment with thyroxin in euthy-
roid mothers is recommended at present.44

Diagnosis
The diagnosis can be made with symptoms and signs of 
maternal hypothyroidism; most MH is diagnosed with 
the TSH, in conjunction with free T3 and free T4 hor-
mones. The range for T4 during pregnancy differs from 
the nonpregnant range, in part due to the doubling of 
thyroid-binding globulin concentration in pregnancy. 
During the first trimester, serum hCG levels rise and 
peak toward the end of the first trimester.45 The stimu-
lating effect of hCG on the TSH receptor leads to a drop 
in TSH levels in the first trimester of pregnancy,6 with a 
concomitant rise in fetal (f)T4 and fT3.

Treatment
Subclinical hypothyroidism (when the TSH is elevated 
with a normal free T4) detected before pregnancy should 
be treated as for primary hypothyroidism.46 Treatment 
is with levothyroxine and is the treatment of choice in 
pregnancy or outwith pregnancy, generally starting at 
100 μg daily, but higher doses may be used to render the 
mother euthyroid quickly. The dose of thyroxin should 
be altered to keep the TSH at the lower end of the nor-
mal range. Guidelines for diagnosis from the Endocrine 
Society recommend that the TSH should be kept <2.5 
mU/L in the first trimester and <3 mU/L in the second 

Box 19.3  The management of 
hyperthyroidism in pregnancy

•	 Maternal hypothyroidism (MH) is an 
important cause of maternal and fetal 
morbidity.

•	 When recognized before pregnancy, MH 
should be managed with a first-trimes-
ter increment in thyroxin replacement, 
with an aim to keep the TSH <2.5 mIU/L.

•	 There is no evidence base for screening 
for MH in an unselected population.

•	 Women with positive thyroid peroxidase 
antibodies may have an increased mis-
carriage rate; the use of thyroxin treat-
ment in these women may reduce the 
high miscarriage rate. There are insuffi-
cient data to suggest this as policy.
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and third trimesters.12 The etiology of hypothyroidism is 
important in determining the timing and magnitude of 
thyroid hormone replacement in pregnancy.47 In women 
with preexisting hypothyroidism, levothyroxine dosage 
will normally need to be increased, with data showing 
that most pregnant women will require a 30% increase in 
levothyroxine dose in the first trimester once conception 
is confirmed to decrease the risk of maternal hypothyroid-
ism and its effects on the fetus, and about a 50% increase 
by 16–20 weeks, with 75%–85% of women requiring 
higher doses of levothyroxine during their pregnancy.48,49 
This, however, does not account for the underlying eti-
ologies of hypothyroidism that are of relevance because 
an empirical increase in levothyroxine dose could lead 
to under or overreplacement with potential detrimental 
effects on mother and baby.47 In the postpartum period, 
doses will generally return to prepregnancy doses.

Goiter (Box 19.4)
In areas of iodine deficiency, thyroid size has been shown 
to enlarge during pregnancy, compared with those areas 
with sufficient iodine.50 This relationship is thought to 
be related to autoregulatory mechanisms of iodine on 
thyroid growth. hCG has intrinsic thyroid-stimulating 
activity, particularly in the first trimester, with subse-
quent effects on thyroid enlargement.51

Thyroid nodules may present during pregnancy, 
although many probably represent the presentation of 
preexisting nodules. There may be enlargement of nod-
ules during pregnancy and presentation of new nod-
ules,52 and this may be the result of the negative iodine 
balance that occurs during pregnancy.53

Thyroid cancers diagnosed during pregnancy have 
been associated with a poor prognosis compared with 
tumors that developed in nongravid periods, with some 
reports of a higher rate of recurrent or persistent dis-
ease in patients with thyroid cancer related to preg-
nancy54; other studies suggest that pregnancy does not 

cause thyroid cancer recurrence in survivors of papillary 
thyroid cancer with no structural or biochemical evi-
dence of disease persistence at time of conception.55 
Evidence, however, suggests that there is no difference 
in overall survival, death caused by thyroid cancer, or 
recurrence in patients with pregnancy-related differen-
tiated thyroid cancer.56

Diagnosis
An ultrasound of the thyroid should be carried out 
in the first instance for a new palpable thyroid mass. 
If this is a solitary mass, a fine-needle aspiration with 
cytological examination should be performed.

Treatment
The multidisciplinary team is of utmost importance 
in the management of thyroid cancer in pregnancy. 
Thyroid cancer found in pregnancy follows a similar pat-
tern to nonpregnancy states; the prognosis is good for 
the majority presenting under the age of 40 years.57 The 
Endocrine Society Guidelines recommend that when 
malignant thyroid nodules are diagnosed in the first or 
early second trimester, the pregnancy should continue 
with surgery being offered in the second trimester when 
there are improved chances of fetal viability.12 Radioactive 
iodine scans or treatment are not possible nor gener-
ally needed in pregnancy. Pregnant women, who have 
been treated for low-risk differentiated thyroid cancer 
and regarded as free of disease, require little more than 
routine TSH monitoring and periodic clinical examina-
tion.58 Thyroglobulin levels can vary significantly during 
pregnancy depending on trimester; however, the overall 
levels remain within the normal nonpregnant reference 
range.59,60 Women who have high-risk differentiated 
thyroid cancer or who have had recurrence prepregnancy 
require more intensive follow-up with measurement of 
unstimulated thyroglobulin58 and neck ultrasonography 
and repeated analyses of thyroid function.61

Adrenal disease
The maternal adrenal glands do not change morpho-
logically during pregnancy. However, pregnancy has a 
profound effect on adrenal steroidogenesis. Maternal glu-
cocorticoid production is up regulated to provide increased 
concentrations of estrogens and cortisol necessary for 
the mother and also for fetal development.  Maternal 
corticotropin-releasing hormone (CRH) concentrations 
rise during the second and third trimester, mostly resulting 
from placental production. Adrenocorticotropic hormone 
(ACTH) concentrations rise during the first trimester, 
with a further increase during labor. Serum cortisol 

Box 19.4  Key points for goiter 
management in pregnancy

•	 Most cases of goiter are physiological 
in pregnancy.

•	 A solitary thyroid nodule, in a euthyroid 
woman, should be investigated with 
ultrasound and fine-needle aspiration 
cytology. Surgery for malignant nod-
ules can be normally and safely delayed 
until after pregnancy.
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values increase during pregnancy, largely the result of the 
response to increased cortisol-binding globulin concentra-
tions, induced by rising estradiol levels. In addition the 
renin–angiotensin–aldosterone pathway is stimulated, 
accommodating the 50% increase in maternal circulating 
volume without resulting in hypertension. The placenta 
plays a vital role in these complex changes.

Adrenal disease in pregnancy (Box 19.5) is rare and 
encompasses several different conditions that result from 
hormonal excess and deficiency. The diagnosis is often dif-
ficult in pregnancy, because dynamic tests may be mean-
ingless due to normal physiological changes in pregnancy.

Cushing’s syndrome (see Chapter 1)
Cushing’s syndrome results from excess exposure to 
glucocorticoid. Most cases relate to exogenous cortisol; 
Cushing’s syndrome is relatively rare when the pro-
duction of cortisol is endogenous. Cushing’s syndrome 
may be a primary adrenal disorder associated with low 
ACTH (40%–50% of pregnancy cases) or from ACTH 
drive either from the pituitary (Cushing’s disease, 30% 
of pregnancy cases)62,63 or an ectopic ACTH source. 
Pregnancy occurring in women with Cushing’s syn-
drome is rare, with only about 150 cases in the litera-
ture;64 this is felt to be due to anovulation caused by the 
high serum cortisol levels.

Pregnancy issues
Untreated Cushing’s syndrome has poor maternal and 
fetal outcomes. It increases the rates of spontaneous abor-
tion, perinatal death, premature birth, and intrauterine 
growth retardation.62,65 The fetoplacental unit can reduce 
fetal exposure from excess maternal steroids through the 
protective action of placental type 2 11β-hydroxysteroid 
dehydrogenase. This can be overwhelmed by excess 
maternal steroids that, crossing to the fetus, may be 
associated with intrauterine growth restriction.

Diagnosis
Symptoms and signs of Cushing’s syndrome can some-
times be subtle, because they are often features that 
may also be common in pregnancy, such as abdominal 
striae, emotional lability, edema, and impaired glucose 
tolerance. The striae tend to be more pigmented and 
wider, and they may occur outside of the abdominal 
wall. Other features include proximal myopathy, hyper-
tension, hirsutism, acne, and bruising.

Diagnosis can be difficult in pregnancy, because nor-
mal reference ranges vary considerably. There are wide 
trimester-specific changes in urine free cortisol in preg-
nancy. An overnight dexamethasone suppression test 
is not reliable in pregnancy, and false-positive values 
may occur in pregnancy. The low-dose dexamethasone 
suppression test is the definitive diagnostic test for the 
syndrome. In the differential diagnosis of Cushing’s 
syndrome, one should consider that adrenal adenoma is 
responsible for 40%–50% in pregnancy compared with 
15% outwith pregnancy. ACTH suppression, usually 
diagnostic of an adrenal cause outwith pregnancy, may be 
unsuppressed in half of pregnant mothers with a primary 
adrenal cause. The high-dose dexamethasone suppression 
test has increased utility in pregnancy. Magnetic reso-
nance imaging (MRI) of the adrenal or pituitary will be 
performed depending on results.66 Inferior petrosal sinus 
sampling is safe and useful in pregnancy when indicated.

Treatment
Untreated Cushing’s syndrome is associated with signifi-
cant fetal and maternal morbidity. Surgery may achieve 
remission, even with surgery late in the third trimes-
ter, but the fetal prognosis remains guarded. In cases of 
pituitary-driven Cushing’s disease, transsphenoidal sur-
gery is the treatment of choice. Surgery should be consid-
ered for adrenal lesions (see section “Pheochromocytoma”). 
There are few safety data on the use of medical treatments 
in Cushing’s syndrome. Metyrapone,67,68 a glucocorticoid 
synthesis inhibitor, has been used successfully in preg-
nancy, with no reports of congenital malformations. 
Ketoconazole, an antifungal steroidogenesis inhibitor, has 

Box 19.5  Key points for adrenal 
disease management in pregnancy

•	 The normal ranges for many adre-
nal tests, including dynamic tests, are 
poorly described.

•	 Cushing’s syndrome is rare in preg-
nancy, but early recognition and treat-
ment are essential to avoid morbidity 
and mortality in pregnancy.

•	 Pheochromocytoma, if untreated, has 
major maternal mortality. Medical and 
surgical management can be consid-
ered in pregnancy.

•	 Congenital adrenal hyperplasia is an 
important cause of infertility; treatment 
requires appropriate management in 
pregnancy, especially to avoid viriliza-
tion of the affected female fetus.

•	 Glucocorticoid insufficiency will require 
careful management to address the 
stress of pregnancy events.
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also been used in pregnancy without causing congenital 
malformations; however, there are reports of intrauterine 
growth retardation and antiandrogenic effects.69,70

Pheochromocytoma (see Chapter 21)
Pheochromocytoma is associated with excess production 
of catecholamines, usually from an adrenal neuroendo-
crine tumor; however, 15% may be found in sympa-
thetic ganglia, so-called paragangliomas. These tumors 
are very rare in pregnancy, with a reported incidence of 
<0.002% pregnancies,71 but they can be life-threatening 
for mother and fetus. Pheochromocytoma can be associ-
ated with multiple endocrine neoplasia type 2.

Pregnancy issues
Pheochromocytoma in pregnancy was previously asso-
ciated with maternal and fetal mortality rates of up 
to 50%.72 A more recent review has suggested a vast 
improvement, with the maternal mortality rate dropping 
to 4% and the fetal mortality rate dropping to 11%.73

Diagnosis
Most patients with a new diagnosis of pheochromocy-
toma present in a similar manner to severe preeclampsia. 
They may exhibit unstable hypertension, proteinuria, 
headaches, sweating, and tachycardia. It may present 
with a hypertensive crisis, occurring during induction 
of anesthesia, labor, or surgery. Failure to consider pheo-
chromocytoma may result in death.

Diagnosis is made with 24 h urine collection for cat-
echolamines and metanephrines. Plasma catecholamines 
can also be measured. If these results are positive, then 
imaging should be undertaken in the form of MRI 
scanning preferably, although CT scanning may occa-
sionally be justified. Isotope scans such as 131I-labeled 
metaiodobenzylguanidine (MIBG) are contraindicated 
during pregnancy.

Treatment
Treatment is in the form of long-term α-adrenergic block-
ade, preferably with phenoxybenzamine that provides 
long acting, stable, noncompetitive blockade.74 Its start-
ing dose is generally 10 mg twice daily, with dose titration 
until the hypertension is controlled. Phenoxybenzamine 
crosses the placenta, with some reports of perinatal 
depression and transient hypotension75; however, other 
studies have shown it to be safe for the fetus.76 In addi-
tion, approximately 1% of the dose of phenoxybenza-
mine may enter the mother’s milk.77 β-Blockade can be 
given for persistent maternal tachycardia or arrhythmias, 
but only after full α-blockade. Hypertensive emergencies 

can be treated with intravenous phentolamine or sodium 
nitroprusside. The definitive treatment for pheochro-
mocytoma is surgical removal, ideally before 24 weeks 
of gestation after α-blockade administration, although 
there is a higher risk of miscarriage in the first trimester. 
After 24 weeks of gestation, the size of the uterus makes 
abdominal exploration and resection of the tumor more 
difficult. Retroperitoneoscopic removal would theoreti-
cally seem ideal but has not been utilized in pregnancy, 
possibly because the uterus is also retroperitoneal. Ideally, 
delivery of the baby needs to be after fetal maturity has 
been achieved. Vaginal delivery has been associated with 
higher rates of maternal mortality than for caesarean sec-
tions,78 which may be the result of catecholamine release 
secondary to pain and uterine contractions.75 Many 
women can be safely treated with α-adrenergic blockade 
and the condition managed surgically after pregnancy, 
but the key is early diagnosis.79

Congenital adrenal hyperplasia 
(see Chapter 18)
Congenital adrenal hyperplasia (CAH) encompasses 
a group of inherited conditions (autosomal recessive) 
caused by a defect in one of the five enzymes involved 
at different stages of the conversion of cholesterol into 
cortisol within the adrenal cortex. Of the different types 
of CAH, only women with 21-hydroxylase (21-OHD) 
deficiency, 11-hydroxylase (11-OHD) deficiency, and 
3-β-hydroxy steroid dehydrogenase (3-β-HSD) defi-
ciency are able to become pregnant, because the other 
deficiencies result in infertility. Women who are fertile 
may have oligo-ovulation, leading to reduced fertility 
rates, depending on the severity of the CAH. Pregnancy 
rates in women with simple virilizing CAH are about 
50%.80 Ovulation induction may be necessary in this 
group. Risk of transmission to the fetus depends upon 
the carrier status of the father, and ideally the risk 
should be assessed before pregnancy. Once the mother 
is pregnant, prenatal diagnosis of the three enzyme defi-
ciencies is recommended, because prenatal treatment of 
the neonate with corticosteroid suppression is now pos-
sible, to prevent virilization of the affected female fetus. 
Dexamethasone seems to be associated with a reduction 
in fetal virilization without significant maternal or fetal 
adverse effects,81 although some prefer to use hydro-
cortisone or prednisolone due to reports of low birth 
weight with dexamethasone.82 The Endocrine Society 
currently recommends using a glucocorticoid that is 
metabolized by the placenta, such as hydrocortisone, 
to avoid glucocorticoid and adrenal suppression of the 
fetus (Grade 1b evidence). The society also recommends 



Endocrine problems in pregnancy

419

measurement of androstenedione, testosterone, and 
17β-hydroxyprogesterone in the mother every 2–3 
weeks, and glucocorticoid dosage adjusted to maintain 
concentrations within the reference range for the stage 
of pregnancy. Even if androgen production cannot be 
suppressed to normal, placental aromatase protects 
the fetal genitalia and the brain from masculinization. 
Glucocorticoid supplementation is required during 
labor as for other causes of glucocorticoid deficiency.

Adrenal insufficiency 
(see Chapters 5, 13)
Primary adrenal insufficiency (Addison’s disease) is a 
rare disease of reduced adrenal steroid (both gluco- and 
mineralocorticoid) production.83 The number of births 
in women diagnosed with adrenal insufficiency is fall-
ing with time. The most common cause of primary 
adrenal insufficiency in pregnancy is autoimmune in 
origin. Other causes such as tuberculosis, metastases, 
hemorrhage, or infarction are rare. Secondary adre-
nal insufficiency from pituitary causes are much more 
common.

Pregnancy issues
The fetoplacental unit is relatively safe in maternal 
hypocortisolemia; the danger to the mother is from 
acute steroid deficiency. However, there is some evidence 
to suggest that mothers with autoimmune adrenal 
insufficiency have an increased risk of caesarean section 
and preterm delivery.84

Diagnosis
Clinical manifestations of adrenal insufficiency mimic 
many of those found normally early in pregnancy. 
Symptoms include weakness, dizziness, syncope, hyper-
pigmentation, nausea, and vomiting. It is important to 
recognize symptoms early, because adrenal crisis can arise 
at times of stress such as labor or an intercurrent infection.

Treatment
Corticosteroid use is safe both in pregnancy and in 
breast feeding, with higher doses required if the patient 
is vomiting and during labor. All patients with adre-
nal insufficiency ought to have an emergency supply of 
intramuscular hydrocortisone, with advice on how to 
administer it. This may be imperative in the first tri-
mester, when hyperemesis classically occurs, potentially 
leading to missed oral doses of corticosteroid. Some have 
suggested a need for increased hydrocortisone in the final 
trimester because there is an increase in cortisol-binding 
globulin, but this is disputed.85 Fludrocortisone dose 

may need to be increased in pregnancy; plasma renin 
activity is not informative in pregnancy.85 During labor, 
adequate saline hydration is needed, and hydrocorti-
sone 25 mg should be administered intramuscularly 6 
hourly. If labor is prolonged, the dose of hydrocortisone 
should be augmented to 100 mg 6 hourly, or as a con-
tinuous intravenous infusion (2–3 mg/h). After delivery, 
the dose can be reduced to maintenance within 3 days.

Pituitary disease (Box 19.6) 
(see Chapter 1)
Pituitary hyperplasia stimulated by estrogen can cause 
the anterior pituitary to increase in size in normal preg-
nancy.86 Involution of the enlarged pituitary takes lon-
ger in the breastfeeding mother. There is an associated 
increase in prolactin concentrations to 2–3000 mU/L 
during normal pregnancy; values can remain elevated 
in the breastfeeding mother, especially at the time of 
suckling. Concentrations of luteinizing hormone and 
follicle-stimulating hormone are suppressed by maternal 
estrogen through pregnancy.87 Throughout pregnancy, 
the placenta secretes both human placental lactogen and 

Box 19.6  Pituitary disease in pregnancy

•	 Functioning and nonfunctioning pitu-
itary tumors may, rarely, need surgical 
management in pregnancy to protect 
the optic chiasm.

•	 Intrapartum pituitary blood loss with 
pituitary necrosis (Sheehan’s syndrome) 
is less common with modern obstetric 
care. Anterior pituitary dysfunction with 
failure of lactation with amenorrhea 
should alert carers to this possibility.

•	 Lymphocytic hypophysitis is most com-
mon in late pregnancy and early post-
partum. Anterior and posterior pituitary 
dysfunction are seen. MRI is often 
characteristic.

•	 Hypopituitarism will cause subfertility; 
therefore, adequate treatment before 
pregnancy will be necessary. Adequate 
glucocorticoid for stress must be 
planned. Oxytocinase in late pregnancy 
may cause the need for increased 
desmopressin dosing in cranial diabe-
tes insipidus.
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a specific placental growth hormone (GH), although total 
GH concentrations remain unchanged in pregnancy. 
Concentrations of antidiuretic hormone (ADH) are 
unchanged in pregnancy88; however, placental vasopres-
sinase metabolizes ADH, therefore turnover is higher.89

Mass
All pituitary tumors have the propensity to enlarge dur-
ing pregnancy, due to estrogen effect on lactotroph num-
bers.90 Tumors may be functioning or nonfunctioning. 
The most common functioning tumors in pregnancy are 
prolactinomas. Nonfunctioning tumors commonly tend 
to arise from gonadotrophs; however, it is the lactotroph 
hyperplasia occurring during pregnancy that may cause 
mass effect, namely compression of the optic chiasm. If 
any of the pituitary tumors reach a size where they are 
causing visual field loss, surgery ought to be considered. 
The decision will be influenced by gestational age and 
risk of a general anesthetic. Radiotherapy is contraindi-
cated in pregnancy.

Prolactinoma (Box 19.7)
Hyperprolactinemia can be consequent on normal 
pregnancy, breastfeeding, stalk disconnection with 
loss of dopaminergic suppression of lactotroph prolac-
tin secretion, dopamine antagonist therapy, in addi-
tion to lactotroph pituitary adenomas. Prolactinomas 
are the most common functional pituitary tumors 
found in pregnancy.91,92 Significant hyperprolactinemia 
commonly causes subfertility and treatment restores 
ovulation in 90% of cases (Figure 19.2a and b).

Diagnosis
Prolactinomas may present with galactorrhea, anovu-
lation, and amenorrhea with subfertility. Mass effects 
such as headaches and visual field defects are less com-
mon with prolactinoma compared to other pituitary 
tumors, as the endocrine changes often present before 
mass effects.

Box 19.7  Prolactinomas in pregnancy

•	 A lactotroph adenoma with hyperp-
rolactinemia has an adverse effect 
on fertility that can be addressed 
with bromocriptine or cabergoline.

•	 Inevitably, dopamine agonists will 
be used in early pregnancy; both 
seem safe, although the evidence for 
bromocriptine is greater.

•	 Macroadenomas are more likely than 
treated macroadenomas or microad-
enomas to enlarge in late pregnancy.

•	 MRI and visual field assessment 
should be used to direct dopamine 
agonist therapy in pregnancy.

Figure 19.2
(a and b) MRI illustrates a pituitary with prolacti-
noma in pregnancy. The lactotroph hyperplasia on 
the background of the pituitary adenoma has caused 
the pituitary to enlarge and compress the optic chi-
asm. After pregnancy, the pituitary becomes smaller 
and no longer compresses the optic chiasm.
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Diagnosis in pregnancy is unusual as significant 
hyperprolactinemia will have contributed to anovula-
tion. However, presentation of such an adenoma with 
pituitary apoplexy sometimes occurs.

Treatment
Lactotroph hyperplasia during normal pregnancy can 
cause an already enlarged pituitary macroadenoma to 
grow and compress the optic chiasm. The risk of tumor 
growth is considerably reduced if diagnosed and treated 
before conception and if necessary through pregnancy. 
In general, dopamine receptor agonists are discontinued 
once pregnancy is confirmed. Bromocriptine and almost 
certainly cabergoline are safe in terms of spontaneous 
abortion, fetal malformation, premature delivery, 
multiple birth, and the long term for the infant.93–95 
Bromocriptine has been used through pregnancy when 
there is a large tumor with possibility of chiasmal com-
pression without adverse effect, but with less experience.

Enlargement of prolactinomas is seen in about 2.7% 
of microadenomas, 22.9% of untreated macroadenomas, 
and 4.8% of pretreated macroadenomas.96 In the presence 
of a large and growing pituitary mass, most physicians 
would start or continue bromocriptine in pregnancy; in 
most instances, this treatment is successful. The mea-
surement of prolactin concentrations is noncontributory. 
The mass size should be monitored at 28 weeks with an 
MRI scan, although gadolinium enhancement is avoided, 
especially before 24 weeks, gestation. Visual fields should 
be serially assessed in such women, although prolactin 
concentration has no value. In general, the effects of large 
pituitary masses improve after delivery, with shrinkage 
of the tumor. There are some particular concerns about 
cabergoline and valvular heart disease, although the dan-
gers of a large pituitary are more certain; ideally, women 
should have been investigated particularly with an echo-
cardiogram before pregnancy.

Sheehan’s syndrome
This is a rare disease caused by postpartum ischemic 
necrosis of the pituitary gland after postpartum hemor-
rhage, resulting in varying degrees of anterior pituitary 
dysfunction.

Diagnosis
The limited pituitary circulation in the portal veins from 
the hypothalamus may be exposed by the physiological 
enlargement of the pituitary in normal pregnancy. If par-
ticularly large, especially with a prolactinoma or the lac-
totroph hyperplasia in normal pregnancy, the pituitary is 
sensitive to changes in maternal blood pressure. A large 

maternal blood loss, for example, after postpartum hem-
orrhage, can lead to pituitary necrosis. Laboratory tests 
reveal anterior pituitary hormone deficiencies. This is usu-
ally made based upon history and examination. Electrolyte 
abnormalities, particularly hyponatremia, may be present, 
because cortisol is required for free water excretion.97

Treatment
Treatment is conservative with replacement of anterior 
pituitary hormones. The excellent obstetric care, par-
ticularly afforded to women in developed countries over 
the past 50 years, has been associated with considerable 
reduction in the incidence of this life-altering disease.

Acromegaly
Increased GH production by somatotroph cells in the 
pituitary, or acromegaly, is rare in pregnancy. The 
hyperprolactinemia associated in 30% with acromegaly 
and pituitary dysfunction has some effect on the men-
strual cycle.98,99 In women diagnosed before pregnancy, 
treatment with dopamine receptor agonists to correct 
the high concentrations of prolactin may be necessary to 
induce ovulation.100

Diagnosis
The condition may present with mass effect and visual 
field loss. Glucose intolerance, hypertension, and cardiac 
disease (both cardiomyopathy and coronary artery dis-
ease) are features that worsen during pregnancy. All of 
these features need monitoring during pregnancy, with 
visual field testing once every trimester.

Diagnosis can be difficult in pregnancy because 
conventional assays are unable to distinguish between 
maternal and placental GH. Insulin-like growth factor 
(IGF)-I values are less helpful in the diagnosis of acro-
megaly in pregnancy, because concentrations increase in 
the latter half of normal pregnancies anyway.101 Maternal 
GH does not cross the placenta; hence, acromegaly has 
little effect on the fetus. Macrosomia is sometimes seen 
in acromegalic pregnancies; however, this is thought to 
be related to the glucose intolerance seen in the mother.

Treatment
Most newly diagnosed patients will not require treat-
ment in pregnancy. Dopamine receptor agonists can be 
used before pregnancy as mentioned previously; how-
ever, there is little reason to continue treatment through 
pregnancy. Somatostatin analogs cross the placenta and 
hence are not recommended, although they have been 
used with no cases of fetal malformations reported.102 
Somatostatin receptors are present in many tissues, 
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including the brain; hence, there is a technical risk to 
the developing fetus. Enlarging tumors causing visual 
field loss may be an indication for surgery, although the 
risk to the fetus from the anesthetic will need to be con-
sidered and will depend on gestational age. Acromegalic 
women should be able to breastfeed.

Hypopituitarism (see Chapter 1)
Hypopituitarism prepregnancy can result from several 
different causes such as pituitary tumors, vascular 
causes, trauma, infiltrative causes, and after radiotherapy. 
Commonly, the gonadotrophs are affected, resulting in 
fertility problems, although hormonal manipulation 
and in vitro fertilization have revolutionized the lives 
of women of childbearing age. Steroid and thyroid hor-
mone ought to be given as necessary. Most women will 
require an increase in their dose of thyroid hormone 
during pregnancy. Glucocorticoid must be adjusted to 
cope with stressful events in pregnancy.

During pregnancy, hypopituitarism may pres-
ent as a result of enlargement of an existing pituitary 
tumor, lymphocytic hypophysitis, or pituitary infarc-
tion. Symptoms and signs can be confused with those 
occurring normally in pregnancy, for example, lethargy, 
nausea, and vomiting. Dynamic pituitary function tests 
have little role due to the normal physiological changes 
that occur during pregnancy, making results uninter-
pretable in many cases. Lack of treatment is associ-
ated with poor pregnancy outcomes. In cases of acute 
hypopituitarism, glucocorticoid must always be started 
first. Thyroxine replacement therapy can be commenced 
later, after the patient’s condition has stabilized. GH 
replacement therapy has no place in pregnancy.

Diabetes insipidus is less common, particularly 
as a new diagnosis in pregnancy. Treatment is with 
desmopressin, shown to be safe in pregnancy. Monitoring 
of treatment should be based on symptoms, serum and 
urine osmolalities, and plasma sodium. In patients diag-
nosed with diabetes insipidus before pregnancy, doses of 
desmopressin will need to be increased toward the lat-
ter end of the pregnancy, due to increased clearance of 
desmopressin by vasopressinase (oxytocinase), an enzyme 
produced by the placenta that rapidly inactivates desmo-
pressin and oxytocin.

Autoimmune or lymphocytic hypophysitis presents 
peripartum with issues such as headache and visual 
disturbance. There can be both anterior pituitary dys-
function with life-threatening hypocortisolemia and pos-
terior pituitary dysfunction with diabetes insipidus.103 
Lymphocytic hypophysitis is most common in preg-
nancy (in 30%–50% of cases), with most cases occurring 

in the second and third trimester or within the first 6 
months after delivery.104 Patients can present severely ill 
with both local effects, such as headache, and systemic 
effects, particularly from glucocorticoid deficiency.

Calcium disorders (Box 19.8) 
(see Chapter 11)
Pregnancy is associated with profound changes in 
calcium and parathyroid hormone physiology. Intact 
parathyroid hormone (PTH) levels decline in the 
first half of pregnancy, reaching a nadir in the second 
trimester and then rising thereafter. There is a drop 
in total serum calcium, with no change in the mater-
nal ionized calcium concentration, pregnancy-related 
hypercalciuria, and increased maternal calcium absorp-
tion from the gut, particularly in the second and third 
trimesters. Calcium is actively transported across the 
placenta, facilitated by PTH-related peptide, with 
the fetal skeleton using this for bone mineralization. 
Maternal levels of parathyroid hormone–related pro-
tein (PTHrp) rise during pregnancy, most probably of 
fetal origin, although PTHrp is also found in amniotic 
fluid, amnion, chorion, placenta, and uterus. The pla-
centa produces 1,25-dihydroxyvitamin D [1,25(OH)2D] 
(it is a high expressor of 1-β-hydroxylase) that enters 
the maternal circulation and regulates calcium absorp-
tion from the gut. Hypovitaminosis D, with or without 

Box 19.8  Calcium disorders in pregnancy

•	 Sustained maternal hypercalcemia is 
usually due to primary hyperparathy-
roidism. The hypercalcemia may seri-
ously affect fetal parathyroid gland 
development, and surgery should be 
considered in pregnancy.

•	 Hypoparathyroidism with hypocalcemia 
is usually postsurgical. Treatment with 
active vitamin D metabolites should be 
monitored closely through pregnancy.

•	 Vitamin D deficiency is common, espe-
cially in sun exposure–reduced groups 
in northern latitudes. Supplementation 
of the whole population and treatment 
of vitamin D–deficient groups is proba-
bly important but lacks evidence-based 
hard outcomes, as opposed to surro-
gate outcomes.
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secondary hyperparathyroidism, is common in preg-
nancy. Despite being a relatively rare cause of hypo-
calcemia in pregnancy, vitamin D concentrations are 
important in many nonclassical actions. (Figure 19.3).

Hypercalcemia
Primary hyperparathyroidism (PHPT) is the most 
common cause of hypercalcemia during pregnancy105; 

malignancy is a rare cause of hypercalcemia in preg-
nancy. PHPT is rare, with fewer than 200 cases reported 
in the literature,106 although it is probably underre-
ported. The diagnosis of mild PHPT may be missed, 
due to the movement of maternal calcium to the fetal 
skeleton. Reported frequencies of 60% maternal and 
80% fetal complications in pregnancy may overes-
timate the real risk but demonstrate the risks of this 
condition.106

Low serum [Ca++]
CaSR

Increased calcium
reabsorption Increased [Ca++]

absorption
Bone resorption

Increased [Ca++]
Into serum

1,25(OH)2D25(OH)D

Fetal [Ca++]

Placenta

PTH

Figure 19.3
Maternofetal calcium metabolism. In general, a low serum calcium is sensed by parathyroid calcium-sensing 
receptors, causing the production of PTH. PTH may then (1) increase bone resorption, increasing calcium 
concentration; (2) increase calcium reabsorption from filtrate back into plasma, thereby increasing plasma cal-
cium concentration; and (3) increase conversion of 25-hydroxy vitamin D to the active 1,25(OH)2D. This causes 
increased calcium absorption in the gut, again leading to increased calcium concentration in the plasma. 
In normal pregnancy a main physiological effect is increased gut sensitivity to vitamin D, allowing increased 
maternal absorption of vitamin D. This is at a time when there is maternal bone remodeling, increased 
calcium loss in the urine, and fetoplacental uptake of calcium. When a mother with vitamin D deficiency 
consumes calcium with vitamin D, her existing secondary appropriate hyperparathyroidism can lead to 
temporary hypercalcemia. This may be seen by measuring calcium after the consumption of calcium and 
vitamin D in a vitamin D–deficient mother during pregnancy. Calcium is taken up by the fetus. If the mother 
and fetus are vitamin D deficient, the fetus then can become reliant on maternal transplacental calcium to 
maintain plasma calcium. After delivery, when this calcium supply is removed from the fetus, the neonate 
may become hypocalcemic and even suffer hypocalcemic seizures. 
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Pregnancy issues
Fetal complications include intrauterine growth retar-
dation, low birth weight, and preterm delivery. The 
fetal parathyroid may not develop appropriately when 
exposed to persistent hypercalcemia when the mother 
has PHPT; therefore, neonates may show signs of pro-
longed and life-threatening neonatal hypocalcemia and 
tetany.107,108

Diagnosis
The majority of women are asymptomatic, with the 
diagnosis being made on routine prenatal blood 
tests or postpartum if the neonate develops symp-
tomatic hypocalcemia. Due to the hypercalciuria of 
pregnancy, the most common presenting feature is 
that of renal calculi, with an estimated incidence of 
24%–26%.108,109 Pancreatitis and hyperemesis gravi-
darum can also be the first presentation of primary 
hyperparathyroidism.

Treatment
Due to the potentially serious implications of hyper-
calcemia in pregnancy, if the diagnosis has been made 
prepregnancy, surgical intervention ought to be car-
ried out preconception. If the diagnosis is made during 
pregnancy, the management will depend on the level of 
hypercalcemia, the presence of complications, and gesta-
tion; a calcium concentration of 2.85 mmol/L has been 
used as a guide to the need for surgical intervention 
in pregnancy.110 It is widely accepted that mild asymp-
tomatic PHPT can be managed conservatively, with 
neonatal monitoring for hypocalcemia. Good hydra-
tion is important with conservative management. In 
patients that cannot be managed conservatively, ultra-
sound scanning can be used to localize the parathyroid 
adenoma if it is present. Sestamibi scanning using the 
radioactive isotope Tc-99m is not recommended in 
pregnancy. If surgery is contemplated, then minimally 
invasive parathyroidectomy is ideal when the adenoma 
is localized; although ideally performed in the second 
trimester, in the presence of severe hypercalcemia, mod-
ern anesthetic practice can safely enable third trimester 
surgery.

Hypoparathyroidism
The most common causes of hypoparathyroidism in 
pregnancy are postthyroidectomy or autoimmune 
causes; other causes include hypomagnesemia. PTH 
exerts its effect on both the kidney and bone, whereas 
reduced concentrations or defective action of PTH 
results in hypocalcemia and hyperphosphatemia.

Pregnancy issues
Hypocalcemia can result in several maternal and fetal 
complications. During pregnancy, vitamin D require-
ments increase gradually, and placental 1β-hydroxylase 
converts this to the active 1,25 dihydroxycholecalciferol, 
concentrations of which double during normal pregnancy. 
Women with hypoparathyroidism who choose to breast-
feed may have higher requirements of vitamin D during 
this period. The fetus can develop subsequent secondary 
hyperparathyroidism, resulting in skeletal demineraliza-
tion. This condition tends to be transient, with resolution 
normally occurring during the neonatal period.

Diagnosis
Maternal symptoms tend to occur with more profound 
hypocalcemia. Muscle weakness, twitching, and paresthesia 
are described, with more severe cases resulting in tetany 
and seizures. Chvostek’s and Trousseau’s signs may be pres-
ent. Cardiac manifestations include arrhythmias, particu-
larly related to a prolonged QT interval.

Treatment
Typically, active vitamin D analogs, calcitriol or 
α-calcidol, together with calcium supplementation are 
needed to treat hypoparathyroidism. These analogs 
should be monitored at least monthly in pregnancy and 
immediately postpartum to react to the physiological 
changes.111 In cases of severe hypocalcemia, intrave-
nous calcium may have to be administered, particularly 
during labor, because if untreated there is an increased 
risk of tetany. This is thought to be related to hyper-
ventilation during labor, resulting in an acute fall in 
ionized calcium.

Vitamin D and calcium may be ineffective in treat-
ing hypocalcemia associated with hypomagnesemia. 
Treatment with magnesium supplements, considered 
safe in pregnancy, is more likely to correct the low cal-
cium values.

Hypovitaminosis D
Vitamin D is consumed in the diet and largely produced 
after the action of ultraviolet B (UVB) on skin; the active 
metabolite 1,25(OH)2D can be considered a hormone, 
because it is released into the blood in response to a spe-
cific stimulus, having classical actions on calcium and 
bone metabolism through a specific receptor. Vitamin D 
also has an increasing repertoire of nonclassical actions, 
from insulin action and insulin secretion to immune 
modulation and lung development. Maternal hypovi-
taminosis D is common especially in dark-skinned or 
covered skin women in northern latitudes.
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Pregnancy issues
Low maternal concentrations of vitamin D are associ-
ated with reduced fetal bone mass (neonatal rickets) and 
in neonatal hypocalcemia. Vitamin D concentrations 
are particularly low in premature babies, because the 
third trimester is a critical time for transplacental vita-
min D transfer. Preeclampsia and caesarean section are 
more common. The longer term issues with childhood 
asthma and infection are being defined.

Diagnosis
It is not known whether screening is beneficial or indeed 
whether vitamin D should be supplemented in all 
women or only in symptomatic women diagnosed with 
vitamin D and parathormone estimation.

Treatment
All pregnant women could be supplemented with cal-
cium and vitamin D 800 IU/day. Treatment of vita-
min D–deficient women with up to 20,000 IU/week 
appears safe and appropriate in women with vitamin D 
deficiency.

Summary
Endocrine disorders in pregnancy are common, with 
potential consequences for both mother and fetus if left 
untreated. These conditions vary from the common to 
the very rare, and some may impact on fertility, thereby 
reducing their prevalence in pregnancy.

Preexisting conditions may require additional 
support to achieve successful conception. There should 
also be a plan for their management in pregnancy. 
These conditions may require specialist input during 
pregnancy, particularly because there may be implica-
tions for the baby.

New diagnoses can be difficult to make in pregnancy, 
because symptoms may be varied and may occasionally 
be assigned to pregnancy physiology. Once a diagnosis 
has been made, further investigation may be limited in 
pregnancy and may have to be deferred until the post-
partum period unless treatment is needed for maternal 
and fetal health.
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Fluid and electrolyte disorders
Ploutarchos Tzoulis, Pierre-Marc G. Bouloux

Physiology of water balance
Human cellular function depends on constant tonic-
ity of the extracellular fluid. Water homeostasis is 
very accurately controlled to maintain plasma osmo-
lality within a remarkably narrow range of 282–298 
mOsm/kg.1 Osmolality is defined as the concentration 
of all the solutes in a given weight of water. Total plasma 
osmolality is estimated as follows: Posm (mOsm/kg 
H2O) = 2 × [serum Na (mmol/L) + glucose (mmol/L) 
+ blood urea nitrogen (BUN) (mmol/L)]. Effective 
osmolality or tonicity of the plasma applies only to 
the effective solutes. Effective solutes are impermeable 
to cell membranes; are restricted to the extracellular 
fluid (ECF) compartment; and create osmotic pressure 
gradients across cell membranes, leading to osmotic 
movement of water from the intracellular fluid (ICF) to 
the ECF.2

Sodium (Na) is the predominant effective solute and 
the most important osmotically active cation. Plasma Na 
concentrations are physiologically maintained within a 
narrow range of 135–145 mmol/L, despite great varia-
tions in Na and water intake. The main determinants 
of serum sodium (sNa) are Na intake, Na output, water 
intake, and water output that is dependent on the ability 
to excrete excess water in dilute urine.3 Because disorders 
of Na balance are rare, hyponatremia is usually due to a 
defect in water homeostasis. Water homeostasis is main-
tained through arginine vasopressin (AVP) and thirst.

AVP–Aquaporins
AVP is a nine-amino acid peptide hormone that is 
synthesized in the magnocellular and parvocellular 

neurosecretory neurons of the paraventricular nuclei 
(PVNs) and supraoptic nuclei (SONs) of the hypothala-
mus. AVP is stored within neurosecretory granules in 
the posterior pituitary gland and is released into the 
circulation in response to specific stimuli. AVP binds 
to the V2-receptor (V2R) in the basolateral membrane 
of the principal cells of collecting ducts of the kid-
ney and initiates cAMP-mediated activation of AQP2 
water channels.4 As a result, AVP leads to renal water 
reabsorption through increase of collecting duct water 
permeability. AVP stimulates three G protein–coupled 
receptors: V1a receptors (V1aRs) that are mainly vas-
cular, V1b receptors (V1bRs) in the anterior pituitary, 
and V2 receptors (V2Rs) in the kidney. AVP binding 
to V1aRs leads to smooth vessel contraction, whereas 
stimulation of V1bRs by AVP releases adrenocorticotro-
phic hormone (ACTH).5

The discovery of aquaporin (AQP) water channels by 
Agre et al.6 elucidated the mechanism by which water 
crosses biological membranes. Thirteen mammalian 
AQPs have been identified to date; they are specialized 
membrane transport proteins that mediate transport of 
water across cell membranes.7 AQPs have six membrane-
spanning domains and they are organized as shown in 
Figure 20.1.8

AQP2 is the predominant AVP-regulated water 
channel in the kidney and plays a key role in the con-
trol of collecting duct water permeability. There are 
short-term and long-term regulatory systems of water 
permeability and AQP2 by AVP. Short-term regulation 
occurs within few minutes and takes place through traf-
ficking of AQP2 from intracellular storage vesicles to 
the apical plasma membrane, allowing reabsorption of 
water from lumen to the cell.8 The long-term regulation 
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occurs within hours to days through increase of the 
number of the water channels in the cell. AVP binds 
to V2Rs on  the basolateral plasma membrane of the 
collecting duct. The agonist-occupied V2R activates 
adenylate cyclase; the resultant increase in cAMP leads 
to activation of PKA (Protein Kinase A). Increasing lev-
els of PKA phosphorylates transcription factors such as 
CREB-P ([cAMP-Response Element]-binding protein); 
these factors bind to CRE in the promoter of the AQP2 
gene to increase gene transcription.9

Regulation of AVP release
AVP secretion is primarily regulated by plasma osmo-
lality. Osmoreceptors are located within the circum-
ventricular organs, specifically in the subfornical organ 
(SFO) and the organum vasculosum laminae termina-
lis (OVLT).1 Neural signals are transmitted from the 
osmoreceptors to the sites of AVP synthesis (supraoptic 
and paraventricular nuclei).

There are three basic principles behind osmoregula-
tion of AVP secretion. The first principle is that there 
is an osmotic threshold (mean 284.3 mOsm/kg in a 
healthy man) at which AVP release into the plasma 
starts. The second principle is that there is a linear and 
very close relationship between plasma osmolality and 
plasma AVP. The slope of this line is a measure of the 
sensitivity of the AVP-osmoreceptor and AVP-releasing 
unit.10 The third principle is that the threshold and the 
slope of the regression line vary considerably between 
individuals due to genetic factors, but they are highly 
reproducible within an individual.11

This osmoregulatory system is very sensitive. Changes 
of ≤1% in plasma osmolality are sufficient to cause sig-
nificant increases in plasma AVP levels, and increases in 
plasma osmolality of only 5–10 mOsm/kg H2O (2%–
4%) above the osmotic threshold lead to maximal antidi-
uresis. Urine osmolality is directly proportional to plasma 
AVP concentrations, but urine volume is inversely related 
to AVP levels (Figure 20.2).2

Age has a significant effect on osmoregulation of 
AVP release. Osmoreceptor sensitivity (the slope of AVP 
regression line) is much greater in the old subjects com-
pared with young subjects, but free water clearances 
are the same. This may be a compensatory mechanism 
for the reduced renal ability to conserve water in aging 
man.12

There is also nonosmotic control of AVP release. 
Baroreceptors are located in the left atrium, aortic arch, 
and carotid sinus. Severe plasma volume reductions of 
>20%–25% are a potent stimulus of AVP release and 
override osmotic regulatory system.10 Modest reduc-
tions in effective arterial volume shift the relation-
ship between osmolality and AVP release to the left 
(Figure 20.3).2

Thirst
Thirst can be stimulated by four different signals: 
increased plasma osmolality detected by osmore-
ceptors in the anterior hypothalamus, decreased 
blood volume detected by cardiac baroreceptors, 
decreased arterial blood pressure with concomitant 
increased plasma levels of angiotensin II that binds to 
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receptors in the subfornical organ, and increased gas-
tric Na load detected by Na receptors in the abdomi-
nal viscera.13

Osmoregulation of thirst is the main determinant of 
thirst and shares the same principles with the osmoregula-
tion of AVP release. Thirst sensation is mild when plasma 
osmolality is within the normal range to replace insensible 
losses and maintain water homeostasis. When  plasma 

osmolality is above the osmotic threshold for the individ-
ual, there is very intense thirst response to increase fluid 
intake.

The act of drinking inhibits rapidly AVP release and 
thirst before any changes in plasma osmolality. This 
inhibition occurs through oropharyngeal receptors that 
activate neural inputs to the hypothalamus.1 This is a 
defense mechanism to prevent overhydration.
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Overall, body water homeostasis is achieved mainly 
through constant AVP-mediated changes in urine con-
centration and volume in response to plasma osmolal-
ity (Figure 20.4).4 Thirst plays the role of the backup 
defense mechanism.

Hyponatremia (see Severe 
hyponatremia, Chapter 24)
Hyponatremia is defined as an sNa concentration of 
<135 mmol/L (normal range, 135–145 mmol/L) and 
is the most frequent electrolyte disorder seen in clini-
cal practice. Hyponatremia almost always represents 
an excess of water in relation to Na in the extracellular 
fluid.14 The two commonest mechanisms are by deple-
tion of total body Na in excess of water losses (hypovo-
lemic hyponatremia) or excess of body water (euvolemic 
or hypervolemic hyponatremia).

Epidemiology
Hyponatremia is a common occurrence in hospitalized 
patients. The incidence of hyponatremia during acute 
hospital admission has been reported at 30%–42%.15 
sNa <130 mmol/L has been observed at 2.6%–6.2% of 
inpatients.15,16

Also, hyponatremia is common among older indi-
viduals in the community. Measurement of Na levels in 
5179 subjects aged ≥55 years from the population-based 
Rotterdam study showed that the prevalence of hypona-
tremia was 7.7% and in the subgroup of aged ≥75 years 
was 11.6%.17

Increasing age is a strong independent risk factor for 
developing hyponatremia (Figure 20.5).18 Several factors 
contribute to the increased risk of hyponatremia in the 
elderly: decreased total body water, age-related impaired 
diluting capacity of the kidney, age-related decrease in 
glomerular filtration rate and thereby increased passive 
reabsorption of fluid, impaired kidney ability to con-
serve Na, increased AVP levels at baseline and also in 
response to osmotic stimuli, and iatrogenic factors (e.g., 
polypharmacy, losing control of fluid intake).19

Hyponatremia, even mild (sNa 130–135 mmol/L), 
is associated with significantly increased in-hospital and 
long-term mortality as well as increased length of hospi-
tal stay.20,21 Hyponatremia is a poor prognostic marker 
in patients with acute ST elevation myocardial infarct,22 
with heart failure,23,24 with cirrhosis,25 and with cancer.26 
It is not known whether a causal relationship between 
hyponatremia and mortality exists or whether hypona-
tremia is just a marker of severity of illness that is not 
causally related to mortality.27,28 Another possibility is 
that hyponatremia may contribute to organ dysfunction 
and therefore indirectly contribute to excess mortality, 
but there is limited data about the effect of hyponatre-
mia on other organs, such as the heart.29

Clinical presentation
Symptoms and signs of hyponatremia vary and depend 
on the severity of hyponatremia, the rate of decline 
in sNa concentration, and the patient’s age and sex. 
Usually, patients with mild hyponatremia (sNa 130–135 
mmol/L) are asymptomatic or have subtle symptoms. 
Nonneurological symptoms, such as nausea, vomiting, 
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malaise, thirst, and weakness, are more common in mod-
erate hyponatremia (sNa 125–130 mmol/L). In cases of 
severe hyponatremia (sNa <125 mmol/L), central ner-
vous system symptoms dominate, with development of 
headache, muscle cramps, lethargy, restlessness, agita-
tion, disorientation, and apathy. In cases of severe or rap-
idly evolving hyponatremia, seizures, coma, brainstem 
herniation, respiratory arrest, and death can occur.30

Patients with chronic hyponatremia were described 
as “asymptomatic” until a few years ago. Recent evidence 
has suggested that chronic hyponatremia is not a benign 
condition. Even mild hyponatremia is associated with 
impairment in cognitive function, gait disturbances, 
and high incidence of falls.31 Several studies have shown 
that chronic hyponatremia is related to increased risk of 
bone fractures.32–34 Animal and in vitro data suggest that 
hyponatremia may per se reduce bone mineral density and 
cause osteoporosis through increase in bone resorption.35

Hyponatremic encephalopathy
The severity of symptoms depends to a large extent on the 
rapidity of fall of plasma Na levels. In acute hyponatre-
mia, water starts immediately to move into cells to achieve 
osmotic equilibrium. In brain, this initial swelling starts 
the process of extrusion of intracellular solutes. If solute 
extrusion is successfully achieved, osmotic equilibrium 
will be maintained between brain and plasma, and the 
patient will remain asymptomatic or mildly symptom-
atic. However, if adequate solute extrusion is not accom-
plished, water will continue to move into the brain, and 
this osmotic movement can lead to brain edema, raised 
intracranial pressure, and eventual tentorial herniation.36

The movement of water into brain cells appears to 
be mediated by a specific type of water-selective chan-
nel, the aquaporin AQP4, that has been identified in 
the brain. The action of antidiuretic hormone (ADH) on 
AQP in the brain is mediated via V1Rs.36

There are many mechanisms by which osmotically 
active solutes are extruded from brain during hypona
tremia. The pathway which is activated first is the extru-
sion of Na from brain by the Na+/K+/ATPase pump and 
Na channels.37 If Na extrusion is not adequate to lower 
brain osmolality, then potassium (K) extrusion will be 
stimulated to assist brain adaptation.

The two factors that substantially influence outcome 
in terms of brain damage in hyponatremic patients 
are female sex and hypoxia. Many clinical studies have 
shown that premenopausal women are at a substantially 
greater risk of dying or developing permanent brain 
damage from symptomatic hyponatremia than are either 
postmenopausal women or men of any age. Eighty per-
cent of all patients with symptomatic hyponatremia who 
die or experience brain damage are women and the odds 

ratio for women versus men is 28:1.38 The net effect of 
female sex hormones is to prevent brain adaptation while 
stimulating water influx into the brain. First, both estro-
gens and progesterone inhibit the Na+/K+/ATPase pump 
that plays an important role in extrusion of Na from 
cells. Second, female sex hormones also increase circu-
lating levels of ADH and are responsible for the water 
retention. ADH has also two direct effects on the brain: 
it increases water movement into the brain and it sig-
nificantly increases vascular smooth muscle contractility, 
decreases cerebral blood flow, and leads to brain tissue 
hypoxia. Thus, the ability of premenopausal females to 
appropriately adapt to hyponatremia may depend in large 
part on the time of the menstrual cycle at which hypo-
natremia develops.39 It is worth mentioning that elderly 
men tend to be resistant to the effects of hyponatremic 
encephalopathy. Men have larger skulls than women, and 
by the age of 60 years, their brain has shrunk substan-
tially more than in women; thus, they have a lot more 
space in their skulls to adapt to brain edema.

Hypoxia is a major factor contributing to brain dam-
age in patients with hyponatremia. Hypoxia leads to a 
failure of increase in Na/-K/-ATPase transport activity. 
Hypoxia is also a major stimulus for increased secretion 
of ADH that directly increases water movement into the 
brain and as well as decreases brain production of ATP.39

Causes of hyponatremia
After clinical and biochemical evaluation of extracellu-
lar volume status, hyponatremia is classified as hypovo-
lemic, euvolemic, and hypervolemic. Each of these three 
types of hyponatremia can be due to a wide variety of 
causes (Table 20.1).40

Hypovolemic hyponatremia
Hypovolemic hyponatremia is characterized by extra-
cellular volume depletion with Na loss exceeding water 
loss. The reduced effective arterial blood volume is a 
potent stimulant of AVP secretion.

Hypovolemic hyponatremia is caused by extrare-
nal losses of Na or renal losses of Na. The common-
est conditions that cause extrarenal Na losses (urine 
Na <20 mmol/L) are conditions with gastrointestinal 
losses (vomiting, diarrhea, gastrointestinal bleeding), 
skin losses (fever, burns), and losses in third space 
(trauma, pancreatitis). The commonest conditions that 
cause renal Na losses (urine Na >40 mmol/L) are thia-
zide diuretics, mineralocorticoid deficiency, cerebral salt 
wasting, and salt-wasting nephropathy.3

Four to eleven percent of patients on thiazide diuret-
ics develop hyponatremia, and they are in some cases 
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hypovolemic and in other cases euvolemic. The three 
main factors implicated in thiazide-induced hypona-
tremia are increased water intake, reduced free water 
clearance, and renal Na+ and K+ loss. Thiazide diuretics 
impair diluting ability in several ways. Diuretics may 
reduce glomerular filtration rate and enhance reabsorp-
tion of Na and water in the proximal nephron, dimin-
ishing fluid delivery to the distal diluting sites. In some 
cases thiazide-induced volume depletion stimulates 
nonosmotic AVP release. In addition, thiazides may 
directly enhance water permeability and water reab-
sorption in the collecting duct.41 Thiazide diuretics act 
by inhibiting reabsorption of Na and Cl from the dis-
tal convoluted tubule by blocking the thiazide-sensitive 
Na/Cl cotransporter; thus, they are electrolyte deficient 
in terms of Na and K.41 Water retention caused by 
impaired water excretion combined with cation deple-
tion may result in severe hyponatremia.

In primary adrenal insufficiency, hyponatremia is 
attributed to mineralocorticoid and glucocorticoid defi-
ciency. Mineralocorticoid deficiency leads to renal salt 
wasting, extracellular fluid volume depletion, and reduc-
tion of cardiac output. Nonosmotic stimulation of AVP 
release through baroreceptors leads to hyponatremia.42

Euvolemic hyponatremia
Euvolemic hyponatremia is usually due to SIADH, 
but other less common causes are inappropriate fluid 
replacement with hypotonic fluids, excessive water 

intake in primary polydipsia, glucocorticoid deficiency, 
and severe hypothyroidism.

Secondary adrenocortical insufficiency should always 
be considered in patients with hyponatremia in the 
context of traumatic brain injury (TBI) or subarach-
noid hemorrhage (SAH). In the acute phase after SAH, 
7%–14% develop ACTH deficiency, and acute adrenal 
insufficiency may account for up to 10% of cases of 
acute hyponatremia post-SAH.43 Early morning corti-
sol (F) of <300 nmol/L in the context of the acutely ill 
patient with SAH is highly suggestive of acute adrenal 
insufficiency; early morning F levels of 300–500 nmol/L 
in combination with other features, such as hypoglyce-
mia, hypotension, or slow clinical progression, raises 
the clinical suspicion of acute F deficiency and a trial 
of glucocorticoid therapy should be considered.44 In the 
setting of acute TBI, 10%–16% develop acute ACTH 
deficiency, but this is rarely the cause of hyponatremia 
in this context.44,45 A study of acutely ill patients with 
severe hyponatremia due to hypopituitarism with sec-
ondary adrenal insufficiency found that there were no 
subjects with ACTH deficiency who had basal plasma 
F >439 nmol/L.46

Hyponatremia in secondary adrenal insufficiency is 
attributed mainly to inappropriate secretion of AVP. 
F is a physiological tonic inhibitor of AVP secretion46; 
animal and human postmortem studies have shown that 
AVP expression in hypothalamic neurons is strongly 
suppressed by glucocorticoids.47 A second factor is 

 Urinary Na <20 mmol/L Urinary Na >40 mmol/L

Hypovolemic Gastrointestinal (GI) losses Diuretics
Mucosal losses Addison’s disease
Pancreatitis Cerebral salt wasting
Na depletion postdiuretics Salt-wasting nephropathy

Euvolemic Hypothyroidism Syndrome of inappropriate antidiuretic hormone 
secretion (SIADH)

SIADH with ongoing fluid restriction ACTH deficiency
Primary polydipsia
Inappropriate fluid replacement

Hypervolemic Cirrhosis Cardiac failure or cirrhosis on diuretic therapy
Cardiac failure
Nephrotic syndrome

Source:	 Adapted from Hannon MJ, Thompson CJ, European Journal of Endocrinology/European Federation of Endocrine Societies, 162, 
S5–12, 2010.

Table 20.1
Causes of hyponatremia.
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that patients with secondary adrenal insufficiency 
have reductions in cardiac output and mean arterial 
pressure that cause nonosmotic AVP release.42,48 Also, 
release of AVP increases significantly the expression of 
AQP2 mRNA and protein in the kidney, but the AQP2 
mRNA expression is more manifest in the kidney than 
that expected from the plasma AVP levels. The mecha-
nisms underlying this exaggerated effect of AQP2 in 
the kidney are not well understood.49 In addition, in 
glucocorticoid deficiency, there is upregulation of Na 
transporters in the proximal tubule that limit fluid 
delivery to the distal diluting segment of the kidney.50

The differences between hyponatremia due to pri-
mary and hyponatremia due to secondary adrenal insuf-
ficiency are shown in Table 20.2.51

In clinical practice, hyponatremia due to hypothy-
roidism occurs in the context of severe hypothyroidism 
and myxoedema. An important factor in the impaired 
ability to dilute urine is the nonosmotic release of AVP; 
hypothyroid subjects have inappropriately high cir-
culating levels of AVP and they do not suppress their 
AVP levels following an oral water load.42,52 Decreased 
heart rate and myocardial contractility contribute to 
reduced cardiac output that leads to nonosmotic release 
of AVP via carotid sinus baroreceptors.53 Also, reduc-
tion in plasma renal flow and in glomerular filtration 
rate leads to diminished delivery of water to the distal 
diluting segment of the kidney; the greater the impair-
ment in renal function, the more likely is the develop-
ment of hyponatremia.53 There is another mechanism 
of diminished fluid delivery to the distal part of the 
nephron; hypothyroidism causes marked upregulation 
of renal cortex AQP1 and thus increases proximal tubu-
lar reabsorption of water.52 Overall, the predominant 

mechanism is the nonosmotic release of AVP and sub-
sequent increase in expression of renal AQP2, but there 
are also reduced distal fluid delivery and several tubular 
defects.

SIADH
SIADH is defined as the syndrome when AVP is not 
appropriately suppressed when sNa levels fall below the 
osmotic threshold for physiological AVP secretion.40 
SIADH is characterized by slight extracellular volume 
expansion that is not clinically detectable.

To diagnose a patient with SIADH, the patient 
should meet all the diagnostic criteria summarized in 
Table 20.3.54,55

SIADH is classified to four different types as shown 
in Figure 20.6.56

i.	 Type A is the commonest. It is characterized by 
erratic, excessive secretion of AVP and loss of linear 
relationship between plasma osmolality and AVP 
secretion. The wide fluctuations in AVP levels do 
not usually lead to large changes in urine osmolal-
ity because urine osmolality tends to be fixed at the 
highest possible level. It occurs in about 30%–40% 
of patients with SIADH and especially in patients 
with malignancy. This form is typically associated 
with small cell lung cancer and leads to more severe 
hyponatremia.

ii.	 Type B occurs in about 30% of patients and is 
characterized by a slow, constant “leak” of AVP at 
levels below normal osmotic threshold but a linear 
relationship between plasma osmolality and AVP 
secretion above osmotic threshold. The levels of 
urine osmolality tend to be fixed at a lower level 

 Primary adrenal insufficiency Secondary adrenal insufficiency

Volume status Hypovolemia Euvolemia
Serum K High or normal Normal
Serum renin activity High Normal
Serum ACTH High Low
Serum urea High or normal Low or normal
Serum urate High or normal Low or normal
Fractional excretion (FE) urea Low or normal High or normal
FE urate Low or normal High or normal

Source:	 Modified from Liamis G et al., Annals of Medicine, 43, 179–87, 2011.

Table 20.2
Differential diagnosis of hyponatremia due to primary and secondary adrenal insufficiency.
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than in type A. This pattern suggests damage to 
the posterior pituitary or to the inhibitory neurons 
of osmoregulation in the hypothalamus.

iii.	 Type C is well known as “reset osmostat” and 
occurs in about 30% of patients. The close linear 
relationship between plasma osmolality and AVP 

secretion is maintained, and the patient is able to 
fully suppress AVP production. Unlike types A 
and B, the urine osmolality varies markedly with 
changes in hydration and plasma Na levels. The 
abnormality lies at the osmotic threshold for AVP 
secretion that is lower than normal. This is due to 

Essential diagnostic criteria for SIADH
•	 sNa <135 mmol/L
•	 Serum osmolality <275 mOsm/kg
•	 Urine osmolality >100 mOsm/kg
•	 Urine Na >40 mmol/L (provided the patient is not on salt restriction)
•	 Euvolemic
•	 Normal adrenal and thyroid function
•	 No use of diuretics within past week

Additional diagnostic criteria for SIADH
•	 Serum urate <0.24 mmol/L
•	 FENa >1% and FEurea >55%
•	 Failure to improve sNa by >5 mmol/L and increase of FENa by >0.5% after test infusion of 2 L of 

isotonic saline over 24 h

Source:	 Adapted from Thompson C et al., Best Practice & Research Clinical Endocrinology & Metabolism, 26, S7–15, 2012; Ellison DH, 
Berl T, The New England Journal of Medicine, 356, 2064–72, 2007.

Table 20.3
Essential and additional criteria for the diagnosis of hyponatremia due to SIADH.
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downward resetting of the osmoregulatory system. 
These patients are protected against the progression 
to severe hyponatremia.

iv.	 Type D is a rare clinical phenomenon characterized 
by undetectable AVP levels. In some cases, it is the 
gain-of-function mutations of the AVP V2R that 
lead to constant activation of V2R.40 Other poten-
tial causes are postreceptor defects in trafficking of 
the AQP2 water channels or secretion of an antidi-
uretic compound other than AVP.

The most common causes of SIADH are as fol-
lows: (1) malignancies, (2) pulmonary disorders, (3) 
disorders of central nervous system, (4) drugs, and 
(5) miscellaneous. The causes of SIADH that are fre-
quently encountered in clinical practice are listed in 
Table 20.4.

Drug-induced hyponatremia is among the com-
monest and preventable causes of hyponatremia. SSRIs 
and serotonin and noradrenaline reuptake inhibitors 
(SNRIs) cause hyponatremia relatively frequent. Most 
patients develop hyponatremia within 30 days after 
the start of the SSRI, with a median time to onset of 
13–21 days57,58, and mean time to normalization of sNa 
concentration upon cessation of the SSRI is 9 days.58 
Recognized risk factors for the development of SSRI-
induced hyponatremia are increasing age, female sex, 
low body weight, excessive fluid intake, previous his-
tory of hyponatremia, low baseline sNa levels <138 
mmol/L, and treatment with other medications known 
to cause hyponatremia (e.g., thiazide diuretics, ACE 
inhibitors)57–61. The main mechanism of SSRI-induced 
hyponatremia is by increase of central ADH secre-
tion; SSRIs increase levels of serotonin and stimulate 
5-hydroxytryptophan (5-HT)1c and 5-HT2 receptors 
that activate ADH secretion.62,63 Other mechanisms 
involved in the pathophysiology of SSRI-induced hypo-
natremia are a resetting of the osmostat, augmentation 
of the effect of ADH in the renal medulla, and inhi-
bition of the metabolism of concomitant drugs with 
subsequent increase in their serum concentration.57,64 
Serum electrolytes should be measured at baseline and 
after 3–4 weeks in high-risk groups, such as the elderly 
(>65 years), and in subjects with low body weight and 
low baseline sNa.65,66

Ecstasy (MDMA) has found widespread use in 
young adults. It has been associated with hyponatre-
mia and can lead to coma and in some cases to death. 
A variety of factors are involved in the pathogenesis 
of ecstasy-associated hyponatremia and include advice 
to drink copious amounts of low-solute-content flu-
ids to prevent dehydration, ecstasy-induced thirst, 
ecstasy-induced increased release of AVP that is 

mediated via  ecstasy-induced release of serotonin,67 
increased sweat Na losses and ecstasy-related delay in 
gastrointestinal motility, which may lead to passive 
absorption of large amounts of water in the intestinal 
lumen.68,69

Malignancies
Small-cell-lung cancer
Mesothelioma
GI tract cancer (stomach, duodenum, pancreas)
Genitourinary tract cancer (ureter, bladder, 

prostate)
Lymphoma
Nasopharyngeal carcinoma
Pulmonary causes
Pneumonia
Tuberculosis
Lung abscess
Respiratory failure
Central nervous system disorders
Meningitis/encephalitis
SAH
Subdural hematoma
Cerebrovascular accident
Tumor
Abscess
Traumatic brain injury
Drugs
Selective serotonin reuptake inhibitors (SSRIs)
Tricyclic antidepressants
Carbamazepine
Phenothiazines
Haloperidol
Cyclophosphamide
(3,4-Methylenedioxy-N-methylamphetamine) 

(MDMA, “ecstasy”)
Opioids analgesics
Proton pump inhibitors (PPIs)
Angiotensin convertase (ACE) inhibitors
Miscellaneous
Endurance exercise (postmarathon)
Pain
Nausea

Table 20.4
Causes of SIADH that are frequently encountered 
in clinical practice.



Fluid and electrolyte disorders

441

Hypervolemic hyponatremia
Hypervolemic hyponatremia is characterized by expan-
sion of extracellular volume with water retention exceed-
ing Na retention.

The three commonest causes of hypervolemic hypo-
natremia are congestive cardiac failure, cirrhosis, and 
nephrotic syndrome. The main mechanism is nonos-
motic release of AVP. Arterial baroreceptors sense arte-
rial underfilling (either due to reduced cardiac output 
or due to arterial vasodilation) and activate the neuro-
humoral axis as a compensatory response to maintain 
arterial perfusion. The neurohumoral response has 
three components: baroreceptor-mediated AVP release 
to retain water, activation of the renin–angiotensin–
aldosterone system to retain Na, and stimulation of the 
sympathetic nervous system to increase systemic and 
arterial vascular resistance.42 The classical picture is that 
of renal Na retention with urine Na <20 mmol/L.

In hypervolemic hyponatremia due to renal fail-
ure, kidneys are not able to conserve Na with urine 
Na >40 mmol/L.

Evaluation of patients 
with hyponatremia
The evaluation of the patient with hyponatremia should 
include medical history, detailed drug history, physical 
examination, and appropriate laboratory investigations.

Clinical assessment
The first step in a patient with hyponatremia is the assess-
ment of volume status. This is the key to the differential 
diagnosis and appropriate management of hyponatremia. 
Status should be assessed by clinical parameters, such 
as jugular venous pressure, skin turgor, mucous mem-
branes, postural changes in blood pressure, and heart 
rate. Common clinical signs that facilitate the accurate 
classification of volume status are as shown in Table 20.5.

In clinical practice, it can be very difficult to 
differentiate between euvolemia and mild volume 
depletion. Even in the context of a clinical study, the 
clinical evaluation for diagnosing hypovolemia has 
been found to have sensitivity as low as 41% and 
specificity of 80%.70 The clinical prediction of extra-
cellular fluid volume status is unsatisfactory, and 
physicians should take into account the limitations 
of physical examination of hyponatremic patients.

Laboratory evaluation
The second step is laboratory evaluation. Laboratory 
tests that should be performed in patients with hypona-
tremia are listed in the following sections.

Serum osmolality
First, it is necessary to determine whether the patient has 
hypotonic or nonhypotonic hyponatremia. Hypo-osmolar 
state is defined as serum osmolality <280 mOsm/kg.

In most cases, hyponatremia reflects a state of hypo-
tonicity. But normotonic or even hypertonic hypona-
tremia occurs in the context of pseudohyponatremia or 
translocational hyponatremia.

Pseudohyponatremia is classically seen in the con-
text of marked hyperlipidemia or hypertriglyceridemia 
or paraproteinemia. In these cases, serum osmolality 
remains normal at >280 mOsm/kg.

Translocational hyponatremia occurs in the presence 
of osmotically active substances (high glucose levels or 
patients during a mannitol infusion). An increase in 
serum osmolality leads to movement of water from the 
cells to the extracellular fluid and subsequently a decrease 
in serum Na levels by dilution. Acute hyperglycemia 
decreases the sNa concentration due to an immediate 
extracellular shift of water because glucose is restricted to 
the extracellular space. Thus, patients with severe hyper-
glycemia have hypertonic hyponatremia. It has been pro-
posed that sNa should be corrected for hyperglycemia 
by adding 1.6 mmol/L for every 5.6 mmol/L increase of 
glucose levels above the normal range.71 Experimental 
studies have shown that the degree of hyponatremia 

Hypervolemia Peripheral edema
Ascites
Raised jugular venous pressure
Pulmonary edema

Euvolemia Absence of clinical signs of 
volume

Expansion/depletion
Hypovolemia Dry mucous membranes

Reduced skin turgor
Invisible jugular venous 

pressure
Reduction in systolic blood 

pressure by >20 mmHg after 
standing for 1 min

Increase in heart rate by >20 
beats/min or >10% after 
standing for 1 min

Table 20.5
Classification of volume status according to clinical 
signs.



Endocrinology in Clinical Practice

442

varies among individuals with acute hyperglycemia and 
becomes more pronounced with marked hyperglycemia. 
A correction factor of adding 2.4 mmol/L in the Na con-
centration for every 5.6 mmol/L increase in glucose con-
centration is more accurate than the 1.6 correction factor 
that was derived from theoretical predictions. Because 
of the curvilinear association between glucose levels and 
Na levels, the 2.4 correction factor performs very well 
especially in the clinically important ranges of serum 
glucose >24.4 mmol/L.72

Urine osmolality
In the patient with hypotonic hyponatremia, the ability 
of the kidneys to dilute urine needs to be assessed. Urine 
osmolality (U-Osm) <100 mOsm/kg suggests normal 
water excretion as appropriate response to hypotonic 
hyponatremia. ADH production is fully and appropri-
ately suppressed, resulting in a maximally dilute urine. 
This occurs in primary polydipsia and sometimes in 
reset osmostat syndrome.

A urine osmolality >100 mOsm/kg suggests an 
inappropriate response to hypotonic hyponatremia. The 
patient has an impaired ability to excrete water and is 
unable to maximally dilute urine. This occurs in con-
ditions with impairment of water excretion (SIADH, 
hypervolemic and hypovolemic hyponatremia).

Urine-specific gravity (U-SG) is often used in clinical 
practice as a bedside tool to estimate urine osmolality. 
Three methods for measuring U-SG are currently avail-
able: refractometry, hydrometry, and cation exchange on a 
reagent strip. The U-SG indicates the number and weight 

of solute particles in urine, whereas the U-Osm is deter-
mined only by the number of particles in the solution.

At urine pH of 7.0 and with a U-SG of 1.010, we can 
predict a U-Osm of approximately 320 mOsm/kg H2O 
using either method. For an increase in SG of 0.01, the pre-
dicted osmolality increases by about 181 or 203 mOsm/kg 
H2O based on whether the U-SG is measured by reagent 
strip or by refractometry, respectively.73 The relationship 
between U-SG and U-Osm is illustrated in Figure 20.7.74

Variations in pH, glucose, protein, hemoglobin, bili-
rubin, ketones, and urobilinogen affect the linear corre-
lation between U-SG and U-Osm significantly, hence it 
is difficult to predict the osmolality with any degree of 
certainty in the presence of these factors. The relation-
ship between U-SG and U-Osm is affected by pH when 
U-SG is measured using reagent strip but not to the 
same extent when it is measured using refractometry.73

U-SG can be used reliably at the bedside as a good 
estimate of urine osmolality in clean urine samples 
and can facilitate the close monitoring of patients with 
hyponatremia and their response to treatment. In path-
ological urine samples, U-SG gives unreliable estimate 
of urine osmolality.

Urine Na
With hypotonic hyponatremia and an impaired ability 
to dilute urine, the effective arterial blood volume as 
well as the renal Na losses need to be assessed.

In terms of differentiating between hypovolemic and 
euvolemic state, a Na <20 mmol/L in a spot urine sample 
usually suggests volume depletion (provided there is no 
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Figure 20.7
Relationship between U-Osm (urine osmolality) measured in mOsm/kg and U-SG (urine specific gravity) 
measured with a refractometer (a) as well as U-SGmeasured with an automatic readout of the Bayer dip-
stick (b). (Adapted from de Buys Roessingh AS et al., Archives of Disease in Childhood, 85, 155–7, 2001.)
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renal salt wasting), but elderly patients can have urine 
Na values as high as 50–60 mmol/L because of reduced 
renal conservation of Na in response to a reduced effec-
tive blood volume. A urine Na >40 mmol/L suggests a 
euvolemic state, but euvolemic patients with very low 
solute intake or salt depletion can have much lower urine 
Na values.75 An equivocal urine Na of 20–40 mmol/L is 
not useful in terms of determining volume status.

In the hyponatremic patient, urine Na measurement can 
identify the origin of Na losses (extrarenal losses if Na is 
<20 mmol/L and renal losses if urine is Na >40 mmol/L).54

Serum urea, creatinine, and uric acid
Serum urea and the urea:creatinine ratio are of some 
value in discriminating between hypovolemia and 
euvolemia, especially when creatinine is normal. Urea 
levels tend to rise in volume depletion and be low in 
euvolemic state. Serum urea and urea:creatinine ratio 
tend to rise with age, and there is a significant overlap 
in values between SIADH and hypovolemic hyponatre-
mia, which limits their utility. It has been shown that 
older subjects have a more important decrease in urea 
clearance (by 56%) than in urea production (by 27%), 
leading to an increase in plasma urea of 29%. Patients 
<40 years old with SIADH present with higher mean 
FEurea (58% ± 14%) compared with patients >70 
years old with SIADH (mean FEurea 44% ± 15%).76

Serum uric acid levels are of great value in differenti-
ating between euvolemia and volume depletion. A serum 
uric acid <0.24 mmol/L has a positive predictive value 
of 73%–100% for SIADH, whereas uric acid >0.32 
mmol/L is strongly suggestive of volume depletion. 
Reduced serum urate levels results from water retention, 
volume expansion, and associated decrease in proximal 
Na reabsorption that indirectly reduces urate reabsorp-
tion, which is located mainly in the proximal tubule.77,78

Serum F and thyroid function tests
The possibility of adrenal insufficiency (primary or sec-
ondary) should be excluded. If a morning or random F is 
not unequivocally normal, dynamic assessment of glu-
cocorticoid reserve is strongly recommended, usually in 
the form of a short corticotrophin (Synacthen 250 mg 
IM) test.79 TSH and free T4 are recommended to check 
thyroid function.

Fractional excretion of sodium (FENa), urea 
(FEurea), potassium (FEk), and urate (FEurate)
Fractional excretion of FENa, FEurea, FEk, and FEurate 
are calculated as shown below

FENa = (Una × Pcrea) × 100/(Pna × Ucrea)
FEurea = (Uurea × Pcrea) × 100/(Purea × Ucrea)

FEk = (UK × Pcrea) × 100/(PK × Ucrea)
FEurate = (Uurate × Pcrea) × 100/(Purate × Ucrea)

In view of the multiple parameters that affect urine 
Na, the combination of several clearance ratios can be 
an adjunctive tool. FENa is a more reliable parameter 
for natriuresis than is urine Na and an FENa >1% 
suggests SIADH or diuretic use. It has been shown 
that the combination of low FENa <0.5% and low 
FEurea <55% is the best biochemical way to identify 
hypovolemic individuals who respond to isotonic saline 
infusion.70,80

In patients on diuretics, the differential diagnosis 
of hyponatremia can pose major challenges. Diuretics 
inhibit tubular Na reabsorption and increase urinary 
Na excretion; as a result, urine Na and FENa are usually 
high. Urine Na and FENa have limited diagnostic util-
ity in differentiating a diuretic effect from SIADH.70 An 
FEurate value of >12% has a positive predictive value of 
100% in diagnosing SIADH in patients on diuretics, 
whereas FEurate <8% excludes SIADH.81 The reason 
that FEurate has high diagnostic accuracy in patients 
on diuretics is that diuretic therapy does not affect the 
transport mechanisms of urate, localized exclusively in 
the proximal tubule.

FEK could be of value in detecting diuretic use in 
patients whose home treatment is unknown or who 
deny diuretic use. Patients on diuretics have FEK values 
>17%.70

Serum copeptin
Recent studies have shown that the measurement of 
plasma copeptin has diagnostic utility in the differ-
ential diagnosis of hyponatremia. Copeptin is derived 
from the same precursor peptide as AVP and is released 
in equimolar amounts together with AVP. Plasma AVP 
measurement is not part of the diagnostic evaluation of 
hyponatremia because of preanalytical and analytical 
problems as well as lack of reliable assays. Copeptin has 
been shown to be a reliable surrogate marker of AVP 
secretion.82

There are two potential roles of plasma copeptin 
in the differential diagnosis of hyponatremia. First, 
suppressed levels of copeptin can reliably distin-
guish patients with primary polydipsia in contrast 
to other causes of hyponatremia where copeptin is 
elevated. Second, the copeptin to urine Na ratio has 
been shown to be superior to the established crite-
ria in discriminating volume depleted from normo-
volemic hyponatremic patients. Copeptin/urine Na 
× 100 <30 pmol/mmol has 85% sensitivity and 87% 
specificity in identifying normovolemic patients with 
hyponatremia.82
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Diagnostic trial of isotonic saline
In a large number of cases, there is uncertainty about 
the volume status of the patient. In these cases, a trial 
of isotonic fluids infusion (2 L of 0.9% saline over 24 h) 
is strongly recommended because it can be a very useful 
diagnostic and therapeutic tool.

It has been shown that a test infusion with isotonic 
saline in patients with SIADH rarely causes significant 
sNa reduction, despite the fact that urinary osmolal-
ity usually exceeds administered fluid osmolality. It is 
rarely hazardous, so long as urine osmolality is <538 
mOsm/kg H2O and urine Na + K is below Na concen-
tration of the infused isotonic saline (154 mmol/L). The 
safety of a trial of isotonic saline in SIADH is attributed 
to the incapacity of the kidney to use only electrolytes 
to elaborate a given urinary osmolality.83

Increase in sNa by at least 5 mmol/L usually sug-
gests hypovolemic state, whereas increase of sNa by <5 
mmol/L indicates euvolemia. Studies have shown that 
this cutoff can be misleading in up to 30% of cases, 
however, either because some patients with SIADH and 
serum osmolality <300 mOsm/kg respond very well to 
isotonic saline or because some hypovolemic patients 
with severe salt depletion do not respond well.78 In 
terms of using FENa criteria, an increase of FENa by 
<0.5% suggests hypovolemia, whereas an increase of 
FENa by >0.5% suggests euvolemia. It is proposed that 
the isotonic saline infusion test only allows a reliable 
classification of hyponatremia, as far as both these sNa 
and FENa criteria are taken into account.

Radiological investigations
Patients with SIADH should be investigated further 
to identify the underlying cause. Common radiological 
investigations include chest X-ray (to identify pulmo-
nary causes), computed tomography (CT) or magnetic 
resonance imaging (MRI) of the brain to identify cen-
tral nervous system (CNS) causes, and CT imaging of 
lungs and abdomen to identify possible malignancy. 
Positron emission tomography (PET)/CT may represent 
the most sensitive means of detecting a neoplasm.

Management
Appropriate management requires prompt and appro-
priate diagnosis of the type and cause of hyponatremia, 
identification of the cause, and treatment of the underly-
ing disease being of paramount importance.

The desired rate of correction of hyponatremia needs 
to be taken into account when considering management 
options for hyponatremia. In acute hyponatremia (onset 
<48 h), patients may present with alarming neurological 

findings because of cerebral edema. In these cases, rapid 
correction of sNa is necessary.84 In chronic hyponatre-
mia (onset >48 h), rapid correction of sNa may cause 
osmotic demyelination syndrome (OMS). This is a syn-
drome when patients develop myelinolysis most often 
in the pons with associated quadriparesis, pseudobulbar 
palsy, and locked-in syndrome (central pontine myelin-
olysis) but they also sometimes develop myelinonysis in 
other areas such as the thalamus, internal capsule, deep 
cerebral cortex, and cerebellum (extrapontine myelin-
olysis).85 OMS can be avoided by limiting correction 
of chronic hyponatremia to <10–12 mmol/L in 24 h 
and <18 mmol/L in 48 h. Patients with malnutrition, 
alcoholism, or advanced liver disease may be especially 
susceptible to OMS, and in these patients the correction 
of sNa should be <8 mmol/L in 24 h.86

Diagnosis of hypovolemic hyponatremia
Accurate diagnosis of hypovolemic hyponatremia, par-
ticularly when subtle, is essential and pivotal to correct 
management. As stated, it can be extremely difficult to 
differentiate it from euvolemia. Treatment is by correc-
tion of volume deficit with isotonic (0.9%) saline; the 
relative water excess will correct itself.

In addition, all diuretics should be withheld. In cases 
of confirmed or suspected mineralocorticoid deficiency, 
corticosteroids should be administered urgently.

Management of euvolemic hyponatremia
In euvolemic hyponatremia, the currently available 
therapeutic options are hypertonic saline, fluid restric-
tion, demeclocycline, and AVP-receptor antagonists. 
The most important determinant guiding therapy is 
whether the patient has severe neurological symptoms 
or not.

In patients with hyponatremia-related severe neu-
rological presentations such as seizures or reduced con-
sciousness level, rapid correction is needed. The only 
way to accomplish this promptly is with a hypertonic 
(3%) saline infusion, although overcorrection must be 
avoided if additional neurological sequelae are to be 
avoided. The patient should be monitored closely by 
a clinician with expertise in fluid disorders in a high 
dependency/intensive care unit (ICU) setting (with sNa 
monitoring every 2 h). The recommended starting dose 
is a low rate infusion of 0.5–2.0 mL/kg/h with titration 
according to sNa levels every 2 h.87 It is necessary and 
appropriate to correct acutely to safe levels rather than 
to normal levels.86

In cases without severe neurological manifes-
tations, fluid restriction has been the mainstay of 
treatment for hyponatremia due to SIADH. The prin-
cipal disadvantage is that a significant proportion of 
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patients find it very difficult to comply with fluid 
restriction due to thirst. Fluid restriction of 500–1200 
mL/day is recommended according to the severity of 
hyponatremia, urine output, and urine electrolytes. 
The second drawback of this approach is that it usu-
ally takes several days to lead to significant increase 
in sNa levels.

An alternative treatment option is demeclocycline. 
Demeclocycline inhibits the action of vasopressin on 
the distal collecting tubule of the kidney and causes 
nephrogenic diabetes insipidus in most patients. The 
disadvantages of demeclocycline are (1) it is not effec-
tive in some patients and the response of each individual 
is unpredictable, (2) the onset of action is variable and 
usually longer than 3 days, and (3) it can cause profound 
polyuria and associated kidney injury.86

AVP-receptor antagonists were recently introduced 
in clinical practice. Tolvaptan, the only drug of this 
class currently licensed in Europe, is an oral, selec-
tive, nonpeptide antagonist that blocks AVP binding 
to V2Rs and activation of receptors at the renal col-
lecting tubules. The result is water excretion without 
changing the total electrolyte excretion (“aquaresis”). 
Tolvaptan has been shown to be effective in raising 
and maintaining sNa in patients with hypervolemic 
and euvolemic hyponatremia.88 The cost of vaptans has 
limited its clinical use in many centers. The possibility 
of overrapid correction of hyponatremia has also been 
of concern, but no cases of osmotic demyelination have 
been reported hitherto. The drug should be started 
in a hospital setting due to the need for dose titration 
and close monitoring of sNa and volume status. The 
starting dose is 15 mg once daily, increasing to a maxi-
mum of 60 mg daily as tolerated to achieve the desired 
Na concentration. Patients who do not perceive thirst 
should not be treated with this agent, and patients on 
treatment should have access to water. Monitoring of 
Na should take place within 4–6 h of administration, 
and overcorrection diagnosed if the Na rises by more 
than 6 mmol/L in the first 6 h or 8 mmol/L in the first 
6–12 h. Infusion of a hypotonic solution may be nec-
essary in such patients, and the dosage reduced or the 
drug stopped. The drug is metabolized by the CYP3A4 
pathway, and clinicians should be aware of coadminis-
tration of drugs that are metabolized by this pathway. 
Overall, it remains to be seen whether AVP-receptor 
antagonists will become the mainstay of treatment of 
SIADH instead of fluid restriction.

Ongoing research is needed to assess the effect of 
treatment of hyponatremia on mortality, length of 
hospital stay, and patient’s quality of life. Studies on 
the efficacy and safety of vaptans versus fluid restric-
tion would be helpful in terms of defining the role 

of vaptans in the treatment of hyponatremia due to 
SIADH.89

Urine osmolality and urine: 
Plasma electrolyte ratios
Urine osmolality as well as urine plasma/electrolyte 
ratio (U/P ratio) can inform treatment decisions. In 
cases of high urine osmolality >600 mOsm/kg H2O, 
water restriction should be severe, and these patients are 
most likely to benefit from use of vaptans. Patients with 
relatively low and fixed urine osmolality at 300–400 
mOsm/kg H2O can be managed effectively by less 
severe water restriction.78

Another recommended approach is to use the sim-
plified U/P ratio as defined by the sum of urine Na and 
urine K concentration from a spot collection divided by 
the plasma Na (U/P ratio = UNa + UK/PNa).

If this ratio is <0.5, 1000 mL fluid restriction is 
recommended. If the ratio is 0.5–1.0, 500 mL fluid 
restriction is recommended. If the ratio is >1.0, then 
no electrolyte-free water is excreted, and theoretically 
patient should minimize fluid intake to 0 mL. This 
approach could guide the recommended volume of fluid 
restriction and predict the response of the patient.90 This 
formula could also predict patients likely to be refrac-
tory to fluid restriction who would most benefit from 
vasopressin receptor antagonists (U/P ratio >1.0).84

Management of hypervolemic hyponatremia
In hypervolemic hyponatremia, the mainstays of treat-
ment are Na restriction and diuretics. Loop diuretics 
(furosemide, bumetanide) are primarily used with the 
addition of K-sparing diuretics (spironolactone) as treat-
ment for secondary hyperaldosteronism, especially in 
patients with cirrhosis.

Hypernatremia
Hypernatremia is defined as an sNa concentration 
exceeding 145 mmol/L and is a common electrolyte dis-
order. Hypernatremia is always associated with hyperos-
molality and represents a state of relative excess of Na to 
water in the extracellular fluid.

Epidemiology
The incidence of hypernatremia in hospitalized patients 
is 1%–2%.91,92 Hypernatremia usually occurs in infants, 
the elderly, patients with altered mental status, and 
intubated patients because they have impaired thirst or 
limited access to water.93
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Hypernatremia that precedes hospitalization is 
mainly a geriatric disease and often occurs in patients 
living in nursing homes. Hospital-acquired hypernatre-
mia is not a geriatric disease because these patients have a 
mean age of 59 years.92 Hospital-acquired hypernatremia 
has been regarded as an indicator of quality of care and 
results usually from inadequate provision of electrolyte-
free water combined with an inability to increase oral 
water intake in response to hypertonicity. These patients 
have impaired mental status and impaired thirst percep-
tion or are unable to regulate their water intake because 
they are intubated. In addition, they have increased free-
water losses due to their impaired renal concentrating 
capacity as well as increased enteral or insensible losses.92

Hypernatremia is a common electrolyte disorder in 
critically ill patients in ICUs. Two percent of patients 
are hypernatremic on admission to the ICU and 7% 
develop hypernatremia during the ICU stay.94

Patients with sNa levels >150 mmol/L have a 
high inpatient mortality rate of 37%–48%.92,94–96 
Traditionally, hypernatremia has been proposed as a 
marker of the severity of the underlying disease. The 
increased mortality has been attributed to the severity 
of the underlying disease, but several retrospective stud-
ies have shown an independent effect of hypernatremia 
on mortality. Causal relationship has not been proved, 
but the adverse effects of hypernatremia on various 
physiological functions may contribute to excess mor-
tality.97 Overall, it is difficult to separate the effect of 

hypernatremia from the effect of the underlying disease, 
but the strong association of hypernatremia with excess 
mortality is likely to be a combination of the effects of 
the underlying disease and the harmful consequences of 
hypernatremia per se.98

Clinical presentation
The severity of symptoms of hypernatremia depends 
on the value of sNa and the rapidity of onset of hyper-
natremia. Patients with hypernatremia present with 
neurological symptoms and signs that include lethargy, 
irritability, restlessness, muscle weakness, seizures, and 
coma. Hypernatremia and therefore hyperosmolality 
lead to a shift of free water from the intracellular to the 
extracellular space. This shift leads to brain cell shrink-
age that can result in vascular rupture and permanent 
neurological deficit in severe cases.99

Hypernatremia has also effects on other physiological 
functions. Hyperosmolality disturbs insulin-mediated 
glucose use and potentially contributes to the develop-
ment of hyperglycemia. Also, hypernatremia has a nega-
tive effect on left ventricular contractility.97

Causes
Hypernatremia is always associated with hyperosmolar 
state. Thirst is the major defense mechanism against 

Pure water loss
Unreplaced insensible losses due to adipsia or limited access to water
Diabetes insipidus (cranial or nephrogenic)

Hypotonic fluid losses
Cutaneous losses (burns, excessive sweating)
GI losses (viral gastroenteritis, osmotic diarrhea, vomiting)
Renal losses (loop diuretics, osmotic diuresis, postobstructive diuresis, polyuric phase of acute 

tubular necrosis)
Na gain

Fluid infusion (Na bicarbonate, feeding, replacement of insensible losses with isotonic saline)
Na-rich enemas, emetics, intrauterine injection, dialysis
Ingestion of salt, sea water, baking soda, salt tablets
Primary hyperaldosteronism
Cushing’s syndrome

Transient shift of water
After rigorous exercise or prolonged seizures

Table 20.6
Causes of hypernatremia.
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development of hypernatremia. A rise in serum osmo-
lality leads to severe thirst and secretion of ADH and 
therefore increases water intake and reduces water loss.

Hypernatremia represents a water deficit in relation 
to the Na stores. The pathophysiology of hypernatremia 
includes water loss—pure water loss or hypotonic fluids 
loss—or Na gain or both or in rare cases transient shift 
of water to intracellular compartment. The causes of 
hypernatremia are classified in Table 20.6.

Pure water loss
Inadequate intake of water is the commonest cause 
of hypernatremia. This applies to infants, the elderly, 
and patients with reduced consciousness level who can-
not replace their insensible losses through skin and 
respiration.

Another cause of pure water deficit is adipsia, or 
impaired thirst. Patients with hypothalamic disease 
(e.g., tumors, radiotherapy, sarcoidosis) can have a defect 
in their hypothalamic osmoreceptors and associated 
hypodipsia or adipsia.

Diabetes insipidus causes impaired ability to concen-
trate urine, and as a result, polyuria with dilute urine. 
Central diabetes insipidus is characterized by reduced 
ADH secretion and nephrogenic diabetes insipidus by 
resistance of collecting tubules of the kidneys to the 
action of ADH. Patient with diabetes insipidus do not 
develop hypernatremia as long as they are able to main-
tain fluid intake adequate to compensate for the water 
loss.99

Hypotonic fluid losses
Cutaneous causes of hypotonic fluid losses are burns 
and excessive sweating. Commonest causes of GI losses 
are forms of diarrhea when diarrheal fluid is hypotonic 
compared with serum. This applies mainly to viral and 
bacterial gastroenteritis and osmotic diarrhea related to 
lactulose use.

Renal losses of hypotonic fluids are mainly osmotic 
diuresis (due to hyperglycemia, uremia, or mannitol 
administration) and loop diuretics. Also, patients with 
renal insufficiency can have impaired concentrating 
ability of the kidney.

Na gain
Na gain is rarely the only cause of hypernatremia. The 
commonest causes are iatrogenic due to administra-
tion of hypertonic fluids (Na bicarbonate or feeding 
preparations) or due to replacement of insensible losses 
with isotonic fluids or due to intrauterine installation 
of hypertonic saline for the termination of pregnancy 
or due to use of high Na dialysate in dialysis or due to 
administration of Na-rich antimicrobials (fosfomycin, 

voriconazole).97 In infants, accidental or nonaccidental 
salt poisoning (1 teaspoon of salt) can cause very severe 
hypernatremia with serum Na >180 mmol/L.

Patients with primary hyperaldosteronism com-
monly have chronic, mild hypernatremia with sNa 
concentrations <150 mmol/L. Their hypernatremia is 
corrected by either medical or surgical treatment of the 
hyperaldosteronism. In comparison with normal sub-
jects, secretion of ADH is not induced in these patients 
until higher than normal levels of plasma osmolality 
were reached (290.8 ± 1.3 vs. 284.2 ± 0.9 mOsm/kg). 
Thus, in patients with primary hyperaldosteronism, 
in comparison with normal subjects, the threshold at 
which ADH is secreted is shifted to the right, but the 
slope of the line comparing ADH levels and plasma 
osmolality is similar as shown in Figure  20.8.100,101 
This phenomenon has been described as adjustment of 
the osmostat to the right of normal and has rarely been 
noted in conditions other than primary hyperaldoste-
ronism. The mechanisms behind this phenomenon 
have not been clearly explained; the sustained volume 
expansion in patients with primary hyperaldosteron-
ism may diminish receptor sensitivity or mineralocor-
ticoids, and hypokalemia may affect the osmostat.101

A rare endocrine cause of mild hypernatremia is 
Cushing’s syndrome, especially due to ectopic ACTH 
release. In this context, high F secretion exceeds the met-
abolic capacity of 11β-hydroxysteroid-dehydrogenase 
(11-βHSD2) or very high circulating levels of ACTH 
inhibit 11-βHSD2. As a result, inhibition of conversion 
of F to inactive cortisone (E) allows access of excess F to 
the renal tubular mineralocorticoid receptor (MR). This 
induced excess mineralocorticoid state can cause hyper-
natremia through a similar mechanism with primary 
hyperaldosteronism.102

Combination of water loss and Na gain
This combination has been reported in a large pro-
portion of hypernatremic patients in the ICU setting. 
Common abnormalities in these critically ill patients 
are hypokalemia, hypercalcemia, and renal damage that 
affect the concentrating ability of the kidney as well as 
hyperglycemia and uremia that cause osmotic diuresis. 
Apart from negative water balance, these patients often 
have positive Na balance due to fluid resuscitation with 
0.9% saline and use of Na bicarbonate.97

Transient shift of water
Rigorous exercise or seizures can cause transient hyper-
natremia for 10–15 min. Degradation of glycogen to 
smaller active molecules such as lactate increases intra-
cellular osmolality, causing shift of water from the 
extracellular to the intracellular compartment.
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Evaluation of patient
Evaluation of the patient with hypernatremia includes 
taking a medical history, clinical examination, and 
appropriate investigations.

The aim is first to classify the patient according to 
the total body Na (TBNa) into low TBNa or normal 
TBNa or high TBNa and then to identify the exact 
causes.103 The cause is often evident from the his-
tory. Clinical assessment of volume status is of para-
mount importance to determine whether the patient 
is hypovolemic. Measurement of fluid input and out-
put is essential to guide the treatment of hypernatre-
mia. Recommended laboratory tests in all patients are 
serum Na, K, urea, creatinine, osmolality, glucose, and 
calcium (Ca).

In cases, where the etiology of hypernatremia is 
unclear, measurement of urine osmolality and Na can 
be of great value. In patients with low TBNa (e.g., 
due to renal or GI hypotonic fluid losses), there will 
be clinical signs of hypovolemia, urine Na will be low 
(<20 mmol/L) if the patient is not on diuretics, and urine 
osmolality will be appropriately high (>800 mOsm/kg 
H2O). In patients with normal TBNa (e.g., due to pure 
water loss in diabetes insipidus or in unreplaced insen-
sible losses), there will be no clinical signs of volume 
contraction and urine Na will vary according to the Na 
intake. Urine osmolality will not be appropriately ele-
vated in the context of diabetes insipidus (<300 mOsm/
kg H2O in complete diabetes insipidus and 300–600 
mOsm/kg H2O in partial diabetes insipidus) or will 
be appropriately elevated in the cases of unreplaced 
insensible losses. In patients with increased TBNa (e.g., 
after hypertonic solutions or salt tablets), urine Na will 
be high (typically >100 mmol/L) with elevated urine 
osmolality.103

There are some additional diagnostic tools to distin-
guish euvolemic from hypovolemic patients and guide 
treatment. In patients not receiving diuretics, FENa 
<0.5% strongly suggests extracellular volume depletion. 
In patients receiving diuretics that make the interpreta-
tion of urine biochemical parameters unreliable, the ratio 
of serum urea to serum creatinine has been proposed 
as a tool to discriminate hypovolemic from euvolemic 
hypernatremia. A value of urea (measured in mg/dL; 
1 µmol/L = 2.8 mg/dL)/creatinine (measured in mg/dL; 
1 µmol/L = 0.01 mg/dL) ratio >57 has been shown to 
differentiate hypovolemic subjects from euvolemic with 
a sensitivity of 96.5% and specificity of 100%.95 This 
ratio has limitations in situations such as acute hemor-
rhage, sever liver damage, and catabolic states.

Management
Adequate treatment of hypernatremia requires manag-
ing the underlying cause and correcting sNa levels. In 
terms of addressing the cause, measures such as con-
trol of hyperglycemia, withholding diuretics or lactu-
lose, correcting hypercalcemia or hypokalemia, and 
discontinuation of hypertonic fluids should first be 
undertaken.93

Two important factors need to be considered in the 
management of hypernatremia: the volume status and 
the rapidity of onset of hypernatremia. Accurate assess-
ment of the volume status is crucial. In cases of symp-
tomatic hypovolemia, resuscitation with isotonic fluids 
is the first step of action to restore the effective vascu-
lar volume and the adequate perfusion of vital organs. 
In a second stage and after the patient is cardiovascu-
larly stable, 5% dextrose is recommended to correct the 
water deficit. Euvolemic patients should be treated by 
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Figure 20.8
Diagram showing shift of osmostat to the right of normal in patients with primary hyperaldosteronism. 
(Adapted from Gregoire JR, Mayo Clinic Proceedings, 69, 1108–10, 1994.)
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administration of free water in the form of a 5% dextrose 
solution. In the rare context of hypervolemic patients due 
to Na gain, they should be treated with loop diuretics to 
induce natriuresis, and subsequent fluid losses should be 
replaced with fluids hypotonic to their urine.97

With respect to the rapidity of onset, hypernatremia 
should be differentiated into acute (onset within last 
48 h) and chronic (onset >48 h). In cases where hyperna-
tremia has developed within hours (e.g., iatrogenic due 
to hypertonic infusion) and no compensatory mecha-
nisms have begun, Na levels should be corrected at a 
rate of 1 mmol/L/h. In cases of chronic hypernatremia, 
the maximal rate of correction of sNa levels should be 
0.5 mmol/L/h.99 Studies of different rates of correction 
of hypernatremia in children have shown that the maxi-
mum safe rate of correction of sNa is 10–12 mmol/L/24 
h to prevent the risk of cerebral edema and seizures.104–110

Physiology of K balance
K is the most abundant cation in the body. Under nor-
mal circumstances, 98% of the total body K is located 
in the ICF and only 2% in the ECF of an adult. The ratio 
between intracellular and extracellular K is the major 
determinant of the resting membrane potential and is 
regulated primarily by the Na+,K+-ATPase pump located 
on the plasma membrane of most cells.111 Intracellular K 
takes part in multiple vital functions, including regula-
tion of cell volume, acid–base balance, protein synthesis, 
enzymatic function, and cell growth.112

Serum K levels are tightly regulated within the nar-
row range of 3.5–5.0 mmol/L. The daily intake of K is 

on average 60–100 mmol. Under normal circumstances, 
K excretion equals daily intake. 90%–95% of K is 
excreted by the kidneys and only 5%–10% is excreted 
through the GI tract (Figure 20.9).112

Acute regulation
The acute regulation of K homeostasis takes place 
through cellular shifts of K. Dietary K is absorbed 
by the bowel, enters the ECF, and is rapidly distributed 
to the ICF. This rapid movement of K from the ECF to 
the ICF is necessary because it prevents rapid postpran-
dial increases in serum K. The two main hormones that 
maintain the high ratio of intracellular to extracellular 
K are insulin and catecholamines. Both insulin and cat-
echolamines increase cellular K uptake by stimulating 
cell membrane Na+,K+-ATPase.113 Postprandial insu-
lin release stimulates Na+,K+-ATPase activity, mainly 
through translocation of Na+,K+-ATPase from intracel-
lular stores to the cell surface and as a result promotes 
intracellular shift of K, most importantly in the skeletal 
muscle. Also, insulin stimulates Na+,K+-ATPase activ-
ity indirectly through stimulation of Na+/H+ exchanger 
activity. For insulin, there is a feedback system in which 
hyperkalemia stimulates insulin secretion and hypokale-
mia inhibits insulin secretion.113 Catecholamines activate 
β2-adrenergic receptors to increase K cellular uptake and 
activate α1-adrenergic receptors to decrease K cellular 
uptake by directly affecting Na+, K+-ATPase activity in 
muscle and liver.112,114

In addition, thyroid hormones and aldoste-
rone  contribute to the transcellular distribution of 
K. Aldosterone increases Na+, K+-ATPase activity and 
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Figure 20.9
Distribution of K+ in the body. The pool of K+ in the ECF is determined by input from the GI system and out-
put in urine and stools, as well as the distribution between the ECF and the ICF compartments. (Adapted 
from Unwin RJ et al., Nature Reviews Nephrology, 7, 75–84, 2011.)



Endocrinology in Clinical Practice

450

promotes K influx to the cells as a result of enhanced Na 
entry through Na+/H+ transporters. Thyroid hormones 
stimulate synthesis of Na+, K+-ATPase, thus thyrotoxi-
cosis can lead to hypokalemia.113 Sudden increases in 
osmolality can promote K efflux from the cells to the 
ECF, resulting in a rise in serum K levels. Finally, the 
acid–base status of the plasma has a significant impact 
on transcellular shifts of K through multiple ion trans-
port pathways, such as Na+-H+, Na+, K+-ATPase, and 
Cl–-HCO3.115 The mechanisms of K shift between ICF 
and ECF are illustrated in Figure 20.10.112

Chronic regulation
The kidneys are the regulators of the long-term K 
homeostasis. Under normal circumstances, most filtered 
K is reabsorbed by the proximal convoluted tubule and 
the loop of Henle, and only about 10% of filtered K 
arrives at the distal convoluted tubule. Control over 
the amount of K excreted in the urine resides mainly 
in the connecting tubule and cortical collecting duct. 
Connecting tubule cells and principal cells of the cor-
tical collecting duct secrete K, while A-type inter-
calated cells of the collecting duct can reabsorb K.116 

Under normal circumstances, the amount of K secreted 
by the connecting tubule and principal cells of the col-
lecting duct determines the amount of K excreted in the 
urine.112 Renal K secretion depends mainly on aldoste-
rone action and the urine flow rate.

The mechanism of K secretion by principal cells, as 
illustrated in Figure 20.11,117 is that Na is reabsorbed 
through amiloride-sensitive epithelial Na channels 
(ENaCs) in the apical membrane of the principal cells; 
Na entry depolarizes the apical membrane, and this neg-
ative charge in the lumen promotes K secretion through 
various channels, mainly low-conductance renal outer 
medullary K (ROMK) channels. Aldosterone has a very 
important role; it stimulates K secretion by increasing 
activity of ENaCs.118

K+ is taken up into cells across the basolateral mem-
brane via Na+, K+-ATPases. Na+ reabsorption via ENaCs 
depolarizes the apical membrane potential and provides 
the driving force for K+ secretion through apical ROMK 
channels. Thus, increased Na+ delivery would stimulate 
K+ secretion. Aldosterone increases Na reabsorption via 
ENaCs to stimulate K+ secretion.

In addition to the K excretion rate regulated by 
aldosterone action, the second important factor is urine 
flow rate. Urine flow rate to the collecting duct depends 
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mainly on the excretion of osmoles, such as urea, Na, 
and Cl. Increased urine flow rate stimulates further 
reabsorption of Na and causes further depolarization of 
the apical membrane; thus, it increases K secretion.112 
Flow-induced increases in K secretion are mediated by 
large-conductance big K (BK or Maxi-K) channels.

Hypokalemia
Hypokalemia is a common electrolyte disturbance in 
hospitalized patients. Hypokalemia is defined as plasma 
K concentration <3.5 mmol/L.

Epidemiology
The estimated incidence of hypokalemia in hospitalized 
patients is 12%–21%, whereas the percentage of inpatients 
with serum K <3.0 mmol/L is 3.4%–5.2%.119–121 Female 
sex and increasing age are associated with increased inci-
dence of hypokalemia.121 Hypokalemia is very common 
in patients on peritoneal dialysis, patients with infec-
tious diseases, and patients on diuretics. Patients with 
hypokalemia have frequently other electrolyte abnor-
malities, such as hypomagnesemia, hyponatremia, and 
hypophosphatemia.120

Clinical presentation
Hypokalemia is classified according to the serum K 
levels as mild (3.0–3.5 mmol/L), moderate (2.5–3.0 
mmol/L), and severe (<2.5 mmol/L). The severity of 

symptoms depends on the severity of hypokalemia and 
the rapidity of the onset of hypokalemia. Mild hypo-
kalemia is usually asymptomatic, and the severity of 
symptoms increases as plasma K levels decline. Clinical 
manifestations of hypokalemia are mainly related to the 
effects of low plasma K on muscles and cardiac myo-
cytes function.

Mild-to-moderate hypokalemia can cause myalgia 
and muscle weakness. Patients with severe hypokalemia 
can develop muscle necrosis, paralysis, and rhabdomy-
olysis. Plasma K levels <2.0 mmol/L can be related with 
ascending paralysis, respiratory muscle weakness lead-
ing to respiratory failure, and involvement of gastroin-
testinal muscles resulting in ileus.

Hypokalemia and paralysis is defined as an acute loss 
of muscle power associated with plasma K concentra-
tion <3.0 mmol/L. This clinical presentation can be due 
to hypokalemic periodic paralysis (HPP) or non-HPP. 
HPP is due to an acute shift of K into the cells and is 
divided into familial periodic paralysis (FPP), thyrotoxic 
periodic paralysis (TPP), and sporadic periodic paralysis 
(SPP). HPP is a form of periodic paralysis characterized 
by the absence of K wasting or an acid–base disorder 
and the presence of recurrent attacks with positive fam-
ily history or clinical thyrotoxicosis. Non-HPP is char-
acterized by a large deficit of K with high K excretion 
and usually an acid–base abnormality.122,123

In cardiac myocytes, hypokalemia reduces K con-
ductance and results in prolonged repolarization phase 
of the cardiac action potential, reflected as prolonged 
QT interval in the electrocardiogram (ECG). Classical 
changes observed in the ECG of patients with hypokale-
mia are early T wave flattening or inversion followed by 
ST segment depression and a prominent U wave, which 
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occurs at the end of the T wave and can be difficult to 
distinguish from it.116

Patients with hypokalemia are prone to develop 
various arrhythmias. Hypokalemia can predispose 
to ventricular tachycardia or even ventricular fibril-
lation, especially in the immediate period after an 
acute myocardial infarction. Hypokalemia, especially 
when accompanied by hypomagnesemia, is associated 
with an increased risk of torsades de pointes. In patients 
on digoxin, hypokalemia can increase the incidence of 
arrhythmias and also increase the risk of digitalis toxic-
ity because K and digoxin inhibit each other’s binding 
at the Na+, K+-ATPase pump.116

Finally, hypokalemia has also effects on kidney func-
tion and glucose metabolism. Hypokalemia can cause 
downregulation of the water channel AQP2 in the col-
lecting duct, thereby resulting in impairment of the 
concentrating ability of the kidneys and nephrogenic 
diabetes insipidus.111 Also, hypokalemia has a negative 
impact on glucose handling through impairment of 
insulin secretion and tissue sensitivity to insulin.

Causes
Hypokalemia can be classified via five main causes: (1) 
shift of K from the ECF to the ICF, (2) increased renal 
losses, (3) increased extrarenal losses, (4) minimal K 
intake, and (5) Hypomagnesemia.

Transcellular shifts in K
Medication is the commonest cause of transcellular 
shifts of K. β2-Sympathomimetic drugs, such as bron-
chodilators and pseudoephedrine anticongestants, cause 
reduction of plasma K for up to 4 h.113 Theophylline and 
caffeine decrease serum K levels by stimulating the release 
of catecholamines and by increasing Na+,K+-ATPase 
activity through inhibiting cellular phosphodiesterase.113 
Insulin-related hypokalemia due to K shift to the cells is 
a clinical problem in cases of insulin overdose and in the 
context of the treatment of diabetic ketoacidosis.

HPP, either as FPP or TPP, is caused by a shift of 
K into the cells. Also, rapid decrease of serum K by 
1.0 mmol/L occurs in delirium tremens due to release 
of large amounts of epinephrine, β2-adrenergic stimula-
tion and associated transcellular shift of K.113

Increased renal losses
The two main mechanisms are through increased miner-
alocorticoid activity or through increased distal delivery 
of Na or nonreabsorbed anions. Increased mineralocor-
ticoid activity could be due to primary hyperaldoste-
ronism (hyporeninemic), secondary hyperaldosteronism 

(hyperreninemic), or uncommon conditions with excess 
mineralocorticoid activity and suppressed aldosterone 
(A) levels.

Primary mineralocorticoid excess occurs mainly due 
to primary hyperaldosteronism (due to A-producing 
adenoma or bilateral adrenal hyperplasia).

Rare forms of congenital adrenal hyperplasia (CAH) 
due to deficiency of 11 β-hydroxylase (CYP11β1) or 17 
α-hydroxylase (CYP17α) result in increased levels of 
deoxycorticosterone (DOC) and excess mineralocorticoid 
activity. 11β-Hydroxylase deficiency results from several 
mutations in the CYP11B1 gene, and 11β-hydroxylase 
is responsible for conversion of 11-deoxycortisol to F 
and conversion of 11-deoxycorticosterone to corticos-
terone. Without this enzyme activity, A and F levels 
are low (Figure  20.12).124 Low F stimulates ACTH 
secretion that leads to accumulation of precursors, 
including DOC, 11-deoxycortisol (11-DOC), and 
17α-hydroxyprogesterone (17-OHP). DOC is a miner-
alocorticoid that at supraphysiologic levels promotes salt 
retention, volume expansion, and arterial hypertension. 
17α-Hydroxylase deficiency is a rare autosomal recessive 
disorder (frequency of <1% of the total cases of CAH) 
that affects both adrenal and gonadal steroid produc-
tion. These patients have increased ACTH levels and 
increased mineralocorticoids (DOC, corticosterone) 
with low levels of A and hypokalemic alkalosis.124

Patients with Cushing’s syndrome secondary to 
ectopic ACTH secretion frequently develop a state of 
mineralocorticoid excess defined by hypertension and 
hypokalemic alkalosis. These patients exhibit both high 
levels of F and E, indicating that 11β-HSD2 function is 
intact but saturated by the high substrate levels of cir-
culating F, resulting in F spillover to act on the MR125 
(Figure 20.13).

Apparent mineralocorticoid excess (AME) is a rare 
disorder and is inherited in an autosomal recessive man-
ner. Partial or complete inactivation of the enzyme 11β-
HSD2 results in illicit activation of the MR by F in A 
target tissues, rendering F a potent mineralocorticoid. 
Presentation is usually during neonatal life or childhood 
with low birth weight, failure to thrive, short stature, 
severe hypertension, and hypokalemic metabolic alka-
losis. Biochemically, blood test abnormalities comprise 
hypokalemia, suppressed renin, and undetectable aldo-
sterone levels. Some patients have a milder variant (type 
II AME) and present in late adolescence or early adult-
hood with a milder clinical phenotype of hypertension 
and hypokalemia.125

Excessive ingestion of licorice can cause a similar clin-
ical syndrome with AME. Licorice flavoring is used in 
sweets in Europe and in chewing tobacco in the United 
States and sufficient quantities may lead to significant 
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hypertension, hypokalemia, edema, and suppression of 
the renin–angiotensin–aldosterone system. The active 
component of licorice, glycyrrhetinic acid, has a very 
low affinity for the MR but is a very potent competitive 
inhibitor of 11β-HSD2. As a result, it results in high 
renal levels of F, which then activates MRs and leads to 
a state of apparent mineralocorticoid excess.126

Liddle syndrome is a rare autosomal dominant dis-
order characterized by a gain-of-function mutation of 
the ENaC of the principal cells of the collecting duct. 
Excessive reabsorption of Na leads to stimulation of K 
secretion and hypokalemia. These patients are character-
ized by volume overload and hypertension in the setting 
of suppressed renin–angiotensin–aldosterone axis.116

The second mechanism is through increased distal 
delivery of Na and water. Both thiazide and loop diuret-
ics block Cl-associated Na reabsorption and, as a result, 
increase distal delivery of Na to the collecting duct and 
distal reabsorption of Na, further destabilizing the api-
cal membrane and stimulating K secretion.113

Bartter syndrome is a group of rare genetic disorders 
(types I, II, III, IV, V) with physiologic features consistent 
with a primary renal tubular defect in the thick ascend-
ing limb of the loop of Henle where NaCl is primarily 
reabsorbed by the Na-K-2Cl cotransporter (NKCC2). 
Bartter syndrome is caused by dysfunction of various 
ion transport channels, including inactivating muta-
tions in the gene for the NKCC2 in the thick ascending 
limb (type I Bartter); inactivating mutations in the gene 
for ROMK channels, which are a regulator of NKCC2 
activity (type II Bartter); and inactivating mutations in 
the gene for the renal Cl channel (CLCNKB), which is 
another regulator of NKCC2 activity (type III Bartter).

Gitelman syndrome is an autosomal recessive genetic 
disorder due to loss-of-function mutations in the 
thiazide-sensitive Na,Cl cotransporter (NCCT) located 
in the distal convoluted tubule.127

Bartter and Gitelman syndromes have many clinical 
features in common, such as hypokalemic alkalosis, salt 
wasting, and normotension or hypotension despite ele-
vated levels of plasma renin and aldosterone. Bartter and 
Gitelman syndromes can be distinguished based on lab-
oratory parameters, including serum magnesium (Mg) 
and urinary Ca. All patients with Gitelman syndrome 
have hypomagnesemia, compared with 20%–30% of 
cases of Bartter syndrome. Gitelman syndrome is char-
acterized by hypocalciuria in contrast to normocalciuria 
or hypercalciuria in Bartter syndrome. Interestingly, 
Bartter resembles the effects of loop diuretics and 
Gitelman the effects of thiazide diuretics.128

Three types of renal tubular acidosis (RTA type 1, 
type 2, and type 3) produce hypokalemia in combina-
tion with hyperchloremic metabolic acidosis of normal 

anion gap because of various abnormalities in tubular 
function. RTA type I (distal RTA) is characterized by 
an impairment in acidification of urine due to dys-
functional acid secretion in the collecting duct and an 
associated defect in K conservation. The characteristic 
biochemical finding is the inability to acidify the urine 
to pH <5.5. RTA type II (proximal RTA) is caused by 
impaired proximal reabsorption of bicarbonate (HCO3). 
Patients have bicarbonaturia, but they are able to acidify 
the urine to pH <5.3. Type III RTA (combined proxi-
mal and distal RTA) is a rare condition that is charac-
terized by impaired distal acid secretion and impaired 
proximal HCO3 reabsorption.116

Increased extrarenal losses
Any condition associated with increased volume of 
stool can cause hypokalemia. The K concentration in 
the stool is 50–100 mmol/L, but the volume of stool is 
normally small; therefore, only large volume stool can 
lead to significant extrarenal K losses. The commonest 
conditions are secretory diarrhea, laxative abuse, and 
high-output stoma.

In very rare occasions, significant K losses arise from 
sweat. This occurs in conditions with increased K con-
centration in the sweat such as cystic fibrosis or in condi-
tions with excessive amounts of sweat such as strenuous 
exertion in an extremely hot weather. The mean sweat 
loss of an American football player during a 2 h prac-
tice session in 28°C and 65% relative humidity has 
been estimated at 4.8 L, and the mean sweat loss for a 
male runner under the same conditions is about 1.5 L/h; 
as a result, an American football player can lose up to 
40 mmol of K during 2 h of intensive training.129

Decreased K intake
Decreased K intake alone can very rarely lead to hypo-
kalemia because kidneys are capable of minimizing any 
renal K losses to maintain K homeostasis.

Hypomagnesemia
More than 50% of patients with clinically signifi-
cant hypokalemia have concomitant Mg deficiency. 
Concomitant Mg deficiency aggravates hypokalemia and 
renders it refractory to treatment by K. Hypomagnesemia 
impairs the activity of Na+-K+-ATPase and causes deple-
tion of the intracellular K stores.113

Mg deficiency contributes to hypokalemia mainly 
by enhancing renal K secretion as a result of reduction 
of Mg-dependent inhibition of ROMK channels. In the 
cortical collecting duct cells, K is secreted into luminal 
fluid via apical (ROMK and BK) channels. At the physi-
ologic intracellular Mg concentration, ROMK conducts 
more K ions inward than outward (inward rectifying). 
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This is because intracellular Mg binds ROMK and 
blocks K efflux and secretion and in this way limits 
K efflux. This unique inward-rectifying property of 
ROMK renders intracellular Mg levels a critical deter-
minant of ROMK-mediated K secretion in the distal 
nephron. Changes in intracellular Mg concentration 
over the physiologic-pathophysiologic range would sig-
nificantly affect K secretion.117

The causes of hypokalemia are summarized in 
Table 20.7.

Evaluation of patient
The duration of hypokalemia and the clinical context 
should always be considered. Often, the etiology of 
hypokalemia is apparent such as in patients with tran-
sient acute hypokalemia caused by K shift in the con-
text of diabetic ketoacidosis treated with large amounts 
of insulin. All patients with hypokalemia should have 
serum Mg levels measured because hypomagnesemia 
very often coexists with hypokalemia.

In patients with no apparent etiology of hypokale-
mia, assessment of the renal response to hypokalemia is 
recommended to identify the source of K losses. There 
are four methods to assess urinary K excretion: (1) K 
concentration in a 24 h urine collection, (2) K concen-
tration in a spot urine sample, (3) urine K-creatinine 
ratio, and (4) transtubular K gradient (TTKG).

The first method is based on the measurement of K 
excretion rate in a 24 h urine sample. Values <15–20 
mmol/day suggest an extrarenal cause of K depletion. 
The disadvantages of this traditional approach are that 
obtaining a 24 h collection is time-consuming, col-
lections are often incomplete, and also 24 h collection 
delays K therapy that should be given promptly in the 
setting of a medical emergency.118,122

The second method is the measurement of K con-
centration in a spot urine sample, and it is has the 
advantage of convenience. Urine K concentration <20 
mmol/L usually suggests extrarenal losses and urine K 
>20 mmol/L renal losses, but there is a great overlap 
between renal and extrarenal causes of K loss. It can be 
often misleading because it does not take into account 
the urine volume, and many patients with hypokalemia 
have polyuria. Polyuria due to thirst or concentrating 

Transcellular shift
Drugs

β2-Adrenergic agonists: bronchodilators 
(salbutamol, terbutaline), decongestants 
(pseudoephedrine)

Insulin
Theophylline
Caffeine
Verapamil intoxication

Nondrug causes
HPP
Metabolic alkalosis
Autonomic causes (catecholamines release)

Increased renal losses
Primary mineralocorticoid excess

Primary hyperaldosteronism
Cushing’s syndrome
11β-Hydroxylase deficiency
17α-Hydroxylase deficiency

Hyperreninemic hyperaldosteronism
Malignant hypertension
Renovascular hypertension
Renin-secreting tumors

Apparent mineralocorticoid excess
11β-HSD2 deficiency

Excessive ingestion of licorice
Liddle syndrome

Increased distal delivery of Na
Diuretics (thiazide, loop diuretics)
Bartter syndrome
Gitelman syndrome

Increased distal delivery of anions
RTA type 1
RTA type 2
RTA type 3

Increased extrarenal losses
GI losses

Secretory diarrhea (cholera, salmonella)
Laxative abuse
VIPoma
Ileostomy

Sweat losses
Strenuous exercise in hot climate
Cystic fibrosis

Decreased K intake
Hypomagnesemia

Table 20.7
Causes of hypokalemia.
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defect in cases of chronic hypokalemia leads to a low 
value for the urine K concentration even if significant 
renal K wasting is present.122

The third method is the urine K (Uk)/creatinine 
(Ucrea) ratio. Uk/Ucrea >1.5, when both variables are 
measured in mmol/L, distinguishes hypokalemia due to 
renal K wasting from nonrenal K loss. Provided creati-
nine is excreted at a near constant rate, this ratio cor-
rects for variations in urine volume. The other caveat 
is that this ratio should be interpreted with caution in 
cases of very low or very high muscle mass because cre-
atinine is derived from muscle mass.130

The fourth method is the estimation of TTKG. This 
is a semiquantitative assessment of K in the cortical col-
lecting duct because it corrects K in the urine for the 
amount of reabsorbed water in the medullary collecting 
duct. TTKG is calculated by dividing the urine:plasma 
K concentration ratio by the urine:plasma osmolal-
ity ratio according to the following formula: urine K/
plasma K × plasma Osm/urine Osm. Values <2 suggest 
nonrenal causes. TTKG is invalid if urine Osm is lower 
than plasma Osm.118

If hypokalemia is due to renal K losses, the next step 
is the assessment of acid–base status by measurement 
of serum pH, serum HCO3, blood pressure, plasma 
renin activity and aldosterone is recommended. In cases 
of metabolic acidosis, measurement of urine chloride is 
indicated.

In the group of patients with chronic hypokalemia, 
normotension, alkalosis, and hyperreninemic hyperal-
dosteronism of uncertain origin, a thiazide test can be 
extremely useful to differentiate Gitelman syndrome 
from Bartter syndrome. After an overnight fast, the 
patient is kept recumbent for 4 h and is invited to drink 
tap water (10 mL/kg of body weight) to facilitate spon-
taneous voiding. After two 30-min basal clearances, 
50 mg of hydrochlorothiazide (HCT) is administered 
orally, and six additional 30 min clearances are per-
formed. Blood samples are collected at 60 and 240 
min, and urine is collected every 30 min by spontane-
ous voiding and analyzed for Na, Cl, K, and creatinine. 
The maximal diuretic-induced increase over basal in 
the subsequent 3 h of fractional excretion of chloride 
(FECl) is calculated as the maximal FECl at any point 
during 3 h post-HCT administration minus the mean of 
the two basal FECl. Patients with Gitelman syndrome 
have blunted diuretic effect as indicated by much lower 
Na and Cl postdiuretic urine excretion. A maximal 
diuretic-induced increase of FECl of <2.3% has a diag-
nostic sensitivity of 93% and specificity of 100% for the 
diagnosis of Gitelman syndrome.131 In addition, genetic 
testing is available for all known genes responsible for 
Gitelman syndrome and Bartter syndrome.

Management
The main considerations in the treatment of hypokale-
mia are the presence and severity of symptoms and the 
levels of serum K. There is a wide variation in the phys-
iologic effects of K deficit; ECG and muscle strength 
monitoring are essential. The appropriate preparation of 
K, route of administration, and rate of administration 
depend on the clinical context.

The principle underlying the rate of K replacement 
is that it should be carried out gradually. Rapid admin-
istration of K is potentially dangerous unless there is a 
life-threatening situation. Bolus injection of K should 
never be given because it can precipitate cardiac arrest. 
The estimation of the size of the K deficit is difficult 
because ECF concentration does not always reflect accu-
rately K body stores, and empiric replacement with fre-
quent monitoring of serum K levels is recommended. 
Cautious replacement should take place to avoid the 
risk of developing hyperkalemia posthypokalemia, a 
response that occurs in as many as 16% of hypokalemic 
inpatients.120

Mg levels in the serum should be routinely measured 
because 40% of hypokalemic patients have concomitant 
hypomagnesemia.132 In cases of hypomagnesemia, Mg 
should be replaced to avoid the problem of refractory 
K repletion because Mg replacement reduces renal K 
losses.

In mild asymptomatic hypokalemia (serum K 3.0–
3.5 mmol/L), oral K replacement is preferred. Oral K 
chloride at dosages 60–80 mmol/day is initiated and 
sometimes needs up-titration to 100–150 mmol/day 
if there are continuing K losses. Liquid or effervescent 
forms of KCl are often not well tolerated due to strong, 
unpleasant taste. Slow-release tablets of KCl are better 
tolerated, but in rare cases they can lead to ulcerative 
lesions and hemorrhage in the GI tract; they need to be 
swallowed with plenty of fluid during meals.133,134

In patients with serum K <3.0 mmol/L who are 
asymptomatic, intravenous or oral KCl replacement 
should be administered. Mg replacement is recom-
mended (with oral magnesium glycerophosphate or glu-
conate) if serum Mg levels are low.

In patients with serum K <3.0 mmol/L and life-
threatening arrhythmia (ventricular tachycardia or 
digoxin toxicity with unstable cardiac rhythm or acute 
myocardial infarct and significant ventricular ectopy), 
intravenous KCl at a rate of 20 mmol/h should be 
administered.135 If cardiac arrest is imminent, even 
more rapid administration of 5–10 mmol KCl over 
5–15 min may be used. In these cases of rapid intrave-
nous KCl replacement, cardiac monitoring in an ICU is 
advisable.133 In cases of cardiac arrest and hypokalemia, 
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intravenous KCl at a rate of 20 mmol over 2–3 min can 
be administered.135 In the context of hypokalemia and 
life-threatening arrhythmias, intravenous magnesium 
sulfate (10 mmol over 30 min) should always be admin-
istered, even before hypomagnesemia is confirmed 
biochemically.135

The most commonly used K salt is KCl because it is 
very effective, especially when there is concomitant Cl 
loss. Alternatively KHCO3 can be used if hypokalemia 
coexists with metabolic acidosis, and KPO4 can be con-
sidered in cases of diabetic ketoacidosis with combined 
K and PO4 depletion.133

Finally, hypokalemia is often iatrogenic and should 
be prevented whenever possible. Patients with diuretic-
induced hypokalemia should be re-evaluated in terms 
of need for diuretic therapy and addition of K-sparing 
diuretic (amiloride or spironolactone) should be consid-
ered. Other patients at high risk of developing hypoka-
lemia are patients on renal replacement therapy who can 
develop hypokalemia toward the end or immediately 
after a session of hemodialysis.133

Hyperkalemia
Hyperkalemia is defined as plasma K concentration >5.0 
mmol/L. Hyperkalemia is classified as mild (K  5.1–
5.9 mmol/L), moderate (K 6.0–6.4 mmol/L), and severe 
(K >6.5 mmol/L).

Epidemiology
The incidence of hyperkalemia in hospitalized patients 
is 7.0%–10.0% for plasma K >5.0 mmol/L, 2.8%–
3.3% for K >5.5 mmol/L, and 1.4%–1.5% for K 
>6.0  mmol/L.121,136,137 Increasing age is strongly asso-
ciated with increased incidence of hyperkalemia.121 
Some studies have shown slightly higher incidence of 
hyperkalemia in males compared with females.121,136 
Hyperkalemia is often multifactorial and is commonly 
associated with kidney disease, K-sparing diuretics, and 
K supplements.

Clinical presentation
Hyperkalemia is often asymptomatic. The clinical 
manifestations of hyperkalemia are due to the effects 
on elevated K levels on skeletal muscle cells and car-
diac myocytes function. In general, the severity of 
clinical manifestations and ECG changes reflects the 

absolute levels of serum K and the rapidity of onset of 
hyperkalemia.

In terms of muscle weakness, severe hyperkalemia 
may present with ascending muscle weakness progress-
ing to flaccid paralysis, paraesthesia, and depressed ten-
don reflexes. Usually, respiratory muscles and cranial 
nerve function are intact.

In terms of cardiac conduction abnormalities, hyper-
kalemia causes increased K conductance in cardiac 
myocytes and rapid repolarization that is reflected typi-
cally as a tall, peaked (tented) T wave or in some cases 
as large amplitude T wave (T wave greater than or equal 
to that of the R wave in more than one lead). This is 
the first change seen at levels of K >5.5–6.5 mmol/L. 
At K levels >6.5–7.5 mmol/L, the PR interval becomes 
prolonged, and there is reduction in the amplitude 
of P wave that can finally disappear. The QRS com-
plex widens when K levels are >7.0–8.0 mmol/L.138 
These changes can progress to loss of sinoatrial conduc-
tion with onset of a wide complex “sine wave” (S and 
T waves merging) ventricular rhythm.139 Patients with 
severe hyperkalemia can die due to ventricular fibrilla-
tion, asystole, or wide pulseless idioventricular rhythm. 
The serial ECG changes that occur in hyperkalemia are 
illustrated in Figure 20.14.138

Causes
Hyperkalemia occurs due to transcellular shift of K, 
increase in K intake, or decrease in renal excretion of K. 
Hyperkalemia is often multifactorial, but almost always 
there is a defect in kidney function. About three quar-
ters of hospitalized patients with hyperkalemia have an 
element of kidney failure, and medications contribute in 
30%–60% of cases.140

Spurious hyperkalemia or pseudohyperkalemia in 
the serum is defined as a marked elevation of serum K 
levels in the absence of elevated K levels in the plasma 
and in the absence of clinical evidence of electrolyte 
imbalance. Pseudohyperkalemia is considered in cases 
when serum K levels exceed plasma K levels by >0.4 
mmol/L.141 Difficulty in collecting blood sample with 
prolonged tourniquet application, repeated fist clench-
ing during venipuncture, shaking of blood samples, 
long storage of samples, and exposure of samples to 
low temperatures can cause spurious hyperkalemia. 
Hematological disorders such as thrombocytosis, pro-
nounced leukocytosis, and red cell disorders (e.g., sto-
matocytosis or spherocytosis) are related with leakage of 
K from platelets in vitro during clotting or white blood 
cell breakdown in vitro or red cell lysis, respectively, and 
can result in serum pseudohyperkalemia.142
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The three groups of causes of true hyperkalemia are 
as follows:

1.	 Transcellular shift of K. The commonest causes are 
due to metabolic acidosis or in the context of hyper-
osmolality, especially hyperglycemic hyperosmolar 
state.

2.	 Increase in K intake. Increased K intake due to oral/
intravenous K supplements or K content of naso-
gastric feeding/total parenteral nutrition contrib-
utes to 15%–30% of cases of hyperkalemia.136,140

3.	 Decrease in K renal excretion. This is the most 
important etiology of hyperkalemia. Effective K 
excretion requires A action and sufficient distal 
delivery of Na and water within the nephron. This 
is classified to causes due to decreased mineralocor-
ticoid activity or reduced tubular ability to secrete 
K or oliguric renal failure.

Primary hypoaldosteronism occurs in Addison’s 
disease and in classic salt-wasting form of congenital 
adrenal hyperplasia (due to severe 21-hydroxylase defi-
ciency). Many drugs, such as direct renin inhibitors 
(e.g., aliskiren [Rasilez]), ACE inhibitors, and angioten-
sin II receptor blockers (ARBs) interact with the renin–
angiotensin–aldosterone axis and cause hyperreninemic 
hypoaldosteronism.

Heparin-induced hyperkalemia is frequently under-
appreciated despite it occuring in approximately 
7%–8% of heparin-treated patients. Heparin (both 
unfractionated and low molecular weight) is a potent, 
reversible inhibitor of A production.143 This effect is spe-
cific only for the zona glomerulosa; all other corticoste-
roids are not affected. Heparin interferes with adrenal A 
production through several different mechanisms. The 
most important mechanism is mediated by reduction 
in both number and affinity of angiotensin II receptors 

Tall-peaked
T wave

Tall-peaked
T wave

Loss of
P wave

Widened QRS
with tall T wave

Figure 20.14
Serial ECG changes in hyperkalemia. QRS. (Adapted from Slovis C, Jenkins R, British Medical Journal, 324, 
1320–3, 2002.)
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in the zona glomerulosa.144 Heparin-induced A suppres-
sion presents within 2–3 days and is marked by days 
4–6. After discontinuation of heparin, serum A levels 
return to baseline over approximately the same period.

Patients with diabetes and chronic renal impairment 
due to diabetic nephropathy can exhibit reduction in 
the synthesis of active renin and hyporeninemic hypoal-
dosteronism. There are various factors that contribute 
to hyporeninemia in these patients: volume expansion 
in these patients can suppress the renin–angiotensin–
aldosterone axis, decreased levels of prostaglandins 
reduce renin release, conversion of the precursor pro-
renin to active renin is impaired and diabetic autonomic 
neuropathy is often associated with a low renin state.145

Nonsteroidal anti-inflammatory drugs (NSAIDs) 
cause hyporeninemia through impairment of prosta-
glandin synthesis in the juxtaglomerular apparatus.116

Pseudohypoaldosteronism type 1 (PHA1) is a rare 
condition characterized by renal resistance to the actions 
of A; patients exhibit salt wasting, hyperkalemia, and 
metabolic acidosis, despite elevated serum A levels. It is 
caused by loss-of-function mutations in ENaC (autosomal 
recessive PHA1) or MC-R (autosomal dominant PHA1).

Pseudohypoaldosteronism type 2 (PHA2: Gordon’s 
syndrome) is a rare autosomal dominant disorder char-
acterized by hypertension, hyperkalemia, and metabolic 
acidosis with normal renal function, caused by muta-
tions in WNKT1 and -4. The WNK1 and WNK4 
proteins regulate channels in the cell membrane that 
control the transport of Na or K into and out of cells, 
primarily in the kidneys.

The WNK4 protein normally blocks Na and 
K  channels, thereby decreasing Na reabsorption and 
K  secretion. The WNK1 protein normally stops 
WNK4’s inhibition of Na channels, thereby increasing 
Na reabsorption. The WNK1 protein also inhibits K 
channels, thereby decreasing K secretion.

Mutations in the WNK1 gene increase the activity 
of the gene and lead to excess WNK1 protein expres-
sion. The excess protein abnormally increases Na reab-
sorption and blocks K secretion. These effects lead to 
increased circulating Na and K levels, causing hyper-
tension and hyperkalemia.

Mutations in the WNK4 gene lead to an abnormal 
protein that no longer inhibits Na channels but inhib-
its K channels more strongly. Like WNK1 gene muta-
tions, mutations in the WNK4 gene lead to increased 
Na reabsorption and decreased K secretion, resulting in 
hypertension and hyperkalemia.

In these patients, thiazide diuretics rapidly amelio-
rate all clinical findings. In contrast to PHA1, serum 
A levels are low or normal, but there is a degree of A 
resistance.146

Amiloride and trimethoprim act in a similar man-
ner by inhibiting competitively ENaCs in the distal 
nephron. As a consequence, the transepithelial voltage 
is reduced and renal K secretion is inhibited.147

The causes of hyperkalemia are summarized in 
Table 20.8.

Evaluation of patient
The initial diagnostic approach includes clinical history, 
detailed drug history, and physical examination. The 
physiological impact of hyperkalemia on ECG changes 
and muscle weakness must be documented. Urgent ther-
apy may be mandated based on ECG changes, levels of K, 
and rapidity of onset of hyperkalemia. Absence of ECG 

Transcellular K shift
Metabolic acidosis
Hyperosmolality
Insulin deficiency
β Blockers

Increase in K intake
Intravenous/oral K replacement
Nasogastric feeding/parenteral nutrition

Decrease in K renal excretion
Hyperreninemic hypoaldosteronism

Addison’s disease
Classical CAH (CYP21A)
ACE inhibitors, ARBs, direct renin inhibitors
Heparin

Hyporeninemic hypoaldosteronism
Diabetic nephropathy
Chronic interstitial nephritis
NSAIDs
Cyclosporine
Human immunodeficiency infection

Aldosterone resistance
Pseudohypoaldosteronism
Spironolactone, eplerenone

Impaired tubular K secretion
Amiloride
Trimethoprim
Oliguric renal failure

Table 20.8
Classification of hyperkalemia.
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changes does not exclude the need for immediate inter-
vention because progression to lethal arrhythmias can be 
unpredictable and lethal.148 Hyperkalemia should always 
be treated first before its cause is investigated. Often, the 
etiology is apparent, for example, in patients who are on 
nephrotoxic drugs or have oliguric renal failure.

In cases of normal renal function and absence of pre-
disposing factors (such as K supplementation or K rais-
ing drugs), spurious hyperkalemia should be suspected 
and excluded. Simultaneous measurement of serum 
K,  plasma K (sample anticoagulated with lithium 
heparin), and full blood count should be performed.142 
Serum K greater than plasma K by >0.4 mmol/L indi-
cates pseudohyperkalemia.

In cases the cause of hyperkalemia is not evident, a 
stepwise approach is recommended. The first step is to 
assess the renal response to hyperkalemia. TTKG <6–8 
(and usually <5) indicates inappropriate renal response 
and suggests renal cause of hyperkalemia; TTKG 
>6–8 (and usually >10) suggests a nonrenal cause.149,150 
In cases when urine osmolality is lower than plasma 
osmolality, TTKG is not reliable. The next step in cases 
of reduced renal K excretion is measurement of A and 
renin activity.

Treatment
Acute treatment of hyperkalemia
The three main approaches for acute therapy of hyper-
kalemia are (1) opposing the toxic effects of K on the 
cardiac membrane, (2) shifting of K into cells, and (3) 
removing K from the body.

Opposing the toxic effects of K on 
the cardiac membrane
The most effective way to antagonize the toxic effects 
of hyperkalemia on the myocardium and stabilize the 
cardiac membrane is intravenous infusion of Ca salts. 
Ca salts are used in all patients with ECG changes asso-
ciated with hyperkalemia and sometimes in patients 
with K levels >6.0 mmol/L, even in the absence of ECG 
changes. Patients should have continuous ECG moni-
toring because ECG changes can develop and progress 
rapidly. Calcium chloride contains more Ca (6.8 mmol 
in 10 mL) than calcium gluconate (2.2 mmol in 10 mL) 
and has greater bioavailability. Calcium gluconate is 
usually preferred because of reduced risk to cause tissue 
injury if extravasation occurs, apart from cases of immi-
nent cardiac arrest when calcium chloride is usually 
used.135,148 Ca salts do not lower K levels in the plasma. 
Ten milliliters of 10% calcium gluconate is infused 
intravenously over 2–5 min. The onset of effect is at 

1–3 min and the duration is 30–60 min. If no improve-
ment in ECG changes is observed within 10 min, intra-
venous infusion of calcium gluconate can be repeated. 
In patients on digoxin treatment, intravenous calcium 
gluconate should be infused with caution over 30 min 
because Ca could potentiate digoxin toxicity.135

Shifting of K into cells
Insulin stimulates the Na+,K+-ATPase pump, result-
ing in intracellular uptake of K. Ten units of regular 
soluble insulin intravenously with 50 mL of 50% dex-
trose (25 g of glucose) has been the standard treatment 
for acute hyperkalemia, but some studies have reported 
high incidence of delayed hypoglycemia (30–60 min 
postinsulin), especially in patients with severe kidney 
disease.151 The alternative regimen is 10 units of insulin 
with 40 g of glucose, which can reduce the possibility 
of hypoglycemia.152 Insulin infusion results in 0.7–1.0 
mmol/L reduction in K levels. The time of onset is 
15–20 min, with a peak effect at 30–60 min, and the 
duration of action is 4–6 h.135 The effect of insulin on 
K levels is independent of its effect on glucose levels. 
Uremia reduces its glucose-lowering action, but it does 
not affect its hypokalemic action.152 Administration 
of intravenous glucose without insulin is not recom-
mended because supraphysiological levels of insulin are 
needed for its hypokalemic action, which many patients 
will not achieve by endogenous production of insulin.

Nebulized β2-adrenergic agonists stimulate the 
enzyme adenyl cyclase and increase the conversion of 
ATP to 3′5′-cyclic AMP that stimulates the Na+,K+-
ATPase pump, resulting in intracellular shift of K.153 
Ten milligrams of nebulized salbutamol leads to 0.5–
0.8 mmol/L reduction in K levels. The onset of action is 
15–30 min, with peak effect at 90 min and a duration 
of action of 4–6 h. Salbutamol should be used very cau-
tiously, especially in these doses that are much higher 
than the doses used for bronchodilation in patients with 
tachyarrhythmias or ischemic heart disease, because it 
can increase myocardial oxygen consumption, exacer-
bate tachycardia, and cause tremor.154 Twenty percent 
to 40% of patients do not have adequate response to 
salbutamol for unclear reasons, and it is not possible to 
predict who will fail to respond.151

Sodium bicarbonate does not lower K levels in the 
plasma. It has a role in the acute management of hyper-
kalemia only in the context of severe metabolic acidosis 
with pH <7.2.154

A combined regimen of intravenous insulin with 
glucose plus nebulized salbutamol is recommended 
because it causes more pronounced reduction in K levels 
and also reduces the frequency of insulin-induced hypo-
glycemic episodes.148,151,153
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Removing K from the body
Calcium resonium, an exchange resin, is a cross-linked 
polymer with negatively charged units that exchanges 
Ca for K across the intestinal wall. It is slow-acting and 
it is not useful in the acute treatment of hyperkale-
mia.135 Intravenous fluids should be considered in cases 
of volume depletion because they can improve renal per-
fusion and increase urinary K excretion.

Dialysis is the most effective means for removal 
of K.  Hemodialysis is more effective than peritoneal 
dialysis and can reduce K levels by 1.0–1.2 mmol/L in 
the first 60 min if K-free dialysate is used.148 Rebound 
hyperkalemia is a frequent phenomenon several hours 
posthemodialysis.

All patients who receive treatment for acute hyperka-
lemia should have close monitoring of plasma K levels, 
and appropriate measures should be taken to prevent 
the recurrence of hyperkalemia.

Chronic treatment of hyperkalemia
The three main approaches to the chronic treatment of 
hyperkalemia are (1) removing drugs inducing hyperka-
lemia, (2) restriction in K intake, and (3) improving K 
removal from the body.

Removing drugs inducing hyperkalemia
The commonest preventable causes of hyperkalemia are 
medications, and most patients with hyperkalemia and 
estimated glomerular filtration rate (eGFR) >15 mL/min 
have drug-induced hyperkalemia. Extensive review of 
drug history is required to identify any medications 
interfering with the action of aldosterone or β-adrenergic 
agonists or insulin. Medications involved in the renin–
angiotensin–aldosterone axis should be reviewed, such as 
direct renin antagonists, ACE inhibitors, angiotensin II 
receptor antagonists, and MC-RMR antagonists.

Also, nonselective β-blockers can contribute to 
hyperkalemia in patients on renal replacement therapy.

Restriction in K intake
Patients on dialysis should have restricted dietary K 
intake at 40–50 mmol or 1.5–2.0 g/day.155

Improving K removal from body
Patients on dialysis can develop increased plasma K 
levels during prolonged fasting due to low endogenous 
insulin levels. Patients on hemodialysis who fast in 
preparation for a diagnostic test or an operation should 
be treated with intravenous infusion of glucose and 
insulin to prevent hyperkalemia.156

Addition of thiazide or loop diuretics should be con-
sidered in selected patients to increase renal excretion 
of K.

Addition of laxatives should be considered to avoid 
constipation because uremic patients eliminate up to 
25% of K intake via the GI tract.
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Endocrine hypertension
Frances McManus, John M. Connell, Marie Freel

Introduction
Hypertension is well recognized as an important risk 
factor for the development of cardiovascular disease. 
This relationship has been further highlighted by a 
recent meta-analysis demonstrating that hypertension 
accounts for more than 7 million excess deaths per year 
worldwide.1 The majority (>90%) of cases of hyperten-
sion have no clear underlying cause and are due to a com-
bination of genetic and environmental factors, termed 
“essential” or “primary” hypertension. A significant 
number of endocrine conditions, including acromegaly, 
primary hyperparathyroidism, and hyperthyroidism, 
are associated with hypertension, but the underlying 
mechanisms in these circumstances are unclear.

In contrast, there are several examples of endocrine 
disease in which hypertension features prominently as 
a direct result of hormonal abnormalities. In particular, 
excess production of aldosterone (primary aldosteron-
ism [PA]) is now accepted to be the commonest cause of 
secondary hypertension, highlighting the importance of 
endocrine disease in this disorder. This chapter focuses 
on PA and other diseases of the endocrine system that 
are directly associated with high blood pressure.

Mineralocorticoid 
hypertension (see Chapter 10)
The case study involved a 33-year-old man who was 
referred to a hypertension clinic with a 2-year history of 
poorly controlled hypertension despite good compliance 
with three antihypertensive agents (bisoprolol, 10 mg 
daily; amlodipine, 10 mg daily; and ramipril, 10 mg daily). 

He was otherwise well with no significant past medical 
history and no family history of hypertension.

At the clinic, he was lean, with a body mass index 
(BMI) of 24 kg/m2. Blood pressure was 148/110 mm/
Hg supine. Serum potassium was low at 2.9 mmol/L 
(normal range, 3.5–5 mmol/L).

Given his young age and lack of risk factors, he was 
screened for secondary causes of hypertension. The pres-
ence of hypokalemia increased clinical suspicion of PA, 
and an aldosterone-to-renin ratio (ARR) was measured. 
Plasma aldosterone was 650 pmol/L (100–400 pmol/L) 
and plasma renin (as plasma renin concentration [PRC]) 
was 1.2 mIU/L (0–40 mIU/L), giving an ARR of 542 
(>35 suspicious).

His medications were discontinued, and he was 
commenced on doxazosin 16 mg daily and verapamil 
SR 240 mg daily as well as potassium supplementation 
to allow further evaluation of his aldosterone status. 
A repeat ARR remained elevated, and a saline suppres-
sion test demonstrated a baseline aldosterone of 1100 
pmol/L that failed to suppress significantly after 2 L of 
intravenous aldosterone (810 pmol/L). Subsequent adre-
nal computed tomography (CT) demonstrated a 1.5-cm 
left-sided adrenal adenoma (Figure 21.1). He underwent 
a laparoscopic adrenalectomy. One year after surgery, his 
blood pressure was 126/74 mm/Hg on no medications 
and plasma potassium was 5 mmol/L.

Background
Although several corticosteroids produced by the adre-
nal gland have mineralocorticoid function (Figure 21.2), 
aldosterone is the most potent and predominant 
human mineralocorticoid. Aldosterone binds to the 
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mineralocorticoid receptor (MR), a nuclear hormone 
receptor, and causes it to translocate to the nucleus, 
interact with the respective response elements, and 
induce a change in transcriptional activity that leads to 
an increase in activity of the epithelial sodium channel 
in the distal convoluted tubule (DCT) (Figure  21.3).2 
Excess mineralocorticoid results in retention of sodium 
chloride and water, with obligate loss of potassium and 

hydrogen ions to maintain electrical neutrality. The 
resultant clinical picture is of hypertension, metabolic 
alkalosis, and hypokalemia.

The most common cause of mineralocorticoid hyper-
tension is autonomous production of aldosterone (PA) 
that can arise from many pathological mechanisms. The 
incidence of PA in general, and the proportion of each 
subtype, varies according to the population studied. In 
a European population, PA accounts for 5%–15% of 
cases of hypertension.3,4 More rarely, mineralocorticoid 
hypertension can be caused by inappropriate activation 
of the MR by alternative ligands, or by abnormal activa-
tion of aldosterone-induced proteins downstream to the 
receptor.

Consequences of excess aldosterone: 
cardiovascular system
The consequences of excess aldosterone production on 
epithelial tissue are well recognized (e.g., electrolyte 
abnormalities, and hypertension). However, it is less 
well recognized that excess aldosterone is associated 
with increased cardiovascular morbidity. Animal mod-
els of aldosterone excess have been shown to develop 
cardiac, renal, and cerebrovascular damage in the con-
text of a high-salt diet.5 This effect has been confirmed 
in patients with PA who have been shown to develop 

Figure 21.1
CT of abdomen demonstrating a small left-sided 
adrenal adenoma (arrow).
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more cardiovascular complications that essential 
hypertensive patients matched for clinical parameters, 
including blood pressure.6 Further evidence exists for 
the detrimental effect of aldosterone, even where aldo-
sterone is elevated but remains in the normal range. 
For instance, data from the Framingham cohort dem-
onstrated increasing levels of plasma aldosterone and 
increased ratio of aldosterone to renin, although below 
the criteria for the diagnosis of PA, are associated with 
increased risk of future hypertension.7 Finally, block-
ade of the MR is associated with reduced mortality 
in the context of heart failure8 and after myocardial 
infarction.9

A variety of mechanisms have been proposed to 
explain the cardiovascular consequences of excess aldo-
sterone, including stimulation of collagen, promotion 
of vascular remodeling, and activation of macrophages 
and other proinflammatory humeral factors. A pro-
posed link between the metabolic syndrome and excess 
aldosterone has also been suggested to contribute to 
excess cardiovascular damage. The hypokalemia some-
times observed in the context of aldosterone excess is 

a possible linking mechanism, potentially leading to a 
blunted insulin response, but the evidence for this rela-
tionship is inconsistent.10,11

Regardless of the mechanism, both animal and 
human studies are consistent in the fact that there 
appears to be a synergy between elevated aldosterone 
and a high-salt diet. In fact, many experimental mod-
els only demonstrated the harmful effects of aldosterone 
excess in the presence of excess salt intake. Therefore, 
although aldosterone is an important factor in the devel-
opment of hypertension and other adverse cardiovascu-
lar phenotypes, the influence of environmental factors 
is also crucial.

Causes of PA
Sporadic PA
The relative prevalence of causes of PA varies by geo-
graphical location, but the majority are sporadic, 
regardless of the population studies. In a Caucasian 
population, the most common cause of sporadic PA is 
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Classical genomic action of aldosterone. Aldosterone binds to the MR (MR is protected from the alter-
native ligand cortisol by the enzyme 11βHSD2), and the hormone–receptor complex is translocated to 
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Endocrinology in Clinical Practice

470

bilateral adrenal hyperplasia, accounting for approxi-
mately 60%, whereas an aldosterone-producing 
adenoma accounts for 35% of patients with PA. In 
contrast, in a Japanese cohort, aldosterone-producing 
adenoma (APA) accounts for the majority of PA cases12 
(about 80%).

The etiology of these conditions remains largely 
unknown, and whether APAs arise from nodular adre-
nal glands or whether the two conditions are inde-
pendent is a matter of much debate. However, it has 
been shown that tissue around the resected adenoma 
differs from normal adrenal tissue and has undergone 
remodeling with reduced vascularization and zona glo-
merulosa hyperplasia.13 In contrast, a comparison of 
the transcriptome of peritumoral tissue, APA tissue, 
and normal adrenal tissue suggests that it is not an 
intermediate step in the formation of APAs. Another 
interesting phenomenon observed is that, in contrast to 
what would be expected, aldosterone synthase expres-
sion elsewhere in the adrenal gland is not suppressed 
and indeed is persistently expressed in aldosterone-
producing cell clusters, sometimes quite distant to the 
adenoma.13,14

A significant advance in the understanding of the 
pathogenesis of APAs was made in the identification of 
the genetic defect in familial hyperaldosteronism type 
III (FHA 3; see below).15 The discovery that somatic 
mutations in a gene encoding a potassium channel 
(KCNJ5) is present in around one-third of sporadic 
APAs16,17 provides fertile ground for further investiga-
tion. This discovery builds on work that has revealed 
the role of TWIK-related acid-sensitive K+ (TASK) 
channels in the regulation of aldosterone secretion. 
TASK channels are two-pore, four-transmembrane 
domain potassium channels. A TASK subunit knock-
out mouse exhibited features of autonomous aldoste-
rone production.18

Elimination of functional TASK channels caused 
the membrane potential of the glomerulosa cells to be 
significantly more depolarized, and it is proposed that 
this leads to continuous calcium channel activity and 
increased sensitivity to angiotensin II and abnormal 
adrenal cortex zonation, that is, ectopic expression of 
aldosterone synthase in the high-capacity fasciculata 
layer.19 Despite these advances, there remain many 
unanswered questions around the sequence of patholog-
ical events that lead to PA, where aldosterone produc-
tion is independent of the renin–angiotensin system.

Familial syndromes
Familial syndromes are a rare cause of PA. However, 
their etiology gives insight into the control and regula-
tion of aldosterone in both health and disease.

FHA 1 (glucocorticoid-remediable 
aldosteronism [GRA])
GRA is an autosomal dominant, monogenic disorder 
caused by a hybrid gene comprising the regulatory ele-
ment of 11β-hydroxylase, which catalyzes the final steps of 
cortisol synthesis, and it is normally expressed in the zona 
fasciculata, and the coding region of aldosterone synthase, 
which catalyzes the final steps of aldosterone production 
in the zona glomerulosa. This gives rise to a phenotype 
of early onset hypertension and mineralocorticoid excess.20 
Aldosterone is produced in response to adrenocortico-
tropic hormone (ACTH) rather than its usual principal 
trophins potassium and angiotensin II; but importantly, 
the chimeric gene is expressed ectopically in the fascic-
ulata, which is a much higher output system than the 
glomerulosa. This allows the gene product inappropri-
ate access to greater quantities of 11-deoxycorticosterone 
as a substrate for substantial aldosterone production. 
Importantly, therefore, it is not only that the gene is under 
regulation by ACTH that produces a state of mineralocor-
ticoid excess but also the aberrant locus of enzyme expres-
sion and structure of the gland that causes dysregulated 
corticosteroid production, thus highlighting the necessity 
of strict anatomical and functional zonation.

FHA 2
FHA 2 is also an autosomal dominant disorder leading 
to clustering of PA within families. Although the gene 
defect causing FHA 2 has not been discovered, linkage 
analysis of affected families has suggested an association 
between markers within cytogenetic band 7p22 and this 
phenotype.21 It is currently diagnosed if patients have at 
least two relatives with hyperaldosteronism and screen-
ing for FHA 1 (GRA) is negative.

FHA 3 (KCNJ5)
FHA 3 has recently been characterized in a single affected 
family where three members had severe, early onset 
hypertension and massive bilateral adrenal hyperplasia. 
The discovery that germline mutations in the KCNJ5 
gene lead to autosomal dominant hyperaldosteronism 
has provided a clear genetic cause of this condition in a 
small cohort of patients. More importantly, as discussed 
above, it has provided novel mechanistic insight into the 
normal control of aldosterone and possible pathogenic 
mechanism in patients with nonfamilial APAs.

PA: Approach to diagnosis
Because PA is a relatively common secondary cause 
of hypertension, with excess cardiovascular mortal-
ity compared with hypertensive controls and specific 
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management issues, there is a clear case for investiga-
tion of hypertensive patients at high risk. However, the 
diagnosis of PA can cause confusion because there are 
few specific clinical symptoms and the biochemical tests 
can be obscured by confounding factors. The Endocrine 
Society’s recently published guidelines22 suggest screen-
ing for PA using simultaneous measurements of renin 
and aldosterone (to give the ARR) in patients with 
moderate to severe or resistant hypertension, or other-
wise felt to be at high risk, as shown in Figure 21.4. If 
this initial test if positive, confirmatory testing followed 
by the subtype diagnosis should proceed.

Screening test
As can be seen from the illustrative case, the ini-
tial screening test of ARR can be performed without 
the need for stopping antihypertensive medication in 
patients with severe hypertension (with the exceptions 
of spironolactone, eplerenone, and amiloride) because 
the likely effects of these agents on renin and aldoste-
rone measurements (Table 21.1) can be allowed for. It 
should be measured on an unrestricted sodium intake, 
which should not require adjustment from normal for 
the majority of patients.

Family history of PA

High-risk patients No further action No further action

Check ARR

Normal

Elevated

Elevated

Resistant
hypertension

1. Establish aldosterone excess

Hypertension with
and adrenal
incidentaloma
Hypokalemia

Young age of onset
<40 years

2. Subtype characterization
Adrenal CT

Large mass
suspicious radiological

characteristics

Consider resection

Medical management

Bilateral Unilateral

Unilateral adrenalectomy

AVS

Normal or micronodules <1 cm

No Yes

Suitable for surgery?

Mass >1 cm

Proceed to confirmatory testing
according to local protocol

Normal

Repeat ARR
•Ensure adequate sodium intake
•Normalize potassium
•Stop interfering antihypertensive

  where possible

Figure 21.4
Suggested algorithm for the investigation and management of PA. ARR, aldosterone–to–renin ratio; AVS, 
adrenal vein sampling.
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There are several practical factors to be considered 
when measuring the ARR. Spurious results can be 
obtained if samples are placed on ice before renin mea-
surement. This is because prorenin is cryoactivated 
to form renin, leading to a falsely elevated result. The 
renin assay used is also an important consideration. 
Previously, plasma renin activity (PRA) was measured 
using a radioimmunoassay. More recently, the measure-
ment of PRC has been adopted in many centers because 
this allows automation of the measurement. Although 
more economical, this assay in general is less sensitive, 
particularly at lower concentrations.23 Adding cut-off of 
minimum plasma aldosterone concentration before fur-
ther confirmatory testing has been proposed to minimize 
false-positive results; however, this is not universally 
accepted. The cut-off values for aldosterone and ARR 
are dependent on local assays and conditions: a ratio >35 
(renin as PRC in μU/mL) and >750 (renin as PRA ng/
mL/h) should stimulate further investigation. One criti-
cism of the ARR is that it is often driven by low-renin 
levels rather than high plasma aldosterone, a criticism 
that has led to debate as to how (or indeed if) some forms 
of PA differ from “low-renin” essential hypertension. 
Therefore, it has been proposed that a minimal threshold 
of plasma aldosterone (>15 ng/dL or 416 pmol/L) in con-
junction with an elevated ARR should be demonstrated 
before further investigation for aldosterone excess is war-
ranted.24 However, it could be argued that the differ-
ence between PA and low-renin hypertension is semantic 
and that a “normal” plasma aldosterone in the context 
of a suppressed renin is in appropriate and justifies fur-
ther investigation. Moreover, use of a plasma aldosterone 
cut-off may lower the sensitivity of the ARR to detect 
PA given that, in at least one study, plasma aldosterone 
levels of <15 ng/dL (416 pmol/L) were found in more 
than a third of patients confirmed to have PA after initial 

screening by the ARR.25 Therefore, an elevated ARR 
alone is sufficient to justify further investigation of aldo-
sterone excess and use of a cut-off value of aldosterone in 
conjunction with ARR is not universally recommended 
in Endocrine Society guidelines.

Confirmatory testing
Levels of ARR above a threshold require further confir-
matory testing for the diagnosis of PA; to perform this 
test, medications that significantly affect the renin–
angiotensin–aldosterone system (RAAS) should be 
discontinued if possible as occurred in our illustrative case. 
The purpose of the confirmatory test is to establish auton-
omous secretion of aldosterone, meaning that aldosterone 
is no longer under the control of its normal trophins, 
angiotensin II, potassium, and ACTH. There are several 
ways this can be investigated, and the choice of which con-
firmatory test is used should be based on local practice, 
resources, and patients’ compliance and suitability.

Oral sodium loading test
Oral sodium intake is increased (with sodium chloride 
tablet if necessary) to >200 mmol (6 g)/day, for 3 days. The 
high-salt diet can increase kaliuresis and hypokalemia; 
therefore, potassium should be measured daily and nor-
malized with supplementation, if necessary. A 24-h urine 
collection is undertaken from the morning of day 3 and 
analyzed for sodium (to ensure compliance with sodium 
intake) and urinary aldosterone. Urinary aldosterone can 
be measured by radioimmunoassay (aldosterone 18-oxo-
glucuronide), but this measurement is less accurate than 
measuring aldosterone metabolites by liquid or gas chro-
matography and tandem mass spectroscopy, a method 
that is becoming more widely available. Autonomous 
secretion of aldosterone is confirmed if urinary aldo-
sterone excretion exceeds 33 nmol/day  (12  μg/24  h). 

Drug Effect on plasma renin Effect on ARR

β blockers Reduce Increase
Diuretic Increase Reduce
ACE inhibitors Increase Reduce
ARB Increase Reduce
Calcium channel blockers Increase/none Reduce/none
Mineralocorticoid receptor antagonists Increase Increase
Direct renin inhibitors PRA: reduced

PRC: increased
Increased
Reduced

Table 21.1
Response of ARR to commonly used antihypertensives.



Endocrine hypertension

473

This  test  is  of  limited value in patients with renal dis-
ease, because aldosterone 18-oxo-glucuronide is a renal 
metabolite, and its excretion may not rise in patients with 
renal disease. However, the main limitation of this test 
is the inherent inaccuracies of 24-h urine collections in 
most patients.

Intravenous saline infusion test
In this test, 2 L of 0.9% sodium chloride solution is 
infused intravenously over 4 h into the recumbent 
patient, with monitoring of blood pressure and heart 
rate throughout. Again, potassium must be corrected 
before the start of this procedure. After 4 h, blood is 
drawn for measurement of plasma aldosterone. Levels 
<139 pmol/L (5 ng/dL) make PA less likely, values 
between 139 and 277 pmol/L (5 and 10 ng/dL) are inde-
terminate, and levels >277 pmol/L (10 ng/dL) make a 
diagnosis of PA highly likely. The main disadvantage 
of this test is the volume of intravenous fluid infused, 
which may be dangerous in patients with cardiac fail-
ure. This is the confirmatory test of choice in our center 
and clearly demonstrated persistent aldosterone produc-
tion in the case at the beginning of the chapter.

Fludrocortisone suppression test
Fludrocortisone acetate (0.1 mg every 6 h) is admin-
istered for 4 days, and in addition, the oral sodium 
intake is maintained at an intake of >200 mmol/day 
using sodium chloride supplementation. As in all cases, 
potassium is monitored regularly and supplemented as 
required. Plasma renin should be suppressed, and failure 
to suppress the upright (10 a.m.) aldosterone at day 4 to 
<166 pmol/L (6 ng/dL) on day 4 confirms the diagnosis 
of PA. To exclude a confounding effect of ACTH stimula-
tion on aldosterone secretion, it is suggested that plasma 
cortisol measured at 10 a.m. should be lower than the 
7 a.m. level. Although the fludrocortisone suppression 
test is considered by some to be the most sensitive of the 
confirmatory tests, it has several disadvantages. There is 
a significant risk of hypokalemia and consequent dys-
rhythmia; as such, its use should be restricted to centers 
with expertise and facilities to cope with complications. 
In light of this, most centers undertake this test as an 
inpatient, which has cost and resource implications.

Captopril challenge
The captopril challenge consists of measurement of 
plasma renin and aldosterone before and 2 h after a 
single dose of captopril (25 mg). This would normally 
be expected to suppress aldosterone by >30%, but in 
PA, aldosterone will remain high. However, this test has 
been reported to be less sensitive than salt suppression 
methods; thus, it is rarely used.

Subtype characterization 
of PA: Further tests
Having confirmed autonomous secretion of aldosterone, 
the next clinical challenge is to diagnose the subtype of 
PA. Further imaging is important to exclude an aldo-
sterone-secreting carcinoma as well as to inform man-
agement, which is clearly different depending on the 
underlying cause of aldosterone excess. Lateralizing the 
site of excess aldosterone production is the next step and, 
ideally, this step requires adrenal vein sampling.

Imaging
The imaging modality of choice is CT. This tech-
nique has advantages over magnetic resonance imag-
ing (MRI) in the assessment of spatial resolution and 
it is less expensive. In contrast, MRI has the advantage 
that it does not involve radiation exposure that, in some 
patients, may be more appropriate.

An APA is usually a small (<2-cm), lipid-rich tumor 
with a typical appearance on CT, corresponding to <10 
Hounsfield units (measurement of density) with a rapid 
wash-out phase (>50% at 5 min) after the administra-
tion of contrast agent. Bilateral adrenal hyperplasia can 
appear as either micro (<1-cm) or macro (>1-cm) adeno-
mas or a combination of the two. Patients with idiopathic 
hyperaldosteronism can appear normal or demonstrate 
nodular change on adrenal CT. Unfortunately, CT can-
not be solely used to distinguish between unilateral 
disease, amenable to adrenalectomy, and bilateral or 
idiopathic disease, which should be managed medi-
cally. For example, nonfunctioning adrenal adenomas 
are relatively common in older patients and radiologi-
cally indistinguishable from APAs. Small APAs may 
not be seen on CT and the incorrect diagnosis of idio-
pathic hyperaldosteronism reached; and conversely, 
areas that look like microadenomas may in fact repre-
sent area of hyperplasia. As a result of these limitations, 
a more accurate method of lateralization of aldosterone 
secretion is required to avoid inappropriate surgery in 
patients with bilateral disease or withholding curative 
surgery to patients who may benefit. The exception to 
this sequence of investigations is in patients under the 
age of 40 years, in whom an adrenal adenoma of >1 cm 
is identified as occurred in the case at the beginning of 
the chapter. In these patients, it would be reasonable to 
proceed to adrenalectomy without further investigation.

Lateralizing aldosterone secretion
The standard investigation to confirm aldosterone excess 
is adrenal vein sampling (AVS). AVS is a technically 
demanding procedure that is difficult to access out with 
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tertiary referral centers. Even in this setting, protocols 
differ between centers, technical expertise is not always 
consistent, and results are variable. An extensive data-
gathering exercise is underway to assess many aspects 
of the use of AVS (Adrenal Vein Sampling International 
study, AVIS), and the first report from this group has 
indicated that although this is a safe technique, com-
plications (e.g., adrenal vein rupture) occurred least fre-
quently in operators who performed the most tests.26

One of the main differences in protocol between cen-
ters involves the use of ACTH stimulation. The ratio-
nale for this is to reduce the influence of stress-induced 
stimulation of aldosterone production (from endogenous 
ACTH), which may obscure the results. In addition, the 
adrenal veins, particularly the right, are difficult to can-
nulate; cannulation can be confirmed by measuring cor-
tisol gradients between the adrenal vein and the inferior 
vena cava, and some centers perform this measurement 
during the procedure to improve successful cannula-
tion rates. Proponents of ACTH stimulation suggest 
that this approach maximizes the central–peripheral 
cortisol gradient and provides further reassurance that 
the vein was successfully cannulated. Adrenal vein sam-
pling can be sequential or simultaneous, with increasing 
levels of technical expertise required for simultaneous 
measurements.

The AVIS data report that half the centers used 
ACTH stimulation, either as a bolus or continuous infu-
sion. However, interpretation of results differed signifi-
cantly between centers, even within the stimulated and 
unstimulated protocols.26 The Endocrine Society guide-
lines suggest that the aldosterone concentration from 
the left and right adrenal vein should be divided by 
their respective cortisol concentrations to correct for any 
dilutional effects of contamination from either subopti-
mal sampling or collateral circulation.22 In the context 
of ACTH stimulation, a cortisol-corrected aldosterone 
ratio from high to low should be >4:1 to indicate uni-
lateral hypersecretion. This is based on data that sug-
gest this cut-off has a sensitivity of 95% and specificity 
of 100%.27 Where ACTH stimulation is not used, the 
guideline suggests either a ratio of 2:1 or a gradient 
between peripheral aldosterone concentration and the 
suspect adrenal of 2.5 times, as long as the contra lateral 
adrenal demonstrates suppressed aldosterone production 
as indicated by an aldosterone concentration no higher 
than the peripheral circulation.

Given these difficulties, the prospect of another 
tool to differentiate unilateral, surgically curable dis-
ease from bilateral disease is appealing. The use of 
11C-metomidate as a radiotracer in positron emission 
tomography (PET)-CT could be useful in this situa-
tion. Recent data have demonstrated sensitivity and 

specificity of 76% (CI 59–93) and 87% (CI 69–104) 
using this noninvasive technique that requires less tech-
nical expertise.28 The use of 11C-metomidate PET is be 
limited to centers with access to a cyclotron, but this 
promising diagnostic test may be used more frequently 
in the future.

Treatment for PA
Surgery
In patients with unilateral disease who are otherwise 
medically fit, surgical resection of the affected adrenal 
gland is the treatment of choice. This offers the pos-
sibility of curing hyperaldosteronism, although it is 
important to be aware that not all patients achieve 
complete remission of hypertension. Cure rates are vari-
able (30%–70%), and given the diagnostic difficulties 
discussed above, this is not surprising.24 Factors that 
are associated with cure are younger age, fewer antihy-
pertensives preoperatively, shorter duration of hyper-
tension, and absence of a family history of high blood 
pressure.29 Despite these problems, with careful patient 
selection, the majority of patients have either no or a 
substantially reduced requirement for antihypertensive 
therapy postoperatively.

Adrenalectomy is usually carried out laparoscopi-
cally, and this surgery offers the advantage of shorter 
inpatient stay and reduced morbidity. Preoperatively, 
electrolytes should be normalized and blood pressure 
treated, preferably with an MR antagonist. This treat-
ment has the effect of both addressing the specific 
actions of aldosterone excess and possibly allowing 
the renin–angiotensin system to recover, reducing the 
chance of hypoaldosteronism postoperatively.

Medical therapies
In patients with bilateral disease, or patients with 
APA and unsuitable for a surgical procedure, medi-
cal therapy with aldosterone antagonists is the cor-
nerstone of therapy. Spironolactone is an effective MR 
antagonist, although is not specific and also acts as an 
antagonist for the androgen and progesterone receptors. 
These properties account for the side effects that can 
limit its use, particularly at high doses (gynecomastia, 
sexual dysfunction in males, and menstrual irregular-
ity in women). Eplerenone is more specific for the MR 
but is less potent, requiring higher doses. Both should 
be started at low dose (25 mg once daily for spirono-
lactone, twice daily eplerenone) and titrated slowly 
with monitoring of plasma potassium. Once aldoste-
rone action is appropriately suppressed, plasma renin 
should rise, and this rise can be a useful way to monitor 



Endocrine hypertension

475

the  titration regime. If adequate control of hyperten-
sion is not achieved with mineralocorticoid antagonists 
alone, amiloride is an appropriate and relatively effec-
tive antihypertensive. By blocking the epithelial sodium 
in the DCT, it is a rational second-line agent. Calcium 
channel blockers and diuretics are also reasonable to use 
in combination with MR antagonists; however, unless 
plasma renin (and angiotensin II) is released from the 
inhibitory effects of excessive action of aldosterone, 
angiotensin-converting enzyme (ACE) inhibitors, and 
ARB antagonists are unlikely to impact blood pressure 
control.

Other forms of mineralocorticoid 
hypertension
Although PA is the major cause of mineralocorticoid 
hypertension, there are many other conditions that cause 
hypertension with excessive retention of salt and water.

Liddle’s syndrome
Liddle’s syndrome is a rare, autosomal dominant con-
dition and associated with moderate-to-severe hyper-
tension presenting in childhood, arising from over 
activation of the epithelial sodium channel (ENaC). 
In common with PA, patients are hypokalemic with 
a metabolic alkalosis and have a low plasma renin, 
but in this case plasma aldosterone concentrations are 
low.30 The genetic abnormality lies on chromosome 
16, and “gain-of-function mutations” identified to date 
lie in the cytoplasmic C-terminal tails of the β- and 
γ-subunits of ENaC.31 These mutations result in loss 
of an adaptor motif that interacts with neural precur-
sor cell-expressed, developmentally down regulated 4-2 
(Nedd4-2). Nedd4-2 ligates a ubiquitin “tag” to the 
ENaC that targets it for internalization and subsequent 
destruction. This induces constitutive activity of the 
ENaC in the cortical collecting duct, as if activated by 
aldosterone. Importantly, in this condition, spironolac-
tone is not effective because activation of ENaC is not 
due to excessive aldosterone levels and is independent of 
the MR. However, the ENaC is amiloride sensitive, and 
this is the treatment of choice in these patients.

Pseudohypoaldosteronism type 2 
(Gordon’s syndrome)
Pseudohypoaldosteronism type 2, or Gordon’s syn-
drome, is characterized by hypertension, hyperkalemia, 
metabolic acidosis, normal renal function, and low or 
low-normal plasma renin activity and normal or ele-
vated aldosterone concentrations.32 In addition, patients 

with this condition, which is inherited in an autosomal 
dominant manner, are exquisitely sensitive to thiazide 
diuretics, suggesting a gain-of-function mutation in 
the thiazide-sensitive NaCl transporter in the distal 
convoluted tubule (DCT). However, the mutation lies 
not within the gene encoding the transporter itself, but 
rather on chromosomes 12 and 17 that each encodes a 
With No Lysine Kinase (WNK).33 The discovery of the 
molecular and genetic mechanisms behind this condi-
tion has provided valuable insight into the physiological 
regulation of blood pressure via sodium and potassium 
transport in the distal nephron. WNK1 and -4 localize 
to the DCT and cortical collecting duct and are involved 
in the regulation of the NaCl transporter acting via a 
kinase cascade, leading to loss of inhibition of the NaCl 
transporter and increased expression at the apical sur-
face (Figure 21.3). This may be of relevance in the regu-
lation of blood pressure at a population level because 
there have been many studies implicating variation in 
genes encoding WNKs as well as other regulators of the 
NaCl transport to blood pressure variation.34–37 In addi-
tion, these targets may also present novel opportunities 
for pharmacological therapy of hypertension.

Activation of MR by alternative ligands
Although aldosterone is the predominant mineralocor-
ticoid in humans in health, other steroid compounds 
can activate the MR if produced in excessive quantities. 
For example, in patients with congenital adrenal hyper-
plasia caused by 11β-hydroxylase or 17α-hydroxylase 
deficiencies, mineralocorticoid hypertension is observed 
in the context of low plasma aldosterone levels. In this 
situation, the MR is activated by deoxycorticosterone 
that is produced in excessive quantities. Cortisol can 
also occupy the MR, but in health this is prevented 
from being a ligand by the action of 11β-hydroxysteroid 
dehydrogenase. This enzyme protects the MR from 
inappropriate activation by metabolizing cortisol to 
inactive cortisone38 (Figure 21.5). In the absence of this 
enzyme, activation of MR by cortisol, which circulates 
in significantly greater concentrations than aldosterone, 
leads to salt and water retention and elevated blood 
pressure. The syndrome of apparent mineralocorticoid 
excess (SAME) was first identified in 1979.39 The under-
lying etiology was confirmed to be mutation in the gene 
coding for 11β-hydroxysteroid dehydrogenase type 2 
(11βHSD2).40 Reduced activity of 11βHSD2 can also be 
an acquired phenomenon in the presence of substances 
(glycyrrhetinic acid, contained in licorice) that inhibit 
11βHSD2.

Finally, abnormalities of the MR can lead to min-
eralocorticoid hypertension. An autosomal dominant 
missense mutation in the MR gene, S810L, leads to 
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increased ligand promiscuity of the receptor such that 
it is able to be occupied by a range of steroids, includ-
ing those that have not undergone 21-hydroxylation, 
for example, progesterone.41 Because progesterone is 
the major hormone of pregnancy, hypertension, which 
is usually evident prepregnancy, is dramatically exacer-
bated by the rise in activation of MR.

Glucocorticoid hypertension 
(see Chapter 1)
Cardiovascular disease, and, in particular, hyper-
tension, is a major cause of morbidity and death in 
patients with cortisol excess. Hypertension is found in 
up to 70% of subjects with Cushing’s syndrome, and 
this can be particularly severe in patients with ectopic 
ACTH.42 In one small study estimating cardiovascular 
risk in 49 patients with active Cushing’s syndrome, 
it was found that 85% of subjects were hypertensive, 
42% had diabetes, and 41% were obese.43 In addition, 
exogenously administered glucocorticoid can also lead 
to high blood pressure that can develop rapidly within 
24–48 h of exposure to oral hydrocortisone or dexa-
methasone.44 The pathogenesis of hypertension in these 
circumstances is not fully understood and is due to 
many factors.

Hemodynamic features
There have been several studies in humans and animals 
to clarify the hemodynamic consequences of synthetic 
(dexamethasone) and naturally occurring steroids 
(cortisol and corticosterone). These studies suggest 
that such steroids exert disparate effects on the cir-
culation, although they still do not fully explain the 
hemodynamic and hypertensive consequences of cor-
ticosteroids. For instance, both human and rat stud-
ies have shown that administration of dexamethasone 
results in hypertension with an elevated total periph-
eral resistance (TPR) but no effect on cardiac output, 
heart rate, or stroke volume.45,46 However, pretreat-
ment of such subjects with the vasodilator minoxidil 
fails to prevent dexamethasone-induced hypertension, 
despite a significant reduction in TPR.46 In contrast, 
hydrocortisone (cortisol) administration in humans 
leads to hypertension in association with an increased 
cardiac output and renal vascular resistance with 
no effect on TPR or heart rate.44,45 Again, however, 
reduction in cardiac output using the β-adrenergic 
blocker atenolol failed to ameliorate cortisol-induced 
hypertension.45

Increased plasma volume/
MR binding
It is widely accepted that retention of sodium and water 
is the major mechanism by which cortisol excess leads 
to hypertension. In normal circumstances, the MR is 
protected from continual activation by glucocorticoid, 
which binds the MR with equal affinity to aldoste-
rone but is far more abundant in the circulation, by 
the enzyme 11βHSD2. This enzyme converts cortisol 
to its inactive metabolite cortisone, and cortisone does 
not transactivate the MR (Figure  21.5). It has been 
suggested that high serum cortisol concentrations, 
characteristic of Cushing’s syndrome, “overwhelm” the 
11βHSD2 system, allowing cortisol to activate the MR, 
thereby causing hypertension due to the retention of 
urinary sodium and subsequent expansion of plasma 
volume.

However, a definite causal relationship between cor-
tisol-induced water/sodium retention and hypertension 
has not yet been demonstrated. For example, inhibi-
tion of the MR using spironolactone failed to prevent 
cortisol-induced sodium retention or hypertension in 
normal volunteers or ACTH-induced hypertension in 
rats.47,48 Moreover, assessment of a range of synthetic 
steroids (including prednisolone, dexamethasone, and 
triamcinolone) demonstrated induction of hyperten-
sion without significant plasma volume expansion and 
retention of urinary sodium.49 Therefore, the exact 
contribution of cortisol-mediated MR activation to the 
development of glucocorticoid-mediated hypertension 
remains unclear.

Cortisol 

11β-OHSD

NADPH NADP+ 

MR MR

Cortisone

Figure 21.5
The 11β-hydroxysteroid dehydrogenase system. 
11βHSD can interchangeably convert cortisol to its 
inactive metabolite cortisone. The type 2 isoform 
of the enzyme is found mainly in the kidney and 
catalyzes the oxidation step (cortisol–cortisone) 
that protects the MR from occupation by cortisol 
because cortisone fails to activate the MR.
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Other mechanisms
More recent evidence has suggested a role for oxidative 
stress and the nitric oxide (NO) system in glucocorti-
coid-induced hypertension. For example, ACTH- and 
dexamethasone-induced hypertension in rats is associ-
ated with reduced levels of plasma nitrate and nitrite 
(NO metabolites). At the molecular level, in vitro stud-
ies of cultured human endothelial cells and rat aorta, 
kidney, and liver have demonstrated that exposure to 
dexamethasone results in down regulation of endothelial 
NO synthase mRNA and protein.50,51

Glucocorticoid resistance
Glucocorticoid resistance is a rare, genetic disorder 
characterized by hypercortisolemia without the charac-
teristic phenotype of cortisol excess. The syndrome is 
inherited in an autosomal recessive or dominant man-
ner, and the most common genetic defects identified 
exist within the glucocorticoid receptor gene.52 This 
causes reduced peripheral activity of cortisol, and the 
ensuing compensatory increase in ACTH drive results 
in stimulated production of cortisol as well as adrenal 
androgens and ACTH-dependent mineralocorticoids 
deoxycorticosterone and corticosterone by the adrenal 
cortex.

The clinical presentation is similar to that of con-
genital adrenal hyperplasia due to 11β-hydroxylase 
deficiency. Female subjects present with features of 
virilization and males with precocious puberty and 
infertility, whereas both sexes present with classic min-
eralocorticoid hypertension with hypokalemic alkalosis. 
Hypertension in these cases is mediated primarily by 
elevated DOC and corticosterone that, in turn, lead 
to suppression of renin and aldosterone production. 
However, clinical features can vary in severity, and some 
subjects are relatively asymptomatic.52

Table 21.2 outlines the classical biochemical features 
that can help make the diagnosis of familial glucocor-
ticoid resistance. There are many biochemical features 
that overlap with true cortisol excess, and discrimi-
nation relies on a lack of classical features of cortisol 
excess (lack of striae, centripetal obesity, thin or bruised 
skin); assessment of bone mineral density that is often 
increased in glucocorticoid resistance; and demonstra-
tion of a preserved diurnal rhythm and response to 
thyrotropin-releasing hormone (TRH) stimulation, 
both of which are absent in Cushing’s syndrome.53

Familial glucocorticoid resistance can be treated 
by dexamethasone to suppress ACTH production; the 
treatment of hypertension may also require addition of 
MR antagonists.

Adrenal carcinoma
Adrenocortical carcinoma (ACC) is a rare but extremely 
aggressive endocrine malignancy. The incidence is 
approximately 1–2 cases per million per year in Europe 
and North America, with a prevalence of 4–12 cases per 
million.54 At least 65% of ACCs are secretory, and most 
commonly produce excess cortisol (40%) or cortisol 
with adrenal androgens (25%). Therefore, hypertension 
in association with ACC is usually glucocorticoid-
dependent, although there are rare cases of pure aldoste-
rone or DOC-producing ACC.

Catecholamine excess 
(see Chapters 7, 9, 10, 24)
A 36-year-old woman was referred to the endocrine out-
patient clinic with a 3-year history of increasing anxiety, 
sweats, intermittent headache, and hypertension. She 
was on no regular medications and had no relevant past 

 Cushing’s syndrome Glucocorticoid resistance

Classical Cushingoid features Usually present Absent
Bone mineral density Decreased Normal or increased
Diurnal rhythm of cortisol production Absent Maintained
TRH test No TSH response Normal TSH response
Insulin tolerance testing No ACTH/cortisol/growth 

hormone (GH) response
Normal

Table 21.2
Key clinical and biochemical features distinguishing Cushing’s syndrome from glucocorticoid resistance.
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medical or family history. Positive findings on examina-
tion included a resting pulse of 110 beats per minute, 
supine blood pressure of 162/110 mm/Hg, and standing 
blood pressure of 139/85 mm/Hg.

The patient underwent biochemical evaluation 
for catecholamine excess, and the results are sum-
marized in Table  21.3. Subsequent adrenal CT 
showed a heterogeneous, large left-sided adrenal mass 
(Figure 21.6) in keeping with pheochromocytoma, and 
123I-metaiodobenzylguanidine (MIBG) scintigraphy 
demonstrated that this mass was MIBG avid with no 
evidence of extra-adrenal disease.

The patient subsequently underwent a laparoscopic 
left adrenalectomy. Preoperatively, she required treat-
ment with phenoxybenzamine 120 mg daily in divided 
doses with the addition of labetalol 200 mg twice daily 
a few days before surgery. Preoperative blood pressure 
was 128/74 mm/Hg (supine) and 89/62 mm/Hg (erect).

After surgery, symptoms resolved and biochemistry 
normalized (Table  21.3). The pathology of the excised 
adrenal gland was found to be in keeping with pheochro-
mocytoma, with a relatively low mitotic count (<3 per 
high-power field [HPF]), but evidence of vascular invasion 
within adrenal and extra-adrenal soft tissue. Thus, she 
underwent adjuvant therapy in the form of 10,000 MBq 
of 131I-MIBG. She still undergoes regular surveillance, but 
there is no evidence of recurrence 4 years after surgery.

Background
Rarely, episodic or persistent hypertension can 
develop as a consequence of tumors of the chromaf-
fin cells of the adrenal medulla or sympathetic gan-
glia that are referred to as “pheochromocytoma” and 
“paraganglioma,” respectively. Such tumors produce 
and metabolize catecholamines but are sometimes 
nonsecretory. As a result, it is believed that many 

pheochromocytomas are diagnosed at postmortem; in 
one series of 54 autopsy-proven cases of pheochromo-
cytoma from the Mayo Clinic, there were no clinical 
features in at least 50%.55

The overall prevalence of pheochromocytoma is 
unknown, although it is estimated to exist in 0.05%–​
0.2% of hypertensive subjects with an annual incidence 
of 0.8  per 100,000 person-years. Pheochromocytoma 
typically occurs in the fourth or fifth decade and is 
equally common in men and women.

Pathogenesis and pathology
The majority of pheochromocytomas (about 90%) arise 
in the adrenal medulla. Extra-adrenal pheochromocy-
tomas (paragangliomas) can arise anywhere from the 

  Diagnosis Postoperative Normal range

24-h urine Norepinephrine 24,596 251 <900 nmol/24 h
Epinephrine <50 <50 <230 nmol/24 h
Dopamine 12,616 1418 <330 nmol/24 h
Free normetanephrine 10,818 159 <650 nmol/24 h
Free metanephrine 61 65 <350 nmol/24 h

Plasma Normetanephrine 19,219 515 120–1180 pmol/L
Metanephrine 187 190 80–150 pmol/L

Table 21.3
Pre- and postoperative biochemistry of a patient with pheochromocytoma

Figure 21.6
Adrenal CT of patient with pheochromocytoma 
demonstrating a large, heterogeneous left-sided 
adrenal mass (arrow).
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base of the skull to pelvis, although the majority occur 
around the abdominal aorta or kidneys.

Typically, pheochromocytomas are cystic and/or 
hemorrhagic in appearance, with areas of necrosis, calci-
fication, or both (Figure 21.7). Most tumors are at least 
2–3 cm by time of diagnosis, although the size is vari-
able; there have been tumors of up to 20 cm reported 
and smaller tumors can be diagnosed, especially in the 
context of screening of those with a genetic predisposi-
tion to pheochromocytoma (see below).56

The pathology of pheochromocytomas is unusual in 
that there are no absolute histological criteria for differ-
entiating benign from malignant pheochromocytomas, 
and these tumors can never be specifically classified as 
benign. The 2004 World Health Organization (WHO) 
criteria define malignancy by the presence of metastases, 
not local invasion.57 Even extensive invasion, although 
potentially lethal, is a poor predictor of metastases, and 
a lack of apparent invasion does not preclude the devel-
opment of metastases.

It remains a challenge to recognize the malignant 
potential of tumors where metastases have not been iden-
tified at the time of diagnosis. Several scoring systems 
derived from invasion, histological growth patterns, cyto-
logical features, mitotic activity, and other characteris-
tics have been proposed.58 One important study showed 
that >70% of such tumors could be classified correctly 
on the basis of four factors: (1) extra-adrenal location, (2) 
coarse nodularity, (3) confluent necrosis, and (4) absence 

of hyaline globules.59 These features, as well as the pres-
ence of a higher mitotic count (>3 per 20 HPF, 400×), 
five atypical mitotic figures, absence of sustentacular cells 
as identified by S100 staining, and an MIB-1 labeling 
index of >2.5% are all used by the U.K. Royal College of 
Pathologists to identify malignant potential of pheochro-
mocytomas.60 A new system for stratifying pheochromo-
cytoma (Pheochromocytoma of the Adrenal gland Scoring 
Scale or PASS) uses weighted analysis of a range of features 
to separate benign from malignant lesions61 (Table 21.4). 
However, there are conflicting reports as to its reliability, 
and it is not routinely used in histopathology reports of 
pheochromocytoma in the United Kingdom.

Finally, immunohistochemistry may be of use in 
situations where the histological features are ambiguous 
to clarify the presence of an adrenocortical or adreno-
medullary tumor. For example, chromogranin is nega-
tive in cortical tumors and almost always positive in 
pheochromocytomas.60

Genetics
Traditionally, pheochromocytomas were said to follow 
the “rule of tens”: 10% are extra-adrenal, 10% bilateral, 
10% malignant, and 10% genetic. Although much of 
this rule still applies, it is now recognized that >10% 
(and probably nearer to 25%) of tumors have an under-
lying genetic basis.62

Figure 21.7
Typical appearance of pheochromocytoma after 
adrenalectomy. Note the hemorrhagic and cystic 
components.

Feature Score

Large nests of cells or diffuse growth 
>10% tumor volume

2

Necrosis (confluent or central in large 
cell nests)

2

High cellularity 2
Cellular monotony 2
Presence of spindle-shaped tumor cells 2
Mitotic figures (>3 per HPF) 2
Extension of tumor into adjacent fat 2
Vascular invasion 1
Capsular invasion 1
Profound nuclear pleomorphism 1
Nuclear hyperchromasia 1
Total possible score 20

Table 21.4
Pheochromocytoma of the Adrenal gland Scoring 
Scale (PASS score).
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The genetic syndromes associated with pheo-
chromocytomas are summarized in Table  21.5. 
Pheochromocytomas occurs in up to 50% of subjects 
with multiple endocrine neoplasia (MEN), 10%–20% 
of those with von Hippel–Lindau (VHL), and rarely in 
neurofibromatosis type 1 (0.1%–5%).63

The clinical phenotype of pheochromocytoma 
associated with VHL and MEN2 differ, largely due 
to the difference in biochemical phenotype. MEN2 
patients tend to be more symptomatic, with a higher 
incidence of hypertension, mainly because the 
tumors of such patients express phenylethanolamine 
N-methyltransferase (PNMT), the enzyme that con-
verts norepinephrine to epinephrine, and tyrosine 
hydroxylase, a rate-limiting enzyme of catecholamine 

biosynthesis (Figure  21.8). As a result, pheochromo-
cytomas of MEN2 patients tend to secrete epineph-
rine, whereas VHL patients produce higher levels of 
norepinephrine.64

More recently, familial pheochromocytoma and 
paraganglioma syndromes have been identified due 
to mutations in the succinate dehydrogenase (SDH) 
(succinate:ubiquinone oxidoreductase) subunit genes 
[SDHB, SDHC, SDHD, SDHAF2 (SDH5), SDHA] 
that compose portions of mitochondrial complex II. 
Mitochondrial complex II is a tumor suppressor gene 
involved in the electron transport chain and the tricar-
boxylic acid (TCA) cycle.

The genetics of pheochromocytoma and para-
ganglioma is a rapidly changing and evolving field. 

Syndrome
Gene and mode 
of inheritance Clinical features

Risk of pheochro-
mocytoma (%)

Risk of 
malignancy (%)

MEN2A/2B RET oncogene/
AD

Medullar thyroid cancer, 
primary 
hyperparathyroidism 
pheochromocytoma 
(mucosal neuromas in 2B)

50 Usually benign

VHL VHL tumor 
suppressor 
gene/AD

Retinal angioma, cerebellar 
and spinal 
hemangioblastoma, clear 
cell renal cell carcinoma, 
renal and pancreatic cysts, 
pheochromocytoma

10–15 5

NF1 NF1 gene/AD Café au lait patches, axillary 
freckling, cutaneous 
neurofibromas, Lisch 
nodules, optic glioma, 
pheochromocytoma

2

SDH B subunit/AD Extra-adrenal and adrenal 
pheochromocytoma, GIST, 
head and neck PGL

45% have disease 
by 40 years; 80% 
lifetime risk

30–70

C subunit/AD Head and neck PGL, GIST Rare Uncertain
D subunit/

maternal 
imprinting

Head and neck PGL, benign 
extra-adrenal and adrenal 
pheochromocytoma, GIST

Rare Uncertain

5 (SDHAF2)/AD Head and neck PGL

NF, neurofibromatosis; SDH, succinate dehydrogenase; GIST, gastrointestinal stromal tumors; AD, autosomal dominant.

Table 21.5
Summary of major genetic syndromes associated with pheochromocytoma and paraganglioma (PGL).
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For example, in 2010, loss-of-function mutations 
in the  FP/TMEM127 gene were identified in 2% of 
patients with familial and sporadic pheochromocy-
toma, but not paraganglioma. TMEM127 is a nega-
tive regulator of mammalian target of rapamycin 
(mTOR) effector proteins.65 In addition, mutations 
within the SDH5 (SDHA2) gene have recently been 
identified as causing familial paraganglioma syn-
dromes in one kindred first identified in the 1980s.66 
SDH5 is important for the flavination and function 
of SDHA. However, this genetic syndrome remains 

extremely rare, and only one further kindred has been 
identified so far.

In 2011, loss-of-function mutations in the MAX 
gene were identified in three patients with familial 
pheochromocytoma.67 MAX is a component of the MYC-
MAX-MXD1 transcription factors that regulate cell pro-
liferation, differentiation, and apoptosis. In an extension 
of this study, MAX mutations were found in 5 (8.5%) of 
59 patients with suspected familial pheochromocytoma 
(based on age of onset <30 years, bilateral pheochromo-
cytoma, or positive family history).

Tyrosine DOPA Dopamine

Epinephrine Norepinephrine

Tyrosine
hydroxylase

Aromatic L-
amino acid
decarboxylase 

Dopamine β
hydroxylase 

Phenylethanolamine
-N-methyltransferase

(a)

Norepinephrine Epinephrine

Phenylethanolamine
-N-methyltransferase
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Catechol-O-
methyltransferaseCatechol-O-
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Figure 21.8
(a) Catecholamine biosynthesis. (b) Catecholamine metabolism. DOPA- 3,4 dihydroxyphenylalanine; DHPG- 
3,4-dihydroxyphenylethyleneglycol; MHPG- 3-methoxy-4-hydroxyphenylethyleneglycol.
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Whom to screen?
The question of who to screen for a genetic cause of 
pheochromocytoma remains controversial and no con-
sensus exists. Current, most common clinical practice is 
to offer testing to those presenting with sporadic pheo-
chromocytoma at a young age (<50 years), those with 
bilateral or malignant disease, extra-adrenal tumors, 
positive family history, or those with clinical features 
leading to suspicion of one of the associated genetic 
syndromes. In our case of pheochromocytoma, screen-
ing for genetic causes was performed and was negative. 
Some centers screen for all the available genetic muta-
tions, whereas others perform a more staged approach, 
screening for most likely affected genes first based on 
the clinical and biochemical profile.68

Clinical features
The classic triad of symptoms in a patient with pheo-
chromocytoma are episodic headache, sweating, and 
tachycardia.69 Only half have paroxysmal hypertension, 
and the rest can be normotensive (5%–15%) or present 
with apparent essential hypertension.70 Headache is the 
commonest clinical feature and can be found in up to 
90% of patients.70 Other clinical features include palpi-
tations, tremor, pallor, abdominal pain, chest pain, and 
anxiety. Broadly, symptoms and signs depend upon the 
location of the tumor as well as the relative amounts of 
catecholamine secreted. More rarely, other clinical fea-
tures can be found due to cosecretion of other substances 
in addition to catecholamines. For example, ACTH 
cosecretion can lead to development of Cushingoid fea-
tures and hypoglycemia can occur due to production of 
insulin-like growth factor-2.

Increasingly, asymptomatic pheochromocytomas 
are being identified in patients who undergo abdomi-
nal imaging for unrelated reasons but are found to 
have an adrenal mass (so-called “incidentaloma”). Some 
reports are estimating that up to 50% of pheochromo-
cytomas may be asymptomatic, although a series from 
the Mayo Clinic reported that 15 of 150 (10%) pheo-
chromocytoma patients were discovered incidentally by 
abdominal CT.71

Diagnosis
Pheochromocytoma is rarely confirmed in patients in 
whom such a diagnosis is suspected. For instance, one 
case series describes confirmed pheochromocytoma in 
only 1 of 300 patients who had undergone diagnos-
tic evaluation.72 There are a wide variety of potential 

differential diagnoses but pheochromocytoma can usu-
ally be easily excluded; a useful rule is that if a pheo-
chromocytoma is symptomatic, then the biochemistry 
is usually clearly abnormal, so this diagnosis is excluded 
in patients with “classic” symptoms with normal or 
equivocal biochemistry.

Biochemical testing
There has been much debate over the optimal biochemi-
cal test to diagnose or exclude pheochromocytoma and, 
as yet, no consensus exists. However, most institutions 
rely on a combination of measurements of urinary cat-
echolamines and urinary and/or plasma fractionated 
metanephrines. Catecholamine biosynthesis and metab-
olites are highlighted in Figure 21.8.

Recent evidence suggests that metanephrines, the 
O-methylated metabolites of catecholamines, may be 
a better test than catecholamines (e.g., epinephrine, 
norepinephrine, dopamine).73 High-performance liq-
uid  chromatography (HPLC) allows the measurement 
of urinary or plasma fractionated metanephrines, that 
is, (conjugated + free) normetanephrine and (conjugated 
+ free) metanephrine separately. Measurement of uri-
nary catecholamines and fractionated metanephrines in 
a 24-h urine sample provides 98% sensitivity and speci-
ficity and so is regarded as the best first-line test.74

Measurement of plasma fractionated metanephrines 
is accepted as the most sensitive test (96%–100%), and 
normal plasma fractionated metanephrines effectively 
excludes pheochromocytoma. However, specificity of 
this test is unsatisfactory and is estimated to be 77% in 
patients older than 60 years.75 Reliance solely on mea-
surement of plasma unfractionated metanephrines can 
lead to a high false-positive rate, and this test should 
be restricted to those in whom clinical suspicion of 
pheochromocytoma is high (e.g., previous pheochromo-
cytoma, underlying genetic predisposition, or a typical 
adrenal mass on abdominal imaging).

Suppression testing using clonidine (α2-adrenergic 
receptor antagonist) or pentolinium (ganglion blocker) 
can occasionally be used to confirm or exclude a 
diagnosis of pheochromocytoma, especially in cases 
where there is suspicion of a falsely positive increase 
in plasma catecholamines/fractionated metanephrines. 
In patients with true pheochromocytoma, plasma 
catecholamines/fractionated metanephrines fail to 
suppress after administration of clonidine or pento-
linium.76 In practice, however, these tests are rarely 
required or performed.

In addition to catecholamines, chromaffin cells con-
tain other peptides, such as chromogranins and neuro-
peptide Y, and ATP and calcium. Chromogranin A is 
increased in 80% of patients with pheochromocytoma, 
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although this is not specific and can be increased in 
many other conditions and neuroendocrine tumors.77 Its 
main role, therefore, is not in confirming diagnosis but 
as a useful marker of possible tumor recurrence.

Imaging
Ideally, imaging to locate a catecholamine-secreting 
tumor should be performed after a biochemical diagno-
sis has been established and not before. CT and MRI are 
most commonly used, and both techniques have high 
sensitivity (98%–100%) but lower specificity (70%) in 
detecting pheochromocytoma. Because 95% of pheo-
chromocytomas are located within the abdomen and 
pelvis, imaging can usually be restricted to this area 
initially and extended to the thorax, head, and neck if 
initial imaging is negative.78

On CT, pheochromocytomas typically have a het-
erogeneous appearance, with Hounsfield units of >20 
and can often contain cystic components or areas of 
calcification (Figure  21.6). On T2-weighted MRI, 
tumors are again often heterogeneous and are bright 
on appearance.

Functional imaging, using radiolabeled catechol-
amine analogs, can be a useful adjunct in the diagnosis 
or staging of pheochromocytoma. MIBG is a structural 
analog of norepinephrine; 85% of adrenal pheochromo-
cytomas are positive on 123I-MIBG imaging, although 
this value is lower for malignant, familial, and extra-
adrenal tumors.79 MIBG scanning is useful to confirm 
whether an adrenal lesion is likely to be a pheochro-
mocytoma; to identify metastatic disease; and, occa-
sionally, to locate an extra-adrenal pheochromocytoma 
where plain imaging has been negative. Finally, it is 
useful to establish MIBG positivity in a patient who 
may subsequently require high dose 131I-MIBG therapy 
for malignant pheochromocytoma or, as in our case, 
adjuvant 131I-MIBG therapy if thought to be at higher 
risk of recurrence.

111In-octreotide scanning can also be useful, 
although only about 25% of adrenal pheochromo-
cytoma demonstrate significant uptake. Its main 
use is in imaging of head and neck paragangliomas 
of which 75% demonstrate positive uptake.79 PET 
scanning using various 18F-labeled tracers (especially 
18F-fluorodeoxyglucose) is useful mainly in identifying 
metastatic disease.

Management
Unless there is a significant contraindication, pheochro-
mocytoma should be managed surgically in the first 
instance. However, patients must be initially managed 
medically to control symptoms and blood pressure but, 

most importantly, to minimize the risk of intraopera-
tive hemodynamic instability.

α-Antagonists, such as phenoxybenzamine, are 
the mainstay of treatment as illustrated in the case. 
Phenoxybenzamine is a nonselective, irreversible 
α-adrenoceptor antagonist that blocks the vasocon-
strictor effects of catecholamines. The main role of 
α  blockade is to allow expansion of intravascular 
volume that is reduced in pheochromocytoma due to 
vasoconstrictor hypertension and compensatory pres-
sure natriuresis. The dose of phenoxybenzamine is 
slowly increased according to blood pressure for several 
weeks before surgery; the target blood pressure is usu-
ally about 120/80 mm/Hg seated with a systolic blood 
pressure >90 mm/Hg on standing. Immediately before 
surgery, patients may require admission for intravenous 
saline to further expand plasma volume.80 Once suf-
ficiently α-blocked, patients with pheochromocytoma 
may require the addition of a selective β1-antagonist to 
offset excessive tachycardia. Patients with tumors that 
secrete mainly norepinephrine are less likely to require 
β blockers, whereas patients with tumors that produce 
significant levels of epinephrine may often require 
higher doses.

Laparoscopic adrenalectomy is the surgical pro-
cedure of choice to resect pheochromocytoma (if 
tumor diameter is <8 cm). This now carries a low 
perioperative morbidity and mortality rate if per-
formed by a surgeon with sufficient experience. 
Cortical-sparing adrenalectomy has been performed 
in selected cases, mainly in patients with MEN 2 and 
VHL disease.81 However, this is not standard clinical 
practice, because of concerns about the risk of local 
recurrence. In most cases, blood pressure is usually 
normal (without α and β blockade) by the time of 
hospital discharge but hypertension can occasionally 
persist for up to 4–8 weeks after surgery. However, 
persistent hypertension can occur in rare cases. The 
mechanism for this remains speculative but may be 
as a consequence of persisting hemodynamic changes; 
resetting of baroceptors; structural vascular or renal 
changes; or, most commonly, due to coexisting essen-
tial hypertension.80

Malignant pheochromocytoma
As mentioned, the presence of metastatic disease is 
the only absolute evidence of malignant pheochromo-
cytoma. However, the presence of underlying SDHB 
mutations along with certain histopathological features 
described previously may also suggest high malignant 
potential. The prognosis of malignant pheochromocy-
toma is variable; although the mean 5-year survival is 
50%, about half of these patients have an aggressive 
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disease, with death occurring within 1–3 years; the 
other half has a more indolent form of disease, with a 
life expectancy of up to 20 years.

There is no cure for metastatic pheochromocy-
toma, and the focus of treatment is on slowing disease 
progression. Therapeutic 131I-MIBG, when associated 
with 123I-MIBG uptake on a diagnostic scan, can be 
useful; however, only about 30%–70% of patients 
respond, and effects are usually temporary, necessitat-
ing repeated dosing or alternative therapies. In addi-
tion, some centers, including our own, advocate the 
use of a single dose of adjuvant 131I-MIBG in subjects 
felt to be at higher risk of local recurrence (demon-
stration of capsular or vascular invasion on pathology). 
Combination chemotherapy (usually with cyclophos-
phamide, vincristine, and dacarbazine) can also be con-
sidered in progressive disease, but only about 50% of 
patients respond to treatment, and there is controversy 
as to whether this regimen extends survival.82 There is 
a clear need for innovative therapies for the treatment 
of metastatic pheochromocytoma, but the rarity of 
such tumors mean randomized clinical trials of novel 
treatments are difficult to perform. However, recent 
small-scale studies report an encouraging response to 
the tyrosine kinase inhibitor sunitinib, and further 
studies are in progress.83

Follow-up
Postoperative catecholamines should be checked within 
a few weeks of surgery once acute effects of surgery 
have passed. It is recognized that follow-up of patients 
should be life long with an annual assessment of blood 
pressure, symptoms, and catecholamine levels because 
patients with pheochromocytoma are at increased risk 
of a second tumor, recurrence at the original site, or 
the development of distant metastases that may appear 
many years after the initial presentation.

Conclusions
Hypertension due to endocrine causes is now the 
commonest cause of secondary hypertension, largely 
due to increased recognition of and screening for PA. 
It  is important for clinicians to be alert to clinical 
or biochemical features that may increase the like-
lihood of an underlying endocrine cause for hyper-
tension to allow targeted selection of appropriate 
patients to undergo screening for secondary causes of 
hypertension.
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Introduction
In the past 30 years, the prevalence of obesity has 
increased to epidemic proportions, making obesity a 
major public health concern. In 2008, a systematic meta-
analysis from 199 countries estimated that 1.46 billion 
adults were overweight, with 502 million individuals 
being obese worldwide. In the United Kingdom, 56% 
of women and 65% of men are overweight, and 24% of 
all adults are obese. Even more concerning is that the 
prevalence of obesity in children aged between 2 and 
15 years has risen by 12% since 1995, with 170 million 
children globally classified as overweight or obese.1–3,5–10

Obesity and overweight are a direct cause of and 
major risk factor for several diseases, such as type 2 
diabetes mellitus (T2DM), dyslipidemia, hypertension, 
cardiovascular disease, obstructive sleep apnea, muscu-
loskeletal disorders, and certain forms of cancer.1–3,5–10 
Treatment of obesity is challenging, and the increasing 
obesity prevalence reflects failure of existent preven-
tative and treatment strategies and the need for more 
effective therapies for obesity management.

Definition and 
classification of obesity
Obesity is defined as abnormal or excessive fat accumu-
lation that may impair health.1 Based on this definition, 
women and men are classified as obese when their total 
body fat percentage reaches or exceeds 30% and 25%, 
respectively.

However, because direct quantification of body fat 
requires specialized equipment (e.g., dual-energy X-ray 

absorptiometry [DEXA]), body mass index (BMI) is 
commonly used as a surrogate to assess the degree of 
overweight and obesity. BMI is a measure of a person’s 
weight relative to their height and is calculated by 
dividing the body weight in kilograms by the square of 
their height in meters (kg/m2).

According to the World Health Organization 
(WHO) 2006 obesity classification, overweight is 
defined as BMI >25 kg/m2 and obesity as a BMI of >30 
kg/m2. The BMI formula calculation is also follows: 
BMI = body weight (kg)/height2 (m2).

Obesity classification
Obesity can be classified by BMI intervals and related 
aggregate risk of mortality, on the basis of the anatomi-
cal phenotypes, or by etiologic criteria.1,2

BMI intervals
The recommended obesity classifications for BMI 
adopted by the National Institute of Health (NIH) and 
WHO are as follows:

•	 Underweight: BMI <18.5 kg/m2

•	 Normal weight: BMI ≥18.5–24.9 kg/m2

•	 Overweight: BMI ≥25.0–29.9 kg/m2

•	 Obesity: BMI ≥30 kg/m2

Obesity is then categorized as

•	 Obesity Class I: BMI of 30.0–34.9 kg/m2

•	 Obesity Class II: BMI of 35.0–39.9 kg/m2

•	 Obesity Class III: BMI ≥40 kg/m2 (severe, 
extreme, or morbid obesity)
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The diagnostic BMI cut-offs for overweight and 
obesity are based on data showing that BMI and 
mortality are interlinked via a J-shaped association. 
Thus, the relationship between BMI and risk allows 
identification of several levels of risk (risk stratifica-
tion)  that can be used to guide selection of ther-
apy.2,11–13 Although BMI is highly practical and the 
most widely used bodyweight assessment tool, it is 
limited by the lack of distinction between fat mass 
and lean mass. In addition, BMI lacks sensitivity to 
the gender and ethnic-related differences in relative 
body fatness. The arbitrary diagnostic BMI cut-offs are 
derived from data collected on whites, but have been 
widely adopted, as ethnic-based cut-offs are currently 
unavailable.15 However, there is racial variation in the 
definition of overweight and obesity. In South Asian 
populations, the level of risk in terms of percentage 
of body fat is reached at a much lower BMI, whereas 
the opposite occurs in blacks compared with whites. In 
particular, the mean BMI associated with the develop-
ment of an adverse metabolic profile is estimated at 
21 kg/m2 in South Asians. Thus, the WHO and NIH 
guidelines are currently applied to whites, Hispanics, 
and blacks. For Asians, overweight is defined as a BMI 
between 23 and 24.9 kg/m2 and obesity as a BMI 
>25 kg/m2. Finally, when interpreting BMI values, 
clinicians should be aware that BMI may overestimate 
the degree of obesity in individuals who are very mus-
cular (e.g., professional athletes or bodybuilders).

Anatomical phenotypes
The most common anatomical classification of obesity 
is based is on a prevalence of visceral or subcutaneous 
fat deposition. It is well established that visceral adipos-
ity (also called central adiposity, android, or male-type 
obesity) is a major risk factor for the metabolic compli-
cations of obesity, whereas subcutaneous fat seems to 
be more benign. Therefore, in addition to measuring 
BMI, waist circumference should be measured to assess 
abdominal/central obesity. Patients with visceral obesity 
are at increased risk for heart disease, T2DM, hyperten-
sion, and dyslipidemia.

Waist circumference should be measured with a 
flexible tape placed on a horizontal plane at the level 
of the iliac crest as seen from the anterior view.14 In 
adults with a BMI of 25–34.9 kg/m2, a waist circum-
ference >102 cm (40 in.) for men and 88 cm (35 in.) 
for women is associated with a greater risk. In patients 
with a BMI ≥35 kg/m2, measurement of waist circum-
ference is less helpful because it adds little to the pre-
dictive power of the disease risk classification of BMI; 

almost all individuals with this BMI also have an 
abnormal waist circumference. Like with BMI, there 
is ethnic variability in waist circumference values that 
predict increased risk. For example, South Asians have 
more total fat and visceral fat and therefore may be at 
higher risk of developing T2DM for a given BMI than 
whites. As such, in Asian females a waist circumfer-
ence >80 cm and in Asian males a value >90 cm are 
considered abnormal.

The ratio of waist circumference to hip circumfer-
ence (WHR) is an additional indirect way of assessing 
the degree of central versus peripheral obesity. WHO 
states that abdominal obesity is defined as a WHR 
>0.90 for males and >0.85 for females.

Etiology
Based on its etiology, obesity can be classified as 
primary, when no obvious reason can be identified, 
or secondary, when there is an identifiable underlying 
etiology. Secondary obesity may occur in the context 
of endocrine pathologies, such as polycystic ovarian 
syndrome, Cushing’s syndrome, hypothyroidism, hypo-
thalamic defects, and growth hormone deficiency. 
Moreover, secondary obesity can be iatrogenic, either 
secondary to pharmacologic treatments, such as some 
antipsychotic, antidepressants, and some antiepileptic 
agents or steroid treatment; or due to hypothalamic 
injury, surgery, or both (Table 22.1).

Much of the BMI variance within a population can 
be explained by genetic factors (Tables 22.1 and 22.2); 
with twin and adoption studies revealing 40%–80% 
heritability for the obese phenotype. Genetic forms of 
obesity can be subdivided into those occurring within 
syndromes featuring obesity and those resulting from 
monogenic causes of obesity.21 The latter are rare and 
affect a minority of people; however, studies of affected 
individuals and the implicated genes provide insight in 
the mechanisms regulating energy homeostasis. Finally, 
in the last decade genome-wide association studies 
(GWASs) have identified obesity risk-alleles that tend to 
occur at higher frequencies compared with monogenic 
forms of obesity but that have a smaller effect on BMI. 
Variation within the fat mass and obesity-associated 
(FTO) gene and the melanocortin-4 receptor (MC4R) 
gene are such examples.22,23

However, the fundamental reasons underpinning 
the current obesity pandemic are increased energy 
intake (overeating) in combination with reduced phys-
ical activity. Feeding behavior is governed by homeo-
static drives that trigger food intake in the presence 
of energy deficits and hedonistic feeding stimuli, 



Obesity

491

which result to food intake independently of caloric 
depletion. In our current “obesogenic” environment 
with its abundance of affordable energy-dense, palat-
able foods, reward-driven feeding overrides depletion 
signals and overpowers the physiological mechanisms 
regulating energy homeostasis. This, coupled with 
limited physical activity and more sedentary lifestyles, 
is the fundamental reason underlying the global obe-
sity pandemic.

Obesity-associated 
morbidity and mortality
Overweight and obesity are associated with several 
comorbid conditions. In particular, obesity increases 
the risk of impaired glucose tolerance, T2DM, dys-
lipidemia, cardiovascular disease, hypertension, and 
obstructive sleep apnea by approximately two to three 
fold. In addition, patients with obesity are at increased 
relative risk of cholelithiasis, nonalcoholic steatohepa-
titis (NASH), hyperuricemia, gout, osteoarthritis, 
irregular menses, and male and female subfertility and 
infertility. Obesity is associated with increased cancer 
risk, such as postmenopausal breast cancer, endome-
trial cancer, colonic cancer, and increased overall anes-
thetic operative risk. Furthermore, obesity impacts on 
the individual’s psychosocial function and depression 
is common in severe obesity, particularly in younger 
patients and in women.

Finally, in addition to increased morbidity, many 
epidemiological studies have established that obe-
sity is associated with increased mortality. The asso-
ciation between BMI and cause-specific mortality was 
illustrated in the Prospective Studies Collaboration 
analysis. In the upper BMI range (25–50 kg/m2), each 
5 kg/m2 increase in BMI was associated with a signifi-
cant increase in mortality from each of the following 
disorders:

•	 Ischemic heart disease (hazard ratio [HR] 1.39) 
and stroke (HR 1.39)

•	 T2DM (HR 2.16)
•	 Nonneoplastic chronic kidney disease (HR 1.59)
•	 Respiratory diseases (HR 1.20)
•	 Neoplastic disease (HR 1.10), with a significant 

association between BMI and mortality 
for  several forms of cancer, such as colonic, 
kidney, liver, breast, endometrial, and prostatic 
cancer

Neuroendocrine obesity
Hypothalamic obesity
Cushing’s syndrome
Polycystic ovarian syndrome
Hypogonadism
Growth hormone deficiency
Hypothyroidism
Pseudohypoparathyroidism

Iatrogenic
Drugs that cause weight gain
Hypothalamic surgery

Genetic forms of obesity
Genetic syndromes that feature obesity

Prader–Willi
Bardet–Biedl
Biemond syndrome II
Alstrom syndrome
Albright hereditary osteodystrophy
Fragile X syndrome
Germinal cell aplasia Sertoli cell-only 
syndrome
Simpson dysmorphia

Monogenic causes of obesity
Leptin deficiency
Leptin receptor deficiency
Pro-opiomelanocortin deficiency
Melanocortin-4 receptor deficiency
Prohormone covertase-1 deficiency
Neurotrophin receptor TrkB

Polymorphisms linked to obesity
Fat mass and obesity-associated (FTO) gene
Melanocortin-4 receptor (MC4R) gene

Social, behavioral, and dietary factors
Ethnicity
Socioeconomic stratus
Psychological factors
Sedentary lifestyle
Calorie-dense western diet
Restrained eaters

Table 22.1
Etiology of overweight and obesity.
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Clinical features additional to obesity Gene/locus

Monogenic causes of obesity
Leptin deficiency Hypogonadism, impaired T-cell 

immune function, frequent 
infections, advanced skeletal 
maturation

LEP gene; 7q31

Leptin receptor deficiency Hypogonadism LEPR gene; 1p31
Melanocortin-4 receptor 

deficiency
Accelerated growth, increased lean 

body mass, bone density, and 
linear growth

MC4R gene; 18q22

Pro-opiomelanocortin 
deficiency

Hypopigmentation, isolated ACTH 
deficiency

POMC gene; 2p23.3

Prohormone convertase-1 
deficiency

Hypogonadism, postprandial 
hypoglycemia, elevated plasma 
proinsulin levels

PCSK1 gene; 5q15-q21

Neurotrophic tyrosine kinase, 
receptor type 2 deficiency

Hyperactivity, developmental delay, 
impaired pain sensation, impaired 
memory

NTRK2 gene; 9q22.1

Genetic syndromes featuring obesity
Prader–Willi Diminished fetal activity, hypotonia, 

short stature, mental retardation, 
small hands and feet, 
hypogonadism

Lack of paternal segment 
15q11.2-q12

Albright’s hereditary 
osteodystrophy 
(pseudohypoparathyroidism)

Short stature, short fourth and fifth 
metacarpals, round face, mild 
mental retardation

Germline mutation in gene 
encoding the G protein α 
subunit; GNAS1 gene

Alstrom syndrome Retinal dystrophy, neurosensory 
deafness, diabetes

2p13 

Bardet–Biedl syndrome Hypogonadism, retinal dystrophy, 
mental retardation, structural renal 
abnormalities, or functional renal 
impairment

Genetically heterogeneous, 
14 different genes 
implicated (referred to as 
BBS genes)

Fragile X syndrome Prominent jaw, large ears, high-
pitched speech, macroorchidism, 
mental retardation

Xq27.3

Variation in genes associated with obesity
Fat mass and obesity 

associated (FTO)
16q12.2

Transmembrane protein 18 
(TMEM18)

2p25.3

SH2B adaptor protein 1 
(SH2B1)

16p11.2

Brain-derived neurotrophic 
factor (BDNF)

11p13

Table 22.2
Genetic forms of obesity.
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Overall, it is estimated that obesity reduces life 
expectancy by about 9 years and accounts for 30,000 
deaths in the United Kingdom per annum.

Pathophysiology of obesity
Energy homeostasis regulation
Energy homeostasis refers to the complex, coordinated 
processes required to maintain constant internal condi-
tions of energy balance status in the face of external 
variation in the environment. Regulation of energy 
homeostasis encompasses regulation of both energy 
intake and energy expenditure. Body fat accumulation 
occurs when energy intake exceeds energy expenditure. 
Under stable conditions, energy intake and expenditure 
are exquisitely matched. A cumulative small deviation 
in either energy intake or energy expenditure, such as 
20-kcal daily intake excess or 1% reduction in expended 
energy would result in approximately 1-kg weight gain 
in a year or >50 kg over the span of adult life. However, 
in a given environment, bodyweight is kept remark-
ably stable during most of the human adult life, despite 
large fluctuations in daily caloric intake. This appar-
ent stability of bodyweight in the majority of adults is 
proof of the existence of a powerful system controlling 
bodyweight.17

The gut–brain axis in the regulation 
of energy homeostasis
Neuronal circuits in the central nervous system (CNS) 
play a critical role in orchestrating the control energy 
homeostasis.16 In particular, neural regulators sense 
acute fuel influx and body energy/fat stores and con-
sequently generate appropriate signals to the neural 
circuits that control feeding and energy expenditure. 
These signals in their turn trigger adaptive alterations 
of energy intake and energy expenditure. This process 
involves constant bidirectional exchange of informa-
tion between the brain and the gut or the so-called 
gut–brain axis. In addition, environmental cues and 
genes influence all aspects of energy balance.

Long-term humoral signals (such as leptin and 
insulin) and short-term hormonal signals (such as 
the gut hormones ghrelin, peptide YY [PYY], and 
glucagon-like peptide 1 [GLP-1]) originating from 
the periphery act on the CNS to influence feeding 
behavior. The main central regions involved are the 
hypothalamus, in particular, the arcuate hypotha-
lamic nucleus, and the dorsal vagal complex in the 
brain stem (Figure  22.1). The arcuate hypothalamic 

nucleus integrates signals from the periphery and 
from the brainstem. The arcuate nucleus contains two 
distinct subsets of neuronal populations that control 
food intake. One acts as a stimulus to feeding, and 
these neurons contain neuropeptide Y (NPY) and 
agouti-related peptide (AgRP). Both NPY and AgRP 
stimulate food intake when injected into the CNS. 
The second subset of neurons acts as an inhibitor of 
food intake. These neurons contain α-melanocyte–
stimulating hormone (α-MSH) and cocaine- and 
amphetamine-regulated transcript (CART). Direct 
administration of either α-MSH or CART into the 
CNS inhibits food intake. When one of these neu-
ronal subsets is activated, the other is inactive. Due 
to an altered blood–brain barrier, these neurons are 
responsive to acute circulating hunger and satiety 
signals such as ghrelin and PYY, respectively, but 
they are also responsive to signals of long-term body 
energy stores, such as leptin and insulin. From the 
arcuate nucleus, neurons project to the paraventric-
ular nucleus. The paraventricular nucleus receives 
input from the brainstem and the lateral hypothala-
mus; in addition, it projects to the pituitary gland and 
is interconnected with cortical (cognitive) and limbic 
(reward-processing) brain regions.

Peripheral neural signals originating from the 
gastrointestinal (GI) tract, the viscera, and adipose 
tissue also relay information to the CNS regarding the 
absence or acute flux of nutrients and energy deposits. 
Neural signals are composed of vagal afferents that are 
activated by chemo- and baroreceptors of the gut and 
the viscera and transmit information to the brainstem, 
where visceral inputs are integrated.

Beyond the homeostatic control of feeding, food 
intake is also controlled by circadian rhythms, 
food-related learning experiences, and food memories, 
with the latter being controlled by cortical areas. More 
importantly, in our current obesogenic environment 
characterized by a plethora of easily accessible calorie-
dense, palatable foods and an abundance of powerful 
food cues, the control of food intake is complicated by 
the notion of hedonistic feeding. In contrast to homeo-
static eating that occurs in the presence of caloric defi-
cits, hedonic feeding is independent of energy balance 
status and is purely driven by the pleasantness and 
rewarding aspects of food. Sophisticated research studies 
using modern imaging techniques, such as functional 
magnetic resonance imaging (fMRI), have demon-
strated that cortical and mesolimbic reward-processing 
brain regions are implicated in the control of feeding 
behavior.19,20 Figure 22.1 is a diagrammatic illustration 
of the gut–brain axis in its role of regulating energy bal-
ance status.
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Leptin and the gut 
hormones ghrelin, PYY, 
and GLP-1 (Table 22.3)
Leptin
Leptin is secreted from the adipose tissue in propor-
tion to the fat mass. Circulating leptin crosses the 
blood–brain barrier and reaches the hypothalamic NPY 
neurons, where it binds to the leptin receptor. Its actions 
induce satiety and negatively regulate fat mass. Loss of 

function mutations of the leptin gene or the leptin recep-
tor gene cause severe obesity in rodents and humans.

Ghrelin
Ghrelin, often referred to as the “hunger hormone,” is 
a 28-amino acid peptide with unique orexigenic prop-
erties. It is derived from preproghrelin and is mainly 
produced from the X/A-like cells of the stomach and 
to a lesser degree from the small intestine.18 Ghrelin 
undergoes unique posttranslational acylation in which 
the serine-3 residue is covalently linked to octanoic 

GI Tract
Pancreas

WAT

Blood–brain barrier

Lateral hypothalamus

Cognition/cortex
food reward/limbic system

Neural inputs
from the periphery

CNS

NPY/
AgRP

POMC/
CART

ARC

PVN

Hypothalamus

TRH
CRH

DMN

VMN

DVC

DVN

NTS

ME AP

Vagus Nerve
Leptin PP

Insulin
Ghrelin

CCK
GIP

GLP‐1
OXM
PYY

Brainstem

Orexin
MCH

NPY

BDNF

Figure 22.1
Schematic representation of the gut–brain axis. Reciprocally connected neuronal circuits in the CNS play a 
critical role in orchestrating the control of energy homeostasis. Peripheral signals originating from the gut 
and adipose tissue relay information to the CNS about nutrient influx/deficit and energy-store status. These 
signals mediate the gut–brain crosstalk either directly via neural pathways or via the bloodstream due to 
the presence of an incomplete blood–brain barrier at the median eminence (ME) and area postrema (AP). 
ARC, arcuate nucleus; BDNF, brain-derived neurotrophic factor; CCK, cholecystokinin; CRH, corticotrophin-
releasing hormone; DVC, dorsal vagal complex; DMN, dorsomedial nucleus; DVN, the dorsal motor nucleus 
of vagus; GI, gastrointestinal tract; GIP, glucose-dependent insulinotropic peptide; GLP-1, glucagon-like 
peptide-1; MCH, melanin-concentrating hormone; NPY/AgRP, Neuropeptide Y/Agouti-related peptide; NTS, 
nucleus of the tractus solitarius; OXM, oxyntomodulin; POMC/CART, pro-opiomelanocortin/cocaine- and 
amphetamine-regulated transcript; PP, pancreatic polypeptide; PVN, paraventricular nucleus; PYY, peptide 
YY; TRH, thyrotropin-releasing hormone; VMN, ventromedial hypothalamic nucleus; WAT, white adipose 
tissue.
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acid forming acyl-ghrelin. This posttranslational acyl-
ation is essential for ghrelin activation, allowing the 
peptide to cross the blood–brain barrier and bind to 
its receptor.

Circulating ghrelin concentrations increase with 
fasting and decrease after nutrient ingestion. Acute 
peripheral or central ghrelin administration to rats 
stimulates food intake, and similarly, in humans, 
peripherally infused ghrelin increases appetite and 
food intake. In rodents, chronic ghrelin administration 
causes hyperphagia and increased adiposity. Ghrelin 
also has prodiabetic properties. Specifically, it acts by 
stimulating insulin counterregulatory hormones, sup-
pressing the insulin-sensitizing hormone adiponectin, 
blocking hepatic insulin signalling, and inhibiting 
insulin secretion, all of which acutely elevate blood 
glucose levels.

PYY
PYY is a 36-amino acid peptide synthesized by the 
L-cells of the distal GI tract.18 Two main forms of 
PYY have been described: PYY1-36 and PYY3-36. 
PYY3-36 is the predominant circulating form, arising 
from cleavage of the N-terminal Tyr–Pro residues 
from the full-length peptide PYY1-36 by the enzyme 
dipeptidyl-peptidase IV (DPPIV). Peripherally 
administered PYY3-36 inhibits food intake in rodents 
and normal weight and obese humans. Continuous 
or intermittent chronic PYY3-36 administration 
reduces adiposity and body weight gain in rodents. 
Obese subjects display an attenuated meal-stimulated 
PYY response and require a greater caloric load to 
achieve a similar postprandial PYY concentration in 
comparison with normal weight subjects. In addition 

Gut hormone Principal site of release Factors affecting release
Role of hormone in 
bodyweight regulation

Ghrelin X/A-like cells in gastric 
mucosa

↑Fasting
↓Macronutrient intake
↑Diet-induced weight 

loss
↓Bariatric surgery
↑Sleep deprivation

Unique orexigenic 
hormone

↑Food intake
Role as meal initiator

PYY L-cells in distal gut ↓Fasting
↑Macronutrient intake
↑Bariatric surgery
↑Exercise

↑Satiety
↑Energy expenditure

Pancreatic 
polypeptide (PP)

F-cells in pancreatic 
islets

↓Fasting
↑Macronutrient intake
↑Exercise
↓Somatostatin

↑Satiety
↑Energy expenditure

GLP-1 L-cells in distal gut ↑Macronutrient-intake
↓Caloric restriction
↑Bariatric surgery

↑Satiety
↑Glucose-mediated 

insulin release 
(incretin effect)

OXM L-cells in distal gut ↑Macronutrient-intake ↑Satiety
↑Energy expenditure

Cholecystokinin (CCK) L-cells in duodenum 
and jejunum

↑Fat-and protein-
enriched chyme

↓Bile acids

↑Satiety

Amylin β-cells in pancreatic 
islets; cosecreted 
with insulin

↑Food intake ↑Satiety

Table 22.3
GI hormones regulating food intake.
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to regulating appetite and body weight, PYY exerts 
glucoregulatory properties. Specifically in rodents, 
PYY3-36 enhances insulin-induced glucose disposal 
independently of food intake and bodyweight.

GLP-1
GLP-1 is one of the peptides arising from posttrans-
lational processing of preproglucagon. GLP-1 is also 
synthesized by the L-cells, predominantly located at 
the distal GI tract. In humans, oral but not intravenous 
administration of glucose stimulates GLP-1 release. The 
main physiological role of GLP-1 is that of an incre-
tin hormone, stimulating insulin release in response to 
nutrient ingestion. GLP-1 enhances all steps of insu-
lin biosynthesis and in addition exerts glucoregulatory 
properties by decelerating gastric emptying; inducing 
glucose-dependent inhibition of glucagon secretion; 
and stimulating pancreatic β-cell proliferation, thereby 
promoting differentiation of the islet progenitors and 
islet neogenesis in rodents. Several lines of evidence 
support a role for GLP-1 in appetite control and body 
weight regulation. Peripheral and central GLP-1 admin-
istration in rodents reduces food intake, whereas GLP-1 
receptor antagonism increases food intake. Anorectic 
properties of GLP-1 have been reported in normal 
weight, overweight, and obese humans. Obese humans 
have been shown to exhibit attenuated postprandial 
GLP-1 release.

Clinical evaluation 
of overweight and 
obese patients
Clinical evaluation for overweight and obesity should 
include measurement of bodyweight, BMI, waist 
circumference, and evaluation of overall medical 
risk. History-taking should include age at onset of 
weight gain, previous weight-loss attempts, change 
in dietary patterns, history of exercise, current and 
past medications, and history of smoking cessation. 
In addition to calculating BMI and measuring waist 
circumference, blood pressure should be measured, 
and a cardiovascular, respiratory, musculoskeletal, 
and abdominal examination undertaken. Biochemical 
assessment should include lipid profile and a fasting 
glucose measurement. Subsequent investigations or 
intervention, if necessary, is then based upon overall 
risk assessment.

Genetic testing in the obesity 
clinic: Whom should we screen?
There is currently no consensus or established guidelines 
in relation to genetic screening for patients with obesity. 
Screening is mainly reserved for cases of severe, early 
onset obesity, obesity associated with hypothalamic 
symptomatology (hyperphagia, neuroendocrine dys-
function), features of syndromic forms of obesity, and 
various combinations of such cases.24

In cases of rapid-onset obesity, appropriate endocrine 
assessment to rule out underlying endocrine pathology 
(e.g., pituitary dysfunction, hypothyroidism, Cushing’s, 
growth hormone deficiency, hypothalamic pathology) 
needs to take place before considering genetic screen-
ing. Thereafter, genetic screening work-up will depend 
on the clinical presentation, medical history, and family 
history. Presence of obesity in other family members 
suggests a dominant mutation or copy number variant 
(CNV) (i.e., deletion or duplication), whereas  nega-
tive family history suggests either de novo mutation 
or  autosomal recessive form. If history of intellectual 
impairment or a learning disability is present, then 
comparative genomic hybridization (CGH) could be 
undertaken. With CGH, CNVs can be identified in a 
wide-range manner, without the need to have a priori 
hypothesis. Candidate gene approach can be adopted 
if  well-recognized associated features are present. 
MC4R deficiency accounts for 1%–6% of severe early 
onset obesity and should be undertaken first in cases of 
isolated severe obesity.

Treatment for obesity
Lifestyle measures such as dieting, exercise, and 
behavioral modification are the cornerstone of weight-
loss management. Caloric restriction is key, but in 
addition dietary modification/dietary macronutrient 
composition adjustment is important, because the 
latter could affect the release of endogenous regula-
tors of appetite, thereby affecting feeding behavior. For 
example, Batterham et al.4 demonstrated that in both 
normal weight and obese humans, high protein intake 
induced the greatest release of the anorectic hormone 
PYY and enhanced satiety, whereas in mice long-term 
augmentation of dietary protein resulted in increased 
plasma PYY levels, decreased food intake, and reduced 
adiposity.

However, dietary and lifestyle modifications usually 
result in at best modest weight loss and poor weight-
loss maintenance. Behavioral interventions aimed at 
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reducing calorie intake and increasing calories expended 
in daily physical activities can result in 9%–10% 
total body weight loss during the first 6 months of 
treatment. However, one third to two thirds of lost 
weight is regained within a year after the end of treat-
ment and almost all weight is regained within 5 years 
posttreatment.

The goal of treatment is not only to reduce weight 
but also, more importantly, to improve the comorbid 
conditions associated with obesity. Patients should be 
made aware that obesity is a chronic disease requiring 
long-term treatment. Patients should also be informed 
that the efficacy of the current medication options is 
limited to 5%–10% bodyweight loss.25,26,30 Thus, med-
ication should not be viewed as a panacea for obesity 
treatment and should only be used as an adjunct to 
healthy lifestyle adaptations, including an increase in 
daily activity and a calorie-deficit diet.

Obesity drugs
Drugs that have traditionally been used as weight-loss 
therapies include rimonabant, sibutramine, and orlistat. 
The U.S. Department of Health and Human Services, 
Food and Drug Administration (FDA), has recently 
approved Qsymia® for obesity treatment.26

Rimonabant (also known as SR141716) is an inverse 
agonist for the cannabinoid receptor rCB1. Rimonabant 
was marketed by Sanofi-Aventis in 2006 after receiving 
European Commission approval. It was used as weight-
loss treatment in conjunction with diet and exercise in 
patients with BMI >30 kg/m2 or BMI >27 kg/m2 in 
the presence of comorbidities such as T2DM and dys-
lipidemia. However, in October 2008, the European 
Medicines Agency recommended the withdrawal of 
rimonabant due to serious psychiatric side effects, 
including suicidal ideation and suicide attempts.

Sibutramine is a reuptake inhibitor of serotonin, 
norepinephrine, and dopamine, thereby increasing their 
levels in synaptic clefts and promoting satiety. It was 
approved by the FDA in October 1997 for the treat-
ment of obesity. However, in 2010 the FDA raised 
concerns that sibutramine increased the risk of myocar-
dial infarctions and cerebrovascular accidents;27 subse-
quently, sibutramine was withdrawn.

Orlistat inhibits pancreatic lipase and therefore alters 
fat absorption. As a result, about 30% of ingested fat is 
not digested and is excreted in feces. Orlistat is available 
in 120-mg capsules, and the recommended dose is 120 
mg three times daily. However, a lower dose (60 mg), 
over-the-counter version is approved and available in 
the United Kingdom. In addition to inducing weight 

loss, orlistat is associated with improvement in serum 
lipid profile in a weight-independent manner. Systemic 
side effects are rare; however, absorption of fat-soluble 
vitamins may be decreased. Deficiency of fat-soluble 
vitamins (A, D, E, and K) and beta-carotene has been 
reported after orlistat treatment, with vitamin D being 
the most frequently affected. The most common side 
effects of orlistat are gastrointestinal, occurring in 
15%–30% of patients and include intestinal cramps, 
flatus, and fecal incontinence. They tend to occur at 
the start of treatment and can be limited by reducing 
dietary fat intake (<30%). Severe liver injury has been 
reported in 13 cases with orlistat treatment. Formation 
of calcium oxalate stones with oxalate-induced acute 
kidney injury has also been reported; therefore, orlistat 
should be avoided in patients with a history of calcium 
oxalate stones.

Qsymia is a combination drug of low dose of the 
sympathomimetic drug phentermine and the antiepi-
leptic drug topiramate. It is administered orally once 
daily. Qsymia was developed by Vivus, a California 
pharmaceutical company, and is indicated as an adjunct 
to a reduced calorie diet and increased physical activity 
for chronic weight management in adults with a BMI of 
≥30 kg/m2 or BMI of ≥27 kg/m2 in the presence of at 
least one weight-related comorbidity, such as hyperten-
sion, T2DM, or dyslipidemia. In phase 2 and 3 clinical 
trials to date (EQUIP, CONQUER, SEQUEL studies), 
patients taking Qsymia in combination with a diet and 
lifestyle modification program have demonstrated sta-
tistically significant dose-dependent weight loss ranging 
between 5% and 10%, with associated improvements 
in glycemia and in cardiovascular risk factors. The 
most commonly reported side effects were tingling, dry 
mouth, constipation, and altered taste.

Other drugs
Diabetes drugs associated with weight loss
Metformin
In the Diabetes Prevention Program, a metformin-
treated group experienced a mean weight loss of 2.5% 
compared with placebo over an average follow-up of 2.8 
years, an effect that was maintained in a 10-year follow-
up study. Thus, in overweight and obese patients with 
T2DM, metformin treatment is recommended for its 
dual benefits on glycemia and weight.

Amylin
Amylin is a peptide hormone cosecreted with insulin by 
the pancreatic beta islets in response to nutrient intake. 
Pramlintide is a synthetic analog of human amylin. 
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It  has been shown to slow gastric emptying, reduce 
postprandial glucose levels, and improve hemoglobin 
A1C in patients with type 1 and T2DM. In addition, it 
has been reported to induce a modest weight loss com-
pared with insulin and placebo (–0.8 kg and –2.27 kg, 
respectively).

GLP-1 analogs
Exenatide is a long-acting synthetic peptide that is a 
GLP-1 receptor agonist, and liraglutide is a long-acting 
GLP-1 analog administered subcutaneously twice and 
once daily, respectively. They are currently available 
for adjunctive therapy for patients with T2DM who are 
inadequately controlled on oral agents. Dose-dependent 
weight loss has been reported in trials of exenatide in 
T2DM not well controlled on oral agents (~4.8 kg over 
18 months in the absence of any dietetic or exercise 
interventions). In diabetes trials, liraglutide was associ-
ated with a significant reduction in weight up to 2.5 kg 
compared with placebo or glimepiride, whereas weight 
loss has also been reported in patients without diabetes 
who received liraglutide. In a 20-week randomized trial 
comparing liraglutide (administered subcutaneously in 
one of four daily doses, 1.2–3 mg), placebo, and open-
label orlistat (120 mg orally three times daily) in 564 
patients (mean BMI, 35 kg/m2), weight loss increased 
with increasing doses of liraglutide, with mean weight 
loss ranging from 4.8 to 7.2 kg. Patients randomly 
assigned to any dose of liraglutide lost significantly 
more weight than those assigned to placebo (mean 
weight loss, 2.8 kg); whereas patients receiving the two 
highest doses of liraglutide (2.4 and 3.0 mg) lost signifi-
cantly more weight than those assigned to orlistat (6.3, 
7.2, and 4.1 kg, respectively). The two highest doses of 
liraglutide are higher than those currently prescribed 
for treatment of T2DM, and a greater proportion of 
patients taking these doses reported nausea (37%–47%) 
and vomiting (12%–14%).

Sympathomimetic drugs
Sympathomimetic drugs reduce food intake by causing 
early satiety, acting by either stimulating the release 
of norepinephrine or inhibiting its reuptake into 
nerve terminals, such as phentermine, diethylpropion, 
benzphetamine, and phendimetrazine. Furthermore, 
they can act as norepinephrine and serotonin reuptake 
blockers (similar to sibutramine, discussed above) or as 
direct adrenergic receptors agonists (such as phenylpro-
panolamine, withdrawn from the market).

Phentermine and diethylpropion are associated with 
a relatively small risk of abuse. Phenylpropanolamine 
was removed from the market because of a small, 
but significant risk of hemorrhagic stroke in women. 

Ephedrine and ephedra alkaloids (Ma Huang) have 
been removed from the market. Low-dose phentermine 
is a component of the newly approved antiobesity agent 
Qsymia.

Antidepressants and antiepileptic drugs
Bupropion, an antidepressant, is used during cessation 
of smoking to prevent weight gain. Fluoxetine, a selec-
tive serotonin reuptake inhibitor (SSRI), also used for 
the treatment of depression, has been reported to induce 
weight loss.

Topiramate, approved for use as an antiepileptic and 
for migraine treatment, has been shown in clinical stud-
ies to reduce weight with an average weight loss of 6.5% 
compared with 2% in the placebo arm. Topiramate is 
a component of the obesity drug Qsymia. Zonisamide, 
an antiepileptic agent with serotonergic and dopaminer-
gic properties has been associated in clinical trials with 
weight loss but is not currently prescribed for the treat-
ment of obesity.

However, in contrast to the drugs mentioned above, 
some antidepressants and some antiepileptic agents can 
cause weight gain, and this should be taken into consid-
eration when prescribing antidepressant or antiepileptic 
medications in overweight or obese patients.

Belviq®

Belviq is the marketing name for lorcaserin, which has 
also received FDA approval in 2012. Lorcaserin is a 
serotonin receptor agonist, highly selective for the 2C 
subtype of serotonin receptors. It decreases appetite, 
thereby decreasing body weight. Its efficacy seems to be 
comparable to that of orlistat in terms of weight loss, 
with the added benefit of reduction in cardiovascular 
disease surrogate markers, including blood pressure, 
heart rate, C-reactive protein (CRP), total cholesterol 
and low-density lipoprotein (LDL), fasting glucose, and 
insulin. The most common side effects attributed to this 
drug include headaches, nasopharyngitis, nausea, and 
dizziness. Lorcaserin is contraindicated in pregnancy 
and in patients with creatinine clearance <30 mL/min. 
Moreover, lorcaserin should not be coadministered with 
other serotoninergic agents due to increased risk of sero-
tonin syndrome.

Dietary supplements
Over-the-counter dietary supplements are widely used 
for weight loss, but there is limited evidence for their 
efficacy and safety. Such examples include ephedra, 
green tea, chromium, chitosan, and guar gum. Chitosan 
and guar gum are ineffective for weight loss, and their 
use should be discouraged. Similarly, Hoodia gordonii, 
a supplement derived from a South Africa desert plant, 
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marketed and sold as an appetite suppressant, is also of 
unknown efficacy and safety. Clinicians should caution 
patients about use of dietary weight-loss formulations. 
Two compounded dietary supplements imported from 
Brazil, Emagrece Sim (also known as the Brazilian 
diet pill) and Herbathin, have been shown to contain 
prescription drugs, such as benzodiazepines, amphet-
amines, and fluoxetine. The FDA has issued a warn-
ing against their use, and clinicians should strongly 
discourage patients from using them.

Human chorionic gonadotropin (hCG)
Injectable, oral, and sublingual preparations of hCG 
have been advertised as weight-loss aids. Among the 
values claimed for this treatment are loss of 1–2 pounds 
daily, absence of hunger, and maintenance of mus-
cle tone. An integral component of the hCG diet is 
adherence to a very-low-calorie diet (500 kcal/day), and 
several randomized trials have shown that the hCG diet 
is not more effective than placebo in the treatment of 
obesity. Thus, hCG should not be used for the treatment 
of obesity.

Experimental drugs
Peptides
There are several peptides that result in weight loss, 
either by a reduction in food intake or by increasing 
energy expenditure. None are currently approved by 
the FDA.

Leptin
Leptin is a peptide produced primarily in adipose tis-
sue.  Mice lacking leptin are obese (ob/ob). In humans 
with leptin deficiency, administration of physiological 
doses of leptin decreases food intake and causes weight 
loss. Obesity is associated with leptin resistance and 
hyperleptinemia. In a study of 47 obese women and men 
given placebo or varying doses of recombinant human 
leptin for 24 weeks, there was a weakly dose-dependent 
decrease in body weight, ranging from –1.3 kg in the 
placebo group to –1.4 kg in the 0.03-mg/kg group and 
–7.1 kg in the 0.30-mg/kg group.28 Thus, these findings 
suggest that leptin resistance can be overcome with high 
doses of leptin, but whether the effect can be sustained 
remains unknown.

PYY
PYY is a peptide secreted from the L-cells of distal in 
response to nutrient intake and is suggested to play a 
role in mediating the weight-loss effects of bariatric sur-
gery. In rodents and humans, acute PYY administration 
decreased appetite and food intake. However, in a 12-week 
trial of 133 obese patients randomly assigned to intranasal 

PYY (200 or 600 μg three times daily before meals) or 
placebo, in conjunction with diet and exercise, weight 
loss was similar in the placebo and 200-μg PYY groups; 
whereas weight loss could not be assessed in the 600-μg 
PYY group because of high dropout rate in this arm of 
the study (60%) due to nausea and vomiting. Studies are 
ongoing aimed at targeting the PYY system.

Oxyntomodulin (OXM)
OXM is a peptide also produced in L-cells of the GI 
tract. Like PYY, it also exerts anorectic properties and 
can induce weight loss.

Anti-ghrelin targeting treatments
Two main characteristics of ghrelin render the peptide 
an attractive therapeutic target for obesity. First, ghre-
lin is the only known circulating orexigenic hormone, 
and second, it is a peptide that undergoes unique post-
translational acylation with an octanoic acid being 
added. This acylation is necessary for ghrelin to cross 
the blood–brain barrier and for receptor binding. The 
enzyme mediating the acylation of ghrelin, ghrelin 
O-acyl-transferase (GOAT), has been recently char-
acterized. Ghrelin antagonists have been evaluated in 
research studies, whereas more recently research efforts 
have focused on GOAT inhibition as an alternative way 
of targeting the ghrelin-GOAT system.

Melanocortin-4 receptor agonists
The hypothalamic melanocortin system plays a key role 
in the control of body weight. Intranasal administra-
tion of the melanocortin sequence MSH/adrenocortico-
tropic hormone to normal weight subjects for 6 weeks 
decreased body fat by 1.7 kg. However, in a study of 
overweight men, where the same compound adminis-
tered for 12 weeks there was no significant weight loss 
or adiposity decrease.29

Serotonin agonists
Serotonin reduces food intake in animals and humans; 
thus, agonists to appropriate serotonin receptors are 
potentially valuable drugs. Lorcaserin is a selective 
agonist of the serotonin-2C receptor. Nonselective 
serotonergic agonists, such as fenfluramine and dexfen-
fluramine, also were shown to enhance weight loss in 
clinical trials. However, they increased the risk of 
serotonin-associated cardiac valvular disease, thought 
to occur through activation of serotonin receptor 2B. 
In  addition to weight loss, lorcaserin had beneficial 
effects on surrogate markers of cardiovascular and 
diabetes risk, including systolic and diastolic blood 
pressure, heart rate, total and LDL cholesterol, CRP, 
fasting glucose, and circulating insulin levels.31
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Sympathomimetics
Tesofensine is a presynaptic inhibitor of norepinephrine, 
dopamine, and serotonin originally developed for the 
treatment of Parkinson’s disease. Although its efficacy 
was limited for this application, study subjects were 
noted to experience significant weight loss. The efficacy 
and safety of tesofensine require further investigation.

Bariatric surgery
In recent decades, the use of bariatric surgery to treat 
obesity has evolved significantly; currently, bariat-
ric surgery is the single treatment modality inducing 
significant and sustainable weight loss.32,33,34,38,39 The 
National Institute for Clinical Excellence (NICE) guide-
lines advocate consideration for bariatric surgery where 
nonsurgical therapies have failed in individuals with a 
BMI >40 kg/m2 or with BMI >35 kg/m2 and presence 
of other significant obesity-associated comorbidities that 
could be ameliorated by bariatric surgery.36

Bariatric procedures are divided into three catego-
ries based on their originally presumed mechanisms of 
action; malabsorptive, restrictive, and hybrid (or combi-
nation procedures).32

Malabsorptive procedures or pure bypass procedures 
include the jejunoileal bypass (JIB), duodenal–jejunal 
bypass (DJB), and biliopancreatic diversion (BPD) 
(Figure  22.2c, iv–vi). These operative techniques are 
associated with significant malabsorption and nutri-
tional deficits; hence, their use has become limited.

Restrictive procedures, such as gastric banding 
(GB), vertical banded gastroplasty (VBG), and sleeve 
gastrectomy (SG) reduce gastric volume (Figure 22.2b, 
ii and iii). GB entails inserting a synthetic band with 
an inner inflatable balloon around the stomach below 
the gastroesophageal junction. The inner balloon 
diameter and hence the degree of gastric restriction is 
adjustable injecting saline into a subcutaneous port. In 
SG, a “sleeve” of stomach is resected leaving a small 
gastric tube with an intact pylorus. SG was originally 
described as a first-stage procedure followed by either 
biliopancreatic diversion-duodenal switch (BPD-DS) or 
Roux-en-Y gastric bypass (RYGB) in patients with a 
BMI >60 kg/m2 or in high-risk patients. More recently, 
SG has been undertaken as a stand-alone bariatric 
procedure with early results suggesting that that SG 
results in comparable weight loss and resolution of 
comorbidities to RYGB.

Hybrid operations include RYGB and BPD-DS 
(Figure 22.2d, vii and viii). RYGB, the most commonly 
performed bariatric operation, is considered the most 
efficacious operative technique and is the “gold standard” 

treatment for severe obesity. RYGB involves dividing 
the stomach with a surgical stapler along the lesser cur-
vature, creating a small gastric pouch. The small bowel 
is divided and is rearranged into a Y-configuration, and 
nutrients pass from the small upper stomach pouch, 
via a “Roux-limb.” Bowel continuity is restored by an 
entero–entero anastomosis, between the excluded bili-
ary limb and the alimentary limb, performed approxi-
mately 100 cm from the gastrojejunostomy (GJ). Hence, 
ingested nutrients bypass most of the stomach, duode-
num, and the proximal jejunum. Biliary and pancreatic 
secretions enter the common channel and mix with the 
nutrients at the site of the entero–entero anastomosis. 
This procedure results in sustained weight loss and 
reduction in the obesity-related comorbidities, including 
improved glycemic control or even resolution of T2DM.

The most commonly performed bariatric procedures 
for the treatment of obesity currently include gastric 
banding, RYGBP, and SG. Figure  22.2 illustrates 
the normal anatomy of the gastrointestinal tract 
(Figure 22.2a) and the most common restrictive, malab-
sorptive, and hybrid bariatric procedures (Figure 22.2b 
through d). Figure 22.3 illustrates in more detail the GI 
tract manipulation in RYGB and SG.

The bariatric patient pathway
NICE guidance recommends that bariatric surgery 
should be undertaken only by a multidisciplinary team 
(MDT) that can provide comprehensive preoperative 
assessment; information on the different procedures; 
regular postoperative assessment; management of 
comorbidities; psychological support before and after 
surgery; access to plastic surgery (i.e., apronectomy); and 
access to suitable equipment, and staff trained to use 
such equipment.36

The core professions or disciplines within the MDT 
should at least include specialist bariatric surgeon(s), 
bariatric nurse specialist(s), and specialist bariatric 
dietitian(s). In addition, there should be standing 
and immediate access to specialist physicians with 
interest in and commitment to metabolic medicine; 
psychologist(s)/psychiatrist(s) with specialist inter-
est in  bariatric surgery; and senior anesthetist(s) with 
experience of anaesthesia for bariatric surgery. Finally, 
a bariatric service should have access to referral to other 
specialists, including hepatologists, endocrinologists/
diabetologists, respiratory physicians, hematologists, 
cardiothoracic physicians, plastic surgeons, and special-
ists in eating disorders. All patients require access to a 
full MDT, but many will not need to be seen by more 
than a few members. Figure  22.4 is a diagrammatic 
illustration of the current bariatric pathway in our 
bariatric center. Bariatric referral pathways and the 
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(a) Normal anatomy of the GI tract

(b) Restrictive procedures

(i) Gastric banding

(iv) Jejunoileal bypass (v) Duodenal–jejunal bypass (vi) Biliopancreatic diversion

(ii) Vertical banded gastroplasty (iii) Sleeve gastrectomy

(c) Malabsorptive procedures

Figure 22.2
Normal anatomy of the GI tract and illustration of various bariatric procedures. (a) Normal anatomy of the 
GI tract. In the normal GI tract, nutrients pass from the stomach into the duodenum and subsequently to 
the jejunum, ileum, and colon. (b) Restrictive procedures. (i) In gastric banding (GB), an inflatable silicon 
device is laparoscopically inserted below the gastroesophageal junction. The degree of gastric restriction 
can be adjusted by injecting saline into a subcutaneous port. (ii) In vertical banded gastroplasty (VBG), a 
small gastric pouch is constructed with the use of a band and staples. A small opening at the bottom of the 
pouch allows passage of nutrients to the small intestine. (iii) In sleeve gastrectomy (SG), a large portion of 
the stomach is resected leaving a “sleeve” of stomach behind. SG does not entail any bowel manipulation. 
(c) Malabsorptive procedures or bypass procedures. (iv) In jejunoileal bypass (JIB), the jejunum and ileum 
are bypassed. (v) In duodenal–jejunal bypass (DJB), the duodenum and jejunum are bypassed. (vi) In bilio-
pancreatic diversion (BPD), part of the stomach is resected and the remaining stomach is then connected 
to the distal gut, thereby bypassing the duodenum and jejunum. 
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(vii) Roux-en-Y gastric
         bypass

(viiI) Biliopancreatic diversion
           with duodenal switch

(d) Hybrid

Figure 22.2 (Continued)
Normal anatomy of the GI tract and illustration of various bariatric procedures. (d) Hybrid bariatric opera-
tions combine restrictive with malabsorptive elements. (vii) In Roux-en-Y gastric bypass (RYGB), the stom-
ach is divided into two parts and the small bowel is divided and rearranged into a Y-configuration. Nutrients 
empty from the small upper stomach pouch to the jejunum via a “Roux-limb.” An entero–entero anasto-
mosis restores bowel continuity. The biliary and pancreatic chyme enter the common channel and mix 
with nutrients at the site of the entero–entero anastomosis. (viii) In biliopancreatic diversion with duodenal 
switch (BPD-DS), a large part of the stomach is removed leaving a sleeve of stomach behind. The malab-
sorptive component of BPD-DS involves rerouting a lengthy part of the small intestine, which is rearranged 
into a Y-configuration. Food empties from the stomach through the shorter bowel loop to the common 
channel; whereas bile and pancreatic chyme empty through the longer bowel loop to the common channel.

Stomach pouch

RYGBP SG

(a) (b)

Alimentary limb Bypassed stomach,
duodenum, and
jejunun

Biliopancreatic limb

Common channel

Small intestine
unaltered

Portion of the stomach
which is excised

Stomach sleeve

Figure 22.3
GI tract anatomy post-Roux-en-Y gastric bypass (RYGB) and sleeve gastrectomy (SG). (a) In RYGBP, the 
stomach is divided and a small gastric pouch ~20 mL is constructed. The small bowel is also divided and 
rearranged into a Y-configuration. The ingested nutrients empty from the small upper stomach pouch to 
the mid-jejunum, thereby bypassing most of the stomach, the duodenum, and the proximal jejunum. Bowel 
continuity is restored by an entero-entero anastomosis. At the site of the entero-entero anastomosis, the 
biliary limb carrying the biliary and pancreatic chyme meets the alimentary limb that carries the nutrients, 
and the common channel is formed. (b) During SG, a large part of the stomach is resected, leaving only a 
sleeve of stomach behind. SG does not entail any intestinal manipulation.
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Figure 22.4
Diagrammatic illustration of the bariatric patient pathway in our center. Bariatric referral pathways and the 
bariatric patient pathway may differ between different centers; however, they all share common founda-
tions and key principles, including multidisciplinary approach [e.g., specialist bariatric surgeon(s), special-
ist bariatric dietician(s), specialist bariatric nurse(s), bariatric anesthetist(s), immediate access to bariatric 
physician(s), and access to referral to other specialists]. GP = general practitioner; MDT = multidisciplinary 
team.
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bariatric patient pathway may differ between different 
centers; however, they all share common foundations 
and key principles.37

Safety profile and complications 
of bariatric surgery
Bariatric surgery is generally safe and in high-volume 
bariatric centers, in-hospital mortality is low at approx
imately of 0.14%, with 90-day mortality of 0.35%, a 
value that is comparable to that of cholecystectomy. 
Acute complications occur in approximately 5%–10% 
of cases and include hemorrhage, bowel obstruction, 
leak from the anastomotic site, wound infection, pul-
monary embolism, and cardiac arrhythmias.

Long-term complications include internal hernias, 
anastomotic stenosis, marginal ulceration, formation 
fistulae, diarrhea, dumping syndrome, and nutritional 
deficiencies. The American Endocrine Society recom-
mends vitamin supplementation for all patients after 
bariatric surgery with a need for more rigorous monitor-
ing in those undergone procedures with malabsorptive 
element. GB patients can suffer port problems, stoma 
obstruction, band slippage or erosion, pouch dilation, 
gastroesophageal reflux, and esophageal dilation. The 
intraoperative and postoperative (early and late) com-
plications of bariatric surgery are listed in Table 22.4.

Effects of bariatric surgery on 
weight and obesity comorbidities
RYGB induces sustainable and significant weight loss, 
estimated at 60%–70% of the patient’s excess weight 
over 2 years. Although surgery is highly effective, long-
term compliance with dietary recommendations is key 
for weight loss and weight-loss maintenance. GB patients 
lose about 50% of their excess weight at a slower rate, 
often continuing to lose weight up to the fifth year post-
surgery. Regular band adjustment is usually necessary 
to induce further weight loss. SG produces initial excess 
weight loss of 55%. However, SG is a relatively new pro-
cedure, with no available long-term data, and it is still 
under question whether the effects of the procedure are 
durable.

Metabolic benefits of bariatric surgery
In addition to inducing significant and sustainable 
weight loss, bariatric surgery is associated with marked 
improvements in hyperlipidemia (70%), hypertension 
(62%), and obstructive sleep apnea (84%).32,34 In addi-
tion, bariatric surgery results in substantial decrease of 
all-cause mortality (29% at 10-year follow-up), with 
decreased specific-cause mortality by 56% for coronary 
artery disease, 92% for diabetes, and 60% for cancer.35

RYGB surgery results in rapid amelioration and 
even complete resolution of T2DM. Remarkably, this 
seems to occur independently from weight loss, because 
T2DM resolves within several days of the procedure, 
well before significant weight loss occurs. The rate of 
resolution of T2DM appears to be between 64% and 
89% depending on the type of bariatric procedure per-
formed. Nevertheless, there is a trend toward better 
outcomes for the RYGB patients than the GB patients 
with complete remission reported in 70.1% at >2 years 
after RYGB and 58.3% after GB. The improvement in 
T2DM after weight loss is related to the dual effects 
of improvements in insulin sensitivity and pancreatic 
beta-cell function. The traditional focus of medical 
treatments for T2DM is optimizing glycemic control 
and delaying the development of diabetes-related com-
plications. Given its impressive effects on glycemia, bar-
iatric surgery is evaluated as a potential cure for T2DM. 
Several studies have reported complete resolution of 
diabetes in obese diabetic patients after bariatric sur-
gery, with maintenance glycemia without the use of any 
antidiabetic medication for >10 years postsurgery.

The rapid kinetics of T2DM resolution after RYGB, 
with diabetes resolving within days to weeks even 
before meaningful weight loss occurs, implies that 
weight-independent mechanisms mediate these anti-
diabetic effects of bariatric surgery. The traditionally 
cited mechanisms of malabsorption, gastric restriction, 
and caloric restriction cannot explain these dramatic 
improvements in glycemia, whereas a cumulative body 
of evidence suggests that changes in circulating gut hor-
mones engendered by bariatric surgery per se play a key 
role in mediating its weight loss and beneficial meta-
bolic effects. The anatomical gastrointestinal manipu-
lations post-bariatric surgery result in altered nutrient 
passage through the gut, thus translating to differential 
exposure of the gut enteroendocrine cells to luminal 
nutrients. Rapid delivery of partially digested chyme in 
the distal gut results in overstimulation of the L-cells 
with subsequent increased release of GLP-1 and PYY, 
both of which have anorectic properties and exert gluco-
regulatory effects. This hindgut overstimulation is often 
referred to as the hindgut hypothesis and is one of the 
key theories put forward to explain the metabolic ben-
efits of bariatric surgery. Moreover, postoperative reduc-
tions in circulating ghrelin have been reported after 
bariatric surgery. Ghrelin increases appetite and is also 
implicated in the regulation of glycemia. Thus, given 
its physiological effects, ghrelin has been implicated 
as a mediator of the weight and metabolic outcomes of 
bariatric surgery as part of the ghrelin hypothesis. A 
final theory postulated to mediate the effects of bar-
iatric surgery is referred to as the foregut exclusion 
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Intraoperative complications
-Bleeding
-Splenic injury: More common with SG, usually controlled with hemostatic agents.
-Portal vein injury/thrombosis
-Bowel ischemia: Resulting from compromise of the mesentery root during transection or from internal 

hernias.
Early postoperative complications
-Bleeding: Typically at the anastomosis and/or staple lines; more often intraluminal.
-Wound infections: More common with open versus laparoscopic surgery (10%–15% vs. 3%–4%).
-Anastomotic leak: Usually occurs 1–4 weeks postsurgery; associated with high mortality rate. Patients 

often present with subtle symptoms/signs, such as low-grade fever, respiratory compromise, or 
unexplained tachycardia. Low index of suspicion is key for timely diagnosis. Can be radiographically 
confirmed by barium swallow or contrast computed tomography.

-Pulmonary embolism/deep venous thrombosis
-Pulmonary complications: Respiratory failure, atelectasis. The risk can be reduced with continuous 

positive airway pressure (CPAP) treatment of patients with obstructive sleep apnea (OSA) 
preoperatively.

-Cardiovascular complications: Myocardial infarction, arrhythmias, and heart failure.
Late postoperative complications
-Gastric remnant distension post-RYGB: Rare, but potentially fatal. Features include hiccups, left upper 

quadrant tympany, abdominal and/or shoulder pain, abdominal distension, tachycardia, shortness of 
breath. Radiographic assessment may reveal a large gastric air bubble. Treatment consists of 
emergency decompression with a gastrostomy tube or percutaneous gastrostomy with immediate 
operative exploration required if percutaneous drainage is not feasible, or if perforation is suspected.

-Stomal stenosis post-RYGB: Usually occurs several weeks after surgery. Symptoms include nausea, 
vomiting, dysphagia, gastroesophageal reflux, and inability to tolerate oral intake. The diagnosis is 
usually established by endoscopy or with upper GI series. Endoscopic balloon dilatation is usually 
successful, but surgical revision may be required.

-Marginal ulcers
-Cholelithiasis
-Nephrolithiasis
-Incisional hernias; internal hernias
-Blind loop syndrome post-RYGB
-Short bowel syndrome: Can result from small bowel resections for internal hernias or bowel obstruction 

from adhesions.
-Dumping syndrome
-Metabolic and nutritional derangements: Vitamin supplementation is routinely prescribed post-RYGB.
-Postoperative recurrent hyperinsulinemic hypoglycemia post-RYGB: Pancreatic nesidioblastosis has 

been proposed as the underlying mechanism.
-Change in bowel habits: Loose stool and diarrhea post-RYGB and constipation post-GB.
-Band erosion, band slippage or prolapse post-GB
-Port or tubing malfunction post-GB
-Narrowing or stenosis post-SG

Table 22.4
Complications of bariatric surgery.
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hypothesis. According to this hypothesis, the foregut 
produces an unknown anti-incretin molecule; therefore, 
bypass of the foregut after bariatric procedures, such as 
RYGBP, results in reduced production of this molecule, 
thereby negating its effects.

Summary
In this chapter, we have provided an overview of the obe-
sity prevalence, etiology, classification, pathophysiology, 
and current medical and surgical obesity treatment 
options. Main points are summarized as follows:

•	 The prevalence of obesity is increasing with 
epidemic proportions, especially over the past 
two decades, and currently the obesity crisis 
continues unabated. It is estimated that 1.46 
billion people worldwide are overweight and 
502 million are obese.

•	 Obesity and its associated comorbidities are a 
major public health problem, placing growing 
demands and a great financial burden on health-
care systems.

•	 In our current obesogenic environment, the main 
cause for the obesity pandemic is overconsump-
tion of energy-dense, westernized foods coupled 
with more sedentary lifestyle.

•	 Lifestyle modification, behavioral interventions, 
and available pharmacotherapies for obesity 
management induce at best only modest weight 
loss, with poor weight-loss maintenance.

•	 Currently in the United Kingdom, only one 
drug, orlistat, is licensed for the treatment of 
overweight and obesity.

•	 Bariatric surgery is currently the only treatment 
modality inducing significant and sustained 
weight loss, leading to reduced morbidity and 
mortality.

•	 Bariatric surgery is associated with marked 
improvements in glycemia and even complete 
resolution of T2DM.

•	 There is currently a pressing need for effective 
preventative and treatment strategies to combat 
the obesity crisis.
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Endocrinology of aging
Prasanth N. Surampudi, Christina Wang, Yanhe Lue, Ronald Swerdloff

Introduction
The endocrine system undergoes various complex 
changes as individuals advance in age. Age-related 
changes can be observed in thyroid function, gonadal 
function, pituitary dynamics, adrenal gland physiology, 
calcium metabolism, and glucose homeostasis. Many 
endocrine functions are intertwined, and any modula-
tion or reduced function in one system can adversely 
affect other endocrine glands. The nature and extent of 
endocrine changes observed in individuals with aging 
are highly variable. The changes to the endocrine system 
depend on several factors, including gender, genetics, 
presence of other disease processes, accumulated effects 
of lifestyle, and environment.

The decreased endocrine function with aging is pri-
marily due to changes in hormone secretion and reduced 
response of tissues to hormones. Aging causes a decrease 
in levels of some hormones and an increase in the lev-
els of other hormones. Some hormone levels remain 
unchanged with aging. Hormones that decrease with 
aging include thyroid-stimulating hormone (TSH), tes-
tosterone, estrogen (E), growth hormone (GH), insulin-
like growth factor (IGF)-I, dehydroepiandrosterone 
(DHEA), and melatonin. Hormones that decrease only 
to a small extent or remain unchanged with aging 
include cortisol, epinephrine, insulin, triiodothyronine 
(T3), and thyroxine (T4). Hormones that may increase 
with aging include follicle-stimulating hormone (FSH), 
luteinizing hormone (LH), norepinephrine, and para-
thyroid hormone. The major changes in circulating hor-
mones that occur with aging are outlined in Table 23.1. 
The response of various tissues to these hormones also is 
altered (often decreases) with aging.

As individuals age, adults may live one-third of 
their life with some relative hormone deficiency. The 
reduced responsiveness of tissues to hormones and 
decline in hormone levels with aging make older men 
and women at risk of developing endocrine deficiencies 
and disorders. Thus, with aging, there is an increased 
prevalence of thyroid disorders (subclinical and clinical 
hypothyroidism and hyperthyroidism), hypogonad-
ism, osteoporosis, and type 2 diabetes mellitus. These 
hormonal changes directly or indirectly also contribute 
to changes in body constitution and fat distribution 
(visceral obesity), muscle weakness, loss of cognitive 
function, reduction in sense of vitality, infertility, and 
sexual dysfunction.

Traditional treatment approaches aim to supplement 
deficient hormones to enhance the quality of life and 
promote longevity of the aging males. In certain cases, 
hormone replacement therapy (HRT) was found to be 
useful in improving health and well-being. Vitamin D 
replacement in older persons with low vitamin D levels 
prevents hip fracture, decreases falls, improves muscle 
strength, and increases the mean age at death. In cer-
tain cases, controversies exist about the effectiveness and 
safety of hormonal replacement therapy. The physician 
should obtain objective evidence of hormone deficiency, 
exclude secondary causes of endocrine dysfunction, 
and make an assessment of risks versus benefits of the 
replacement therapy before recommending HRT to 
older adults.

This chapter broadly covers endocrinological changes 
in aging men and women in thyroid, gonad, pituitary, 
and adrenal function. This chapter also summarizes 
the consequences of the hormonal changes, treatment 
options, and safety concerns of replacement therapy.
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Thyroid function and aging
Thyroid physiology changes with age in otherwise 
healthy adults. TSH and T3 levels decline with increas-
ing age with the TSH levels in older adults reported to 
be approximately 40% less than the levels in younger 
adults. Although thyroid disorders occur over the entire 
age range, they occur with increased prevalence in the 
elderly compared with young adults.1,2 Older women 
showed higher prevalence of thyroid disorders compared 
with older men. The thyroid disorders observed in 
older adults include hyperthyroidism, hypothyroidism, 

and subclinical hyperthyroidism and hypothyroidism, 
and thyroid nodules. Early diagnosis and treatment 
of thyroid disorders is important because these disor-
ders could increase risk of morbidity and mortality in 
aging subjects. It is important to distinguish direct age-
related thyroid dysfunctions from disorders caused by 
malnutrition, illnesses, or drug side effects. Diagnosis 
of thyroid disorders in older adults is complex because 
the symptoms of thyroid disorders are often nonclassical 
and subtle, and they can resemble symptoms of certain 
diseases of the cardiovascular, gastrointestinal, and ner-
vous systems.

Endocrine 
system Hormone Hormone changes with age 

Hypothalamus Corticotropin-releasing hormone 
(CRH)

Decreases with age

Gonadotropin-releasing hormone 
(GnRH)

Decreases with age

Growth hormone–releasing 
hormone (GHRH)

Decreases with age

Pituitary Thyroid-stimulating hormone 
(TSH)

No change to slight decrease; decreased response 
to TRH stimulation

  Adrenocorticotropic hormone 
(ACTH)

Increases in amplitude; partly due to changes in 
CRH 

  Growth hormone (GH) Reduced GH pulse amplitude
  Luteinizing hormone (LH) LH amplitude can decrease with age
  Follicle-stimulating hormone 

(FSH)
Increases in women; can increase or stay in 

normal range for men
Thyroid Thyroxine (T4) No significant change in level; decreased section 

but with decreased conversion to T3
  Triiodothyronine (T3) Slight decrease with age (decreased production 

and decreased conversion)
Gonadal Estrogens Estradiol decreases with age
  Androgens Testosterone often decreases with age
Adrenal Cortisol Slightly elevated or no significant change
  Aldosterone No significant change
   DHEA, DHEAS Decreases with age; increase in the concentration 

of glucocorticoids compared with sex steroids
Liver Insulin-like growth factor 1 (IGF-1) Decreases with age; parallels decline in GH
  Leptin No significant change to decreases with age
  Neuropeptide Y No significant change to decreases with age
  Ghrelin No significant change

Table 23.1
Hormonal changes with aging.
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Physiological changes of 
thyroid with aging
Aging causes several anatomical and physiological 
changes in the thyroid. Gross and microscopic changes 
of the thyroid gland are observed with aging and include 
reduced size of follicles and increased fibrosis of the gland. 
Mass of the thyroid gland also decreases with increasing 
age. The hormonal changes observed with aging include 
a decrease in the levels of serum TSH and T3, and an 
increase in the levels of reverse (r)T3. In many instances, 
these decreased hormone levels are not associated with 
changes in the serum-free (F)T4, FT3, and T4 levels.3

The changes in the secretion of thyroid hormone 
levels are mainly due to aging-related alterations of the 
hypothalamic–pituitary system. There is reduced ability 
of thyrotropin-releasing hormone (TRH) to stimulate 
pituitary secretion with increasing age.3–5 Reduced TSH 
levels result in a reduction of the secretion of T3 and T4 
hormones. Peripheral T4 degradation is also reduced with 
aging, leading to no changes in serum T4 concentra-
tions. As a result, serum T4 concentrations remain nor-
mal in healthy elderly subjects, and serum T3 shows an 
age-dependent decline.3–5 Thyroid hormone action also 
appears to decline with aging as suggested by a lower oxy-
gen consumption rate and a lower basal metabolic rate.

Hyperthyroidism and 
subclinical hyperthyroidism 
(see Chapters 13, 14)
Hyperthyroidism
Hyperthyroidism is defined as having symptoms of 
hyperthyroidism with low-serum levels of TSH, high 
T4, high FT4, and high T3. The prevalence of hyper-
thyroidism is estimated to be 0.5%–3% in the aging 
population.4,6–9 Toxic multinodular goiter is a common 
cause of hyperthyroidism in older adults living in areas 
of low iodine intake;10 Graves’ disease is an impor-
tant cause of hyperthyroidism in older adults living in 
regions of higher iodine intake.8 In aged patients, hyper-
thyroidism may also be precipitated by excess iodine 
intake from drugs or radiographic contrast agents4; sub-
acute thyroiditis can also be noted at an increased rate. 
Amiodarone-induced thyrotoxicosis type 1 occurs more 
often in individuals with Graves’ disease. A unifocal 
toxic adenoma is a less common cause of hyperthyroid-
ism in the elderly.

Older adults with hyperthyroidism display fewer 
signs and symptoms of hyperthyroidism compared with 

younger patients. Symptoms or signs of heat intoler-
ance, orbitopathy, nervousness, or sinus tachycardia are 
seen less frequently. The decreased prevalence of elderly 
individuals with classical symptoms of hyperthyroidism 
could be due to concurrent medical conditions or medi-
cations such as β-blockers that can mask classical symp-
toms (e.g., sinus tachycardia). The classical symptoms 
of hyperthyroidism are often reduced in aging patients 
with Graves’ disease, except for weight loss and atrial 
fibrillation.11 Although apathetic hyperthyroidism is 
more common, the classical symptoms of hyperthyroid-
ism may be seen older patients with more severe hyper-
thyroidism, and in smokers.12

There are important manifestations of hyperthyroid-
ism that are seen more frequently in the elderly. Atrial 
fibrillation is an important age-related sign of hyper-
thyroidism.13 In addition, older adults with hyperthy-
roidism experience an increased rate of gastrointestinal 
symptoms, such as diarrhea, loss of appetite, nausea, 
persistent vomiting; and neurological symptoms such as 
mania, depression, and cognitive impairment, includ-
ing dementia.14 Elevated T4 levels in the elderly are also 
associated with loss of bone density, increased fracture 
risk (e.g., hip and vertebral fractures), decreased physi-
cal function, and adverse impact on frailty.15–17

The diagnosis of hyperthyroidism in older adults 
may go unrecognized due to the less classical clinical 
signs and symptoms as well as variations in the classical 
presentation of laboratory tests. The TSH levels are gen-
erally lower in older adults with hyperthyroidism. The 
FT4 level is often elevated in most but not all elderly 
hyperthyroid patients. Thus, measurement of serum 
T3 levels is important in identifying some elderly men 
with hyperthyroidism because T3 thyrotoxicosis (i.e., 
elevated serum T3 with normal T4) is more common in 
the elderly. However, one should keep in mind that T3 
elevations may be masked by the concomitant lower-
ing of serum T3 by nonthyroidal illness and drugs (e.g., 
propranolol and iodinate contrast material). In these 
circumstances, thyrotoxicosis may blossom when the 
illness is corrected or the drugs are withdrawn that may 
lower T3 levels.

The use of radioactive iodine is preferred over anti-
thyroid medications for the treatment of hyperthyroid-
ism in older adults.18 In addition, medications that offer 
rate control, such as β-blockers, should be added if the 
older adults have atrial fibrillation.18

Subclinical hyperthyroidism
Subclinical hyperthyroidism is defined as a low serum 
TSH with an FT4 and FT3 in the upper end of the refer-
ence range.19,20 Prevalence of subclinical hyperthyroidism 
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is about 3%–8% in the older population.7,21–24 The 
prevalence of subclinical hyperthyroidism depends on 
TSH cut-off values used to define the normal range, geo-
graphic area, iodine intake, and gender. It was found to 
be higher in older adults compared with young adults.25 
Several studies have also reported that the prevalence of 
subclinical hyperthyroidism is higher in women than in 
men26 and lower in blacks than in whites.9

Overt and subclinical hyperthyroidism may be iat-
rogenic. The most common cause of subclinical hyper-
thyroidism is excessive replacement of thyroid hormone 
that is recognized as asymptomatic lower serum TSH 
levels <0.1 ng/dL.27 Subclinical hyperthyroidism can 
also result from Graves’ disease and toxic multinodular 
goiter. Subclinical hyperthyroidism may remain stable 
in patients over the age of 60 years because <0.5%–2% 
progress to overt hyperthyroidism.28,29 One should also 
take into consideration other conditions that can influ-
ence the thyroid function tests, including dietary habits, 
fasting, nonthyroidal illness, and drugs (e.g., glucocorti-
coids, dopamine agonists).

Although free of classical symptoms, subclinical 
hyperthyroidism may increase long-term morbidity due 
to effects on the cardiovascular system, cognition, and 
risk of fractures.25,30,31 Subclinical hyperthyroidism can 
aggravate preexisting heart disease and lead to cardiovas-
cular morbidity (e.g., atrial fibrillation, impaired left ven-
tricular diastolic filling, worsening of angina pectoris) but 
not necessarily lead to the development of left ventricu-
lar hypertrophy (LVH).28,30,32–35 In the Prospective Study 
of Pravastatin in the Elderly at Risk (PROSPER) trial, 
subclinical hyperthyroidism was reported to increase the 
risk of cardiovascular complications when TSH was <0.1 
ng/dL. Several longitudinal studies and cross-sectional 
studies have noted that individuals with subclinical 
hyperthyroidism are more predisposed to have cogni-
tive dysfunction, but some studies have found conflict-
ing results.21,25,36 There was no clear association between 
subclinical hyperthyroidism and depression or between 
subclinical hyperthyroidism and impaired physical func-
tion.21,25 Untreated subclinical hyperthyroidism can also 
result in increased bone turnover, decreased bone min-
eral density (BMD) (e.g., lower in femur and hip), and 
increased incidence of hip fractures (men > women).31,37,38

The need to treat subclinical hyperthyroidism in 
the elderly is controversial and depends on observ-
ing impaired cardiovascular, bone, or central nervous 
system clinical findings. Calcium, estrogen, bisphos-
phonates, or some combination of these agents may 
also be given to elderly women with decreased BMD 
and osteoporosis.18,20 The decision to treat subclinical 
hyperthyroidism should not be based on the percep-
tion that there is an increased overall mortality risk.39 

Although some studies suggest that subclinical hyper-
thyroidism increases relative mortality risk, a larger 
number of studies do not seem to suggest increased car-
diovascular and overall mortality risk.21,22,30,39–42 If one 
elects to treat subclinical hyperthyroidism in the elderly, 
the treatment options are similar to those in younger 
patients (e.g., antithyroid drugs or radioactive iodine).

Hypothyroidism and 
subclinical hypothyroidism
Hypothyroidism
Hypothyroidism is a disorder resulting from the lower 
thyroid hormone level. The prevalence of hypothyroid-
ism is found to vary significantly with age, gender, and 
race. A higher prevalence of hypothyroidism has been 
observed in older adults compared with young adults, 
and it can range from 6% to 14% in adults over 65 years 
of age.7,43 The prevalence of overt hypothyroidism is 
higher in women than men.7,9,44 In the Colorado thy-
roid disease prevalence study, the prevalence of hypo-
thyroidism (based on elevated TSH levels) in adults over 
75 years was reported to be 21% in women and 16% in 
men.45

Autoimmune (Hashimoto’s) thyroiditis is one of 
the most common causes of hypothyroidism among 
the elderly.4,46 Other important causes include post-
surgical hypothyroidism and postradioiodine-induced 
hypothyroidism. The risk of developing hypothyroid-
ism increases with age, postsurgery, and postradiation 
in elderly individuals. Of the individuals who undergo 
subtotal thyroidectomy, approximately 19% may be 
expected to develop hypothyroidism within the first 2 
years.

The presentation of hypothyroidism in the elderly is 
often atypical and lacks the classic symptoms seen in 
younger patients.47 In addition, it has a more insidious 
onset, and it often occurs concurrently with other dis-
ease pathologies that have similar signs and symptoms. 
The signs and symptoms such as fatigue, cold intoler-
ance, constipation, and congestive heart failure can be 
attributed to other diseases, medication side effects, or 
to the process of aging itself. Complaints of low mood 
and low energy can often occur and can be confused 
with symptoms attributed to the diagnosis of depres-
sion, thereby increasing the concomitant use of anti-
depressive medications.48 Individuals with myxedema 
coma are more often the elderly with concurrent illness. 
They may present with a stupor, seizures, respiratory 
depression, hypothermia, bradycardia, and metabolic 
abnormalities; the mortality rate in the older popula-
tion can be very high.
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Hypothyroidism can have adverse effects on the 
cardiovascular system, cardiometabolic parameters, 
and cognitive function and memory. Long-standing 
untreated hypothyroidism is associated with increased 
risk of atherosclerosis, increased arterial stiffness, and 
endothelial dysfunction, and coronary heart disease, and 
all-cause mortality.49,50 Peripheral artery disease appears 
to be more adversely affected in hypothyroid males than 
females.51 Hypothyroidism may induce insulin resis-
tance that may lead to glucose and lipid abnormalities.52 
The clinical suspicion for hypothyroidism should also be 
increased in cases of persisting congestive heart failure 
and hyperlipidemia (e.g., elevated triglycerides).4 Studies 
have shown that hypothyroidism can lead to a decline 
in several cognitive factors, including concentration, 
memory, visuospatial function, language, and execu-
tive function. The consensus on treatment of hypothy-
roidism to address cognitive decline is still evolving. 
Although some initial studies suggested that the treat-
ment of hypothyroidism can result in beneficial effects 
on cognitive function, studies such as the Birmingham 
Elderly Thyroid Study did not report a beneficial impact 
from the treatment of hypothyroidism.53,54

Treatment of hypothyroidism independent of age is 
thyroid HRT. Levothyroxine (LT4) is the preferred drug 
of choice for the treatment of hypothyroidism.18 The 
average replacement dose of LT4 is approximately 1.6 
μg/kg.18 It is preferable to give 20%–30% lower dose to 
older adults compared with that used in younger adults.

Subclinical hypothyroidism
Subclinical hypothyroidism is by definition a labora-
tory diagnosis and is defined as an elevated TSH com-
bined with a normal FT4 plus the absence of features 
of clinical hypothyroidism.20 The prevalence of hypo-
thyroidism was found to vary significantly with age, 
gender, and race. The prevalence of subclinical hypo-
thyroidism is about 4%–8.5%, depending on the 
type  of population.9 Higher prevalence of subclinical 
hypothyroidism was observed in older adults compared 
with younger adults and was higher in women aged 
>60 years (~20%) compared with elderly men (8%).55 
The prevalence is lower in blacks than in whites.9 The 
probability of progress from subclinical hypothyroid-
ism to clinical hypothyroidism appears to be increased 
in individuals with higher levels of TSH, particularly 
true in females.56–58

The magnitude of TSH elevation at baseline is an 
indicator of the likely progression of subclinical hypo-
thyroidism.56 Potential consequences of subclinical 
hypothyroidism include cognitive impairment, changes 
in musculoskeletal function, changes in blood pressure, 

and cardiac metabolic abnormalities.59 In several pro-
spective trials, subclinical hypothyroidism was not 
significantly associated with impairment of cognitive 
function, or depression.21,60,61 Subclinical hypothyroid-
ism appears to increase the risk of hip fractures but does 
not increase risk of near-term mortality in individuals 
with hip fractures.37,41 Other studies have also found no 
evidence for using LT4 replacement in subclinical hypo-
thyroidism.54 Aging individuals have a higher preva-
lence of sarcopenia, but in one cross-sectional study 
subclinical hypothyroidism could not be associated 
with effects on muscle mass, or strength in men and 
in women.62 Mobility does not appear to be adversely 
affected by subclinical hypothyroidism.63

A cross-sectional study in Japan noted increased met-
abolic and cardiovascular disease (CVD) risk factors in 
individuals with subclinical hypothyroidism.59 Although 
some studies have noted that the presence of subclinical 
hypothyroidism did not increase risk of blood pressure, 
other studies noted an increased prevalence of hyperten-
sion in women with subclinical hypothyroidism.64–66 
A small study has noted increases in intercellular adhesion 
molecule-1 concentrations in individuals with subclinical 
hypothyroidism.67

The overall effect on cardiovascular outcomes is 
variable and appears to be dependent on the degree of 
subclinical hypothyroidism. In some studies, no signifi-
cant differences in cardiovascular outcomes and associ-
ated mortality were observed between the subclinical 
hypothyroidism and the euthyroid groups.22,30 One 
may, however, need to differential between mild and 
moderate subclinical hypothyroidism in assessing the 
effects on cardiovascular risk factors and related mor-
tality. In one study, they defined moderate subclinical 
hypothyroidism with TSH 6.1–10 mIU/mL and mild 
subclinical hypothyroidism with TSH: 3.1–6.0 mIU/
mL and studied the impact on cardiovascular risk fac-
tors. In this study, they noted that individuals with 
moderate subclinical hypothyroidism have increased 
coronary heart disease prevalence and all-cause mortal-
ity.49 A meta-analysis study observed an increased risk 
of coronary heart disease events and coronary heart dis-
ease mortality in individuals with TSH concentration 
of ≥10 mIU/L.68 In a prospective study over 20 years, 
individuals with subclinical hypothyroidism (TSH 6.1–
15 mIU/L) had increased incidence of ischemic heart 
disease events.69 An increased incidence of heart failure 
was also observed in individuals with severe subclinical 
hypothyroidism (high TSH [>10] with normal T4).70,71 
A meta-analysis study of several randomized control 
studies did not report significant benefits with LT4 
replacement therapy for individuals with cardiovascular 
morbidity.72
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Treatment of subclinical hypothyroidism with thy-
roid replacement therapy (thyroxin) is controversial.72 
Some studies observed improvements in cardiovascular 
risk factors, such as insulin sensitivity, glucose metabo-
lism, and soluble intercellular adhesion molecule-1 
after treatment.67 The American Association of Clinical 
Endocrinologists recommends treatment for patients 
only with TSH levels above 10 IU/mL or in patients 
with TSH levels between 5 and 10 IU/mL along with 
goiter or positive antithyroid peroxidase antibodies.18

Thyroid nodules and cancer 
(see Chapter 15)
Multinodular goiters, or enlarged thyroid glands with 
multiple nodules, are much more common in older 
adults than in younger adults. Prevalence of thyroid 
nodules is higher in women compared with men. These 
nodules are generally benign and usually do not cause 
symptoms. Rarely, they become malignant; both pap-
illary and follicular thyroid cancers are seen in the 
elderly. Surgery is the recommended treatment options 
for thyroid cancers. Because increased surveillance 
leads to more fine needle biopsies that lead to more sur-
geries, more information is necessary to balance benefit 
to risk of surgery in elderly patients with known small 
neoplasms or follicular lesions of ill-defined status.

Gonadal function and aging
Aging affects the hypothalamic–pituitary–gonadal 
(HPG) axis at all levels, with significant changes in both 
male and female reproductive systems.

Male gonadal function and 
aging (see Chapter 17)
Gonadal function in men often decreases with increas-
ing age. Gonadal dysfunction in aging males often pres-
ents with decreased testosterone secretion and a decline 
of semen parameters.73,74 There can be a decline in total 
testosterone (TT), free testosterone (FT), and bioavail-
able testosterone levels in aging males.73,74 The waning 
of testosterone levels below the young adult reference 
range becomes more prevalent starting from age of 60 
years.73–77 A decline in gonadal function in aging men 
leads to disorders, such as hypogonadism, erectile dys-
function, and decreased fertility.

Testosterone and semen production are primarily 
dependent on the HPG axis. Gonadal dysfunction results 

in hormonal dysregulation and changes in cellular func-
tion within Leydig cells and Sertoli cells. The hypothala-
mus synthesizes and secretes gonadotropin-releasing 
hormone (GnRH) that acts on pituitary gland to pro-
duce LH and FSH. LH stimulates Leydig cells to pro-
duce testosterone. The decline in testosterone levels can 
be due to several factors: (1) decreased Leydig cell func-
tion, (2) decreased pituitary–hypothalamic axis function 
with loss of circadian variation, (3) increased levels of sex 
hormone–binding protein (SHBP) with age, (4) changes 
in testosterone receptors sensitivity, and (5) effects of 
altered cardiometabolic and inflammatory markers.78–80

The decreased testosterone levels may not only lead 
to hypogonadism but also adversely affect libido, and 
may lead to erectile dysfunction and decreased fertility. 
Although decreases in libido can contribute to erectile 
dysfunction, low levels of serum testosterone can also 
affect the strength of erections. The interplay between 
Sertoli cells, germ cells, and intratesticular testosterone 
is needed for spermatogenesis. A decrease in intratestic-
ular testosterone along with changes in Sertoli cell func-
tion can lead to increased risk of infertility. Although 
the risk of infertility increases with age, it is less com-
monly reported in the older age group.

Hypogonadism in aging males
Hypogonadism in older men is a syndrome character-
ized by low serum testosterone levels and clinical symp-
toms that are often seen in younger hypogonadal men. 
Hypogonadism can be classified as primary, secondary, 
and mixed hypogonadism. Primary hypogonadism 
results from disorders of the testes. Secondary hypogo-
nadism results from disorders of the hypothalamus and 
the pituitary. Mixed hypogonadism results from dual 
defects in the testes and in the pituitary–hypothalamic 
axis. Often, the type of hypogonadism in older men is 
either secondary or mixed hypogonadism.

Several longitudinal and cross-sectional studies (e.g.,
Baltimore Longitudinal Study of Aging [BLSA], Boston 
Area Community Health Survey [BACHS], European 
Male Aging Study [EMAS], and Massachusetts Male 
Aging Study [MMAS]) have determined the preva-
lence of hypogonadism in men.73,74,81,82 The prevalence 
of hypogonadism in aging men appears to vary among 
studies, with low testosterone noted in 19% of men >60 
years (BLSA) and 5.1% for men aged 70–79 years in one 
study (EMAS), but other studies have reported 18.4% 
among 70-year-old men (MMAS and BACHS). Some 
other studies have suggested that much of the increase 
in prevalence of hypogonadism with age is attributed to 
comorbid conditions.83–85

Symptoms and signs suggestive of hypogonad-
ism include decreased libido, loss of vitality, increased 
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visceral obesity, decreased muscle mass and strength, and 
decreased bone density.86–88 Many hypogonadal aging 
men experience symptoms of low libido, changes in 
erectile function, and possibly changes in morning erec-
tion frequency, reduced sperm production (oligosper-
mia), and sexual satisfaction.89 In several studies, falling 
testosterone levels have been associated with declining 
strength and muscle mass.90–93 There is a strong associa-
tion between low bone density, bone loss, osteoporosis, 
and low testosterone levels in aging males.13,14,94,95 There 
has also been an association of increased risk of fractures 
in men with hypogonadal states.96–98

Hypogonadism can contribute to dyslipidemia, 
hypertension, obesity, and diabetes, all of which 
increase the risk of cardiovascular disease.99,100 A meta-
analysis of observational studies noted that males with 
metabolic syndrome had lower TT and FT levels.100 Low 
testosterone is associated with dyslipidemia, hyperten-
sion, obesity, and diabetes, all of which increase the risk 
of CVD.101,102 Lower testosterone levels were associated 
with adverse changes to carotid intima medial thick-
ness and ankle/brachial index as a measure of peripheral 
arterial disease and calcific aortic atheroma.103–105

Other nonspecific symptoms are decreased energy, 
motivation, and initiative; poor concentration and 
memory; mood changes and depression; and dimin-
ished physical or work capacity.81,86–88 Aging hypogo-
nadal men are at increased risk for depression.106 Lower 
levels of testosterone appear to have an effect on spatial 
abilities, verbal abilities, and cognitive function.107–111 
This is of particular importance to the aging male who 
may experience changes in cognitive ability from other 
comorbidities such as vascular disease and other neuro-
logical pathologies.

The presence of measurable decline in serum testos-
terone (two low-serum a.m. testosterone levels before 
10  a.m.) below the reference range for healthy, young 
adult men along with symptoms is indicative of hypo-
gonadism. If the early morning serum TT) level is 
<250  ng/dL (8.5 nmol/L) (the normal reference range 
for TT in adult men is approximately 300–1000 ng/dL 
[0.2–34 nmol/L]), then patient is likely to be hypogo-
nadal. A repeat TT measurement is required to confirm 
the diagnosis. Further evaluation is required if the TT 
is in the gray zone of 250–350 ng/dL (8.5–11.9 nmol/L) 
with FT levels and repeat TT level. If the results indicate 
a low TT levels, low FT levels, or both, then the patient 
is hypogonadal. These labs then should be followed with 
testing of the serum gonadotropins (LH, FSH) levels to 
help ascertain the anatomical level of hypogonadism. 
The diagnosis of hypogonadism in aging men should 
never be undertaken during an acute illness because it 
can result in temporarily low testosterone levels.112,113

The diagnosis of hypogonadism in aging men 
requires the clinician to consider etiologies such as 
hypothalamic and/or pituitary masses or infiltrative 
lesions, hyperprolactinemia, depression, chronic alco-
holism, diabetes mellitus, and infiltrative diseases, such 
as hemochromatosis, and medications (e.g., opioids, 
anabolic steroids, glucocorticosteroids, antidepressants, 
cimetidine, spironolactone, antifungal drugs). Some 
functional disorders, such as exercise, malnutrition, and 
drugs, result in reversible hypogonadotropic hypogo-
nadism (HH). Individuals who experience malnutrition 
(e.g., starvation, anorexia), activate mediators of inflam-
matory and stress responses, resulting in reduced hypo-
thalamic secretion of GnRH.

There must be a definitive diagnosis of hypogonad-
ism before the treatment is initiated. Borderline tes-
tosterone levels alone are not necessarily an indication 
to begin testosterone replacement therapy. There must 
be a combination of signs, symptoms, and issues with 
patient’s quality of life.113–115 There are several types of 
testosterone preparations that are currently available 
in the United States, including testosterone injections, 
scrotal and nonscrotal transdermal patches, oral testos-
terone, buccal testosterone, and testosterone gel prepara-
tions. Currently, testosterone injections and testosterone 
gel preparations are more commonly used in the United 
States.

The goal of testosterone therapy is to raise serum 
testosterone level into the mid-normal range [400–700 
ng/dl, 13.6–23.8 nmol/L] with resolution or reduc-
tion in the symptoms of hypogonadism. Adjustments 
to the administration of testosterone dosage should be 
made when T >700 ng/dL (23.8 nmol/L) or T <350 
ng/dL (11.9 nmol/L).113,116–119 However, the ultimate 
goals  of therapy are to reduce disease and disability, 
maintain or improve quality of life, and hopefully add 
vitality to the years.120 The results of several studies 
indicate  that  testosterone therapy may provide several 
benefits, including improvements in muscle mass and 
strength, BMD, adiposity, lipid abnormalities, glu-
cose control, cardiovascular disorders, sexual function, 
mood, and cognitive function.

The effects of testosterone replacement therapy on 
musculoskeletal system and on cognitive function have 
been studied. There are varying studies with respect to 
impact on muscle strength. Several studies found testos-
terone replacement therapy to be beneficial in improv-
ing muscle strength in hypogonadal older men.121–125 
Other studies did not observe significant improvements 
in muscle strength with testosterone therapy.126–128 
However, the improvements in muscle strength did 
not result in significant changes in functional ability. 
Testosterone replacement therapy was found to increase 
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bone density in hypogonadal men.121,129–131 The bone 
density increases, however, it may not reach normal 
adult bone mass.132 Although BMD improves, the effect 
of testosterone replacement therapy on fracture risk is 
still unclear. None of the studies have been large enough 
to show a fracture risk reduction with testosterone 
replacement therapy. The effects of testosterone replace-
ment therapy on measures of cognitive function and 
memory have shown mixed results.133,134 Some studies 
have noted improvements in spatial memory.110,111,135–137 
The beneficial effects on cognition, memory, and visuo-
spatial abilities were not seen in other randomized stud-
ies.138–141 Randomized control trials of a longer duration 
are needed particularly in older hypogonadal men who 
are on testosterone replacement therapy to fully ascer-
tain the benefits on cognitive performance.

Low testosterone is associated with dyslipidemia, 
hypertension, obesity, and diabetes, all of which 
increase the risk of CVD.101,102 Testosterone therapy can 
have a beneficial effect on cardiometabolic risk factors. 
Several studies have noted that testosterone replace-
ment therapy results in a reduction of body fat mass 
and waist circumference in hypogonadal men with 
and without obesity.125,142–146 Several studies indicate 
a decrease in central adiposity in men with metabolic 
syndrome and/or type 2 diabetes with testosterone 
replacement therapy.147–149 Testosterone therapy results 
in a small reduction in total cholesterol, some decrease 
in low-density lipoprotein (LDL) cholesterol, and a dose-
dependent trend toward lower high-density lipoprotein 
(HDL).143,147,150,151 In general, the effects on lipids are 
observed with higher dose testosterone treatment. The 
mechanisms that connect hypogonadism, insulin resis-
tance, and type 2 diabetes are complicated and include 
inflammatory markers, oxidative stress, and many other 
possible underlying causes.152 Several studies are report-
ing benefits for glucose control in men with concomitant 
hypogonadism and type 2 diabetes.142,147,148,152–156

Many of these studies suggest that there may be 
even neutral to beneficial effect of testosterone replace-
ment therapy on the cardiovascular risk factors and 
adverse cardiovascular complications (e.g., angina).157–161 
Another randomized control study showed testosterone 
treatment in elderly patients with chronic heart failure 
improved various cardiac, respiratory, and muscular out-
comes.100,162 Other studies of testosterone replacement 
therapy have not demonstrated an increased incidence 
of CVD or events such as myocardial infarction, stroke, 
or angina.163 There are meta-analyses trials of testoster-
one therapy and cardiovascular disease, but these trials 
generally have not been designed or adequately powered 
to detect effects on clinically significant cardiovascular 
events.164 The true benefits of normalizing testosterone 

levels in hypogonadal men who have underlying cardiac 
disease are not fully understood and require further 
investigation.

The Endocrine Society guidelines do not recom-
mend testosterone replacement therapy for those who 
have a history of severe lower urinary tract obstruction, 
untreated sleep apnea, prostate cancer or breast can-
cer, elevated hematocrit (e.g., >52%) and an American 
Urological Association International Prostate Symptom 
Score (IPSS) >19.113

Female gonadal function and aging
Gonadal function in females declines with advancing 
age. It presents with decreased ovulation frequency and 
ovarian hormonal production. Estrogen and follicular 
production are dependent on the hypothalamus, pitu-
itary, and ovaries (e.g., ovarian reserve). The decline in 
estrogen levels and ovarian function can occur gradually 
and become more prevalent starting in the early 40s to 
early 50s.

The Stages of Reproductive Aging Workshop 
(STRAW) classified various stages of the transition to 
menopausal and postmenopausal states.165,166 Initially, 
one may notice changes in flow or length. This pattern 
becomes more frequent and periods can become more 
erratic early in perimenopausal phase. The menopausal 
transition (minimum 2–4 years) eventually progresses 
to prolonged amenorrhea (defined as >60 days).165,166 
The cessation of menses eventually occurs. Menopause 
is defined retrospectively after 12 months after cessation 
of menses.167 Nearly all women reach menopause by the 
mid- to late-50s. The time period after menopause can 
be divided into early postmenopause (up to 5–8 years 
after menopause) and late menopause (rest of life).165,166

The transition from a reproductive stage to a post-
menopausal period is marked by changes in hormone 
levels. The initial decline in ovarian hormone function 
results in decreased serum estradiol, and FSH and LH 
values that may increase or remain unchanged. The 
decline in antral follicles leads to decreased function 
of granulosa cells. This results in low levels of inhibin 
and subsequently leads to increases of FSH (cycle days 
2–5). The patterns of variation of estradiol, FSH, and 
LH during the early menopausal transition were simi-
lar in different ethnicities.168 In the Study of Women’s 
Health Across the Nation (SWAN), the hormone levels 
differed when the results were stratified based on race 
and ethnicity.168 This study also reported that the con-
centrations of estradiol appeared to be affected by body 
mass index (BMI) and stage of menopausal transition. 
The estradiol levels were lower among women with 
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elevated BMI who were premenopausal and perimeno-
pausal (early stage). This was unlike women in the late 
stages of the perimenopausal spectrum and postmeno-
pausal women, where elevated BMI was associated with 
elevated levels of estrogen.

In the late stage of the menopausal transition, FSH 
can be >25 IU/L.165,166 Subsequently, follicular release 
and activity ceases and estrogen falls further as LH 
and FSH both remain elevated. In the postmenopause 
state, FSH stabilizes and the ovaries may continue to 
produce hormones such as low levels of testosterone. 
Postmenopausal, most estradiol is the result of conver-
sion of adrenal steroids to estradiol in adipose tissue.

Menopause in aging females
As women undergo transition from perimenopause to 
menopause, they often report a variety of symptoms, 
including vaginal symptoms (e.g., dryness, dyspareu-
nia), changes in cognitive and sleep function, decreased 
sense of vitality (e.g., variable complaints of fatigue), 
vasomotor symptoms (e.g., hot flushes and night sweats), 
and increased joint-related complaints (e.g., pains, stiff-
ness).169–171 The prevalence of vasomotor symptoms is 
high, but it varies with the definition of flushing and 
the population studied.172–174 The flashes resolve in a 
majority of women within 4–5 years of onset.175,176 The 
transition to menopause was noted to increase the likeli-
hood of irritability, mood swings, and depressed mood 
compared with women who were in premenopause.177,178

There is still controversy as to the changes in sexual 
function associated with menopause and postmeno-
pausal states. Vaginal symptoms such as dryness and 
dyspareunia can be seen in a significant number of 
women during the postmenopausal period.169 Some 
were not able to associate the transition period of meno-
pause with decreased sexual function (decreased libido 
and vaginal dryness) and decreased sleep.170 Some have 
stated that the major decline in sexual function (e.g., 
libido) was noted in the postmenopausal state, with cor-
relations with decline in estrogen and not with declines 
in testosterone.179

The changes in serum concentrations of estradiol in 
menopausal transition to postmenopause can result in 
many changes, including an increased risk of cardio-
vascular events and decreased BMD. During the post-
menopausal period, the cardiovascular risk increases 
in women and can become near equivalent to males 
of similar age and risk factor profile.180,181 There are 
changes in serum concentrations of atherogenic lipids 
with increases in LDL and total cholesterol increase and 
decreases in HDL. Some studies in postmenopausal 
women have noted that high gravidity was associated 
with reduced CVD and non-CHD CVD mortality.182

BMD decreases as the level of estrogen declines in 
the perimenopausal to postmenopausal transition. The 
age-related bone loss often begins in the fourth decade 
of life. The SWAN study reported that there were eth-
nic differences in the decline in bone density in pre-
menopausal versus perimenopausal bone loss, but this 
decline was also affected by body weight.183 Unlike in 
postmenopausal women, the BMD and rate of bone loss 
of premenopausal and early perimenopausal women is 
better correlated inversely with serum FSH than estra-
diol.183 Bone loss becomes more pronounced as the men-
ses become less frequent with rapid loss during the years 
shortly after the last menses.183

The Endocrine Society guidelines on postmeno-
pausal therapy reports many benefits of estrogen therapy 
on relieving symptoms associated with menopause.184 
Standard doses of estrogen with or without a progestin 
can reduce the frequency and severity of hot flashes.184 
Nonhormonal alternatives (e.g., antidepressants, gaba-
pentin) also appear to have some beneficial effects on 
hot flashes.185,186 If needed, vaginal estrogen can be 
used for long-term therapy to relieve some of the symp-
toms.187 The application of low doses of vaginal estradiol 
can relieve symptoms associated with vaginal atrophy. 
The use of transdermal estrogen has been associated 
with increased libido and sexually satisfying events 
per month.184 Estrogen with or without a progestin can 
decrease early postmenopausal bone loss.184 Estrogen 
therapy improves bone mass in late postmenopause 
(near equivalent to the bisphosphonates).184 Selective 
estrogen receptor modulators such as raloxifene have 
also been found to improve BMD and reduce vertebral 
but not hip fractures.184

The type of HRT and route of administration can 
present different risks to postmenopausal women. The 
results from Women’s Health Initiative (WHI) studies 
and other studies have noted that there is an increased 
risk of breast cancer with a combination estrogen–
progestin therapy.188,189 The risk of breast cancer was not 
noted when one used estrogen alone in postmenopausal 
men.190,191 The risk of breast cancer was less with pro-
gesterone versus medroxyprogesterone.192,193 The opti-
mum dose and duration of progestin has not yet been 
established. In postmenopausal women, it is better to 
start with low dose of estrogen and consider tapering of 
HRT to help minimize breast cancer risks.187 The risk of 
venous thromboembolism appeared to be increased in 
oral estrogen but not in transdermal formulations.194–196 
This finding was also noted in the E3N cohort.197 The 
groups treated with HRT showed a decreased incidence 
of diabetes.198,199 The type of HRT may influence the 
incidence of diabetes.200 A meta-analysis study reported 
that HRT in nondiabetic postmenopausal women had 
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reduced HRT, abdominal obesity, insulin resistance, 
new-onset diabetes, lipids, and blood pressure.201

Observations support the hypothesis that estrogen 
replacement may have a beneficial effect on the cardio-
vascular system with a reduction in CHD events when 
one starts therapy shortly after menopause but not many 
years after onset of menopause.184 Initially, the WHI 
conducted a study in postmenopausal women regardless 
of years after menopause. The trial noted that women 
with estrogen–progestin replacement had an increased 
risk of coronary heart disease and stroke.188 The trial 
noted that women with estrogen replacement alone had 
an increased risk of stroke.202 Follow-up analysis of the 
WHI noted that increased risk of coronary heart disease 
and mortality increases when subjects are initiated with 
treatment after 10 years postmenopause.191,203 Meta-
analyses of randomized control trials noted that the 
increased CHD and mortality in older women was not 
seen in women who were started on therapy when they 
were between the ages of 50 and 59 years.204,205 Estrogen 
replacement and selective estrogen receptor modulators 
do not reduce stroke incidence in older women with pre-
existing vascular disease.184 However, the type of HRT 
cannot yet be recommended for prevention of CVD.

GH deficiency and 
aging (see Chapter 5)
GH is secreted by pituitary somatotrophs in a pulsatile 
manner. Growth hormone–releasing hormone (GHRH) 
stimulates the transcription of GH. Some of the other 
stimulatory factors on GH release include ghrelin, 
amino acids, hypoglycemia, slow waves during sleep, 
malnutrition, and stress. The maximal secretion of GH 
occurs during the night during slow-wave sleep, par-
ticularly when somatostatin release is diminished. GH 
acts both by direct action and indirectly through IGF-
I. IGF-I is synthesized in both in the liver and in the 
periphery, and it circulates bound to several binding 
proteins, including insulin-like growth factor–binding 
protein (IGFBP)-3. The levels of IGF-I influence GH 
release by directly having inhibitory effects on the pitu-
itary and hypothalamus. It also works indirectly by 
stimulating somatostatin, which has an inhibitory effect 
on GH release. The reduction of ghrelin (e.g., during 
digestion) and increase in circulating nonesterified free 
fatty acids also have inhibitory effects on GH secretion.

GH influences several aspects of body function, 
including production of IGF-1, metabolism (e.g., lipids, 
proteins, glucose, and insulin), and growth of bone, carti-
lage, and muscle. GH and IGF-I levels decrease by >50% 

in older adults of ≥60 years. Adults with GH deficiency 
(GHD) can experience fatigue, decreased general well-
being, decreased mood, increased adiposity, increased 
insulin resistance, reduction of protein synthesis, relative 
decrease in muscle mass and strength, decreased bone 
density, increased risk of fracture, decreased insulin sensi-
tivity, increased prevalence of impaired glucose tolerance, 
changes in lipid profile (e.g., increased LDL cholesterol 
and decreased HDL cholesterol), and in some severe cases 
can present with hypoglycemia.206,207 GHD can also have 
adverse effects on cardiac health by influencing factors 
such as levels of atherogenesis and increased levels of plas-
minogen activator inhibitor type I.

GH secretion changes significantly over a lifetime.208 
GH levels are relatively low before puberty and increase 
to maximum levels (with secretion most prominent dur-
ing the night sleeping phase) during puberty and adoles-
cence.209 GH secretion in adults falls by 14% with every 
advancing decade.210 The serum IGF-I concentrations 
were found to decline with age in both genders after the 
age of 18 years.211 In the Baltimore Longitudinal Study 
of Aging (BLSA) and the InCHIANTI, IGF-I declined 
approximately at the rate of 1.7 ng/mL/year in a linear 
manner with age in participants >50 years.212 IGF-I was 
higher in men than women.211,213

The progressive decline in GH secretion has been 
termed the “somatopause.” An extrapolation was made 
within a French study, and it projected that the annual 
incidence is 12 per million.214 A Danish study reported 
that the expected incidence of adult onset GHD is 1.90 
in males and 1.42 in females.215 The symptoms of clini-
cally significant somatopause (the decline in GH lev-
els with symptoms of GHD) overlap with symptoms of 
other age-related disorders such as metabolic syndrome 
and late onset hypogonadism.206,207 These comorbid 
conditions can place older people at risk for developing 
cardiovascular and osteoporotic conditions and reduce 
quality of life. One must observe for milder symptoms 
of adult onset GHD.216

Etiology of age-related decline 
in GH secretion and action
The physiology of age-related decline in GH secretion 
is not completely established. Age does not affect GH 
pulse frequency, GH half-life, or basal GH release.217–219 
However, aging effects the amount of GH secreted in 
each pulse. Possible causes for the decline in GH levels 
with aging include reduced GHRH secretion, decline 
in pituitary responsiveness to GHRH due to multiple 
factors, and increased somatostatin secretion.220–224 
Several other factors have been reported to contribute to 
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decline in GH/IGF-1 levels, including lack of exercise, 
sleep disorders, excessive food intake, increased levels of 
stress, increased adiposity, and influence of sex steroid 
such as low testosterone (in men).208,225–228

Clinical consequences of 
age-related decline in GH and 
effects of GH replacement
GHD can result in decreased cognitive function (e.g., 
memory, concentration) and decreased sense of vitality. 
A meta-analysis of 13 studies does appear to show an 
association between decreased cognitive function and 
GHD.229 The decline in cognitive function improved 
after treatment with GH.229,230 The KIMS database 
revealed that GHD resulted in greater impairment of 
quality of life for women than men. Other studies have 
not found clear evidence of benefit on improved cog-
nitive parameters, memory, or mood in normal elderly 
subjects.231 The symptoms of GHD were found to be 
more subtle and impairment of quality of life relatively 
milder in subjects >60 years.232

GHD can also lead to alterations of body compo-
sition, and some parameters may improve with GH 
replacement. The effect of 10-year GH replacement on 
reduction in total body fat was transient in individuals 
with GHD.233 There were improvements in lean body 
mass with GH replacement therapy.234–236 Although low 
bone mass is infrequently seen in GHD in elderly, low 
IGF-I is associated with decreased bone density.237–239 
GH replacement improves lumbar spine and femo-
ral neck BMD and seems to result in greater increases 
in the total body BMD in women than in men.240,241 
However, there appears to be greater reduction in inci-
dence of fractures in men compared with women with 
GHD when on GH replacement.242 The decline in 
muscle strength in GHD has been documented in the 
past by using several methods, including quadriceps 
and hand strength. GH replacement appears to help 
maintain muscle performance from age-related decline, 
it does not appear to actually increase muscle strength 
in muscle groups.235,243–245

Studies have reported that there is a higher incidence 
of cardiovascular risk factors, metabolic syndrome, and 
mortality in aging subjects with GHD.246–249 There 
appears to be an increase in mortality rate among female 
subjects with GHD compared with male subjects.250 The 
mortality rate of treated GHD subjects was reportedly 
similar to the mortality rate of normal subjects.250,251 
There were benefits to markers of metabolism, such as 
improved lipid profile and decreased hemoglobin AIc 

(HbAIc) with GH replacement.233,252 The prevalence of 
metabolic syndrome does not decline with GH replace-
ment in at least one study.253 GH and IGF-I appear 
to influence cardiovascular factors such as endothelial 
progenitor cells.254 The impact of GH replacement on 
cardiovascular outcomes is still a matter of debate, and 
larger studies are needed to elucidate the effects.

GH deficiency treatment options for 
aging adults and safety concerns
The decision to treat GH deficiency is influenced by the 
lack of specificity of signs and symptoms, the variability 
in severity of symptoms, and the method of treatment. 
The diagnosis of GHD can be made based on symp-
toms and diagnostic tests. It is currently recommend 
that the insulin tolerance test (ITT; positive when GH 
≤5.1 μg/L) and the GHRH-arginine test (positive when 
GH ≤4.1 μg/L) may be used to establish the diagno-
sis of GHD.255 The GH Research Society, however, has 
noted that the induction of hypoglycemia is often con-
traindicated in the elderly; hence, it is preferable to use 
GHRH combined with arginine test. When GHRH is 
not be available or ITT is contraindicated, the glucagon 
stimulation test can be used.255 In addition, one should 
be aware that the levels of IGF-I levels are often not 
as clearly delineated in aging individuals as in younger 
individuals. A normal IGF-1 does not exclude the diag-
nosis of GHD, whereas a low IGF-I level in the absence 
of underlying condition may suggest the diagnosis of 
GHD.255

Several treatment approaches have been examined to 
improve the GH deficiency in older adults. Treatment 
approaches examined include fasting, exercise, and use 
of certain amino acids and synthetic hormones. Exercise 
and caloric restriction will increase GH levels in part 
by reducing adipose tissue. However, the improve-
ments observed in GH levels with exercise are lower 
in older adults than young adults. Amino acids such 
as arginine and lysine have been used by older adults 
to improve GH levels. No systematic studies were car-
ried out to determine efficacy safety of the use of these 
amino acids.

GH is available as a prescription drug (e.g., human 
[h]GH), and administration of synthetic GH was found 
to improve GH and IGF-I levels, decrease adipose tissue, 
and marginally improve BMD in older adults.256,257 The 
side effects from GH administration are similar in aging 
individuals to those observed with young GHD adults. 
They include fluid retention, joint and muscle pain, car-
pal tunnel syndrome (pressure on the nerve in the wrist 
causing hand pain and numbness), and type 2 diabetes 
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mellitus.255,256 Other less frequently reported side effects 
include headache, tinnitus, and benign intracranial 
hypertension.255 hGH is approved for the treatment of 
GHD. hGH should be started at low doses and titrated 
based on clinical symptoms, IGF-I levels, and side effects 
to treatment.255

GHRH is not currently available in the United 
States. GHRH has been shown to restore spontane-
ous GH secretion and IGF-I levels in the elderly.221 
Administration of GHRH showed positive effects 
on body composition; however, an increase in physi-
cal performance scores was not observed.222,224,258,259 
GH-secretagogues (GHSs) are can be administered 
by subcutaneous, intranasal, or oral routes.260 They 
stimulate GH secretion by acting both at the pitu-
itary and the hypothalamic level on GHRH-secreting 
neurons.260,261 Long-term studies with orally active 
GHS MK-677 showed improvements in IGF-I lev-
els in elderly subjects.262 Other observations of this 
study include (1) increase in lean body mass and (2) no 
changes in muscle strength.262 Several side effects were 
reported with GHS therapy and include water reten-
tion, hypertension, headache, and metabolic dysfunc-
tion. Some of the side effects are dose-dependent.

Adrenal function and aging
Aging causes changes in the adrenal gland morphology 
and altered regulation of the hypothalamic–pituitary–
adrenal (HPA) axis; the latter leads to age-related 
changes in serum adrenal hormones such as cortisol, 
DHEA, and aldosterone. The different layers of the 
adrenal cortex (zona glomerulosa, zona fasciculata, 
and zona reticularis) undergo subtle change with age, 
including a reduction in the thickness of the zona 
reticularis and a relative increase in the outer cortical 
zones.263

There is an increased incidence and prevalence of 
adrenal gland nodules with age based on the autopsy 
and computed tomography (CT) imaging studies.264 
The adrenal hormonal changes with age include sub-
tle increases in serum cortisol levels,265 and signifi-
cantly lower DHEA levels266 with increasing age. The 
increased cortisol levels can adversely affect cognitive 
function, aggravate or produce sleep disorders, and 
increase the risk of osteoporosis in older adults.265,267,268 
Changes in aldosterone secretion are not common but 
can lead to mild to severe hyponatremia. Although its 
impact on mortality is less clear, alterations in plasma 
sodium levels can increase the risk of gait abnormali-
ties, falls, fractures, and cognitive impairment.269–271 

The  physiological roles of DHEA sulfate (S) are still 
being elucidated and currently postulated to include 
effects on the immune system, neurological system, 
bone, and cardiometabolic functions.272,273

Etiology and related decline in 
adrenal hormones with age
Adrenal disorders observed in older adults are mainly 
due to changes in the secretion levels of cortisol and 
DHEA. Serum levels of DHEA and DHEAS fall dra-
matically with aging; in contrast, cortisol levels do not 
fall and may increase as men get older.

The HPA axis regulates the secretion of cor-
tisol. The hypothalamus synthesizes and secretes 
corticotropin-releasing hormone (CRH) that subse-
quently regulates the pituitary gland to produce adre-
nocorticotropic hormone (ACTH). The sensitivity of the 
adrenal gland to ACTH pulses seems to be influenced 
by age and BMI.274–276 Adrenal sensitivity to ACTH 
was decreased with increasing age.277 The diminished 
hypothalamic pituitary sensitivity to feedback inhibi-
tion by cortisol can lead to increased levels of cortisol 
in both genders.278,279

The mechanisms responsible for the decline in 
DHEA levels are still unknown. Histomorphological 
analysis of adrenal specimens suggests that aging results 
in alterations within the adrenal cortex, resulting in a 
reduction in the size of the zona reticularis, and this 
may be responsible for the diminished production of 
DHEA.263

There are some alterations to the secretion patterns 
of renin–aldosterone axis, but these are different from 
the ACTH and cortisol axis. Although the plasma renin 
activity decreases with age, the plasma aldosterone levels 
appear not to change or may have modest changes below 
the clinical threshold.280,281 Aldosterone serum concen-
trations often remain normal despite a small reduction 
in aldosterone secretion and this may be in part due to 
decreased clearance of aldosterone.280,282

Cortisol changes and aging
Cortisol production has an ACTH-dependent circadian 
rhythm with peak levels in the early morning and a 
nadir at night. The mean 24-h serum cortisol concen-
trations can be elevated by up to 20% in both aging 
men and women; this is not accompanied by changes 
in corticosteroid-binding globulin.279,283 The nocturnal 
nadir of serum cortisol concentrations in the elderly 
occurs at an earlier time than in younger subjects. 
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Cortisol, in aging individuals, may be affected by fac-
tors such as weight (slightly lower in obese), sleep 
abnormalities (slight elevation), and acute metabolic 
stress (increased).284–288 The cortisol awakening response 
was slightly higher in aging subjects who experienced 
significant stress, such as in Alzheimer’s patients, and 
social stressors (e.g., in the Whitehall II Study).289,290 
There may be an association between late life events and 
elevated secretion of morning cortisol and high diurnal 
variability of cortisol.291,292

Cortisol acts through specific intracellular receptors 
and affects numerous physiologic systems including 
cognitive function, immune function, glucose counter 
regulation, vascular tone, and bone metabolism. High 
levels of cortisol are known to contribute to increased 
risk of developing cognitive impairment, sleep disor-
ders, and reduced BMD in older adults.265,267,268

Elevated cortisol levels appear to be associated with 
declining cognitive performance in aging individuals. 
The Vietnam Era Twin Study of aging showed an asso-
ciation with decline in executive measures, processing 
speed, and visual–spatial memory.293 Many studies such 
as the Baltimore Memory Study have shown an asso-
ciation between impaired declarative memory function 
in nondemented older persons and elevated cortisol 
levels.294–297 Data from the Longitudinal Aging Study 
Amsterdam revealed that elevated daytime cortisol 
levels can be associated with lower memory function 
and speed of information processing.291 Some studies 
have suggested that an attenuated cortisol awakening 
response can also cause decreased cognitive performance 
but not declarative memory.296,297

Initial studies suggested that cortisol levels in aging 
individuals were inversely related to BMD, rate of bone 
loss, and risk of clinical fractures.267,298 In aging individ-
uals, cortisol appears to have gender-specific effects on 
BMD (measured by DEXA) with increased BMD loss 
in the lumbar spine of men and increased loss of BMD 
in the femur/hip of women.299 In addition to changes in 
adrenal production of cortisol, studies have suggested 
that the cortisone conversion to cortisol and cortisol 
production within osteoblasts also appears to increase 
with age.300 The use of exogenous steroids (e.g., steroid 
injections for arthritis, inhaled steroids for COPD or 
asthma) increases the levels of cortisol and contributes 
to decreased BMD.

Increased nocturnal cortisol levels are believed to 
contribute to sleep disorders in the elderly.265 A small 
elevation in nocturnal cortisol levels was noted in 
aging individuals, particularly those with sleep abnor-
malities.285–287 Finally, there is an association between 
the 24 h cortisol production rate and increased body 
fat in older men. Thus, the increase in HPA axis 

activity may play a role in the alterations in body com-
position with greater central fat distribution in aging 
subjects.301

DHEA changes and aging
DHEA is the major steroid produced by the adrenal 
zona reticularis. In the serum, there are three forms of 
DHEA: (1) unconjugated DHEA, (2) sulfated DHEA 
(DHEAS), and (3) lipoidal DHEA. DHEA and DHEAS 
are the most abundant steroid hormones present in the 
body. DHEAS and DHEA levels appear to decrease 
from the third decade. By age 70, the levels are about 
20% to 30% lower than those of young adults. The 
levels can be 80%–90% lower than those of younger 
individuals by the time one is greater than 80 years 
of age.76,266,302 In aging populations, some studies 
have reported changes in diurnal variation (e.g., lower 
morning concentrations of DHEAS, higher nocturnal 
rate, burst frequency, and amplitude of DHEA) and 
appear to be cleared quickly from the circulation.303 
The levels of DHEA(S) appear to be higher in men 
compared to women.303,304

The physiological function of DHEA is not com-
pletely understood. It may have cardio protective, 
antidiabetic, anti-obesity properties and play a role 
in declining global function in aging subjects.305–309 
DHEA is thought to influence cardiovascular function. 
The decline in DHEA(S) has been associated with CVD 
and all cause of mortality.310–312 The age-related decline 
in circulating DHEA(S) has led to a number of ran-
domized trials to assess the effect of oral DHEA therapy 
in healthy elderly subjects and in those with comor-
bid conditions. DHEAS replacement therapy in aging 
adults did not show significant changes in cardiovascu-
lar risk factors, such as blood pressure, blood glucose, or 
improve insulin action.313–317 While some studies have 
reported variable lowering of HDL and triglycerides 
in both genders, the reduction of HDL was not seen 
in men in another long-term longitudinal study with 
DHEA replacement.318,319

DHEA(s) levels have been associated with frailty, 
decreased physical function, and bone density. In the 
Hertfordshire Aging Study, lower levels of dehydro-
epiandrosterone sulfate (DHEAS) and higher cortisol: 
DHEAS ratios were all significantly associated with 
increased odds of frailty at 10-year follow-up.320 A cross-
sectional study in both genders not only found an asso-
ciation between DHEAS and frailty but also identified 
that this association between low DHEAS and frailty 
was attenuated with obesity (BMI >30 kg/m2).321 The 
replacement of DHEA does not significantly improve 
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physical function, body composition, frailty, and an 
overall sense of well-being.128,322–324 Replacement of 
DHEA in older subjects to produce DHEA levels simi-
lar to that of younger age groups has brought mixed 
results. DHEAS replacement resulted in some improve-
ment in bone turnover and bone density in women but 
not in men.325,326 The overall effect of DHEA replace-
ment on BMD in elderly subjects is relatively small 
when compared with bisphosphonate therapy.327

In other studies, no distinct benefits of DHEA 
replacement in healthy older individuals were 
observed. In addition, studies also did not demonstrate 
improvement in well-being or cognition with DHEAS 
replacement.322,323,325,328

Aldosterone changes and 
aging (see Chapter 20)
Hyponatremia is an electrolyte disturbance with 
sodium below 135. Hyponatremia can cause signifi-
cant consequences for the aging individual including 
decreased cognitive function and increased risk of falls. 
The ability to retain sodium through reabsorption in 
the kidney plays an important role in maintaining nor-
mal sodium levels. Hypotonic hyponatremia can be cat-
egorized as hypovolemic, euvolemic, or hypervolemic.

This ability to retain sodium, and indirectly water, 
is directly influenced by aldosterone and renin. The 
site of action of aldosterone is on epithelial sodium 
channels (ENaC) in the principal cells of the collect-
ing tubules.

The decrease in serum renin, renin activity, and 
aldosterone in aging individuals can result in hypoal-
dosteronism. The decline in secretion or action of renin 
and aldosterone is of particular importance when indi-
viduals have a type 4 renal tubular acidosis (RTA) or 
mild renal failure. Some older patients may have low-
normal aldosterone values. The serum aldosterone con-
centrations and urinary aldosterone excretion should be 
checked in older hyponatremia patients to evaluate if 
primary aldosteronism is a cause of the hyponatremia. 
In addition to evaluating for hypoaldosteronism, the 
medications of elderly individuals should be reviewed. 
Medications such as thiazides and serotonin reuptake 
inhibitors are more likely to cause hyponatremia in the 
elderly than in other age groups.

Summary and conclusions
The goal of healthy aging is to limit the changes that 
increase frailty, cardiovascular risk, cognitive decline, 

and other comorbidities. While endocrine systems have 
substantial reserves in younger individuals, a combi-
nation of aging processes and life experienences (e.g., 
stress, diseases) can gradually reduce these reserves and 
lead to changes/alterations in various endorine systems 
(Table  23.2). The changes observed include a decline 
in the secretion of a number of hormones, an increase 
in the secretion of some other hormones, reduced tis-
sue response to hormones, altered rates of hormone 
metabolism, and other pathological changes within the 
endocrine glands. Understanding the clinical effects of 
changes in endocrine function and activity may help in 
identifying therapies that limit disability and morbidity 
in aging individuals.

Hormones that decrease with aging include serum 
testosterone (total, free, and bioavailable); DHEA, 
DHEAS, GH, IGF-1; and vitamin D. Hormones that 
decrease only to a small extent or remain unchanged 
with aging include thyroid hormones T3 and T4, TSH, 
cortisol, and epinephrine. Hormones that may increase 
with aging include LH, fFSH, insulin, and ACTH. The 
individual effects of these hormonal changes vary sig-
nificantly depending on several factors such as race, life 
style (e.g., food habits, exercise), gender, and genetics. 
These factors can exacerbate or minimize the impact 
of the aging process on endocrine function. As the 
body fails to adapt to further changes in cell loss and/
or declines in hormonal function, the risk increases for 
developing several endocrine-related health problems 
such as thyroid abnormalities, hypogonadism (e.g., 
menopause in women, androgen deficiency in men), 
growth hormone deficiency, osteoporosis, and type 2 
diabetes mellitus. Other effects include changes in body 
constitution, fat distribution (visceral obesity), muscle 
weakness, decline in cognitive functioning, and decline 
in sense of vitality.

The metabolism and many enzymatic processes are 
influenced by thyroid hormone and growth hormone 
levels. The alterations in thyroid hormone levels with 
aging can lead to an increased prevalence of age-related 
thyroid dysfunction. The thyroid-stimulating hormone 
in conjunction with the full panel of thyroid function 
tests should be used to make the diagnosis. However, 
the decreased peripheral degradation of T4 and slight 
decrease in plasma T3 concentrations have been associ-
ated with but not been causally related with functional 
changes in the aging process. The decreased levels of 
GH are in part due to changes in GHRH and IGF-
binding proteins with aging. The clinical effects of GH 
in the process of aging can often seem to be nonspe-
cific and overlap with other endocrine system effects. 
GH and IGF-1 have also been reported to play a role 
in the regulation and action of sex steroids. The GH 
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Endocrine 
system Clinical disorders Associated labs Clinical consequences

Thyroid Hyperthyroidism Decreased TSH 
increased T4

Atrial fibrillation, diarrhea, constipation, loss of 
appetite, nausea and persistent vomiting or 
neurological symptoms, such as mania, 
depression, cognitive impairment, or incident 
dementia 

Subclinical 
hyperthyroidism

Decreased TSH, 
normal T4

Pre-existing heart disease and can lead to atrial 
fibrillation, impaired left ventricular diastolic 
filling and worsening of angina pectoris, 
increased risk cognitive dysfunction, decreased 
BMD, and increased incidence of hip fractures 

Hypothyroidism Increased TSH, 
decreased T4

Decline in several cognitive factors such as 
concentration, memory, visuospatial function, 
language, and executive function; may induce 
insulin resistance, persistent hyperlipidemia, 
congestive heart failure, and macrocytic anemia 

Subclinical 
hypothyroidism

Increased TSH, 
normal T4

Hypertension, cardiometabolic changes, cognitive 
impairment, insulin resistance, diabetes 
mellitus, dyslipidemia, and hyperuricemia 

Thyroid nodules Otherwise 
normal thyroid 
function tests

If toxic: pattern is hyperthyroid; no symptoms if 
there is no mass effect; often benign; can 
have increased risk of cancer due to 
environmental exposure (e.g., radiation)

Gonadal Hypogonadism 
(male)

Primary: elevated 
LH, FSH; low T 
Secondary: 
normal/low LH 
and FSH; low T

Include loss of vitality, visceral obesity, decreased 
libido, erectile dysfunction, decreased muscle 
mass and strength, decreased bone density, 
and mood changes, changes in cognitive 
function, increased cardiovascular risk

Hypogonadism 
(female)

Primary: elevated 
LH, FSH; low E 
Secondary: 
normal/low LH 
and FSH; low E

Menopause, loss of vitality, decreased libido, 
decreased bone density, mood changes, 
changes in cognitive function, increased 
cardiovascular risk

Growth 
Hormone

Growth hormone 
deficiency

Low GH; Low 
IGF-1

Decrease in muscle and bone mass, increased 
visceral fat, diminishing exercise and cardiac 
capacity, atherogenic alterations in lipid 
profile, thinning of skin, and many 
psychological and cognitive problems 

Adrenal Iatrogenic 
Cushing’s 
syndrome

Low ACTH, 
elevated 
Cortisol

Cognitive impairment, sleep disorders, and 
reduced BMD 

DHEA disorders 
(still to be 
elucidated)

DHEA/DHEAS 
decline

Increased CVD risk, low BMD, depressed mood, 
insulin resistance, and decreased cognition

Bone Osteopenia/
Osteoporosis

Low bone density 
T; Z; FRAX

Decreased height; increased risk of fractures

Table 23.2
Endocrine disorders and aging.
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deficiency should be diagnosed using a stimulatory test. 
GH replacement therapy is approved for adult onset GH 
deficiency in individuals with documentable low GH/
IGF-1 levels and clinical symptoms.

Aging individuals also undergo several changes in 
the levels of adrenal and gonadal hormones. The lev-
els of cortisol appear to be slightly elevated, and this 
appears to be dependent on life stressors (e.g., social 
stress, cognitive stress). While there is no significant 
decline in cortisol levels with age, DHEA(S) does 
decrease with age. The benefits for DHEA replacement 
therapy for elderly subjects are not yet established con-
clusively. With aging, the decreases in testosterone and 
estrogen have more definable and far-reaching clini-
cal consequences. These changes can result in reduced 
sexual function (e.g., reduced libido, reduced sexual 
potency), adverse changes to body composition (e.g., 
decreased bone density, and muscle mass), increased 
risk of frailty, decreased cognitive function, and 
increased cardiovascular risk factors. The decreased 
bone density can be treated with SERMS, gonadal 
hormones (e.g., estrogens, testosterone), bisphospho-
nates, and, in certain instances GH replacement. The 
replacement therapy options with testosterone and 
estrogen for individuals with significant symptoms and 
low levels of hormones could be considered after care-
ful evaluation of comorbidities. The treatments with 
testosterone and estrogen may also be beneficial to the 
cardiovascular system in certain age groups.329. Several 
studies are underway to investigate the benefits of the 
testosterone and estrogen replacement therapies for 
elderly men and women, respectively. A large multi-
centered NIH-sponsored double-blinded, placebo-
controlled testosterone trial is currently underway in 
men over the age of 65 years, the purpose being to 
verify the benefits of testosterone replacement therapy 
on factors such as frailty, BMD, vitality, and coronary 
artery plaques.

The mechanisms that mediate age-related 
disruption  of endocrine functions are still being elu-
cidated. Many of the features of aging (e.g., visceral 
adiposity, decreased cognitive function, decreased 
BMD, sarcopenia, decreased sexual function, decreased 
sense of vitality, and increased cardiovascular risk 
factors) can be attributed to changes in thyroid func-
tion, growth hormone function, gonadal function, and 
adrenal function. Changes in any one particular organ 
system may not be a sole cause of multiple comorbidi-
ties associated with aging. The mechanisms that lead 
to age-related consequences are difficult to elucidate 
because of the overlapping interplay among the endo-
crine organs. Active intervention should be limited to 
individuals with clinical symptoms.
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24
Endocrine emergencies
Simon Aylwin, Ben Whitelaw

Urgent and emergency presentations of endocrine 
disorders are relatively uncommon, but they carry 
a significant mortality, especially if unrecognized. 
The endocrinologist may solely be responsible for 
the care of the patient or may be contacted to inter-
pret a complex multisystem presentation, to verify a 
diagnosis, and to guide management. This chapter 
covers a range of endocrine emergencies and is divided 
into five sections: (1) pituitary emergencies, (2) adre-
nal emergencies, (3) thyroid emergencies, (4) salt and 
mineral emergencies, and (5) neuroendocrine emer-
gencies. The related topic of diabetes emergencies is 
not discussed.

Pituitary emergencies 
(see Chapter 1)
Pituitary apoplexy
Pituitary apoplexy is a rare emergency that occurs 
due to hemorrhage and/or infarction of the pituitary.1 
It  almost always occurs in the context of a preexist-
ing  pituitary tumor, but in up to 80% of cases the 
tumor is not identified before the apoplexy (Figure 
24.1).2 Occasionally, pituitary apoplexy occurs on a 
background of a normal pituitary gland, classically 
in the case of acute severe postpartum hemorrhage 
(Sheehan’s syndrome).

A separate condition of subclinical, asymptom-
atic pituitary hemorrhage is recognized. This con-
dition is normally identified on routine imaging or 

histopathology and is not normally considered to be 
part of the clinical presentation of pituitary apoplexy.1

About 80% of patients with acute apoplexy will have 
deficiency of one or more anterior pituitary hormones 
at presentation.3 Adrenocorticotropic hormone (ACTH) 
deficiency leading to secondary hypocortisolemia is the 
most clinically significant hormone deficiency and is a 
major source of mortality in this condition.1 Secondary 
hypothyroidism affects  about 50% of cases.4 Diabetes 
insipidus (DI) is  a rare consequence, affecting only 
about 2% overall.4

Clinically, the presentation is characterized by 
sudden onset severe headache that is normally retro-
orbital, together with vomiting. Ocular palsy, most 
commonly third cranial nerve palsy, occurs in about 
70% of cases due to compression effects in the cav-
ernous sinus.5 Acute onset of visual field defects 
and reduced visual acuity is a common feature. 
Extravasation of blood to the subarachnoid space can 
cause meningism and photophobia. The clinical pre-
sentation can be acute or subacute. Risk factors for 
the precipitation of apoplexy include hypertension; 
anticoagulation, cardiac bypass, trauma, surgery, and 
pituitary function testing.

Diagnosis and assessment
The diagnosis should be considered in patients who 
present with a severe headache, with or without 
neuro-ophthalmological signs. Apoplexy can mimic 
subarachnoid hemorrhage, meningitis, and stroke. 
Computed tomography (CT) scan is often the initial 
imaging modality used, and this scan will identify 
abnormalities in 80% of cases but is diagnostic in only 
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about 20%–30% of cases.2 Magnetic resonance imag-
ing (MRI) pituitary scan will therefore be required in 
most cases. Cerebrospinal fluid (CSF) analysis, if per-
formed, may show polymorphs or lymphocytes but is 
sterile on culture.6

Clinical and biochemical assessment of endocrine 
status must be performed.1 Because apoplexy normally 
occurs in the context of a preexisting but unidentified 
tumor, assessment must include considering whether 
the tumor was functioning or nonfunctioning. Apoplexy 
in functioning tumors will often reduce or abolish the 
excess autonomous hormone secretion. Evaluation will 
include clinical and biochemical assessment for deficiency 
of anterior or posterior pituitary function. Assessment 
of visual acuity, eye movements, and visual fields is 
essential. Visual fields should be formally assessed, by 
Goldmann perimetry, as soon as practically possible.

The U.K. apoplexy guidelines1 propose that four 
aspects of the presentation are scored giving rise to 
pituitary apoplexy score (PAS) of 0–10 (Table 24.1).1 
The four areas assessed are level of consciousness, visual 
acuity, visual fields, and ocular palsy. Higher scores 
favor earlier surgical intervention.7

Management
Hormone replacement
In some circumstances, patients are relatively stable, 
allowing assessment of baseline cortisol status. 
Otherwise, the initial treatment is with hydrocortisone 
100–200 mg i.v. bolus. Followed by 50–100 mg q.d.s. 

intramuscular hydrocortisone, or a hydrocortisone 
infusion of 2–4 mg/h. Intermittent intravenous injec-
tions of hydrocortisone are less appropriate because 
much of the hydrocortisone will be rapidly cleared 
from the circulation. Once the patient is clinically 
stable, the dose of hydrocortisone should quickly be 
reduced to 20–30 mg/day in two to three divided 
doses.

Surgery
In cases where there is reduced level of conscious-
ness and/or significant visual field deficit, it is widely 
agreed that neurosurgical decompression is appro-
priate. This is reflected in such patients having 
a high PAS.7 In other cases, the role and timing of 
neurosurgical intervention are controversial. Some 
authorities report that, in general, early neurosurgi-
cal decompression  gives better visual and endocrine 
outcome8,9; other studies suggest there is no difference 
in outcome.10

Management must be by a combined endocrine–
neurosurgical team with access to specialist endocrinol-
ogy and ophthalmological expertise.

Figure 24.1
Apoplexy.

Pituitary apoplexy score (PAS) Points

Level of consciousness
Glasgow coma scale 15 0
Glasgow coma scale 8–14 2
Glasgow coma scale <8 4
Visual acuity
Normal 6/6 0
Reduced—unilateral 1
Reduced—bilateral 2
Visual field defects
Normal 0
Unilateral defect 1
Bilateral defect 2
Ocular palsy
Absent 0
Present—unilateral 1
Present—bilateral 2

Source:	 Rajasekaran S et al., Clinical Endocrinology, 74, 9–20, 2011.

Table 24.1
Pituitary apoplexy score (PAS).
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Apoplexy case study

A 50-year-old man presented with sudden 
onset severe frontal headache associated 
with right-sided ptosis complete right oph-
thalmoplegia. He also reported a 9-month 
history of weight loss, vomiting, cold intoler-
ance, poor concentration, and loss of libido. 
The MRI scan shows a sella mass with right 
parasellar extension into the cavernous sinus.

The presentation is typical of pituitary apo-
plexy in the context of undiagnosed nonfunc-
tioning pituitary adenoma. Hydrocortisone 
replacement treatment was given and urgent 
endoscopic transsphenoidal surgery was 
performed. Postoperatively, the ptosis and 
ophthalmoplegia resolved completely by 
3 months.

Rapid pituitary tumor growth/
mass effect/impending visual loss
The majority of pituitary tumors are benign and 
slow  growing, with a small proportion exhibiting 
more aggressive behavior. Tumors may present with 
mass effect or may demonstrate mass effect as part 
of tumor progression or recurrence. The most com-
mon symptom is a visual field loss due to pressure 
on the optic chiasm or other parts of the optic tracts 
or nerves. Invasion of the cavernous sinus is also 
seen in aggressive tumors, leading to both pain and 

cranial nerve palsies. Symptoms from hydrocephalus 
or brain stem compression may be seen in severe cases 
(Figure 24.2).

Diagnosis and assessment
This presentation is an indication for urgent interven-
tion to achieve tumor control and to maximize the 
possibility of reversing neurological damage. Urgent 
measurement of serum prolactin is mandatory to eval-
uate the possibility of the tumor being a prolactinoma 
and therefore amenable to shrinkage with dopamine 
agonist therapy. A baseline of assessment of neuro-
logical status together with a clinical and biochemical 
assessment endocrine function should be performed 
if possible so that subsequent interventions can be 
evaluated.

Management
Assuming the lesion is not thought to be a prolacti-
noma, surgical decompression is the first-line inter-
vention if possible. Surgery will be the quickest 
method of obtaining tumor decompression and will 
also provide tumor histology, as this is not already 
available.

If surgery is not possible, then other modalities 
singularly or in combination, should be considered. 
Radiotherapy (fractionated or single fraction) may be 
used in this situation, but its use may be limited by 
proximity of the optic nerves or chiasm.

About 70% of pituitary tumors will show tumor 
shrinkage with the use of temozolomide chemo-
therapy. This treatment is normally characterized 
as a salvage therapy, for use when all conventional 
therapies have failed,11 but in selected cases it may 
be  appropriate to use temozolomide earlier in the 
treatment algorithm.12 There is evidence that temo-
zolomide is most effective in tumors that are depleted 
of the enzyme O6-methylguanine-DNA methyltrans-
ferase (MGMT).

Figure 24.2
Aggressive pituitary tumor.
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Tumor mass effect case study

A 34-year-old man who had previously had 
surgery and radiotherapy for a resistant pro-
lactinoma presented with worsening head-
aches and bitemporal visual field loss. Over the 
next few weeks, he developed blindness in the 
left eye, painful proptosis, and bilateral cranial 
nerve VI palsies. MRI showed a 6-cm tumor 
recurrence with extension into both orbits.

Craniotomy and tumor decompression 
were unsuccessful. The patient was com-
menced on temozolomide chemotherapy 
leading to a dramatic clinical improvement 
and radiological tumor regression.

Acute severe Cushing’s syndrome
Cushing’s syndrome can arise from ACTH or non–ACTH-
based pathology. The clinical presentation is a spectrum 
from mild, subtle, and chronic features to an acute, 
severe phenotype. In its most severe form, Cushing’s syn-
drome can manifest with severe psychiatric symptoms, 
including psychosis. Other severe features can include 
proximal myopathy, accelerated hypertension, resistant 
hypokalemia, and cardiomyopathy.13 These patients are 
significantly immunosuppressed and are at risk of atypi-
cal infections such as tuberculosis and Pneumocystis carinii 
pneumonia (PCP). Cushing’s syndrome has a significant 
mortality, estimated as four times that of age-matched 
controls, and the urgency for treatment is especially high 
in those cases presenting with severe features.14

Management
After the initial investigations have confirmed the 
diagnosis, life-saving disease control measures will 
be required, often before the more definitive treat-
ment, such as transsphenoidal surgery or adrenal-
ectomy. Regardless of the underlying cause, the 
control of acute severe Cushing’s can potentially be 
obtained by either medical treatment or bilateral 
adrenalectomy.

The commonest regimen for medical blockade 
is metyrapone, ketoconazole, or both. Metyrapone 
blocks 11β-hydroxylase, the final step of cortisol syn-
thesis. The usual dose required for blockade is 2–4 g 
in three or four divided doses. The dose is titrated 
to achieve a serum cortisol level of 150–300 mmol/L 
on a day curve. Ketoconazole blocks adrenal cortisol 
synthesis at multiple points and is normally used at 
a dose of 200–400 mg three times daily. Etomidate 
is an intravenous anesthetic agent that can be used 
for control of severe hypercortisolemia, especially in 
an intensive care environment. An infusion of 1.2–
2.5 mg/h will normally block cortisol synthesis with-
out precipitating general anesthesia. These agents 
may be used as a “block & replace” regime with 
glucocorticoids added back in the form of hydrocorti-
sone or dexamethasone.

Mitotane is an adrenolytic drug that also blocks 
cortisol synthesis. It has an established role in the 
treatment of adrenocortical cancer.15 It has a slow 
onset of action that limits its use in emergency block-
ade. However, combination use of mitotane with 
metyrapone and ketoconazole has recently been show 
to give good results.16

Mifepristone is a glucocorticoid receptor antago-
nist that can be used to block the effects of acute 
severe Cushing’s syndrome. There are reports of 
it being used effectively when other agents have 
failed.17  In Cushing’s syndrome, the hypercorti-
solemia can overwhelm the protective effects of the 
enzyme  11β-hydroxysteroid dehydrogenase type  2. 
This leads to mineralocorticoid effects such as 
severe  hypokalemia. Because  mifepristone blocks 
only the glucocorticoid receptor, the mineralocor-
ticoid pathology remains untreated and hypokale-
mia remains a significant problem with mifepristone 
treatment.

Bilateral adrenalectomy may be needed to 
achieve  rapid control of severe Cushing’s syndrome. 
This can be done after a period of medical blockade 
if needed. Postoperatively, the patient will require 
permanent glucocorticoid and mineralocorticoid 
replacement.
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Diabetes insipidus (see Chapter 5)
Hypothalamic DI is a condition characterized by the 
inappropriate and excess production of dilute urine, due 
to deficiency of vasopressin. The causes of hypothalamic 
DI are listed in Table 24.2 along with causes of neph-
rogenic DI.

Diagnosis and assessment
DI is not normally an endocrine emergency (Figure 24.3). 
If the patient is alert, has an intact thirst mechanism, 
and has unrestricted access to fluid, then the situation 
is not dangerous. When one of these elements is absent, 
the need to identify the clinical situation and manage it 
become urgent.

In the acute situation, the diagnosis of uncontrolled DI 
is based on identifying inappropriately dilute polyuria. For 
these purposes, polyuria is defined as passing >200 mL/h 
for two consecutive hours, in a catheterized patient or 
>800 mL in 4 h for a noncatheterized patient. When this 
occurs, blood and urine samples should be sent simultane-
ously for urgent assessment of osmolality. Elevated plasma 

osmolality (>295 mOsm/kg) with inappropriately low 
urine osmolality (<600 mOsm/kg) is diagnostic of DI. 
The exact values used for diagnostic cut off vary.19–21

Management
A patient with known or suspected DI is at risk of severe 
dehydration and hypernatremia if they are kept nil by 
mouth or if they have a reduced level of consciousness 
for any reason. In these circumstances, the mainte-
nance of a fluid balance chart is essential to identify if a 
patient is developing a significant negative fluid balance. 
Patients who are nil by mouth should have intravenous 
fluid prescribed. The rate of infusion should be adjusted 
to maintain a neutral fluid balance. One method is to 
administer each hour the amount of fluid lost in urine 
the previous hour.

In addition to maintaining fluid balance, treatment 
of DI using desmopressin will terminate polyuria. In an 
inpatient setting, the dose used is normally 0.5–1 μg by 
subcutaneous injection every 12–24 h. Fluid balance and 
electrolytes should be regularly reevaluated to avoid over 
or undertreatment with desmopressin.

Severe Cushing’s case study

A 42-year-old lady presented with progressive proximal muscle weakness, weight gain, and changes 
in facial appearance over several weeks. On examination, she was profoundly Cushingoid with severe 
proximal muscle weakness. Investigations showed serum cortisol levels >2000 nmol/L unresponsive 
to dexamethasone. Serum ACTH levels were 500 pmol/L. Imaging showed a normal pituitary gland 
and multiple metastatic liver deposits consistent with a neuroendocrine tumor. The patient was com-
menced on medical blockade therapy with metyrapone and ketoconazole and then proceeded to 
have bilateral adrenalectomy for control of the cortisol excess.

Severe hypokalemia in Cushing’s syndrome

A serum potassium of <2.5 mmol/L is regarded as potentially severe. Symptoms include muscle weak-
ness and paralysis, hypotonia, arrhythmias, cramp, and tetany. The electrocardiogram (ECG) may show 
reduced amplitude T waves and prominent U waves. Hypokalemia in Cushing’s syndrome is normally 
caused by high levels of cortisol saturating the protective effects of 11β-hydroxysteroid dehydrogenase 
enzyme, allowing cortisol to exert a mineralocorticoid effect.

Treatment

Intravenous potassium chloride treatment should be given. The recommended infusion rate is to not 
exceed 10 mmol/h. Central venous access should be obtained for this because concentrated potas-
sium solutions can cause pain and phlebitis in peripheral veins. In emergency situations, potassium 
has been given at rates of up to 40 mmol/h.18 Patients with abnormal ECG due to hypokalemia should 
have continuous cardiac monitoring during treatment until the abnormalities resolve.

Specific treatments for mineralocorticoid hypokalemia would include mineralocorticoid antago-
nists such as spironolactone and eplerenone. Severe Cushing’s syndrome leading to hypokalemia 
can be treated, in part, by blocking cortisol synthesis using ketoconazole, metyrapone, or both as 
described above.
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Identify polyuria
(>800 mL in 4 h or equivalent)

Laboratory sample for paired
urine and serum osmolality

Serum >295
and urine <600 mOsm/kg

Desmopressin: injection 1 μg s/c Ensure hydration: oral hydration (guided by thirst); or
intravenous hydration (see text)

Serum <295
and/or urine >600 mOsm/kg

Diabetes insipidus con�rmed Appropriate diuresis

Re-evaluate as
appropriate

Figure 24.3
Algorithm for inpatient assessment of suspected. Desmopressin.

Causes of hypothalamic DI Causes of nephrogenic DI

Inflammatory conditions Hypercalcemia
Lymphocytic hypophysitis, sarcoidosis, 

Langerhans’ cell histiocytosis, tuberculosis
Hypokalemia

Trauma and neurosurgery Hyperglycemia
Vascular infarction or sickle cell Drugs, e.g., lithium, demecolcine
Infection—meningitis, encephalitis Vascular
Tumor, e.g., craniopharyngioma, pituitary 

metastasis
Chronic kidney disease

Hypothalamic disease Genetic/Familial syndromes
Genetic—vasopressin gene mutation (AD) DIDMOAD Postobstructive uropathy
DIDMOAD is a genetic cause so should follow on 

from the line above 
Idiopathic

AD, autosomal dominant; DIDMOAD, Diabetes insipidus, diabetes mellitus, optic atrophy, and deafness.

Table 24.2
Causes of hypothalamic DI and nephrogenic DI.
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DI case study

A 35-year-old man with known DI, normally 
managed with oral desmopressin, was admit-
ted after a road traffic accident. He was taken 
for urgent surgery to his right leg. He is kept 
nil by mouth preoperatively, and postop-
eratively he is drowsy. The orthopedic team 
gives him intravenous fluid (1 L of 0.9% saline 
over 8 h). The following day he is very drowsy 
and confused, blood tests show hypernatre-
mia, and the patient’s fluid chart suggests he 
may have passed 8 L of urine.

Serum sodium 158 mmol/L
Serum osmolality 332 mOsm/kg
Urine osmolality 85 mOsm/kg

This case demonstrates the potentially 
severe consequences of untreated DI in cir-
cumstances where the patient does not have 
free access to fluids. The management at this 
point is to give desmopressin 1 μg s.c. and to 
give intravenous fluids with monitoring in a 
high-dependency environment.

Adrenal emergencies
Pheochromocytoma crisis5
Pheochromocytomas and paragangliomas are 
chromaffin-derived tumors of the adrenal medulla 
or the extra-adrenal autonomic nervous system, 
respectively. They may be functioning, meaning 
that they secrete adrenaline, noradrenaline, dopa-
mine, or a combination, or they may be nonfunction-
ing.22 Pheochromocytomas can present in a variety of 
ways. The patient may present with symptoms either 
continuously or paroxysmal. It is becoming increas-
ingly common for pheochromocytoma to be first 
identified from abdominal imaging done for another 
purpose. In such cases, retrospective history-taking 
may identify symptoms attributable to catecholamine 
excess.23

Pheochromocytoma crisis is a rare, life-threatening 
emergency. The most severe form of presentation  is 
pheochromocytoma multisystem crisis. It is characterized 
by multiorgan failure, hyperpyrexia, encephalopathy, 

and hypertension or hypotension.24 The presentation 
can mimic sepsis, leading to a delay  in diagnosis. The 
term “adrenergic apoplexy” has been used to describe 
this presentation. Other manifestations of the pheochro-
mocytoma crisis include cardiovascular and respiratory 
compromise, such as hypertensive crisis, shock, arrhyth-
mias, acute myocardial infarction, pulmonary edema, 
and myopathy.25

Catecholamine cardiomyopathy is rare but well rec-
ognized. The classic presentation is symptoms and signs 
consistent with myocardial infarction but no evidence 
of coronary artery stenosis. Echocardiogram demon-
strates transient left ventricular apical ballooning. The 
condition has been called takotsubo cardiomyopathy 
because it is said that the shape of the heart resembles 
a Japanese octopus fishing pot called a  takotsubo. 
Inverted takotsubo cardiomyopathy has  also been 
described with basal and midventricular hypokinesia 
and sparing of the apex.26,27

The pathological process underlying all the aspects of 
the crisis is acute excess catecholamines. In most cases, 
the precipitant cause is unclear. Potential precipitating 
factors include surgery and anesthesia some studies have 
suggested a relation to administration of glucagon28 and 
glucocorticoids.29–31

Diagnosis and assessment
The diagnosis should be considered in patients with 
acute unexplained left ventricular failure, lactic acido-
sis, multisystem failure, or hypertensive crisis. Urine 
and plasma samples should be obtained for assessment 
of catecholamines and metabolites (metanephrines). 
It  should be recognized that in the context of acute 
illness there is no established normal range.

Imaging should be obtained to confirm or exclude 
the presence of an adrenal or extra-adrenal mass. It 
should be recognized that incidental adrenal nodules are 
common, found on approximately 2%–4% of CT scans, 
so clinicians should be cautious about overinterpreting 
the finding of a nodule.32 Extra-adrenal pheochromocy-
tomas (functioning paragangliomas) can be the source 
of a catecholamine crisis, and these can be found in a 
variety of locations; most commonly they are in a para-
spinal location arising from the sympathetic chain, but 
also can be retroperitoneal, mediastinal, cervical, and 
pelvic.25

Management
Supportive management is required, normally in an 
intensive care environment. Presentations with severe 
cardiac failure may be complicated by cardiac arrest 
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and may require mechanical treatment of severe left 
ventricular failure, such as intra-aortic balloon pump 
therapy33 or extracorporeal membrane oxygenation 
therapy.34,35

Patients with pheochromocytoma crisis are often sig-
nificantly hypovolemic, and expansion of the circulating 
volume, with intravenous fluids, will be required, con-
current with or before commencement of α blockade, to 
prevent severe hypotension.36

Once the diagnosis is suspected, α blockade should 
be initiated. Phenoxybenzamine, a noncompetitive 
α-blocker, is the preferred drug. This drug can be 
given enterally, normally by nasogastric tube, or intra-
venously. The enteral starting dose is 10 mg three 
times daily, normally increasing to 60–80 mg/day in 
three to four divided doses.33,37 Entral doses up to 250 
mg/day have been required.38 In the context of a crisis, 
intravenous phenoxybenzamine is given at a dose of 
1–2 mg/kg.39

Phentolamine is an alternative α-blocker, but it is 
a short acting and thus less useful to establish stable 
blockade. It can be used intravenously at a dose of 
1 mg/min to correct severe hypertensive crisis due 
to pheochromocytoma. An infusion of 20–100  mg 
in 500 mL of dextrose can be used for maintenance. 
Doxazosin is a competitive α-antagonist and is there-
fore not a preferred choice because high levels of 
adrenaline and noradrenaline would overcome the 
antagonist effect.

In addition to α blockade, intravenous magnesium 
has been shown to improve hemodynamic status in 
acute pheochromocytoma crisis.40 The dose used is 
4 g as an intravenous bolus followed by an infusion of 
1 g/h.

After adequate α blockade has been established, 
β-blockers can subsequently be used to control reflex 
tachycardia or tachyarrhythmia. β-Blockers must not 
be used before α blockade because the unopposed α 
adrenergic activity can exacerbated a hypertensive crisis. 
The combined α- and β-blocker labetalol is not recom-
mended as a single agent because its β-blocker activity 
exceeds the α activity that can exacerbate hypertensive 
crisis.41

Surgical removal of the pheochromocytoma is 
the definitive treatment, and this surgery should 
be arranged urgently once α and β blockade are 
established.

If surgical cure is not possible, for example, in 
unresectable or metastatic disease, the most estab-
lished systemic treatment is MIBG radionucleo-
tide  therapy. Alternative targeted therapies such as 
the multikinase  inhibitor sunitinib have also been 
used.42

Pheochromocytoma case study

A 50-year-old lady presented with collapse 
and breathlessness. She was found to have 
severe hypertension, severe left ventricular 
failure, and acute renal failure. Serum tropo-
nin I was elevated (>50 μg/L). She was admit-
ted to intensive care and given supportive 
management for presumed acute coronary 
syndrome. Coronary angiogram was normal 
and further imaging demonstrated left supra-
renal mass. The patient reported an 8-year 
history of palpitations, sweating, acute epi-
sodes of pallor, and resistant hypertension.

Biochemistry confirmed the diagnosis of 
pheochromocytoma that was treated surgi-
cally after preoperative α and β blockade.

Addisonian crisis/acute adrenal 
insufficiency (see Chapters 13, 20)
Acute adrenal crisis is a potentially life-threatening 
complication of adrenal insufficiency.

It most frequently affects patients known to have 
chronic adrenal insufficiency in the context of a precipi-
tating event such as intercurrent illness. Alternatively, it 
may be the first presentation of previously undiagnosed 
adrenal insufficiency.

Adrenal insufficiency may be primary or sec-
ondary. The causes of primary adrenal insufficiency 
include autoimmune adrenalitis, infiltration, infection 
(particularly tuberculosis), adrenal hemorrhage, and 
infarction. Secondary causes are due to hypothalamic–
pituitary pathology, leading to ACTH deficiency, and 
consequent glucocorticoid deficiency. In secondary 
adrenal insufficiency, mineralocorticoid activity is 
preserved because it is under the control of the renin 
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angiotensin system, rather than ACTH. The prolonged 
use of exogenous steroids, including inhaled steroids,43 
is a common cause of suppression of the hypothalamic–
pituitary–adrenal (HPA) axis and secondary adrenal 
insufficiency.

The acute presentation is highly variable. Hypo-
tension, shock, and circulatory failure are the classic 
symptoms in a patient with combined glucocorticoid 
and mineralocorticoid deficiency.44 There are many other 
symptoms that may be present and may precede the 
crisis, including headache, nausea, vomiting, abdomi-
nal pain, weakness, lethargy, and confusion. There are 
reports of atypical presentations such as cerebral edema45 
and suspected myocardial infarction.46

The incidence of adrenal crisis in patients with 
known adrenal insufficiency is 3%–5% per annum. 
This incidence is confirmed by a survey of 444 patients 
with known adrenal insufficiency that reported that 
42% had experienced at least one episode of adrenal 
crisis.47 The patients in the survey had adrenal insuf-
ficiency for a median of 10 years, and a crisis was defined 
as acute illness requiring hospital admission and intra-
venous hydrocortisone.

Diagnosis and assessment
Clinical features are often nonspecific and may be atypi-
cal. The most important aspect of making the diag-
nosis is to consider the condition at all. The diagnosis 
will clearly be easier to suspect in patients with known 
preexisting pituitary or adrenal pathology. The initial 
available investigations may demonstrate hyponatremia 
and hyperkalemia, in primary adrenal failure, that will 
increase the degree of suspicion.

Other groups of patients who should be considered 
at risk include patients known to have a personal or 
family history of autoimmune disorders. Infectious dis-
eases known to cause adrenalitis, such as tuberculosis, 
cytomegalovirus, and human immunodeficiency virus 
(HIV), are a risk factor. Medications that either reduce 
cortisol synthesis, such as ketoconazole, or increase cor-
tisol metabolism, such as rifampicin or phenytoin, also 
give increased risk of crisis.

Investigation, in the context of acute hypotension 
and circulatory compromise, needs to be brief, because 
of the requirement to proceed with treatment. A serum 
sample should be obtained to measure cortisol. If pos-
sible, baseline samples for ACTH, renin, and aldoste-
rone should also be obtained, recognizing that these 
samples have more stringent requirements for collection 
and need to be transferred to the laboratory urgently. If 
the patient is stable, an ACTH stimulation (Synacthen) 
test can be performed. Often, it is necessary to com-
mence glucocorticoid replacement urgently, in which 

case it can either be subsequently interrupted or the 
ACTH stimulation test can be conducted on dexameth-
asone. Acute adrenal insufficiency is unlikely if either 
the basal or the 30-min stimulated cortisol samples are 
>550 nmol/L.48,49

If hypocortisolemia is identified, primary adrenal 
disease may be distinguished on the basis of elevated 
ACTH, low aldosterone, and high renin. Secondary 
adrenal insufficiency is associated with low ACTH 
(Table 24.3).

The presentation and investigations may demon-
strate associated hypoglycemia and hypercalcemia. 
Thyroid function may be abnormal for a variety of rea-
sons. Elevated TSH with low free levothyroxine (fT4) 
is known to occur in untreated hypoadrenalism in the 
absence of any separate thyroid disorder. The TSH is 
normally only slightly elevated to <10 U/L and nor-
malizes once the hypoadrenalism has been treated.50 
In addition, primary autoimmune hypothyroidism is 
associated with autoimmune adrenalitis; and in hypopi-
tuitarism, secondary thyroid and adrenal deficiency are 
often observed together.

Management
General measures
Fluid and electrolyte replacement can begin as soon 
as there is a clinical need and/or a suspicion of adre-
nal insufficiency.50 Normally, treatment would be with 
intravenous 0.9% saline, guided by clinical assess-
ment of circulatory status. Hypoglycemia should be 
treated with 10% or 20% glucose infusion (see section: 
Neuroendocrine emergencies “Severe hypoglycemia”).

Precipitating conditions such as infection should be 
treated after appropriate investigation and cultures have 
been taken.

 
Primary 
hypoadrenalism

Secondary 
hypoadrenalism

Sodium ↓↓ ↓
Potassium ↑ ↔
pH ↓ ↔
Renin ↑ ↔
Aldosterone ↓ ↔
ACTH ↑ ↓

Table 24.3
Primary hypoadrenalism as distinguished from 
secondary hypoadrenalism.
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Specific measures
Hydrocortisone is given intravenously or intramuscu-
lar at a dose of 100–200 mg initially. The maintenance 
dose is normally 100 mg intramuscular four times per 
day while the patient is acutely unwell, or a hydrocor-
tisone infusion of 2–4 mg/h.44 Intermittent intravenous 
injections of hydrocortisone are sometimes used but 
are in principle less appropriate because much of the 
hydrocortisone will be rapidly cleared from the circu-
lation. Separate mineralocorticoid replacement is not 
required while high doses of hydrocortisone are being 
administered, because the high-dose hydrocortisone has 
adequate mineralocorticoid activity.

Once the patient is clinically stable, the hydrocor-
tisone can be administered orally, and the dose can 
quickly be reduced to 20–30 mg/day, in two to three 
divided doses. A standard regime would be 10 mg on 
first waking, followed by 5 mg at noon and 5 mg at 
4 p.m. Patients who have primary adrenal deficiency will 
also need fludrocortisone therapy at a dose 50–200 μg, 
guided by blood pressure, electrolytes, and plasma renin.

Massive adrenal tumor 
(see Chapter 10)
Small adrenal nodules are relatively common and radio-
logical series suggest a 5% prevalence, with the over-
whelming majority being nonfunctioning adenoma.51 
Adrenal lesions that are massive (>10 cm in size) are 
more likely to be adrenocortical carcinoma (ACC).52 
Adrenocortical carcinoma may present with the endo-
crine effects of the tumor, such as features of Cushing’s 
or virilization. In the majority, the tumor is hormone 
silent, in which case it may be detected incidentally 
or because of mass effect. A suspected ACC requires 
urgent preoperative clinical and biochemical endocrine 
assessment to enable appropriate staging, identification 
of preoperative tumor markers, and appropriate periop-
erative hormone management. Interestingly, although 
up to 50% of ACCs are said to be clinically silent, it 
has been shown that the urinary steroid profile of these 
patients has a very high sensitivity for distinguishing an 
ACC from a nonadrenal tumor.53

Management
Although usually stable, patients with large adrenal 
masses frequently present with abdominal pain and may 
require urgent investigation in the hospital. Further 
management normally includes complete resection of 
the primary tumor and then the use of adjuvant mito-
tane chemotherapy.54

Massive adrenal tumor case study

A 25-year-old man presented with left-sided 
abdominal pain. Found to have a palpable 
left upper quadrant mass. CT scan showed 
a 20-cm left adrenal tumor consistent with 
ACC, confirmed with preoperative urine and 
serum biochemical assessment. Staging 
was completed with axial imaging and fluo-
rodeoxyglucose-positron emission tomog-
raphy (FDG PET), demonstrating two lung 
metastases.

The primary tumor was surgically resected. 
Subsequently, the two pulmonary metas-
tases were surgically resected in a planned 
second-stage procedure. The patient was 
commenced on adjuvant therapy with mito-
tane and remains well 4 years later, with no 
evidence of recurrence.

Thyroid emergencies 
(see Chapter 13, 14)
Thyroid storm
Thyroid storm, also known as accelerated hyperthyroid-
ism, is an acute presentation of severe hyperthyroid-
ism. It is now exceptionally uncommon. The mortality 
is reported as 20%–50%,55 but there are no data from 
the modern era. Presentation may be precipitated by 
surgery, infection, or trauma.

Diagnosis and assessment
The diagnosis is based on the clinical features. Patients are 
likely to have tachycardia, pyrexia, delirium, or agitation. 
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Congestive cardiac failure, hypotension, and cardiovas-
cular collapse can occur. Abdominal pain, vomiting, and 
diarrhea may be present.

Thyroid storm is the most severe end of a spectrum 
of hyperthyroidism, but there are no clear or universally 
accepted criteria to distinguish it from severe hyper-
thyroidism. A scoring system was proposed in 1993 by 
Burch and Wartofsky to clarify the diagnostic criteria55 
(Table 24.4).56 The scoring system evaluates seven dif-
ferent symptoms or physiological parameters (fever, 
tachycardia, cognitive effects, cardiac failure, atrial 
fibrillation, gastrointestinal (GI) symptoms, and pre-
cipitating factors). The maximum score is 140. A score 
of more than 45 is highly suggestive of thyroid storm; 

conversely, a score of less than 25 makes thyroid storm 
unlikely.

Thyroid function tests will demonstrate primary 
hyperthyroidism. The levels of T3 and T4 are not signifi-
cantly higher in patients with thyroid storm compared 
with patients with uncomplicated hyperthyroidism. The 
reasons why some experience more severe clinical features 
are unknown but is thought to be related to enhanced 
susceptibility to the effects of thyroid hormone, adrener-
gic effects, or both. Other investigations will be aimed 
at assessing the severity of the presentation, including 
chest x-ray and ECG; or identifying an underlying cause, 
including at technetium thyroid  uptake scan, thyroid 
peroxidase (TPO), and TSH receptor antibodies.

Burch–Wartofsky score13

Criteria Points Criteria Points

Fever Tachycardia
37.2–37.7 5 99–109 5
37.7–38.3 10 110–119 10
38.3–38.9 15 120–129 15
38.9–39.4 20 130–139 20
39.4–40 25 >140 25
>40 30
Central nervous system (CNS) effects Congestive cardiac failure
Absent 0 Absent 0
Mild (agitation) 10 Mild (peripheral edema) 5
Moderate (delirium, psychosis, extreme 

lethargy)
20 Moderate (bibasal crepitations) 10

Severe (pulmonary edema) 15
Severe (seizures, coma) 30 Atrial fibrillation
GI disturbance Absent 0
Absent 0 Present 10
Moderate (diarrhea, nausea, vomiting, 

abdominal pain)
10

Severe (unexplained jaundice) 20
Precipitating event
Absent 0
Present 10

Source:	 Sarlis NJ, Gourgiotis L, Reviews in Endocrine & Metabolic Disorder, 4, 129–36, 2003. 
Note:	 Overall score is obtained by adding the scores from each of the seven criteria (range, 0–140); Score >45—highly suggestive of thy-
roid storm; score 25–45—suggests impending storm; score <25—unlikely thyroid storm.

Table 24.4
Burch–Wartofsky scoring system for thyroid storm as distinguished from severe hyperthyroidism.
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Management
Treatment is aimed at stabilizing and supporting the 
patient and rapidly reducing the levels of active circu-
lating thyroid hormones. Supportive treatment includes 
monitoring and management of ventilatory and circu-
latory state in an intensive care environment. Sedation 
with benzodiazepines may be needed to treat agitation. 
Active cooling and paracetamol are first-line treatments 
for pyrexia. Chlorpromazine can be used to treat both 
agitation and pyrexia. Dantrolene is the treatment for 
resistant hyperpyrexia.

There are four groups of medications that are likely 
to be used to reduce circulating thyroid hormones:

β-blockers, antithyroid medication, iodine-containing 
agents, and glucocorticoids.

β-Blockers
β-Blockers are routinely used to control adrenergic 
symptoms of hyperthyroidism, and their use is recom-
mended in accelerated hyperthyroidism. Propranolol 
is a nonselective β-blocker and is the drug of choice 
due to both its nonselectivity and also because it can 
block peripheral conversion of T4 to T3.57 The recom-
mended oral or nasogastric dose is 40–60 mg four 
times daily. Higher doses may be required because 
propranolol is metabolized faster in thyrotoxicosis.58 
The intravenous dose of propranolol is 0.5–1 mg given 
over 10 min.

Many patients presenting with thyroid storm will 
have congestive cardiac failure, a core part of the 
syndrome. β-Blockers are an essential part of the 
management of thyroid storm, and control of severe 
tachycardia can improve cardiac function. However, 
some caution should be used because of the risk of 
exacerbating cardiac failure and precipitating cardio-
vascular collapse.59 Intravenous use of the short-acting 
β-blocker esmolol is thought to be safer if there is sig-
nificant congestive cardiac failure. The initial loading 
dose is 250–500 μg/kg i.v., followed by an infusion 
of 50–100 μg/kg/min.60 If β-blockers are contrain-
dicated, then nondihydropyridine calcium channel 
blockers, such as diltiazem, can be considered, but 
their effectiveness is disputed.59,61

Antithyroid drugs 
Propylthiouracil and carbimazole (and methimazole 
in the United States) are antithyroid drugs (ATDs) 
that inhibit the enzyme thyroperoxidase and there-
fore block synthesis of thyroid hormone. Large doses 
of ATDs are recommended as part of the treatment 
of thyroid storm.56,62 Propylthiouracil is preferred to 
carbimazole because of its additional ability to block 

peripheral conversion of T4 to T3. The recommended 
dose is 200 mg four times daily oral or nasogastric, if 
the patient cannot swallow.

Iodine and iodine-containing contrast agents
In the thyrotoxic state, short-term administration 
of iodine blocks the release of preformed thyroid 
hormone from the thyroid gland and also inhibits 
further thyroid hormone synthesis (Wolff–Chaikoff 
effect). This may seem paradoxical because iodine 
is an essential substrate of thyroid hormone produc-
tion, but the effect is well documented. Levels of 
fT4 can show a 50% fall by day 4 and normalization 
at day 9.63

Iodine-containing contrast agents such as sodium 
ipodate (Orografin®) are thought to be even more effec-
tive than iodine because they both block the release of 
preformed thyroid hormone and inhibit the peripheral 
conversion of T4 to T3.64

After this initial rapid blockade of thyroid hormone 
release, the further administration of iodine or ipodate 
may be ineffective. This effect is described as “escape” 
from the inhibitory effects of iodine that can potentially 
lead to enrichment of thyroid iodine stores, and ulti-
mately worsening of the hyperthyroidism.65 For this 
reason, it is important that iodine is either used concur-
rently with other treatments or is used before planned 
date of surgery, normally after 7–10 days of iodine 
treatment.

The dosing of iodine and iodine contrast agents 
can be confusing because there are several prepara-
tions, and many texts refer to oral iodine in “drops,” 
a nonstandard unit. The classic preparation is Lugol’s 
iodine, named after French physician Jean  Lugol 
(1786–1851), who originally promoted its use to 
treat tuberculosis. Lugol’s iodine is a solution of ele-
mental iodine and potassium iodide in water. The 
full-strength solution contains 5% iodine and 10% 
potassium iodide. The iodine content of the solution 
means that it is potentially irritant to mucosa and 
should be used in dilution. A dose of 10 mL of 5% 
Lugol’s is reported to cause gastric erosions.66 Dosing 
recommendations vary from 3 drops twice per day67 to 
10 drops every 8 h.68

There are 20 drops to a milliliter, making one drop 
equal to 0.05 mL.

An alternative preparation to Lugol’s is saturated 
solution of potassium iodide (SSKI) that contains 
1000  mg of potassium iodide per milliliter of solu-
tion. This preparation contains iodide rather than 
iodine and is not irritating to mucosa. Again the rec-
ommended doses vary from 1 to 5 drops, two to four 
times per day.68 Five drops of SSKI is estimated to 
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provide 250 mg of iodide. The recommended oral dose 
of the contrast agent sodium ipodate is 500–1000 mg 
daily.

Steroids/glucocorticoids
Glucocorticoids inhibit the release of thyroid hor-
mone from the thyroid gland and also inhibit the 
peripheral  conversion of fT4 to fT3. They are there-
fore useful adjunctive treatments in thyroid storm to 
aid control of the thyrotoxicosis. Normally, hydrocor-
tisone or dexamethasone is used intravenously or by 
nasogastric tube.

Combined treatment
Initially, propranolol (40 mg q.d.s.) and propylthiouracil 
(200 mg q.d.s.) are commenced. At least 1 h after these 
medications have been commenced, oral iodine can be 
given (five drops = 0.25 mL; can be given four times 
per day). The rationale for a slight delay in commencing 
the iodine is that the effect of iodine on the thyroid is 
not entirely predictable. There is a theoretical risk that 
iodine can exacerbate hyperthyroidism, hence the delay 
in introducing it. Glucocorticoids can be given at any 
stage.

Aspirin should be avoided if possible because it can 
increase fT4 and fT3 levels by interfering with protein 
binding. If conventional treatment is unsuccessful, 

plasma exchange could be considered because there 
has been some success reported69 (Table 24.5).

Myxedema coma
Myxedema coma is a presentation with severe and 
decompensated hypothyroidism.70 It is a rare condition, 
mostly seen in elderly women. The mortality is esti-
mated at up to 50%.71–73 Clinical features may include 
hypothermia, bradycardia, hypotension, hypoglycae-
mia, altered mental state, and circulatory and respira-
tory failure. Despite the wide use of the term, coma is 
not required to make the diagnosis, because confusion 
and other more minor degrees of altered mental state are 
sufficient. Some studies suggest that the term “myxo-
edema crisis” should be used in preference to myxedema 
coma.67

Diagnosis and assessment
The diagnosis should be considered in patients who 
have unexplained altered mental state, especially if 
they have hyponatremia, hypoglycemia, or hypother-
mia (Box 24.1). The essential elements of the condi-
tion are clinical and biochemical hypothyroidism, 
significantly altered mental state, with or without 
hypothermia.73,74

 Medication Dose Rationale

β-Blockers Propranolol
Esmolol i.v.

40–80 mg oral 6 hourly
250–500 μg/kg i.v., then 

50–100 μg/kg/min

Controls adrenergic 
symptoms

ATDs Propylthiouracil (PTU)
Carbimazole (CBZ)

200 mg oral 6 hourly
20 mg oral 6 hourly

Inhibit synthesis of 
thyroid hormone 
(PTU also blocks 
peripheral conversion 
of T4 to T3)

Iodine and iodine-
containing agents

Lugol’s iodine
Potassium iodide (SSKI)
Sodium ipodate

0.5 mL (10 drops) 8 hourly
1–5 drops 6–12 hourly
500–1000 mg daily

Inhibit the release and 
synthesis of thyroid 
hormone

Glucocorticoids Dexamethasone 2 mg 6 hourly Inhibit the release of 
thyroid hormone and 
block peripheral 
conversion of T4 to T3

Table 24.5
Management of thyroid storm.
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Most studies demonstrate that older patient have a 
worse outcome.72,75 The other factors that predict poor 
outcome in myxedema coma are lower level of con-
sciousness, as measured by Glasgow coma score (GCS), 
and greater physiological derangement (e.g., Acute 
Physiology and Chronic Health Evaluation II score 
[APACHE II] score).73 Often, the acute presentation 
with myxedema coma relates to a precipitating factor, 
such as infection, myocardial infarction, stroke, CNS 
depressant medication, or electrolyte imbalance. One 
series reported that infection was the precipitant in 74% 
of cases diagnosed.71

Management
There are three aspects to management of myxedema 
coma. The first aspect is general supportive treatment 
and includes circulatory and ventilatory support, often 
requiring intubation and ventilation, and intravenous 
volume expansion in an intensive care unit. Other 
aspects of supportive management include intrave-
nous glucose for hypoglycemia and active warming for 
hypothermia.

The second aspect of management is treatment of 
any underlying precipitant, such as infection, cardio-
vascular event, or withdraw a precipitating drug. The 
third aspect is the urgent replacement of thyroid hor-
mone. The optimal replacement regime is controversial, 
and there are minimal trial data to guide management. 
The clinical questions center on whether a loading dose 
is required before maintenance therapy, whether intra-
venous preparations are preferable, and finally whether 
T3 should be used in preference to T4 or whether a 
combination of T3 and T4 is best.70

Loading dose of T4
Some studies recommend a loading dose of T4.67,76 The 
rationale is to saturate thyroid hormone stores and to 
rapidly achieve steady-state hormone replacement. 

However, it is widely believed that a loading dose is 
unnecessary and potentially dangerous.77,78 It is there-
fore appropriate to proceed straight to maintenance 
replacement treatment.

Intravenous or enteral replacement
Some studies recommend that thyroid hormone treat-
ment should be given intravenously; others argue that 
enteral administration is as effective as intravenous 
administration. The justification for intravenous treat-
ment is that the poor circulatory and hypometabolic 
state may make enteral absorption unpredictable.76 In 
the United Kingdom, intravenous liothyronine (T3) is 
available but intravenous T4 may be unavailable or dif-
ficult to obtain urgently.

Maintenance dose: T4, T3, or both
The options for maintenance treatment are either 
to  give T4 alone, T3 alone, or a combination of T4 
and T3. Again, there is controversy surrounding 
the recommendations. The argument for giving T3 
maintenance treatment is that it has greater bio-
logical activity and a more rapid onset of action that 
would, theoretically, lead to more rapid restoration of 
thyroid action at a cellular level. Conversely, T4 has a 
lower level of biological activity, and the conversion 
of T4 to T3 by 5-deiodinase is impaired during acute 
illness.

The theoretical advantages of giving T3 replace-
ment to treat myxedema coma have not led to any 
clear evidence of improved outcomes associated with 
its use. In fact, the administration of higher doses of 
T3, and/or the presence of higher calculated levels 
of T3, have been shown to correlate with increased 
mortality.72

Yamamoto et al. report a series of eight patients. The 
first three were treated with high-dose T3 and all died; 
the subsequent five cases were treated with low-dose T3 
or T4 and all survived. They subsequently reviewed the 
published literature and concluded that a daily replace-
ment dose of >75 μg T3 or >500 μg T4 is associated 
with an increased mortality at 1 month.78

One accepted maintenance replacement treatment 
regime is to give T4 50–100 μg/day either oral (by 
nasogastric tube if required) or intravenous. T4 can 
be supplemented with T3 at a dose of 5–10 μg every 
8 h.67

It is recommended that patients presenting with 
myxedema coma are given a stress dose of hydrocorti-
sone replacement to treat possible coexistent hypocor-
tisolemia. Normally, this dose would be 50–100 mg 
q.d.s. i.m. hydrocortisone (see section on Addisonian 
crisis) (Box 24.2).

Box 24.1  Diagnosis of myxedema coma

Myxedema coma requires all of 
the following:

1.	 Clinical features of severe hypothyroid-
ism, including at least one of the fol-
lowing: hyponatremia, hypoglycemia, 
bradycardia, and hypothermia

2.	 Altered mental state

3.	 Biochemical evidence of hypothyroid-
ism, either primary or secondary
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Salt and mineral emergencies
Severe hypercalcemia (see Chapter 11)
Severe hypercalcemia is normally defined on the basis 
of serum calcium >3.5 mmol/L (>14 mg/dL). If severe 
symptoms are present together with a serum calcium 
3.0–3.5 mmol/L, this condition would also be included.

The emergency presentation is characterized by con-
fusion, vomiting, and dehydration.

Diagnosis and assessment
The range of possible symptoms is extensive and 
includes GI, neurological, cardiovascular, and renal 
systems. Severe cases may present obtunded or coma-
tose with dehydration and acute kidney injury. Severe 
hypercalcemia leads to a widening of the QRS com-
plexes and widening of the T waves progressing to 
arrhythmia and, on occasions, cardiac arrest. The com-
monest causes are malignancy, accounting for 50% 
of hospital inpatient cases, and primary hyperpara-
thyroidism. Other causes are shown in Box 24.3 and 
investigations in Box 24.4.

Treatment
The initial standard treatment of severe hypercalcemia 
is intravenous fluid together with bisphosphonates and 
calcitonin (Table 24.6). Large volumes of normal saline 
should be given to restore the intravascular circulation. 
The rate at which fluid can safely be given will vary, 
but initial rates are 200–300 mL/h, aiming for 3–6 L/
day, provided the patient is not edematous. Frusemide 
can be given if the patient becomes edematous, but it is 
not routinely recommended because the injudicious use 
of frusemide will promote dehydration, which worsens 
hypercalcemia. Frusemide also depletes other electro-
lytes (potassium and magnesium) that increase the risk 
of arrhythmia.

Calcitonin can be used as a short-term, rapid-onset 
agent to lower serum calcium levels. It works by 

inhibiting both bone resorption and tubular calcium 
reabsorption. The dose of salmon calcitonin is 4–8 U/kg 
given intramuscularly every 6–12 h. Onset of action is 
within 2 h, but there is tachyphylaxis after 2–3 days. 
Hemodialysis can be used for the treatment of life-
threatening hypercalcemic crisis, for example, with 

Box 24.2  Acute management 
of myxedema coma

1. General supportive treatment
2. Treatment of any underlying precipitant
3. Thyroid hormone replacement ( T4 or T3 or 

both can be given)
4. Hydrocortisone treatment 100 mg 6 hourly i.v.

Box 24.3  Causes of hypercalcemia

Hyperparathyroidism—Primary

	 Tertiary

Malignancy—parathyroid hormone–related 
protein (PTHrp)-mediated

Bone metastases

Myeloma

Granulomatous conditions, e.g., sarcoidosis

Addison’s disease

Hyperthyroidism

Familial hypocalciuric hypercalcemia (calcium- 
sensing receptor [CaSR] mutation)

Vitamin D toxicity and milk alkali syndrome

Drugs: thiazides, bendroflumethiazide, lith-
ium, vitamin A

Immobilization

Renal failure

Congenital, e.g., William’s syndrome

Box 24.4  Investigation of hypercalcemia

Parathyroid hormone (PTH)

Thyroid function tests

9 a.m. cortisol (± ACTH stimulation test)

Serum electrophoresis/immunoglobulins

Serum angiotensin-converting enzyme (ACE)

PTHrp

CXR ± CT chest/abdomen/pelvis

Urinary calcium/creatinine
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a serum calcium of >4.5 mmol/L, which is not rapidly 
responding to initial treatment.

Intravenous bisphosphonates inhibit bone resorp-
tion and are an effective treatment for hypercalcemia. 
Pamidronate (60–90 mg) or zoledronic acid (4 mg) is 
normally used as an intravenous infusion. The serum 
calcium begins to fall with 2 days and reaches its maxi-
mum effect after 5–7 days. The infusion can be repeated 
at intervals of 1–4 weeks as required.

Treatment of the underlying cause, such as parathy-
roidectomy, should be considered. Steroids are effective 
in the treatment of hypercalcemia caused by vitamin 
D intoxication, granulomatous disease, and myeloma, 
but they are not recommended outside of these circum-
stances. Cinacalcet is a calcium mimetic that can be 
used to lower serum calcium levels in hyperparathyroid-
ism caused by parathyroid cancer.

Severe hypocalcemia (see Chapter 11)
Acute hypocalcemia causes neuromuscular excitability. 
Symptoms, if present, include paraesthesia that classi-
cally affects the hands, feet, or lips; carpopedal spasm; 
tetany; laryngospasm; and seizures. Chvostek’s sign 
(twitching of the facial muscles in response to tap-
ping facial nerve) and Trousseau’s sign (carpal spasm in 
response to occlusion of the blood supply to the upper 
arm) may be seen. Arrhythmias may occur, and ECG 
may show a prolonged QT interval. Hypotension due to 
hypocalcemia-mediated vasodilation may be observed 
(Box 24.5).

Diagnosis and assessment
Acute symptomatic hypocalcemia should be treated as an 
emergency. The level that acute symptomatic hypocalce-
mia is likely to be seen is serum calcium <1.9 mmol/L. 
Approximately 50% of serum calcium is bound to albu-
min, leaving the remaining 50% in the ionized bio-
logically active form. The albumin binding is affected 

by pH. Assessment should include measurement of the 
serum calcium together with the assessment of magne-
sium, phosphate, renal function, pH, and bicarbonate. 
Vitamin D and PTH should also be assessed.

Treatment
Emergency treatment is with intravenous calcium 
gluconate. The usual dose is 10 mL of 10% (contains 
90 mg or 2.25 mmol of elemental calcium) admin-
istered over 10 min in 50–100 mL of 5% dextrose. 

Box 24.5  Causes of hypocalcemia

Vitamin D deficiency

Hypoparathyroidism—post neck surgery

Autoimmune

�Infiltrative: hemochro-
matosis, Wilson’s, 
granulomatous

Genetic defects—abnormal glandular devel-
opment, e.g., De George syndrome

PTH mutations and CaSR 
mutations

Hyperphosphatemia

Hypomagnesemia—gives rise to PTH 
resistance

Drugs: chelating agents, bisphosphonates, 
cinacalcet, cisplatin, foscarnet

Pancreatitis

Rhabdomyolysis

Sepsis

Pseudohypoparathyroidism (PTH resistance 
syndromes)

 Treatment Dose Onset Duration

Calcitonin Salmon calcitonin 4–8 U/kg i.m. every 
6–12 h

2 h Tachyphylaxis after 
2 days

Bisphosphonate Pamidronate 60–90 mg i.v. (2 h) 2 days 2 weeks
Zoledronic acid 4 mg i.v. (15 min) 2 days 3–4 weeks

Table 24.6
Initial standard treatment of severe hypercalcemia.
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Stronger solutions of calcium can cause phlebitis. This 
initial dose can be repeated. A maintenance infusion 
of (1.7 × patient’s weight in kg) mL of 10% calcium 
gluconate in 1000 mL of glucose or saline can then be 
infused over 24 h.

Hypomagnesemia inhibits PTH secretion and 
gives rise to resistant hypocalcemia. Coexisting hypo-
magnesemia should be treated with an intravenous 
infusion.

Oral vitamin D preparations should be commenced 
as part of the longer term treatment for hypocalce-
mia. Alfacalcidol and calcitriol are the more effective 
and rapid-onset treatments. The normal doses used are 
0.5–2 μg/day. Cholecalciferol (D3) can be used if there is 
vitamin D deficiency, but it is not recommended in situ-
ations when hypoparathyroidism is suspected because 
activation of D3 by 1α-hydroxylase is PTH-dependent.

Severe hyponatremia 
(see Chapter 11)
Hyponatremia (serum Na <135 mmol/L) is common 
amongst inpatients, with some hospitals reporting a 
prevalence of up to 47%.79 Mild hyponatremia is often 
asymptomatic but can be associated with an increased 
risk of falls especially in the elderly. Severe hypona-
tremia (Na <120 mmol/L) may give rise to significant 
symptoms, including headache, confusion, seizures, 
and coma, due in part to associated cerebral edema. 
The symptoms are more pronounced and severe if the 
hyponatremia has developed over a short period, such as 
over several hours; conversely, even biochemically severe 
hyponatremia may be well tolerated if it has developed 
slowly. Severe hyponatremia affects about 1% of hospi-
tal inpatients79 (Table 24.7).

Diagnosis and assessment
Disorders of salt and water metabolism are complex. It 
is beyond the scope of this chapter to review the topic 

in full; for details, please see Janicic and Verbalis.80 
Assessment should involve initially checking the 
plasma osmolality to exclude pseudohyponatremia, 
caused by excess lipids or paraproteins, or a transloca-
tional hyponatremia, due to elevated serum glucose or 
another osmotic active solute. Once the serum sodium 
is confirmed as genuinely low, hypocortisolemia and 
hypothyroidism should be excluded by measuring thy-
roid function tests and a 9 a.m. cortisol blood test, with 
subsequent short Synacthen test if necessary. Sodium 
losing medications especially diuretics and angiotensin-
converting enzyme inhibitor (ACEi)/angiotensin recep-
tor blocker (ARB) medications should be considered as 
potential contributing causes. An assessment should 
be made of the intravascular volume status. If hypo-
volemic, then the likely cause of the hyponatremia is 
sodium loss in excess of concurrent fluid loss, a situation 
that occurs in the state of cerebral salt wasting.

If the patient is edematous with peripheral fluid 
overload, then the hyponatremia is likely to relate to 
congestive cardiac failure, liver disease, or hypoalbu-
minemia. In these circumstances, the mechanism of the 
hyponatremia is secondary to the decreased effective cir-
culatory volume.

If euvolemic, the diagnosis may be inappropriate 
antidiuretic hormone secretion (SIADH). The paired 
urine and serum osmolality should be assessed to con-
firm inappropriately elevated urine osmolality.

Management
Treatment will depend on an assessment of the likely 
underlying cause. If the cause can be quickly deter-
mined and treated, other interventions may not be 
required. Severe hyponatremia will sometimes require 
urgent treatment to manage the neurological compli-
cations of confusion and seizure. The usual treatment 
in this situation is to give hypertonic saline to bring 
the sodium to a level >125 mmol/L and then reassess. 
Hypertonic saline is available as 1.8% or 3% solutions.

Hypovolemic Euvolemic Fluid overloaded

Renal salt wasting Hypothyroidism Cirrhosis
Cerebral salt wasting SIADH Congestive cardiac failure
Addison’s Medication Hypoalbuminemia
Excess GI or skin salt loss

Table 24.7
Causes of hyponatremia.
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Sodium be corrected slowly at a rate of <0.5 mmol/h 
to reduce the risk of pontine or extrapontine myelin-
olysis.81 An expert panel has recommended a correction 
rate of not more than 10 mmol/L in the first 24 h and 
18 mmol/L in the first 48 h.82

The infusion rate formula is as follows83: [total body 
water (60% of body weight in kg) × desired correction 
rate (e.g., 0.5–1.0 mmol/L/h)] × [1000/total mmol of 
sodium in 1 liter of proposed fluid]. For example, for 
a 70-kg man, being treated with twice normal saline 
(1.8%), which has 308 mmol sodium/L): [(60% × 
70 kg) × 0.5] × [1000/308] = 68 ml/h.

Tolvaptan is an oral vasopressin antagonist that is 
selective for the V2 receptor, causing a water diure-
sis. It can be used in euvolemic or hypervolemic 
hyponatremia but is contraindicated in hypovolemic 
hyponatremia.84

Neuroendocrine emergencies
Carcinoid crisis (see Chapter 8)
Carcinoid crisis is a rare, acute presentation character-
ized by severe flushing, hypotension, tachycardia, diar-
rhea, and hyperthermia.85 It is an extreme version of 
the carcinoid syndrome that affects some patients with 
neuroendocrine tumors that secrete serotonin and other 
biologically active substances. Normally, the liver can 
inactivate these amines and peptides released into the 
portal circulation. Carcinoid syndrome is most com-
mon in patients who have neuroendocrine tumors of the 
small intestine and the proximal colon, with significant 
liver metastasis. It can also occur in ovarian and bron-
chial carcinoids that secrete mediators directly into the 
systemic circulation.

Crisis may be precipitated by manipulation of the 
tumor at surgery, biopsy, anesthesia, arterial embo-
lization procedures, chemotherapy, or infection.86 
Pretreatment with somatostatin analogs reduces the risk 
of a crisis.87

Diagnosis
The diagnosis is made clinically on the basis of the 
clinical features, in the context of a known or sus-
pected neuroendocrine tumor. The most discrimi-
nating feature is fluctuation in blood pressure with 
predominance of hypotension. The serum and urinary 
markers of neuroendocrine tumors (chromogranin 
and  5-hydroxyindoleacetic acid [5HIAA]) are likely 
to be elevated. There are no commonly used criteria 
to confirm a crisis.

Management
Treatment is with intravenous octreotide infusion 
50–100 μg/h.88 Antihistamine H1 and H2 blockers are 
also used, together with supportive treatment such as 
intravenous fluids.89

Severe hypoglycemia
Hypoglycemia is most often observed in the context 
of treatment for diabetes. Outside of that situation, 
hypoglycemia is rare and there are a range of causes 
(Box 24.6).

Diagnosis and assessment
Clinically, an episode of hypoglycemia will present with 
characteristic symptoms that include autonomic elements 
(sweating and shaking) together with neuroglycopenic 
symptoms (e.g., hunger, poor concentration, confusion). 
Hypoglycemia must be confirmed by laboratory glucose 
measurement; bedside fingerprick testing is insufficiently 

Box 24.6  Causes of hypoglycemia

Diabetes treatment-related

Sepsis and infection (including malaria)

Critical illness and malnutrition

Drug-induced (alcohol, quinine, β-blockers, 
ACEi, quinolones)

Hypocortisolemia

Hypothyroidism

Renal impairment

Insulinoma

Nesidioblastosis

Nonislet cell tumor (IGF2 mediated)

Factitious

Box 24.7  Diagnosis of hypoglycemia

1. Symptoms of hypoglycemia
2. Low levels of plasma glucose
3. Resolution of the symptoms with 

treatment/correction of the glucose level
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accurate for diagnosis. Robust diagnosis of hypoglyce-
mia, summarized in Box 24.7, is based on demonstrating 
the three elements proposed by Whipple.90

On biochemical testing, the pathological threshold 
for hypoglycemia is a plasma glucose of <2.2 mmol/L 
(<40 mg/dL). The majority of patients will require 
investigation with a controlled fast to identify an episode 
of hypoglycemia and obtain the necessary biochemistry.

Controlled fast is performed as an inpatient and 
the patient is allowed only water from the start of the 
fast. Capillary blood glucose is measured every 2 hours 
and once readings fall below 3.3mmol/L (60 mg/dL) 
laboratory glucose samples are taken and processed 
at each time point. If a blood glucose of below 2.2 
mmol/L (40 mg/dL) is confirmed then samples are 
taken for insulin, pro-insulin and c-peptide (See Table 
24.8) The fast may then be terminated and hypogly-
caemia treated. A sulphonylurea screen (blood and 
urine) should also be obtained. The controlled fast can 
be continued for up to 72 hours. The test is used both 
to confirm pathological hypoglycemia and to deter-
mine whether it is insulin or non-insulin mediated.

Management
The emergency treatment of hypoglycemia requires 
administration of glucose. If the patient is conscious, 
this treatment can often be done by giving oral fast-
acting glucose. The recommended amount is 15–20 g of 
rapidly absorbed carbohydrate. This amount is achieved 
by giving 100–200 mL of lucozade or fruit juice or five 
or six glucose tablets.91

If the patient is unconscious, treatment is with 
intravenous glucose; 150 mL of 10% glucose or 75 mL 
of 20% glucose is a recommended initial dose. The 
use of 50% glucose solutions is discouraged because 
it is no more effective and can cause extravasation 
injuries.92

The most severe cases of neuroendocrine hypoglyce-
mia may be due to metastatic insulinoma. These cases 
may require a continuous glucose infusion. In this situ-
ation, glucocorticoids and diazoxide are sometimes used 
to reduce hypoglycemia burden. Surgical treatment to 
debulk the tumor can used together with other multi-
modal therapies. In this context, everolimus, an mam-
malian target of rapamycin (mTOR) inhibitor, has shown 
specific effects of ameliorating hypoglycemia in addition 
to the neuroendocrine tumor chemotherapy effects.93

Severe neuroendocrine diarrhea 
(VIPoma, gastrinoma)
Diarrhea is a common symptom with a wide differen-
tial diagnosis for its cause. Functioning neuroendocrine 
tumors are a rare cause of diarrhea, accounting for <1% 
of cases.94 Carcinoid tumors and pancreatic neuroendo-
crine tumors (pNETs), including VIPoma, gastrinoma 
cause this syndrome.

The most severe presentations are likely to be due 
to vasoactive intestinal polypeptide (VIP)-secreting 
pNETs. VIP binds to receptors on intestinal epithelial 
cells (known as cholera receptors) and activates intracel-
lular messengers, giving rise to secretory diarrhea that 
is often severe and can lead to dehydration, renal failure, 
electrolyte imbalance, and can be life-threatening.95 The 
clinical syndrome is known as watery diarrhea, hypoka-
lemia, achlorhydria (WDHA).

Management
Initial supportive treatment will involve intravenous 
fluids and the replacement of depleted electrolytes, espe-
cially potassium. Blood samples should be taken for gut 
hormones and chromogranin A and B. The samples are 

Tests that must be done during an episode of 
hypoglycemia Tests that need not be done during hypoglycemia

Glucose Cortisol (9 a.m.)
Insulin IGF-II/IGF-I
Proinsulin Insulin antibodies
c-Peptide Thyroid function test (TFT)
β-Hydroxybutyrate
Sulfonylurea screen

Table 24.8
Investigation of hypoglycemia.
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taken in a blood bottle containing the enzyme inhibi-
tor aprotinin (Trasylol®). Aprotinin inhibits proteolytic 
enzymes and prevents their degradation before analysis.

Octreotide injections are a specific treatment for this 
form of severe diarrhea. Octreotide inhibits the secre-
tion of neuroendocrine peptides such as VIP. The initial 
dose of octreotide is 50–100 μg s.c. 8 hourly.

If there is a clinical suggestion of gastrinoma, high-dose 
proton pump inhibitor medication should be used first line 
to inhibit the production of gastric acid, resolve diarrhea, 
and reduce the risk of peptic ulceration and perforation.

After stabilization of the patient and control of the 
diarrhea, multimodal therapy is normally needed to 
treat the underlying neuroendocrine tumor.
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Appendix
Pituitary function testing
William M. Drake, Peter J. Trainer

Introduction
Pituitary function testing for hypopituitarism is 
required in two quite distinct clinical situations. The 
first scenario is in the assessment of a new patient 
in whom the diagnosis of hypopituitarism has been 
raised. Patients in this group include those with tar-
get organ failure (such as hypogonadism or hypoadre-
nalism) without appropriate elevation of the relevant 
pituitary trophic hormone; patients with cranial dia-
betes insipidus; patients with mechanical symptoms 
consequent upon a pituitary tumor, such as headache 
and visual failure; and patients in whom a pituitary 
lesion is documented incidentally during radiological 
evaluation of an unrelated symptom. The second clini-
cal situation is in the follow-up of patients in whom 
evolving endocrinopathy is anticipated. External 
radiotherapy is the best-studied cause of insidious 
pituitary failure and can be either pituitary-directed 
treatment or as scatter from therapy for a central ner-
vous system (CNS) or head and neck tumor. With 
improved imaging, surgery, and medical therapy, 
radiotherapy is less frequently required in the man-
agement of pituitary or peripituitary tumors while the 
greatly improved prognosis of many CNS, and “head 
and neck” tumors means such cancer survivors con-
stitute the greater workload but with the confound-
ing complication challenge that they are rarely under 
surveillance by an endocrinologist. Traumatic brain 
injury is increasingly recognized as a cause of late, 
and frequently unrecognized, pituitary failure, that 
represents particular challenges because head injury 
is common and the order of development of hormone 

deficiencies may vary from that seen in most other 
conditions (see Chapters 1, 5).

Sarcoidosis, Langhan’s cell histiocytosis, and other 
such inflammatory conditions, where progressive 
hypothalamo–pituitary destruction may occur, can 
result in the delayed development of hormone deficien-
cies. Determining, for each subgroup of patients, the 
optimal frequency of pituitary function testing is not 
always easy, and, for example, in irradiated patients 
requires knowledge of the biologically effective dose 
delivered to the pituitary and hypothalamus.

Hypopituitarism consequent upon a pituitary 
adenoma and/or its treatment usually develops in 
a predictable order with growth hormone (GH) 
deficiency preceding gonadotropin deficiency and 
failure of thyroid-stimulating hormone (TSH) and 
adrenocorticotropic hormone (ACTH) secretion occur-
ring later.

For patients in both groups, pituitary func-
tion testing may help identify those patients with 
hypopituitarism sufficiently severe to threaten their 
safety; and exclude or provide evidence for hormonal 
deficiencies as a cause of symptoms such as lethargy 
and fatigue. A sound knowledge of the physiological 
basis behind pituitary function tests and their limita-
tions is vital if correct decisions are to be made about 
patient management. This appendix discusses various 
tests of pituitary function and their interpretation, 
with the aim of producing a rational, reliable, and safe 
strategy for diagnosing hypopituitarism. The clini-
cal features and biochemical diagnosis of the various 
pituitary syndromes of hypersecretion are discussed 
elsewhere.
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Principles of pituitary 
assessment
The diagnostic evaluation of pituitary function has several 
complementary limbs involving laboratory and radiolog-
ical investigations. In new patients with suspected hypo-
pituitarism, clinical suspicion arises because of symptoms 
related to target organ failure. Hence, it is first neces-
sary to demonstrate target organ hormonal insufficiency, 
such as low levels of thyroid hormone or gonadal steroid. 
Paired testing of both hormones in the pituitary-target 
organ feedback loop, sometimes in combination with 
provocative testing, will prove that target organ failure 
is consequent upon lack of stimulation by the relevant 
pituitary trophic hormone. Additional tests may occa-
sionally be performed to determine whether the pituitary 
itself is at fault, or whether pituitary failure is secondary 
to understimulation by the hypothalamus—a distinction 
that has no bearing on the need for hormone replacement 
therapy. Magnetic resonance imaging is required to look 
for possible causes of hypothalamo-pituitary destruc-
tion, and together with careful neuro-ophthalmological 
assessment, helps determine the mechanical effects of 
any hypothalamo-pituitary mass lesion. Finally, where 
the cause of pituitary failure is believed to be a systemic 
illness (such as sarcoidosis), more specific investigations 
may be needed.

Types of laboratory tests
Basal pituitary function tests
Basal blood tests are taken with the patient resting, 
unstressed, and with no physiological or pharmacological 
manipulation of the pituitary cell–target cell feedback 
loop. Such investigations are performed between 7 and 
9 a.m., when serum cortisol and testosterone levels 
are highest, thereby maximizing the chances of basal 
investigations yielding sufficient information to avoid the 
need for more complex tests. Where appropriate, paired 
measurement of both limbs of a pituitary hormone–target 
hormone loop is required for interpretation of the target 
hormone level: low levels of target hormone in associa-
tion with low or normal levels of the relevant pituitary 
trophic hormone indicate understimulation by the pitu-
itary as the cause of target gland failure.

Stimulation tests
If basal investigations do not yield sufficient diagnostic 
information about suspected pituitary cell hypofunction, 

then provocative tests are used; these tests are comple-
mentary to basal investigations rather than being supe-
rior to them. Such tests assess the ability of a given cell 
type to respond acutely to a stimulus, but they do not 
necessarily provide information about the adequacy of 
day-to-day hormone production under basal conditions. 
Two types of provocative tests are used: tests that stimu-
late hormone release indirectly (such as the insulin stress 
[tolerance] and glucagon tests) and direct stimulation 
tests in which pharmacological doses of synthetically 
manufactured peptide are injected and the target-cell 
hormone response is measured. Examples include hypo-
thalamic releasing hormone tests and the short Synacthen 
test (see below). The virtue of indirect provocation tests 
is that the integrity of an entire hypothalamo–pituitary-
target-cell loop is tested.

Hypothalamic releasing hormone tests, with 
thyrotropin-releasing hormone (TRH), gonadotropin-
releasing hormone (GnRH), and growth hormone–
releasing hormone (GHRH), discussed below, have no 
value in the diagnosis of hypopituitarism and cannot 
predict future pituitary failure. Occasionally, they may 
help differentiate hypothalamic from pituitary disease, 
because a normal response to the injection of hypotha-
lamic releasing hormone implies a hypothalamic defect. 
The major use of releasing hormone tests has been as a 
tool to increase our understanding of the neuroregula-
tion of pituitary hormone secretion.

Hypothalamo-pituitary 
adrenal axis testing
This testing is probably the most controversial com-
ponent of pituitary function testing, mainly because 
assessment of the adequacy of the hypothalamo–
pituitary–adrenal (HPA) axis has the most far-reaching 
consequences for patient health. Biochemical assessment 
of the HPA axis is performed in two distinct clinical 
settings, with the aim of establishing adequate cortisol 
production being common to both. In some patients, 
symptoms such as tiredness, listlessness, and malaise 
lead to an assessment of ACTH reserve, but a more 
common clinical scenario is that of a patient known to 
be at risk of developing secondary adrenal insufficiency, 
due either to previous treatment with supraphysiological 
doses of corticosteroids; or after surgery and/or radio-
therapy directed at the pituitary. In asymptomatic 
“at-risk patients,” it is necessary to assess the patient’s 
ability to mount a response to physiological stress 
and hence judge the need for emergency steroid cover. 
Dynamic tests provide an indication of a given patient’s 



Appendix

563

ability to respond to physiological stress, but they do 
not assess the appropriateness of basal, unstressed cor-
tisol secretion. An inadequate “stress response” neces-
sitates steroid cover for surgery, sepsis, and accidental 
trauma, but it does not automatically indicate a need for 
life-long glucocorticoid replacement. The limitations of 
the assessment of the basal cortisol production rate must 
be borne in mind and consideration given to patients’ 
symptoms and well-being when instigating life-long 
glucocorticoid replacement.

Cortisol production in health
Measurement of the target hormone (cortisol) is common 
to all tests of the HPA axis. Synthesis and secretion of 
cortisol is controlled by pituitary-derived ACTH that, 
in turn, is regulated by hypothalamic corticotrophin-
releasing hormone (CRH) and vasopressin. A change 
in cortisol production rate is the “final common path-
way” for the effect of various neural and humoral inputs 
that modulate the system at both hypothalamic and 
pituitary levels; hence, the use of serum cortisol levels 
for the assessment of ACTH reserve. It has the added 
practical advantage of ease of collection, because ACTH 
samples require cold centrifugation and flash-freezing, 
whereas cortisol is measured in serum.

The clinical spectrum of ACTH deficiency var-
ies between hypotension with oliguria and electrolyte 
abnormalities to a more subtle dysfunction precipitated 
only by acute physiological stress such as major sur-
gery or sepsis. A study of the cortisol response to major 
abdominal surgery in normal and corticosteroid-treated 
individuals showed that the peak serum cortisol was 
at least 580 nmol/L.1 This study used a fluorimetric 
method2 to measure serum cortisol, a technique that, 
unlike modern radioimmunoassays (RIAs), also detects 
cortisone. In the same study,1 serum cortisol responses 
to hypoglycemia were shown to correlate well with 
the peak perisurgical serum cortisol measurement. 
Controlled iatrogenic hypoglycemia is widely accepted 
as the “gold standard” by which to judge an individual’s 
ability to mount an adequate cortisol response to physi-
ological stress. The adoption of RIA means that the 
“cut-off” serum cortisol level adequate for physiologi-
cal stress should be lowered from 580 to 500 nmol/L, 
because modern RIAs measure approximately 15% 
lower than fluorometry.3 This is supported by studies in 
normal volunteers,4 although no comparison with corti-
sol levels during stress has been undertaken.

It is an important point to note that there is con-
siderable variability in serum cortisol measurements 
according to the assay methodology used.5 This makes 
comparisons of cortisol responses between different 

laboratories extremely difficult and emphasizes the 
desirability for each endocrine unit to establish its own 
local reference range, rather than select rigid cut-off 
values that will almost certainly have been established 
using different methodologies.

Measurement of cortisol
Cortisol is generally measured by RIA, although there 
is a trend toward adoption of tandem mass spectroscopy. 
Prednisolone, methylprednisolone, and various cortisol 
metabolites (see “Metyrapone test”) all cross-react 
in cortisol immunoassays, resulting in misleadingly 
high values, a problem that is eliminated by mass 
spectroscopy. Serum cortisol measurement refers to 
total levels, and it must be appreciated that only 
5%–10% of cortisol is free and biologically active, with 
the remainder bound to albumin and cortisol-binding 
globulin (CBG). Plasma CBG levels therefore signifi-
cantly alter measurements of serum cortisol. Similar 
to sex hormone–binding globulin (SHBG), the rate 
of hepatic CBG synthesis is increased in pregnancy 
and by oral estrogen preparations that undergo “first-
pass” metabolism by the liver. Accurate assessment of 
the HPA axis in pregnancy is extremely difficult, and 
oral estrogens should be discontinued 6 weeks before 
assessment of the HPA axis.6 Other circumstances in 
which CBG and albumin levels may complicate assess-
ment of the HPA axis include nephrotic syndrome and 
hepatic cirrhosis. GH decreases circulating CBG, such 
that levels are low in acromegaly and fall with initia-
tion of GH therapy in GH-deficient adults. Genetic 
variation in CBG concentrations and activity (cortisol 
affinity) is being described with increasing frequency 
and, although not associated with a phenotype, can be a 
cause of diagnostic confusion.7

Measurement of serum-free cortisol is complex, con-
troversial, and not routinely available, but salivary cor-
tisol measurement is a potential surrogate for serum free 
cortisol. Although salivary cortisol is extensively used 
in the investigation of Cushing’s syndrome, there are 
very few data on its use basally or during stimulation 
tests in the diagnosis of cortisol deficiency. Furthermore, 
its adoption is inhibited by the differences assay per-
formance (bias), thus there are no consensus criteria for 
diagnostic cut-offs.

Appreciation of the physiology of the HPA axis is 
important to interpretation of serum cortisol. First, 
cortisol is part of a short (pituitary) and a long (hypo-
thalamic) feedback loop, such that falling cortisol levels 
stimulate a rise in ACTH and CRH secretion from the 
pituitary and hypothalamus, respectively, and vice versa. 
Second, in the absence of a trophic signal, the adrenal 
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gland undergoes reversible atrophy, with secondary 
failure of cortisol production. Last, the normal, diurnal 
pattern of ACTH and cortisol secretion is dramatically 
modified by pathophysiological stimuli such as trauma 
and sepsis.

Basal serum cortisol
Is it possible to infer from measurements of basal serum 
cortisol whether the HPA axis is capable of respond-
ing normally to stress in a given individual? Conversely, 
below which level does a basal cortisol measurement 
make dynamic testing unnecessary to confirm ACTH 
deficiency? Endogenous HPA activity is maximal in the 
early morning, and samples should be drawn between 
7 and 9 a.m. In cases of suspected pituitary insuffi-
ciency, a basal morning serum cortisol of <100 nmol/L 
strongly indicates ACTH deficiency, dynamic testing is 
not necessary, and glucocorticoid replacement should 
commence immediately, and, in most patients, will 
be permanent. However, in cases of ACTH deficiency 
before surgery for a pituitary tumor, recovery of ACTH 
reserve after surgical decompression may occur, and the 
axis should be reassessed postoperatively. Published 
evidence suggests that a basal level of 400 nmol/L or 
above is sufficient to avoid the need for an IST.8

In summary, when basal serum cortisol lies between 
100 and 400 nmol/L, stimulation test is indicated, but 
values outside this range indicate adrenal insufficiency 
and a normally functioning HPA axis, respectively.

Emergency assessment 
of the HPA axis
In acutely sick patients with suspected hypoadre-
nalism, a morning cortisol and/or a dynamic test of 
ACTH reserve are impractical, and glucocorticoid sup-
port must commence immediately. Circadian variation 
of ACTH release will be absent, and activity of the 
HPA axis should be maximal. If adrenal insufficiency 
is suspected, then random serum cortisol and plasma 
ACTH measurements will suffice. If, subsequently, the 
random cortisol level is shown to have been appropri-
ate to the clinical situation (>500 nmol/L) glucocorti-
coids may be withdrawn. If not, steroid support should 
continue and dynamic testing must follow resolution of 
the acute clinical situation. A plasma ACTH will dif-
ferentiate primary from secondary adrenal insufficiency: 
a serum cortisol <200 nmol/L with a plasma ACTH 
>200 pg/mL is diagnostic of primary adrenal failure. An 
elevated plasma renin activity with an inappropriately 

low serum aldosterone provides additional evidence of 
primary adrenal disease.

Insulin stress (tolerance) test 
(IST) (Table A1.1)
The IST9 seeks to simulate physiological “stress” in 
a controlled, supervised environment by inducing 
hypoglycemia with intravenous, short-acting insulin. 
Hypoglycemia is a powerful stress stimulus that, in the 
intact pituitary and hypothalamus, induces ACTH and 
GH release and a rise in serum cortisol levels. It there-
fore assesses the integrity of the entire HPA axis and 
has traditionally been regarded as the gold standard for 
this purpose. Its reproducibility amongst healthy vol-
unteers is good10 but not known amongst patients with 
pituitary disease. The assumption underlying the use of 
the test is that an ability to respond to insulin-induced 
hypoglycemia will translate into an appropriate cortisol 
rise during acute illness or major surgery (see above).

Although some physicians are uncomfortable with 
the use of the IST, particularly in children, the morbidity 
of this investigation in experienced hands in a designated 
metabolic investigation unit is reassuringly low, pro-
vided that the exclusion criteria detailed in Table A1.1 
are adhered to.8 The initial dose of insulin used varies 
in different centers between 0.1 and 0.15 IU/kg, increas-
ing to 0.3 IU/kg for patients with acromegaly, Cushing’s 
syndrome, or other conditions associated with insulin 
resistance. It is contraindicated in patients with ischemic 
heart disease or epilepsy and requires careful supervision.

The immediate counterregulatory response to hypo-
glycemia is characterized by catecholamine release with 
consequent hepatic short Synacthen test (SST) glycoge-
nolysis and correction of hypoglycemia. Glucocorticoids 
are not part of this phenomenon, although the laying 
down of hepatic glycogen stores does require glucocor-
ticoid. Hence, in patients with long-standing ACTH 
deficiency and inadequate glycogen stores, recovery 
from hypoglycemia may be delayed. It is usual practice 
to administer oral glucose in the form of a sugary drink, 
together with a meal, at the conclusion of the test.

Short Synacthen test (Table A1.2)
This investigation was originally introduced as a test for 
primary adrenal failure11 and involves the injection of a 
pharmacological dose (250 μg) of synthetic ACTH, with 
measurement of the serum cortisol response. The basis of 
its use in the context of hypopituitarism, as an alternative 
to the IST, is that chronic underexposure of the adrenal 
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glands to ACTH will result in a blunted cortisol response 
to exogenously administered ACTH. The test does not 
distinguish primary from secondary adrenal insufficiency: 
clinical assessment (pigmentation) and measurement of 
basal plasma ACTH are usually sufficient for this distinc-
tion. The major argument in favor of the SST is its simplic-
ity, because it requires no specialist staff and takes only an 
hour to complete. The SST does not assess GH reserve. It 
is universally accepted that the SST cannot be used for the 
assessment of ACTH reserve in acute hypopituitarism, 
such as after pituitary infarction (apoplexy) or immedi-
ately postoperatively. It takes at least 2 weeks for the adre-
nal zona fasciculata to involute after withdrawal of ACTH 
stimulation, during which time the adrenal cortex will 
remain responsive to supraphysiological doses of ACTH. 
In addition, it should be remembered, in the assessment 
of new patients with suspected hypothalamic–pituitary 

disease that the duration of ACTH deficiency may be 
unknown and that, as after pituitary surgery or apoplexy, 
a falsely reassuring cortisol response may result.

The increment in serum cortisol after Synacthen has 
been advocated as a measure of the ability of the HPA 
axis to respond to stress, but it is a poor index of adre-
nal responsiveness, because there is considerable overlap 
between normal volunteers and patients with second-
ary adrenal insufficiency.12 Furthermore, the cortisol 
increment is inversely correlated with the basal value; 
hence, a smaller increment is seen in the early morn-
ing when plasma ACTH and serum cortisol levels are at 
their highest.13 The peak serum cortisol response after 
Synacthen shows no diurnal variation and is now the 
accepted index of adrenal responsiveness.

Serum cortisol levels 30 min after injection of 
Synacthen and the peak cortisol achieved during an IST 

Indications Assessment of ACTH and GH reserve

Contraindications Ischemic heart disease
Epilepsy/unexplained syncopal episodes
Severe hypoadrenalism (basal serum cortisol <100 nmol/L)
Glycogen storage disease
Untreated hypothyroidism

Protocol Must be performed by experienced metabolic nurse and/or physician
Resting electrocardiogram (ECG) to be certified normal by attendant physician
Ensure emergency intravenous dextrose and dexamethasone available
Patient must be fasting from 2400 hours
Insert intravenous cannula approximately 30 min before commencement of test
Draw sample for basal cortisol
Administer 0.15 IU/kg soluble insulin (e.g., Actrapid®) as a bolus
Document clinical signs of neuroglycopenia. If not present after 45 min, consider 

repeating same dose of insulin
In cases of severe, prolonged hypoglycemia, syncope or presyncope, termination of 

the test with intravenous dextrose should be seriously considered. Continue 
sampling

Draw samples for plasma glucose (fluoride bottle), cortisol, and GH (both serum) at 
30, 45, 60, 90, and 120 min

Glucose drink and meal at conclusion of test
NB. Patients with active Cushing’s syndrome, acromegaly, and other causes of 

insulin resistance may be insulin resistant and require 0.3 IU/kg of soluble insulin
Interpretation Plasma glucose <2.2 mmol/L with symptoms and signs of neuroglycopenia 

necessary for assessment of the adequacy of the stimulus to ACTH/GH release
Serum cortisol should rise >500 nmol/L
Peak GH 3 μg/L or less indicates severe GHD

Table A1.1
Protocol for the ITT test.
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are clearly correlated, and it is argued by some that the 
IST can be restricted to patients who fail to reach a given 
threshold 30 min post-Synacthen cortisol level (usually 
between 550 and 600 nmol/L), or who require simulta-
neous assessment of GH reserve. The SST is increasingly 
being used in preference to the IST.

Despite its increasing use as a test of ACTH reserve, 
there is no study showing that a normal SST indicates 
that the HPA axis is capable of responding normally to 
major illness or stress. Critics of the use of the SST point to 
reports of patients with pituitary disease with symptoms 
and signs of adrenal failure, corrected by glucocorticoid 
replacement, having recently had a reassuringly “normal” 
SST. This problem cannot be corrected by application 
of a more “stringent” threshold of serum cortisol as in 
two such reported patients the peak serum cortisol value 
was >950 nmol/L 30 min after Synacthen. However, it 
should be stressed that reports exist of patients who have 
developed acute adrenal crisis after a “normal” IST. SSTs 
should be initiated at 9 a.m. or earlier as under such cir-
cumstances a low basal (time 0) cortisol should arouse 
suspicion of hypoadrenalism and reduce the risk of false 
reassurance based on a good peak serum cortisol.

The SST is very safe and side effects are rare, but 
catastrophic anaphylaxis has been reported, with a his-
tory of atopy being a risk. This side effect is particularly 
relevant when testing the HPA axis in asthmatics on 
exogenous glucocorticoid therapy.

Low-dose short Synacthen test
There have been reports of the use of a very low dose 
of ACTH (typically 1 μg) for the assessment of sec-
ondary hypoadrenalism because the conventional dose 

of 250 μg produces plasma concentrations that are 
supraphysiological and beyond the top of the ACTH/cor-
tisol dose–response curve. Proponents of the low-dose SST 
argue that chronically understimulated adrenal glands 
may mount a satisfactory cortisol response to unphysi-
ological concentrations of ACTH but that only normal 
glands will respond to 1 μg. Plasma ACTH levels after 
injection of 1 μg are comparable to those reached during 
an IST in healthy volunteers.14 The test is quick (a single 
sample only is drawn 30 min after injection of ACTH) 
and may be performed at any time of day.

A study of the cortisol responses to the standard and 
low-dose ACTH tests and to the IST in patients with sus-
pected or proven pituitary disease15 showed that, when a 
serum cortisol of 500 nmol/L was used as a “pass” on the 
IST, the low-dose short Synacthen test (LDSST) had a 
sensitivity of 100% and specificity of 80% with an ade-
quate response defined as a serum cortisol >600 nmol/L. 
In other words, there was no patient in whom a serum 
cortisol level of >600 nmol/L provided false reassurance 
about their ability to pass the IST. A serum cortisol level 
<600 nmol/L after 1 μg ACTH indicated the need for 
an IST and the study advocates the LDSST as a screen-
ing procedure for the investigation of secondary ACTH 
deficiency, reserving the IST for patients with a border-
line response. In a comparison of normal volunteers and 
patients with pituitary disease, false reassurance was 
provided in 70% of patients with known secondary adre-
nal failure by using a 30-min serum cortisol value after 
injection of 5 or 250 μg of ACTH, whereas the 1-μg 
LDSST identified all patients with proven ACTH defi-
ciency.16 This may partly be accounted for by the use of 
different protocols for ACTH dilution.

Indications Assessment of ACTH and GH deficiency in cases where IST contraindicated

Contraindications Glycogen storage disease
Severe hypoadrenalism (basal cortisol <100 nmol/L)
Untreated hypothyroidism

Protocol Patient must be fasting from 2400 hours
Insert intravenous cannula approximately 30 minutes before commencement of test
Draw sample for basal cortisol
Administer 1 mg of glucagon s.c. (1.5 mg if >90 kg)
Draw samples for plasma glucose (fluoride bottle), cortisol, and GH (both serum) at 

90, 120, 150, 180, 210, and 240 min
Interpretation Plasma glucose should peak at 90 min

Serum cortisol should rise >500 nmol/L

Table A1.2
Protocol for glucagon stimulation test.
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Although the LDSST is theoretically an attractive 
proposition, its widespread adoption is hindered by the 
absence of a commercial 1-μg preparation of ACTH. 
Currently, the diagnostic accuracy of the LDSST test is 
premised upon the reproducibility of 250-fold dilution 
of a 1-mL vial of Synacthen compounded by the con-
cern about the extent to which ACTH may be adsorbed 
onto the plastic of syringes or saline bags. Improved 
standardization and reproducibility of the LDSST are 
required before its widespread recommendation for the 
assessment of ACTH deficiency.17

Glucagon stimulation 
test (Table A1.3)
The subcutaneous injection of glucagon, by unknown 
mechanisms, induces ACTH and GH release, and this 
response has led to its widespread use as a means of assess-
ing the reserve of these two hormones. Glucagon is a less 
potent and reliable stimulus of ACTH release than hypogly-
cemia and false-negative results are common. Its injection 
makes patients feel unwell with nausea and, occasionally, 
abdominal pain and vomiting, but serious complications 
are very rare. The glucagon test has not been as extensively 
studied as other investigations, and its interpretation relies 
upon criteria established for the IST. However, it remains 
a useful method of assessing the HPA and GH axes, par-
ticularly when the IST is contraindicated.18

Metyrapone test
Metyrapone inhibits 11β-hydroxylase, the final enzyme 
involved in cortisol synthesis. The fall in cortisol levels 
that follow administration of metyrapone stimulates 

ACTH release from the intact pituitary; corticosteroido-
genesis increases; and serum levels of cortisol precur-
sors such as 11-deoxycortisol, which lacks glucocorticoid 
action and does not suppress ACTH secretion, rise. In 
patients with secondary adrenal insufficiency, a fall in cor-
tisol does not stimulate an increase in ACTH secretion; 
hence, no rise in 11-deoxycortisol level occurs. A typical 
protocol entails oral administration of 30 mg/kg metyra-
pone in the hospital at midnight. Simultaneous corti-
sol and 11-deoxycortisol levels are taken between 8 and 
9 a.m. and oral glucocorticoids are subsequently admin-
istered if the index of suspicion of ACTH deficiency is 
high. An 11-deoxycortisol level of >200 nmol/L indicates 
normal adrenal function, whereas levels <200 nmol/L 
strongly suggest secondary adrenal insufficiency.19 A low 
9 a.m. serum cortisol (as evidence of adequate pituitary 
stimulation) is required for the interpretation of the test. 
Anticonvulsant therapy such as phenytoin accelerates the 
metabolism of metyrapone, and an alternative test of the 
HPA axis should be used in such patients.

A major limitation on the widespread adoption 
of the metyrapone test has been the challenge of the 
accurate measurement of 11-deoxycortisol and corti-
sol, in the presence of elevated 11-deoxycortisol levels. 
Even in cortisol assays that purport to have minimal 
cross-reactivity for 11-deoxycortisol, our studies have 
indicated this is not necessarily to be the case with sig-
nificant overestimation of circulating cortisol levels.20 
11-Deoxycortisol assays are not available for most of 
the  commercial multichannel analyzers; therefore, 
the assay can be expensive and labor-intensive, with 
delayed results due to sample batching. Mass spectros-
copy overcomes the problems of cross-reactivity and 
allows simultaneous measurement of both steroids in a 
single analytical run.

Indications Assessment primary and secondary adrenal failure

Contraindications History of atopy
Protocol Nonfasting

Insert intravenous cannula approximately 30 min before commencement of test
Draw sample for basal cortisol
Administer 250 μg of Synacthen intramuscularly
Draw samples for cortisol at 30 and 60 min

Interpretation The 30-min cortisol should rise to at least 550 nmol/L (most useful during 
longitudinal follow-up of a patient known to be at risk of developing secondary 
adrenal failure (e.g., after pituitary irradiation)

Table A1.3
Protocol for short Synacthen test.



Appendix

568

The increasing access to mass spectroscopy may make 
the metyrapone test, an intrinsically more physiological 
test, a preferable alternative to the SST, particularly in 
patients with asthma on glucocorticoid therapy.

Conclusions
It is inevitable that the debate about the optimum 
method for the assessment of the HPA axis will con-
tinue. Practical issues such as cost and staff availabil-
ity will, to a large extent, affect local policy but the 
fundamental clinical issue of patient safety remains the 
same. Dynamic tests of the integrity of the HPA axis 
support, rather than substitute for, clinical decisions, 
and it is important to recognize that the use of sophis-
ticated statistical methods for the comparison of serum 
cortisol levels in groups of people with or without endo-
crine disease can never substitute for clinical awareness 
in the individual patient. Even the IST cannot pro-
vide complete reassurance that an individual will not 
develop secondary adrenal insufficiency during physi-
ological stress. Changes in methodology and regional 
variation in the assays used for cortisol measurements 
hinder comparisons between published experiences of 
HPA testing and make it difficult to recommend the 
use of a single protocol. Endocrine physicians should 
educate their patients about the implications of pitu-
itary disease in terms of the stress response, particularly 
when an evolving endocrine deficit is anticipated, such 
as after pituitary irradiation. The IST is the single most 
reliable test of the ability of the HPA axis to respond 
to stress but should only be performed under close 
supervision in specialist centers. If there is any doubt 
about the adequacy of ACTH reserve, it is sensible to 
err on the side of caution with respect to the provision 
of emergency steroid cover and to consider a trial of oral 
glucocorticoid replacement therapy in patients with 
symptoms suggestive of chronic adrenal insufficiency 
and an equivocal response to dynamic testing. A sub-
optimal peak cortisol response to a dynamic test does 
not equate to a subnormal basal cortisol production rate 
and should not result in automatic initiation of life-long 
glucocorticoid replacement therapy.21

Pituitary–thyroid axis
Diagnosing TSH deficiency, and the initiation of replace-
ment therapy, in a timely manner is a major challenge. 
TSH is rarely undetectable in hypopituitarism but more 
typically is in the lower part of the reference range and 

therefore cannot be used in isolation in the diagnosis of 
secondary hypothyroidism.

Similar to other pituitary cell types, thyrotrophs 
interact with their target cells by feedback inhibition, 
although the diurnal and ultradian variations that 
characterize ACTH and GH release are less marked. 
Secondary hypothyroidism is strongly suggested by low 
levels of circulating thyroxine in the presence of a low 
or low normal TSH, with stimulation tests having no 
part to play. The difficulty is that to wait until thy-
roxine levels are below the lower limit of the reference 
range implies the patient will be symptomatically hypo-
thyroid. In the context of TSH deficiency, the thyrox-
ine level may fall significantly while still remaining in 
the reference range, and the goal must be to intervene 
before levels are subnormal. Knowledge of the status 
of the other pituitary hormones is important as TSH 
deficiency is one of the last hormones to be affected by 
any insult to the pituitary. If a patient with pituitary 
disease is not GH or gonadotropin deficient, then TSH 
deficiency is improbable. For several decades, there has 
been little progress in diagnosing TSH deficiency or 
defining the moment for introducing levothyroxine (T4) 
replacement therapy, but recently the concept of a TSH 
concentration corrected for the thyroxine level has been 
described (the “TSH index”). Preliminary data suggest 
that TSH index may have a role in identifying patients 
with TSH deficiency, although further work is required 
to validate these findings.22

The differential diagnosis of TSH deficiency includes 
illness (“sick euthyroid” syndrome), thyroxine-binding 
globulin deficiency, supraphysiological doses of gluco-
corticoids, and drugs such as phenytoin also may pro-
duce a similar picture. The interpretation of the results 
is dependent on the overall clinical context and is 
assisted by measurement of free T4 and tissue markers 
of thyroid hormone action such as SHBG.

TRH testing
TRH testing is of no value in diagnosing secondary 
hypothyroidism or predicting imminent TSH defi-
ciency. In normal individuals, intravenous injection of 
TRH produces a rise in TSH, with levels at 20 min 
being greater than those at 60 min. Patients with hypo-
thalamic disease classically show a delayed response to 
TRH, with the 60-min value greater than that at 20 min. 
Patients with pituitary disease typically have an absent 
TSH response to TRH, although it is recognized that 
some patients will respond. This is thought to be due 
to the fact that some pituitary tumors cause functional 
disconnection of the hypothalamus from the pituitary, 
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thereby simulating a hypothalamic lesion. Renal failure, 
depression, malnutrition, and extreme illness may all be 
associated with delayed or absent TRH responses. The 
TRH test is associated with syncope and carries a small 
risk of precipitating pituitary apoplexy in patients with 
pituitary tumors. The TRH test is now very seldom 
used in the assessment of pituitary function.

GH axis
Normal GH secretion is pulsatile; in adults, four to 
six pulses per 24 h punctuate long periods when GH 
levels in the blood are extremely low. Hence, basal 
blood samples are unlikely to yield significant diagnos-
tic information, unless it coincides with a GH surge. 
Measurement of 24-hr spontaneous GH profiles has 
been used in children but has proved disappointing 
in adult practice because considerable overlap exists 
between the integrated growth hormone concentration 
(IGHC) of normal subjects and those of hypopituitary 
patients.23 Sleep and exercise are both associated with 
GH release, but assessing GH secretion by these meth-
ods is prohibitively time-consuming for routine clini-
cal use.

Most, if not all, actions of GH are mediated 
through insulin-like growth factor (IGF)-I. However, 
measurement of serum IGF-I is of limited value in the 
diagnosis of adult-onset growth hormone deficiency 
(GHD), because 30% of patients with proven severe 
GHD have a serum IGF-I in the lower part of the 
age-related normal range,24 but a serum IGF-I below the 
age-related reference range in the presence of pituitary 
disease is strongly indicative of GH deficiency. Proof of 
GHD by two dynamic tests is the current requirement 
for the prescription of recombinant human (rh) GH in 
many countries.

Pharmacological stimulation of GH release is the 
most practical and reproducible method of assessing 
GH reserve and the IST (see above) has been the 
most frequently used test in this regard. Severe GHD 
is defined as a peak GH response of 3 μg/L or less,25 
although variability (bias) in GH assays between centers 
must be borne in mind when applying international 
consensus guidelines to local practice.

Where the IST is contraindicated, alternative 
provocative tests of GH reserve include the glucagon 
(Table A1.2) and arginine tests. Arginine stimulates 
GH release, with a peak occurring between 30 and 120 
min after infusion and is frequently used when a sec-
ond dynamic test of GH reserve is required and the IST 
is contraindicated. It involves the intravenous infusion 

of 0.5 g/kg (maximum dose 30 g) in 100 mL of nor-
mal saline over 30 min and sampling for 2 hr thereaf-
ter. Clonidine testing is of no value for the diagnosis of 
GHD in adults.

Growth hormone secretagogue testing with GHRH 
and GHRP has fallen out of favor due to the lack of 
commercial supplies of the various secretagogues.

Assessment of the 
pituitary–gonadal axis
Regular menstruation in a woman implies normal 
gonadotroph function and measurement of gonadotro-
pins and estradiol add little to the clinical assessment. 
Ovulation is not necessarily implied by regular men-
struation: measurement of luteal phase progesterone 
levels is required for the assessment of subfertility in 
a patient with pituitary disease and a regular cycle. 
Unlike hydrocortisone and thyroxine substitution, 
social and age-related factors may influence the need to 
correct any underlying gonadal deficiency in men and 
women. The benefits of gonadal steroid replacement in 
terms of avoiding cardiovascular complications and loss 
of bone mineral density must be set against the tem-
poral relationship of normal physiology. For example, 
an 80-year-old patient with secondary hypogonadism is 
likely to feel differently about gonadal steroid replace-
ment therapy than a patient of 30.

Basal measurements of gonadotropin hormones and 
sex steroid levels are usually sufficient for assessment of 
the pituitary–gonadal axis. Estradiol and testosterone 
bind to SHBG: simultaneous measurement of SHBG 
and gonadal steroid levels is therefore required to assess 
the “free” (biologically active) levels of these hormones. 
Testosterone is measured at 9 a.m., because levels show 
considerable diurnal variation. Estradiol is best mea-
sured in the follicular phase of the menstrual cycle, 
if patients are menstruating. Ovulation is assessed by 
measurement of progesterone in the luteal phase (days 
18–25) of the cycle.

Dynamic tests may help in the differential diagno-
sis of secondary gonadal failure but do not significantly 
alter clinical management. Previously, a combination of 
clomiphene and luteinizing hormone (LH)–releasing 
hormone (LHRH) tests were believed to provide useful 
evidence in distinguishing hypothalamic from pituitary 
causes of secondary gonadal failure. Such information 
has little clinical value, because modern radiological 
imaging is usually able to distinguish these two groups 
of causes. Central hypogonadism may be isolated; 
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it may occur in the context of a hypothalamo-pituitary 
tumor or its treatment, or it may be the earliest sign 
of incipient panhypopituitarism. Isolated gonado-
tropin deficiency is either congenital (e.g., Kallman’s 
syndrome) where it is associated with delayed/absent 
pubertal development, or acquired and secondary to 
systemic illness (e.g., AIDS), excessive exercise (e.g., 
long-distance runners), opiate use, or psychological dis-
turbance (e.g., anorexia nervosa). In all cases, detailed 
pituitary function testing and imaging is mandatory.

Gonadotropin-releasing 
hormone testing
GnRH (LHRH) stimulates LH and follicle-stimulating 
hormone (FSH) release from the pituitary in a dose-
dependent manner between 25 and 100 μg. An absent 
response is characterized by a failure to rise above three 
times the within-assay coefficient of variation of the basal 
values. The GnRH test is not used for the diagnosis of 
hypogonadism but may assist in establishing its etiol-
ogy, although with modern imaging techniques is rarely 
indicated.

In a patient with secondary hypogonadism, a normal 
response to GnRH implies that hypogonadism is the 
result of understimulation by the hypothalamus. This 
may be due to a hypothalamic lesion or disconnection 
of the pituitary from the hypothalamus by a functional 
pituitary stalk lesion. Occasionally, the GnRH test also 
may provide an index of hypothalamic function. GnRH 
is required for both LH synthesis and release, such that 
flat or subnormal responses may both be seen in hypo-
thalamic disease with GnRH deficiency.

Prolactin
A clinical syndrome due to prolactin deficiency is not rec-
ognized and its measurement serves only as a guide to the 
etiology of hypopituitarism. Prolactin physiology differs 
from that of other anterior pituitary hormones in that its 
secretion is principally under tonic inhibition by release 
of dopamine from the hypothalamus. Levels do not show 
significant diurnal variation and so tests other than basal 
measurements are very rarely required. Physiological 
stress and various medications that interfere with dopa-
mine action, such as metoclopramide, prochlorperazine, 
and various antipsychotics, raise serum prolactin. TRH 
stimulates prolactin release, but it provides no extra infor-
mation compared with random serum prolactin measure-
ments, on three separate occasions, to minimize the risk 
of falsely elevated stress-induced hyperprolactinemia.

Conclusions
Accurate assessment of anterior pituitary function 
requires a sound knowledge of its normal physiol-
ogy together with careful integration of clinical and 
biochemical information. Certain aspects of the opti-
mum method of pituitary function testing, notably 
the assessment of ACTH reserve, are not universally 
agreed, such that local circumstances and personal 
preference may dictate the final choice. Physicians 
are advised to acquaint themselves with their local 
laboratory reference ranges and not to allow single 
hormonal measurements to substitute for clinical 
awareness, particularly where an evolving endocrine 
deficit is anticipated, such as after pituitary irradia-
tion. The following protocol is proposed as a reli-
able and safe strategy for the assessment of suspected 
hypopituitarism.

New patients
Basal investigations, at 7–9 a.m.: (All serum)

Cortisol
Free T4, TSH
Prolactin
LH, FSH, testosterone/estradiol, SHBG
IGF-I
Urine/plasma osmolality

If basal serum cortisol <400 nmol/L and/or GHD sus-
pected, then proceed to IST. If any abnormality in any 
of the above-mentioned tests, then proceed to pituitary 
imaging.

At-risk patients
In at-risk patients (e.g., those who have received pitu-
itary radiotherapy), pituitary function tests should be 
performed regularly to detect asymptomatic hypopi-
tuitarism, although there is a paucity of data on the 
optimum frequency with which this should be done. 
Our practice is to check basal pituitary function (0700–
0900 h) every year, with a dynamic test of ACTH 
reserve if the basal serum cortisol is <400  nmol/L 
every 2 years. If patients exhibit the syndrome of GHD, 
then the dynamic test of choice will be the IST. GHD 
occurs early after radiotherapy and, once it has been 
proven, many physicians use sequential SSTs to docu-
ment the evolution of ACTH deficiency. Again, data in 
this regard are scarce such that accurate, robust local 
reference ranges are essential.
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