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Preface

This concise and informative textbook is aimed primar-
ily at medical undergraduates commencing their clinical 
rotations, and is the �rst of its kind to be aligned against 

a nationally endorsed curriculum (developed by the Society for 
Endocrinology, Diabetes UK and the Association of British Clin-
ical Diabetologists). Feedback from our students has informed 
our approach to this book, which seeks to progress the reader 
from a fundamental understanding of the physiological mecha-
nisms underpinning endocrine regulation through to disease 
processes which disturb this homeostatic balance. In addition to 
the core material on common endocrine and diabetes presenta-
tions, there is an emphasis on key practical skills and provision of 
clear guidance on peri-operative management, emergency pres-
entations and acute illness. We therefore anticipate that Clinical 
Endocrinology and Diabetes at a Glance will form a helpful and 
accessible resource for junior doctors involved in the manage-
ment of patients with diabetes and endocrine disorders. As with 
other books in the series there is a major emphasis on the use of 
clear illustrations and tables to complement the text and consoli-
date learning. 

Parts 1 to 9 cover the regulation and assessment of the 
endocrine system, pituitary disorders, �uid and electrolyte 
balance, thyroid disease, metabolic bone disorders, adrenal 
disease, disorders of the reproductive system, neuroendocrine 
tumours and endocrine emergencies. Part 10 provides a 
comprehensive overview of all aspects of diabetes, lipid and 
weight disorders. 

Finally, no textbook makes it to publication without the hard 
work of a number of contributors. We are particularly grateful to 
Karen Moore for her diligence in keeping our writing endeavours 
on track, and to Jan East and Kathy Syplywczak for their help in 
taking us through the production process.  

We welcome any feedback, and hope you enjoy reading the 
book as much as we have enjoyed writing it. 

Aled Rees
Miles Levy
Andrew Lansdown
February 2017
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3The endocrine system consists of glands, which secrete hor-
mones that circulate and act at distant sites in the body. 
�e key endocrine glands are the pituitary, thyroid, para-

thyroids, adrenals, pancreas and gonads. Endocrine disease can 
lead to hypo- or hypersecretion of hormones. Endocrine diseases 
include tumours, which are commonly benign, autoimmune dis-
eases, enzyme defects and hormone receptor abnormalities.

Synthesis, release and transport
�e chemical structure of hormones includes steroids, 
polypeptides, glycoproteins and amines (Figure 1.1). Hormones 
are secreted by the hypothalamus at low concentration, acting 
locally on the anterior pituitary, which in turn secretes trophic 
hormones to the relevant target gland. Hormones are secreted 
directly into the circulation either in their �nal form or as a larger 
precursor molecule, such as proopiomelanocortin (POMC), 
which is cleaved to adrenocorticotrophic hormone (ACTH), 
melanocyte stimulating hormone (MSH) and other smaller 
peptides. Many hormones are transported in the circulation by 
binding proteins, but only the free hormone acts on the receptor. 
Examples of binding proteins are sex hormone binding globulin 
(SHBG), which binds testosterone, and cortisol binding globulin 
(CBG), which binds cortisol.

Mechanisms of hormone action
Cell-surface receptors
Peptide hormones act on cell-surface receptors and exert their 
e�ect by activating cyclic adenosine monophosphate (cAMP). 
Most peptide hormones act via G-protein coupled receptors, most 
commonly a 7-trans-membrane (7TM) receptor (Figure� 1.1). 
Examples of peptide hormones are growth hormone (GH), 
thyroid stimulating hormone (TSH), prolactin and ACTH.

Intranuclear receptors
Lipid-soluble hormones such as steroids and thyroid hormones 
pass through the cell membrane and act on intranuclear 
receptors, causing altered gene transcription (Figure 1.1).

Control and feedback
Hormones are usually controlled by a negative feedback 
mechanism (Figure 1.1). Using the thyroid axis as an example, 
the hypothalamus secretes its thyrotrophin releasing hormone 
(TRH), which travels down the portal tract to act on the anterior 
pituitary. �e pituitary releases its trophic hormone (TSH) into 

the circulation, which acts on the target gland, stimulating the 
production of the relevant hormone (thyroxine). If the target 
gland hormone is too low, there is loss of negative feedback 
and a compensatory increase in the pituitary hormone (low 
T4, high TSH). If the target gland hormone is too high, there 
is increased negative feedback and suppression of the pituitary 
hormone (high T4, low TSH). All pituitary hormones are under 
predominantly stimulatory control by the hypothalamus apart 
from prolactin, which is under tonic inhibition by dopamine.

Patterns of hormone secretion
Some hormones are produced in a stable pattern with little 
circadian rhythmicity, for example thyroxine and prolactin. Other 
hormones have a signi�cant diurnal variation. For example, 
cortisol is highest in the morning and lowest at midnight. 
Minor circadian rhythms can be seen with certain hormones 
such as testosterone, which is slightly higher in the morning 
than the a�ernoon. It is important to measure hormones at the 
appropriate time of day when assessing for de�ciency or excess. 
Female hormones have a monthly cyclical variation and must be 
interpreted according to the time of the menstrual cycle.

Measurement of hormones
Hormones are usually measured by immunoassay, which uses 
speci�c labelled antibodies that give a signal according to the 
concentration of hormone. Interfering antibodies can a�ect blood 
results, so some results are not re�ective of the true concentration 
of hormone. Assay interference should be suspected in any blood 
result that does match the clinical picture. Mass spectrometry is 
a newer technique that provides a more speci�c measure, and is 
increasingly being adopted in endocrine laboratories.

Dynamic endocrine tests
When basal investigations are di�cult to interpret because of 
diurnal variation or equivocal results, 24-hour urine collection 
or dynamic blood tests can be helpful. If hormone de�ciency is 
suspected, a stimulation test is used. �is involves administration 
of a hormone that stimulates the target gland to increase 
its hormone secretion. Examples are the Synacthen test (to 
stimulate cortisol in suspected primary adrenal failure) and the 
insulin tolerance test (to stimulate GH and ACTH in suspected 
hypopituitarism). If hormone excess is suspected, a suppression 
test is used. Examples are the dexamethasone suppression test (to 
suppress cortisol in suspected Cushing’s syndrome) and the oral 
glucose tolerance test (to suppress GH in suspected acromegaly).
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Figure 2.1   Anatomy

Table 2.1   Endocrine tests used to assess hormone levels
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tra’, controlling all peripheral glands via trophic hormones. 
It is approximately the size of a pea and sits in the pituitary 

fossa at the base of the brain (Figure 2.1). �e anterior pituitary 
is derived embryologically from Rathke’s pouch, derived from 
primitive gut tissue. �e posterior pituitary is derived from a 
down-growth of primitive brain tissue. �e optic chiasm lies 
superior to the pituitary gland. Lateral is the cavernous sinus, 
which contains cranial nerves III, IV and Va and the internal 
carotid artery (Figure 2.1).

Physiology
Hypothalamic releasing and inhibiting factors are transported 
along the hypophyseal portal tract to the anterior pituitary. �ere 
are �ve pituitary axes: GH, ACTH, gonadotrophins (FSH and 
LH), TSH and prolactin (Table 2.1).

Growth hormone
GH is secreted in a pulsatile manner with peak pulses during 
REM sleep. GH acts on the liver to produce IGF-1, which is used 
as a marker of GH activity. GH exerts its action both by direct 
e�ects of GH and via IGF-1. GH causes musculoskeletal growth 
in children and has an important role in adults. Growth hormone 
releasing hormone (GHRH) stimulates GH, while somatostatin 
inhibits it.

ACTH
ACTH has a circadian rhythm, with peak pulses early in the 
morning and lowest activity at midnight. ACTH stimulates 
cortisol release, and is itself stimulated by corticotrophin 
releasing hormone (CRH). Cortisol is the only hormone that 
inhibits ACTH.

Gonadotrophins (FSH and LH)
FSH leads to ovarian follicle development in women and 
spermatogenesis in men. In women, LH causes mid-cycle 
ovulation during the LH surge and formation of the corpus luteum. 
In men, LH drives testosterone secretion from testicular Leydig 
cells. Gonadotrophin releasing hormone (GnRH) stimulates LH 
and FSH release. Testosterone and oestrogen inhibit LH and FSH, 
while prolactin also has a direct inhibitory e�ect.

TSH
TSH drives thyroxine release via stimulation of TSH receptors in 
the thyroid gland. TRH stimulates TSH secretion and is a weak 
stimulator of prolactin secretion. �yroxine directly inhibits 
TSH.

Prolactin
Prolactin causes lactation and inhibits LH and FSH. It is 
under predominantly negative control by dopamine and weak 
stimulatory control by TRH. Anything that inhibits dopamine 
leads to an elevation in prolactin level.

Assessment of the pituitary gland
Pituitary tumours develop as a result of compression of 
local structures and/or the e�ects of endocrine hypo- or 
hypersecretion. Compression of the optic chiasm classically 
leads to a bi-temporal hemianopia. Assessment of visual �elds 
with a red pin is a mandatory part of the clinical examination 

of patients with pituitary tumours. Automated visual �eld 
assessment has superseded Goldmann perimetry as the formal 
way of documenting visual �eld defects.

Basal tests
Prolactin and TSH do not have major circadian rhythms so can 
be checked at any time of day. Both free T4 (fT4) and TSH should 
be checked in pituitary disease because TSH is o�en normal in 
secondary hypothyroidism. In women, LH and FSH should be 
measured within the �rst 5 days of the menstrual cycle (follicular 
phase). In men, LH, FSH and basal testosterone should be 
checked at 09.00 in the fasting state. Basal cortisol should be 
checked at 09.00 to exclude de�ciency, although a stimulatory 
(Synacthen) test is usually needed to con�rm this. IGF-1 is a 
marker of GH activity: low or low–normal levels suggesting GH 
de�ciency; high levels suggesting GH excess.

Dynamic pituitary tests
Dynamic endocrine tests are used to assess hormones that 
have a pulsatile secretion or circadian rhythm. If an endocrine 
de�ciency is suspected, a stimulation test is used; if endocrine 
excess is suspected, a suppression test is used (Table 2.1). All 
endocrine tests should be interpreted in the clinical context.

Synacthen test
�is is predominantly used to assess primary adrenal failure, but 
also to assess pituitary ACTH reserve. A�er 2 weeks of ACTH 
de�ciency, atrophy of the adrenal cortex leads to an inadequate 
response to synthetic ACTH (Synacthen). �is test should not 
be used in the acute situation, such as pituitary apoplexy, or 
immediately post-pituitary surgery.

Insulin tolerance test
�e insulin tolerance test (ITT) is the gold standard test of 
ACTH and GH reserve. Insulin-induced hypoglycaemia 
(glucose <2.5� mmol/L) causes physiological stress, leading 
to a rise in ACTH and GH. A normal cortisol response to 
hypoglycaemia is >550�nmol/L whereas a GH value >3�µg/dL 
a�er hypoglycaemia excludes severe GH de�ciency in adults. 
�e ITT is contraindicated in patients with ischaemic heart 
disease and epilepsy.

Other tests of GH reserve
�e ITT is the gold standard assessment of GH reserve, but is an 
invasive and unpleasant test to undergo. Glucagon can be used 
instead of the ITT, although it is a less robust test of GH reserve; 
nausea is a common side e�ect. �e GHRH–arginine test has 
particular use in patients who have had pituitary radiotherapy. 
Common side e�ects of this are �ushing, nausea and an 
unpleasant taste in the mouth.

Imaging
Magnetic resonance imaging (MRI) is the imaging modality of 
choice for the pituitary gland (Figure 2.1). Dedicated pituitary 
views with injection of contrast highlight the di�erence between 
tumour and normal gland. Pituitary tumours >1�cm are termed 
macro-adenomas, while lesions <1� cm are called micro-
adenomas. Computed tomography (CT) may be adequate in 
patients who are unable to undergo MRI. �ere is increasing 
interest in newer imaging modalities, including 11C-methionine 
positron emission tomography (PET).
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Acromegaly3

�r Facial change
�r Growth hands and feet
�r Headache
�r Sweating
�r Carpal tunnel syndrome
�r Snoring / sleep apnoea
�r Lethargy

Frontal bossing

Prognathism, frontal bossing and coarse 
features

Figure  3.3   Acromegalic hands
Broad metacarpals – previous rings needed to be 
cut off and re-sized 

Protruding chin 

(prognathism)

Hypertension

Organomegaly

Large

hands

Broad feet

(a) Symptoms

�r Clinical features
�r � GH / IGF-1
�r OGTT no suppression
�r MRI pituitary tumour

(b) Diagnosis

�r Surgery (trans-sphenoidal)
�r Radiotherapy
�r Dopamine agonists
�r Somatostatin analogues
�r GH receptor antagonist

(c) Treatment

Figure 3.1   Acromegaly Figure 3.2   Typical facial appearance 
of acromegalySagittal MRI showing pituitary macro-adenoma
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9Acromegaly, meaning ‘large extremities’ in Greek, is almost 
exclusively caused by a GH-secreting pituitary tumour. 
Patients have o�en had acromegaly for many years before the 

diagnosis is considered. �e increased detection of incidental pitu-
itary tumours can lead to early diagnosis if appropriate tests are 
performed. Untreated acromegaly can lead to dis�guring features 
and premature death, predominantly from cardiovascular disease.

Clinical features
Acromegaly is associated with a classic constellation of clinical 
features (Figure 3.1). Increased size of hands and feet occur 
commonly, and rings may need to be cut o� as they become 
too tight. Facial features become coarser over time, with frontal 
bossing of the forehead, protrusion of the chin (prognathism) 
and widely spaced teeth (Figure 3.2). �e diagnosis is o�en made 
a�er the �rst consultation with a new healthcare professional. 
So� tissue swelling leads to enlargement of the tongue and so� 
palate, snoring and sleep apnoea, and pu�ness of the hands 
with carpal tunnel syndrome. Other speci�c features of GH 
hypersecretion include sweating, headaches, hypertension and 
diabetes mellitus, which may resolve a�er treatment.

Comparison with old photographs can show when 
acromegalic features started to develop (Figure 3.3). Patients 
with large pituitary tumours may present with visual �eld 
disturbance resulting from optic chiasm compression and 
hypopituitarism. If acromegaly occurs before puberty, gigantism 
occurs. Organomegaly, cardiomyopathy and increased risk of 
colon cancer can occur in association with acromegaly.

Investigation
Oral glucose tolerance test and IGF-1
It is relatively easy to con�rm or refute a diagnosis of acromegaly 
once it is considered. An oral glucose tolerance test (OGTT) with 
75�g glucose causes suppression of GH to <1�µg/L in patients 
who do not have acromegaly. Failure to suppress suggests 
autonomous GH secretion and a diagnosis of acromegaly. 
Typically, IGF-1 levels are elevated in acromegaly, re�ecting 
increased GH activity. Some tumours co-secrete both GH and 
prolactin as they share the same cell origin, therefore prolactin 
may be simultaneously elevated.

Imaging
Pituitary MRI will reveal either a macro-adenoma or a micro-
adenoma. Typically, large tumours are associated with higher 
GH and IGF-1 levels. Patients with cavernous sinus invasion are 
likely to need additional treatment because this area is relatively 
inaccessible surgically.

Management
Surgery is the most appropriate initial treatment for most patients 
as this is the only modality that o�ers the chance of permanent 
cure. With micro-adenomas, there is a high likelihood (>80%) 
of surgical remission, while remission is only achieved in 
approximately 60% of patients with macro-adenomas, hence 
additional treatment may be needed to achieve acceptable GH 
and IGF-1 levels.

Medical treatment
Somatostatin analogues (e.g. octreotide, lanreotide and 
pasireotide) can improve symptoms and control GH and IGF-1 
levels. �ese drugs are usually given as monthly injections. 
GH receptor blockers (pegvisomant) can control IGF-1 levels 
in patients with aggressive acromegaly although treatment is 
expensive and not widely available. Dopamine agonists can 
control GH in certain patients with acromegaly, although less 
e�ective in patients with very high levels of GH secretion.

Radiotherapy
In patients with signi�cant residual tumour bulk and disease 
activity, additional treatment may be needed. External beam 
or stereotactic (‘gamma knife’ or radio-surgery) radiotherapy 
can be used. External beam radiotherapy is more established 
treatment with more published outcome data, but requires 
daily visits to hospital for administration over several weeks. 
Stereotactic radiotherapy provides a more targeted treatment 
at higher dosage and is increasingly used, but is only suitable 
for lesions well away from the optic chiasm. Radiotherapy 
can take many years to lower GH. Long-term side e�ects of 
radiotherapy include gradual-onset hypopituitarism because of 
damage to the normal pituitary, and possible cerebrovascular 
disease.

Monitoring disease activity
A�er initial surgery, repeat OGTT will indicate if there is 
persistent disease. Long-term follow-up is important to ensure 
adequate control of GH and IGF-1 levels, and exclude recurrence. 
Surveillance of disease status is by clinical assessment, IGF-1 
measurement and a measure of GH activity (random GH, nadir 
GH to OGTT or mean GH from a GH day series). �e target is 
GH <1� �g/L and normal IGF-1 although this is o�en di�cult 
to achieve in practice. �ere may be a discrepancy between GH 
and IGF-1 levels in up to 30% of patients. Clinical assessment 
is important in such patients in deciding whether to treat or 
monitor. Because of the association of acromegaly with risk 
of neoplasia, periodic screening colonoscopy should also be 
considered.
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Cushing’s syndrome4

�r Central weight gain
�r Moon face
�r Thin skin
�r Bruising
�r Proximal myopathy
�r Fresh striae
�r History of fragility fracture
�r Psychological problems

(a) Symptoms

�r Pituitary tumour
�r Ectopic ACTH 
�r Adrenal tumour
�r Exogenous steroids

(b) Causes

�r 24-h UFC
�r Low dose DST
�r CRH test
�r High dose DST
�r Petrosal catheter

(c) Investigations

�r Surgery 
�r Radiotherapy
�r Pituitary surgery
�r Bilateral adrenalectomy
�r Metyrapone
�r Ketoconazole
�r Pasireotide

(d) Treatment
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Figure 4.1   Cushing’s syndrome

Figure 4.2   Cushingoid facies 
and dorso-cervical fat pad



C
hapter 4  C

ushing’s syndrom
e

11Cushing’s syndrome occurs as a result of increased endog-
enous or exogenous steroids. �e diagnosis is considered 
when the classic clinical features are recognised. �ere are 

several causes of Cushing’s syndrome, but Cushing’s disease spe-
ci�cally refers to an ACTH-secreting pituitary tumour, leading 
to bilateral adrenal hyperplasia and excess cortisol secretion. Sys-
tematic biochemical evaluation is essential to accurately con�rm 
the presence of Cushing’s syndrome and determine the source of 
excess steroid. Cushing’s syndrome can be a challenging condi-
tion both in terms of diagnosis and treatment.

Clinical features
Cushing’s syndrome is characterised by the development of 
central obesity, a dorso-cervical fat pad and increased roundness 
of the face. Patients o�en have a �ushed appearance (plethoric) 
and complain of thin skin, easy bruising and proximal myopathy 
(Figure 4.1). Patients may present with hypertension, premature 
osteoporosis and diabetes mellitus. Le� untreated, Cushing’s 
syndrome is associated with signi�cant morbidity and has a 
5-year mortality approaching 50%.

Investigation
Biochemical screening tests
Before considering the di�erential diagnosis, it is important to 
con�rm that true Cushing’s syndrome is present with the use of 
biochemical screening tests. Alcoholism and severe depression 
cause patients to look Cushingoid (pseudo-Cushing’s) but 
screening tests will usually be normal. Twenty-hour hour urine 
free cortisol (UFC), low dose dexamethasone suppression test 
(LDDST) and the overnight dexamethasone suppression test 
(DST) are used as screening tests. Twenty-four hour UFC levels 
will typically be elevated, and there is failure to suppress cortisol 
to <50�nmol/L a�er LDDST or overnight DST. �e LDDST is 
more speci�c and sensitive than the overnight DST (Figure�4.1). 
Most recently, late night salivary cortisol has emerged as a 
convenient outpatient screening test, whereby patients with 
Cushing’s syndrome fail to demonstrate the expected nocturnal 
fall in cortisol levels.

Differential diagnosis
Once Cushing’s syndrome has been con�rmed, further 
assessment is needed to determine the cause (Figure 4.1). 
Cushing’s disease is more common than ectopic ACTH and 
has a higher prevalence in females. Hypokalaemia, a history 
of smoking and weight loss are suggestive of ectopic ACTH 
resulting from lung cancer or another malignancy. Signi�cant 
and accelerated hirsutism suggests an adrenal tumour.

Imaging can lead to misleading information, because pituitary 
tumours may be too small to be seen on MRI, and ‘incidentalomas’ 
of the adrenal and pituitary are common. �erefore, biochemical 
assessment should be performed before imaging.

ACTH levels
If ACTH is low, an adrenal tumour is likely and adrenal imaging 
is indicated (CT or MRI). If ACTH is normal or high, Cushing’s 
disease or ectopic ACTH should be considered.

CRH and high dose DST
CRH injection causes an exaggerated rise in ACTH and cortisol 
in patients with Cushing’s disease, with a �at response observed 
in ectopic ACTH (CRH test). �e high dose DST leads to some 
degree of cortisol suppression in Cushing’s disease but not in 
ectopic ACTH, although this test has largely been superseded by 
inferior petrosal sinus sampling (IPSS).

Imaging and inferior petrosal sinus sampling
If biochemical tests suggest Cushing’s disease, an MRI of the 
pituitary should be performed. If there is no clear pituitary lesion 
on MRI, IPSS can help to con�rm central ACTH secretion by 
showing a clear gradient between central and peripheral ACTH 
levels a�er CRH injection. In suspected ectopic ACTH, a whole 
body CT scan, with or without PET imaging, may reveal a 
carcinoma.

Management
If an adrenal tumour is found, laparoscopic adrenalectomy is the 
treatment of choice. In ectopic ACTH, appropriate treatment of 
the underlying malignancy and medical control of cortisol levels 
are needed. In Cushing’s disease, trans-sphenoidal removal of 
the pituitary adenoma is indicated.

Medical treatment
Metyrapone blocks cortisol production and may improve 
symptoms. Other medical approaches include ketoconazole and 
pasireotide (a somatostatin analogue), which can be e�ective in 
some patients. Medical treatment can be used pre-operatively 
if symptoms are severe, or there is uncontrolled hypokalaemia, 
diabetes and hypertension.

Additional treatment
In large pituitary tumours, and those invading the cavernous 
sinus, external beam or stereotactic radiotherapy may be 
required. Bilateral adrenalectomy can be performed to normalise 
cortisol status in Cushing’s disease, although uncontrolled 
negative feedback can lead to uncontrolled residual pituitary 
tumour growth. In some cases, this has an aggressive course and 
may be associated with extreme pigmentation due to very high 
ACTH levels, with headache and cranial nerve palsies (Nelson’s 
syndrome).

Follow-up and monitoring
For Cushing’s disease, an early postoperative cortisol level 
of <50� nmol/L suggests biochemical remission. Positive 
con�rmation of ACTH immunostaining of the tumour is helpful 
to con�rm the correct diagnosis. Low cortisol levels result 
from ACTH suppression in the remaining normal corticotroph 
cells due to exposure to previously high corticosteroid levels. 
Hydrocortisone replacement may be needed for several years 
until the hypothalamic–pituitary–adrenal (HPA) axis recovers. 
Patients with Cushing’s disease should have long-term follow-up 
to ensure there is no recurrence.
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Hypopituitarism and non-functioning 
pituitary adenomas5
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�r Lethargy
�r Dizziness
�r Weight gain
�r Sexual dysfunction
�r Infertility
�r Short stature children
�r Polyuria / polydypsia
 if hypophysitis

(a) Symptoms

�r Pituitary tumour
�r Pituitary apoplexy
�r Post-traumatic head injury
�r Congenital hypopituitarism
�r Hypophysitis
�r In�ltrative disease
�r Sarcoidosis
�r Histiocytosis X
�r Sheehan's syndrome

(b) Causes

Bitemporal hemianopia
(if pituitary macro-adenoma) 

Look for signs 
of pituitary
hypersecretion
(acromegaly / 
Cushing's)

Delayed growth until GH treatment started in a child with
hypopituitarism

Pale, thin, wrinkly skin

Gynaecomastia

��Axillary hair

��Pubic hair

�r �09.00 Cortisol
�r �T4/TSH
�r �LH/FSH/testostero ne (men)
�r �LH/FSH/oestro gen (women)
�r �GH / IGF-1
�r Flat SST (Synacthen test) / 
ITT (insulin tolerance test)
�r MRI pituitary tumour

(c) Diagnosis

�r Pituitary replacement
�r Hydrocortisone
�r Thyroxine
�r Testosterone (men)
�r Oestradiol / progesterone 
(women)
�r Growth hormone
�r Desmopressin if diabetes 
insipidus
�r Trans-sphenoidal surgery 

(d) Treatment

Figure 5.1   Non-functioning pituitary adenomas and hypopituitarism Figure 5.2   Hypopituitarism can present with 
short stature in children
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Non-functioning pituitary adenomas (NFPAs) are biochemically 
inert tumours. �ey usually present with the physical e�ects 
of a pituitary mass lesion (e.g. visual �eld loss, headache and 
hypopituitarism) or, increasingly, when discovered incidentally 
on routine brain MRI (‘pituitary incidentalomas’). Surgical 
decompression is indicated if there is a visual �eld defect or if the 
lesion is close to the optic chiasm.

�e usual route for removal is trans-sphenoidally, although 
trans-cranial surgery is occasionally needed. NFPAs can cause 
hypopituitarism by compressing the normal gland, which 
requires endocrine replacement. Histologically, NFPAs can 
have positive immunostaining for inactive LH and FSH, but 
they do not secret bioactive hormones. Patients with signi�cant 
postoperative residual tumour may require radiotherapy.

Hypopituitarism
Causes
Hypopituitarism has several causes, either congenital (from 
pituitary transcription factor defects) or acquired. Acquired 
hypopituitarism is most commonly caused by the presence of a 
pituitary tumour. Other acquired causes include in�ammatory 
and in�ltratitive disorders, traumatic brain injury and 
radiotherapy (Figure 5.1). In patients with hypopituitarism and 
a large empty pituitary fossa on MRI, it is important to enquire 
about a previous history of severe headache, as this may re�ect 
missed pituitary apoplexy (Chapter 36).

Order of anterior pituitary hormone loss
In pituitary tumours, compression of the stalk usually leads 
to loss of pituitary hormones in the following order: GH, 
gonadotrophins, TSH then ACTH. Of these, ACTH de�ciency 
is the most urgent problem as secondary hypoadrenalism 
has signi�cant clinical implications requiring immediate 
hydrocortisone replacement. Pituitary stalk compression 
by NFPAs leads to mild hyperprolactinaemia, typically 
<5000�miU/L. Prolactin >5000�miU/L in the context of a large 
pituitary lesion suggests active prolactin secretion from a macro-
prolactinoma (Chapter 6) rather than NFPA. �is is an important 
distinction because prolactinomas are managed medically, 
while NFPAs are managed surgically. Patients with pituitary 
adenomas hardly ever develop diabetes insipidus (in the absence 
of surgery), hence con�rmed diabetes insipidus should lead to 
consideration of alternative diagnoses, such as in�ammatory 
hypophysitis, craniopharyngioma or metastasis as a cause of the 
hypopituitarism (Chapter 7).

Clinical presentation
Visual �eld loss from pituitary tumours is a speci�c discriminatory 
clinical feature, but hypopituitarism o�en causes non-speci�c 
symptoms including lethargy, weight gain and sexual dysfunction 
(Figure 5.1). In adults, acquired hypopituitarism has o�en been 
present for many years prior to diagnosis, and symptoms can 
mimic common diseases such as depression. Hypopituitarism 

can present as an acute hypoadrenal crisis, with hyponatraemia 
and hypotension, which is a medical emergency (Chapter 13). In 
children, short stature may be a presenting feature (Chapter 24).

Investigation
In patients with suspected hypopituitarism, the priority is 
assessment of the adrenal axis. Patients with chronic ACTH 
de�ciency (>4 weeks) will have a suboptimal response to 
Synacthen, as a result of adrenal atrophy. In acute hypopituitarism 
(e.g. pituitary apoplexy; Chapter 36), the Synacthen test is not 
a reliable test of ACTH reserve as the adrenals will not have 
had su�cient time to become atrophic and can give a falsely 
reassuring normal cortisol response.

Secondary hypothyroidism is demonstrated by a low (or 
low end of normal) T4 with inappropriately normal TSH. 
Secondary hypogonadism is con�rmed by low sex hormones 
with non-elevated LH and FSH. In postmenopausal females, LH 
and FSH levels are a good screening test for hypopituitarism, 
as gonadotrophins should be elevated at this stage of life. GH 
de�ciency is suggested by low or low–normal IGF-1 levels; 
dynamic GH-stimulation tests are required to con�rm this 
before starting treatment. �e imaging investigation of choice 
in hypopituitarism is MRI, although CT can give reconstructed 
views of the pituitary fossa in patients who cannot undergo MRI.

Treatment
Patients with ACTH de�ciency o�en feel immediately better with 
appropriate hydrocortisone replacement, reporting increased 
energy and appetite with a general improvement in symptoms. 
In the acute situation, hydrocortisone can be life-saving 
(Figure 5.1). TSH de�ciency is treated with standard thyroxine 
replacement, with dosage titrated according to symptomatic 
improvement and fT4 levels, as TSH cannot be used as a guide. 
Patients with gonadotrophin de�ciency need appropriate sex 
hormone replacement. Men with gonadotrophin de�ciency 
may bene�t from testosterone replacement, both for symptom 
control and protection from osteoporosis. Testosterone is given 
by gel or injection. Women with oestrogen de�ciency are given 
oestrogen and progesterone replacement as appropriate, which 
can be given as the combined contraceptive pill or hormone 
replacement therapy (HRT).

Growth hormone de�ciency
Growth hormone de�ciency in adults can give rise to reduced 
quality of life, reduced muscle and bone mass, and increased fat 
mass with an adverse cardiovascular pro�le. GH de�ciency should 
be considered in all patients with pituitary disease with impaired 
quality of life, as replacement has the potential to improve 
this signi�cantly. Recombinant GH is administered as a daily 
subcutaneous injection. In order to qualify for treatment, GH 
de�ciency should be established as severe through biochemical 
testing, and response to treatment should be documented using 
Adult Growth Hormone De�ciency Assessment (AGHDA) 
scores, according to National Institute for Health and Care 
Excellence (NICE) guidelines.
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Prolactinoma and hyperprolactinaemia6

�r More common in females
�r Prolactin <5000
�r Galactorrhoea
�r �fertility

�r More common in males
�r Prolactin >5000
�r Sexual dysfunction
�r Pituitary mass effect 
symptoms

(a) Micro-prolactinoma 

(a) Before cabergoline therapy (b) 4 months post-cabergoline therapy

(b) Macro-prolactinoma 

�r Dopamine agonists; 
cabergoline, bromocriptine, 
quinagolide 
�r Surgery or radiotherapy if 
D2 agonist intolerant or 
unresponsive (rare)

(c) Treatment

�r Menstrual disturbance
�r Galactorrhoea
�r Infertility
�r Mass effects (if macro-
prolactinoma)

(d) Clinical presentation

Figure 6.1   Prolactinoma 

Figure 6.2   MRI of macro-prolactinoma showing shrinkage of lesion
on dopamine agonist 
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Hyperprolactinaemia is common in clinical practice, occurring 
more commonly in women than men. Demonstration of 
persistent hyperprolactinaemia is important because repeat 
prolactin measurement may be normal. Pregnancy is a common 
cause of hyperprolactinaemia, and should be considered before 
further investigation. A full drug history is required because 
dopamine antagonists such as anti-emetics and antipsychotics 
commonly cause an elevation in prolactin. Classic features of 
hyperprolactinaemia include menstrual disturbance, reduced 
fertility and galactorrhoea. Profound hypothyroidism can 
cause hyperprolactinaemia by TRH-driven prolactin secretion. 
Polycystic ovary syndrome is commonly associated with 
mild hyperprolactinaemia, with prolactin levels typically 
<1000� miU/L together with symptoms of androgen excess. In 
large pituitary tumours, a prolactin level >5000�iU/L suggests a 
macro-prolactinoma rather than a non-functioning adenoma.

Prolactinoma
Clinical presentation
Micro-prolactinoma
�ese are the most common pituitary tumours and are more 
frequently seen in women than men. Micro-prolactinomas 
are <1� cm, and typically present with menstrual disturbance 
and galactorrhoea, although infertility may be the only feature 
(Figure 6.1). Migrainous headaches can be a feature, probably 
because of endocrine disturbance in individuals predisposed to 
migraine, rather than mass e�ect. Polycystic ovary syndrome 
is distinguished from prolactinomas by the presence of 
androgenic symptoms, less elevated prolactin levels (typically 
<1000� miU/L) and the absence of a pituitary lesion on MRI. 
Occasionally, micro-prolactinomas can be so small that they are 
not seen on MRI.

Macro-prolactinomas
By de�nition these are >1�cm and can be very large. �ey are more 
common in men than women, and patients typically present with 
mass symptoms of visual �eld loss and headache, particularly if 
there is cavernous sinus invasion. Prolactin levels are typically 
>5000�miU/L and can be in the hundreds of thousands, which is 
virtually diagnostic of a macro-prolactinoma (Figure 6.1). When 
levels of prolactin are extremely high, the immunoassay can 
give inaccurately low results for methodological reasons (called 
the hook e�ect) so it may be necessary to dilute the sample to 
achieve a more accurate result.

Treatment
Prolactinomas are treated with dopamine (D2) agonists, 
most commonly cabergoline and bromocriptine (Figure 6.1). 
Cabergoline is given once or twice weekly and is better tolerated 
than bromocriptine, which is given daily. Common side e�ects 
include nausea and postural hypotension, and rarely psychiatric 
disturbance. Bromocriptine is preferable to cabergoline in 
women who are trying to conceive.

Macro-prolactinomas are treated medically even if they are 
very large, usually with good reduction in prolactin and tumour 
bulk (Figure 6.2). In 10% of macro-prolactinomas, cerebrospinal 
fuid (CSF) leak occurs as a result of the rapid reduction in the 
size of the lesion. �is is important to recognise as it is a potential 
source of meningitis.

Surveillance and long-term follow-up
�e aim of treatment is resolution of symptoms and 
normalisation of prolactin using the lowest possible dose 
of dopamine agonist medication. Micro-prolactinomas are 
usually treated with dopamine agonists for 2–3 years and 
then discontinued to see if there is remission. A convenient 
time for discontinuing treatment is a�er menopause, because 
prolactinomas are oestrogen-driven. Macro-prolactinomas 
require higher doses of dopamine agonists and commonly recur 
so treatment time is longer. A high cumulative dose of dopamine 
agonist can lead to cardiac valve abnormalities, although this 
is not a concern in the usual dosage needed to treat micro-
prolactinomas.

Pituitary incidentaloma
Approximately 1 in 10 people have an incidental pituitary lesion, 
which may be of no clinical signi�cance. Increased access to MRI 
scans has led to an increase in their detection. �e majority of 
incidentalomas are micro-adenomas. Serum prolactin should 
be checked and if there are signs of acromegaly, Cushing’s or 
hypopituitarism, appropriate basal and dynamic tests should be 
performed. If there is thickening of the pituitary stalk on MRI, 
serum and urine osmolalities should be checked to exclude 
diabetes insipidus, especially if there is polyuria and polydipisia. 
Local protocols will guide further imaging, but patients can o�en 
be reassured and eventually discharged if there is no growth 
detected on serial scans.
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Hypernatraemia and diabetes insipidus7

�r Extreme thirst
�r Large volumes of pale urine
�r High serum osmolarity
�r Low urine osmolality

Pure water depletion Hypotonic �uid loss Salt gain

Extra-renal loss Extra-renal loss Iatrogenic

Reduced water intake
Mucocutaneous loss
Hyperventilation
Hyperthyroidism

Gastrointestinal loss 
(vomiting, diarrhoea)
Excessive sweating

Hypertonic saline
Sodium bicarbonate

Rare

Renal loss Renal loss Salt ingestion

Diabetes insipidus
Chronic kidney disease

Osmotic diuresis (glucose, 
urea, mannitol)

(c) Features of DI 

�r Vasopressin de�ciency

(a) Cranial DI 

�r Vasopressin resistance

Causes: 
 In�ammatory hypophysitis 
 Histiocytosis X, 
 Post-pituitary surgery
 DIDMOAD

Causes: 
 Electrolyte disturbance
 Renal disease
 Drugs (e.g. lithium)

(b) Nephrogenic DI 

Table 7.1   Causes of hypernatraemia

Figure 7.1   Diabetes insipidus 
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sodium homeostasis
�e posterior pituitary is derived from a down-growth of 
primitive neural tissue and is anatomically distinct from the 
anterior pituitary gland. �e posterior pituitary has a vital 
role in sodium and water balance, which is tightly regulated 
in health. Osmoreceptors in the hypothalamic supraoptic 
nucleus respond to high serum osmolality by stimulating 
vasopressin (ADH) release from the paraventricular nucleus 
in the hypothalamus (Figure 7.1), as well as stimulating thirst. 
Vasopressin acts on aquaporin channels in the collecting duct of 
the kidney to allow water reabsorption. Osmolality quanti�es the 
solute concentration of serum and can be measured directly or 
calculated (2 × [Na+] + urea + glucose). In the absence of high 
glucose and renal failure, osmolality amounts to approximately 
double serum sodium. Rapid changes in osmolality can lead to 
catastrophic CNS consequences.

Hypernatraemia
Hypernatraemia is mild (Na 145–150�mmol/L), moderate (150–
159�mmol/L) or severe (>160�mmol/L). It is less common than 
hyponatraemia in clinical practice but is a sign of signi�cant 
disease. �e causes are pure water loss, hypotonic water loss or 
salt gain (Table 7.1). In patients with hypernatraemia who have 
a high urine output and low urine osmolality, diabetes insipidus 
(DI) should be considered.

Diabetes insipidus
DI is caused by vasopressin de�ciency (cranial DI) or reduced 
action of vasopressin on the kidney (nephrogenic DI). �e lack 
of water reabsorption from reduced vasopressin action leads to 
large volumes of dilute urine with profound unquenchable thirst 
(Figure 7.1). �e biochemical hallmarks of DI are high serum 
osmolality, low urine osmolality and high urine volume.

Cranial DI is seen in in�ammatory or in�ltrative pituitary 
disease (Figure 7.1). A strong family history of cranial DI suggests 
a mutation in the arginine vasopressin (AVP) gene. DIDMOAD 
(Wolfram’s syndrome) is a rare genetic condition characterised 
by DI, diabetes mellitus, optic atrophy and deafness.

Nephrogenic DI is usually caused by metabolic and electrolyte 
disturbance, renal disease and drugs a�ecting the kidney. A rare 
congenital X-linked cause of nephrogenic DI has also been 
described.

Primary polydipsia is a behavioural condition leading to 
polydipsia, which drives polyuria. It is not associated with 
hypernatraemia, and can lead to dilutional hyponatraemia. 
Some patients with primary polydipsia have an impaired ability 
to concentrate urine because of down-regulation of vasopressin 
release, and this can occasionally be di�cult to distinguish from 
partial DI.

Investigation
DI is con�rmed by demonstration of high urine volumes, 
high serum osmolality and low urine osmolality. �e clinical 

diagnosis is usually obvious with complete vasopressin 
de�ciency, due to the presence of extreme thirst and passing 
of large quantities of pale urine. DI is con�rmed if serum 
osmolality >295� mosmol/kg, serum [Na+] >145� mmol/L and 
urine osmolality <300�mosmol/kg.

Water deprivation test
In partial DI, the diagnosis may be less clear-cut. In this situation 
a water deprivation test (WDT) can be useful. Patients with 
frank DI will have severe thirst and lose signi�cant weight as 
a result of water loss. �e test should be stopped if excessive 
weight loss occurs or symptoms are too severe. DI is excluded 
if patients concentrate urine osmolality >600� mosmol/kg and 
serum osmolality remains <300�mosmol/kg. In the second part 
of the WDT, synthetic vasopressin (1-desamino-8-�-arginine 
vasopressin; DDAVP) is given. In cranial DI, DDAVP leads to 
reduced urine volume and increased urine osmolality, while in 
nephrogenic DI there is no response.

Management
Patients with con�rmed cranial DI should be investigated for 
pituitary disease, and managed as appropriate. Cranial DI 
responds well to DDAVP administration and results in good 
clinical improvement. Desmopressin can be given intranasally, 
orally, sublingually or parenterally. Overtreatment with DDAVP 
can lead to dilutional hyponatraemia, commonly characterised 
by headache and reduced cognitive ability, and, less commonly, 
seizures if there is a sudden drop in sodium. Signs of 
undertreatment with DDAVP are excessive thirst and polyuria. 
Rarely, patients with DI have an impaired thirst mechanism if 
there is hypothalamic involvement, termed hypodipsic DI. �is 
can be seen in hypothalamic in�ltrative disorders and requires 
specialist care because of the risk of severe hypernatraemia and 
dehydration.

In nephrogenic DI, the underlying cause should be considered 
and reversed where possible. If symptoms persist, patients should 
drink according to thirst and keep up with water loss. Speci�c 
measures to treat nephrogenic DI include the use of low salt, 
low protein diet, diuretics, and non-steroidal anti-in�ammatory 
drugs (NSAIDs).

Acute severe hypernatraemia
�is is a medical emergency and requires inpatient management 
in a high dependency setting. Seizures and intracranial vascular 
haemorrhage as a result of brain shrinkage can occur. Severe 
hypernatraemia (Na >160� mmol/L) usually requires ITU 
discussion. �e cause is most commonly excessive water loss, 
and the key aspect of treatment is aggressive �uid replacement. 
Normal (0.9%) saline should be given as initial �uid replacement, 
as it is relatively hypotonic. An estimation of total body water 
de�cit can be made according to weight. If urine osmolality is 
low, DI should be considered, and a trial of intramuscular or 
intravenous DDAVP given. In patients with known DI, it is 
essential to ensure DDAVP is given parenterally, and that close 
�uid balance is observed.
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Hyponatraemia and SIADH8

Severe symptoms?
Coma/seizures

Consider immediate
hypertonic saline

Urine osmolality

Diagnostic pathway

Cause-speci�c treatment

Yes No

Table 8.1   Common causes of SIADHFigure 8.1   Management algorithm for hyponatraemia and SIADH

Figure 8.2   Diagnostic pathway
Source: adapted from Ball et al., 2016. Emergency management of severe symptomatic 
hyponatraemia in adult patients.  http://www. endocrineconnections.com/content/5/5/G4.full

Category of
SIADH cause

Examples

Malignancy Lung
Lymphoma
Gastrointestinal/pancreas
Genitourinary malignancy

Drugs SSRIs
Tricyclics
Anticonvulsants

Miscellaneous Idiopathic
HIV/MS/Guillain–Barré/AIP

Pulmonary Pneumonia
TB
Abscess

CNS Malignancy
Infection
Trauma
Haemorrhage

Hyponatraemia
Exclude non-hypotonic

hyponatraemia
(e.g. hyperglycaemia)

Urine osmolality

>100 mosmol/L

Primary polydipsia
IV �uids

<100 mosmol/L

Urine Na
<30 mmol/L

Urine Na
>30 mmol/L

Urine Na
>30 mmol/L

taking diuretics 
or 

ACE inhibitorLow effective arterial volume:
�r CCF
�r Cirrhosis
�r Nephrotic syndrome
�r Gastrointestinal loss
�r 3rd space loss
(e.g. pancreatitis)

Normal circulating volume:
�r SIADH
�r ACTH de�ciency
Low circulating volume:
�r Primary salt wasting
(renal/CNS)
�r Addison’s disease

Consider
all causes
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Hyponatraemia is common, a�ecting approximately 30% of 
patients in hospital. It is classi�ed as mild (>130� mmol/L), 
moderate (125–129� mmol/L) or severe (<125� mmol/L), 
according to either the degree of biochemical disturbance or 
the clinical state of the patient. �e rate of change of sodium is 
more important than the absolute sodium value so patients with 
chronic hyponatraemia can be asymptomatic, while patients 
with a sudden drop can be very unwell. Early symptoms of 
hyponatraemia are headache, nausea, vomiting and general 
malaise. Later signs are confusion, agitation and drowsiness. 
Acute severe hyponatraemia leads to seizures, respiratory 
depression, coma and can result in death.

Investigation
Making an accurate diagnosis of hyponatraemia requires full 
clinical assessment and a systematic approach. Drug history and 
hydration status are particularly important. �iazide diuretics 
are a common cause of hyponatraemia and should be stopped 
if possible. Biochemical investigations include serum osmolality, 
urine osmolality, urine sodium, thyroid function and an 
assessment of cortisol reserve (09.00 cortisol or Synacthen test). 
It is not possible to make an accurate diagnosis without all of 
these investigations (Figure 8.2).

Diagnostic approach
In acute severe hyponatraemia with neurological compromise, 
hypertonic saline should be considered whatever the cause. �is 
is a senior decision and should only be carried out under close 
supervision. In mild or moderate hyponatraemia, the diagnostic 
algorithm should be followed (Figure 8.2).

Serum and urine osmolality
Con�rmation of low serum osmolality is important to exclude 
non-hypo-osmolar hyponatraemia (e.g. hyperglycaemia). Once 
hypotonic hyponatraemia has been con�rmed, urine osmolality 
should be checked. A low urine osmolality (<100�mosmol/kg) 
suggests primary polydipsia or inappropriate administration of 
IV �uids. If urine osmolality is >100�mosmol/kg, urine sodium 
will guide the di�erential diagnosis.

Urine sodium
A low urine sodium (<30� mmol/L) suggests a low e�ective 
arterial volume. �is is seen either resulting from true volume 
depletion (e.g. gastrointestinal salt loss), or when patients are 
clinically overloaded but have intravascular depletion (e.g. 
congestive cardiac failure, cirrhosis or nephrotic syndrome).

If urine sodium is >30�mmol/L and the patient is euvolaemic, 
syndrome of inappropriate ADH (SIADH) should be considered, 
although ACTH de�ciency must be excluded. If urine sodium is 
>30�mmol/L and patients are hypovolaemic, Addison’s disease, 
renal and cerebral salt-wasting, or a history of vomiting should 

be considered – vomiting causes loss of hydrogen ions and a 
metabolic alkalosis, which is corrected by the renal excretion of 
sodium bicarbonate.

Severe hypothyroidism can cause hyponatraemia, although 
the mechanism is unclear.

Management
Cause-speci�c treatment leads to biochemical correction. 
Appropriate �uid replacement in patients with hypovolaemic 
hyponatraemia with normal saline typically leads to 
improvement. In patients with hypervolaemic hyponatraemia, 
specialist treatment of cirrhosis, nephrotic syndrome or 
congestive cardiac failure is indicated.

Syndrome of inappropriate ADH
SIADH has many causes (Table 8.1). It is characterised by 
euvolaemic hypo-osmolar hyponatraemia in the context of 
low serum osmolality (<275� mosmol/kg), urine osmolality 
>100� mosmol/kg and urine sodium >30� mmol/L. SIADH can 
only be diagnosed a�er the exclusion of hypothyroidism, total 
salt depletion and ACTH de�ciency.

ACTH de�ciency appears identical to SIADH because 
it causes reduced excretion of free water, because cortisol 
de�ciency leads to increased vasopressin activity. �is is di�erent 
from hyponatraemia caused by mineralocorticoid de�ciency in 
Addison’s disease.

SIADH can be caused by underlying malignancy, most 
commonly lung cancer. Other respiratory and CNS pathology 
can also cause SIADH (Table 8.1). Many drugs can lead to 
SIADH, particularly anticonvulsants. If no cause for SIADH is 
found, cross-sectional imaging or bowel investigation may be 
necessary to search for an underlying malignancy. Idiopathic 
SIADH is a diagnosis of exclusion.

Management
Reversal or treatment of the cause of SIADH and �uid 
restriction are the key aspects of management. Strict �uid 
restriction (1–1.5� L/day) is poorly tolerated and di�cult to 
achieve. Drug treatment of SIADH includes demeclocycline 
and ADH antagonists. Demeclocycline reduces renal response 
to ADH but its use is limited by side e�ects and unpredictable 
pharmacokinetics. ADH antagonists (vaptans) directly block 
ADH action and are of use in speci�c clinical situations.

Acute severe hyponatraemia
Patients with acute severe hyponatraemia and neurological 
compromise require urgent management and intensive 
monitoring (Figure 8.1). In life-threatening situations when 
patients are unconscious or �tting, hypertonic (3%) saline can 
be considered.
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Thyroid function9
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Figure 9.1   Thyroid function, physiology and interpre ting TFTs

(a) Anatomy (b) Histology

(d) Actions of thyroid hormones

(e) Interpretation of TFTs

(c) Cellular action of thyroid hormones
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�r �Heart rate
�r �Stro ke volume
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�r Reproductive effects
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Embryology
�e thyroid gland has its embryological origin at the back 
of the tongue, migrating downwards to the midline, sitting 
anteriorly to the thyroid cartilage in the neck (Figure 9.1a). �is 
embryological origin can lead to remnant tissue, which presents 
as a lingual thyroid or thyroglossal cyst.

Anatomical relations
�e thyroid gland has a le� and right lobe joined by a central 
isthmus (Figure 9.1a). �yroid lesions can be distinguished 
from other neck lumps by their movement on swallowing. �e 
anatomical relations of the thyroid are important in clinical 
practice. �e recurrent laryngeal nerve lies laterally on each side 
and the parathyroid glands lie posteriorly (Figure 9.1a) – both may 
be damaged during thyroid surgery. �e thyroid gland has a rich 
vascular supply from the inferior and superior thyroid arteries.

Histology
�yroid tissue is made up of colloid (Figure 9.1b), which contains 
iodinated thyroglobulin. �yroglobulin is synthesised by the 
surrounding follicular cells and is the large molecule from which 
thyroxine is made and stored in colloid. �e thyroid is also made 
up of neuroendocrine cells (parafollicular or C cells), which are 
situated between the follicular cells, and secrete calcitonin, a 
physiologically active peptide. Calcitonin is relevant clinically as 
a biomarker for medullary thyroid cancer.

Physiology
�yroid hormones have a profound e�ect on metabolism. 
Iodination of the amino acid tyrosine forms thyroxine (T4) 
and triiodothyronine (T3). T4 is the main circulating hormone, 
which is converted peripherally to the more potent and shorter 
acting T3 (Figure 9.1c). �yroid hormones are bound tightly to 
proteins in the circulation: thyroxine binding globulin (TBG), 
transthyretin and albumin. Only the free hormone acts on 
intracellular thyroid receptors (TR). �ere are two main types 
of thyroid receptor (TR� and TR�), which are variably expressed 
in di�erent tissues. Mutations in TR� lead to the rare condition 
of thyroid hormone resistance. �e local action of thyroid 
hormones on tissues is determined by a series of activating and 
de-activating enzymes (de-iodinase enzymes; DIO 1, 2 and 3).

Actions of thyroid hormones
�yroid hormones increase basal metabolic rate and a�ect 
growth and development. �ey act on the cardiovascular system 

to increase heart rate and stroke volume, and receptors are widely 
expressed in the CNS and reproductive system (Figure� 9.1d). 
Because of the widespread role of thyroid hormones in 
metabolism, patients with disorders of thyroid function can 
present to any specialty in clinical practice.

Interpreting thyroid function tests
�yroid function tests (TFTs) are readily available and commonly 
requested in clinical practice. Understanding the feedback axis is 
the key to correct interpretation of thyroid results. �e thyroid has 
a classic negative feedback system (Figure 9.1e). TRH stimulates 
pituitary TSH secretion, which acts on G-protein coupled 
receptors in the thyroid to stimulate T3 and T4 secretion. T3 
and T4 exert their peripheral e�ects via TR� and TR�. �yroid 
hormones have minimal circadian rhythmicity and are not 
pulsatile, therefore basal levels are su�cient for interpretation, 
and dynamic tests are not needed.

Primary and secondary hypothyroidism
Primary hypothyroidism is caused by thyroid disease, 
commonly autoimmune in origin. It is characterised by 
reduced circulating T3 and T4 and compensatory elevation in 
TSH. Secondary hypothyroidism is caused by TSH de�ciency, 
usually as a result of pituitary disease, and is characterised by 
low T3/T4 levels and�non-elevated TSH – o�en TSH is normal 
rather than low.

Hyperthyroidism
Primary hyperthyroidism is characterised by increased circulating 
T3 and T4, and suppressed TSH due to negative feedback. If 
TSH is not suppressed in the context of hyperthyroidism, rare 
conditions or assay interference should be considered. In this 
situation, the clinical picture is important to guide whether 
diagnosis is likely to be an assay problem or a genuinely rare 
pathology.

Factors affecting thyroid results
TFTs can be a�ected by non-thyroidal illness (‘sick euthyroid 
syndrome’), typically causing central TSH suppression, although 
any pattern of results can be seen. TFTs are therefore best 
measured in the outpatient setting when patients are relatively 
well, rather than during acute illness or hospitalisation. 
Medication (e.g. lithium and amiodarone) and pregnancy can 
also a�ect thyroid function results.
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Hyperthyroidism: clinical presentation 
and investigation10

(e) Cause of hyperthyroidism 
and appearance of Tc scan

(a) Common causes

Figure 10.1   Hyperthyroidism: clinical presentation and investigation

�r Autoimmune
�r Nodular thyroid disease
�r Thyroiditis (viral, 
post-partum, drugs)

(b) Symptoms

�r Weight loss (increased appetite)
�r Anxiety
�r Insomnia
�r Heat intolerance
�r Tremor
�r Palpitations
�r Gastrointestinal disturbance
�r Reproductive problems
�r Pruritus
�r Eye symptoms (autoimmune)

(c) Hyperthyroidism and the heart

�r SVT/AF
�r Thyrotoxic cardiomyopathy
�r High output failure (thyroid
storm)

(d) Investigations

�r �T4, �T3, �TSH, 
�r TPO antibodies
�r TSHr antibodies
�r US scan thyroid
�r Tc uptake scan
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27Hyperthyroidism, also known as thyrotoxicosis, is a common 
condition. It most commonly a�ects young women but can 
also develop in men and occur at any age.

Causes
Graves’ disease (autoimmune thyroid disease)
Graves’ disease is the most common cause of hyperthyroidism, 
and results from the production of TSH receptor stimulating 
antibodies (Figure 10.1a). It typically a�ects young women and 
usually follows a relapsing–remitting course.

Nodular thyroid disease
�e second most common cause of hyperthyroidism, which 
typically presents at an older age than Graves’ disease, nodular 
hyperthyroidism is caused by autonomous secretion of T3 and/
or T4, either from a solitary toxic nodule or, more commonly, 
numerous nodules situated within a multinodular goitre (toxic 
multinodular goitre; Chapter 14).

Thyroiditis
�is is less common, and refers to in�ammation of the thyroid 
gland causing a destructive release of thyroxine. �yroiditis is 
caused by viral infection, medication (commonly amiodarone) 
or follows childbirth (post-partum thyroiditis). A hypothyroid 
phase may follow the initial hyperthyroidism.

Clinical presentation
Symptoms
Hyperthyroidism manifests with a range of symptoms caused 
by increased activation of the sympathetic nervous system 
(Figure 10.1b). Classic features include weight loss (o�en with 
increased appetite), insomnia and irritability, anxiety, heat 
intolerance, palpitations and resting tremor. Other common 
symptoms of hyperthyroidism include pruritus, increased 
bowel frequency and loose motions, menstrual disturbance and 
reduced fertility.

Elderly patients can present atypically with reduced energy 
levels (termed apathetic thyrotoxicosis). Hyperthyroidism is 
less common in children than adults. Patients can present with 
classic symptoms, or with accelerated growth and behavioural 
disturbance.

Signs
General signs of hyperthyroidism include a resting tachycardia 
(sinus rhythm or atrial �brillation), warm peripheries, resting 
tremor, hyper-re�exia and lid lag. Lid lag can be seen in any 
cause of hyperthyroidism, because of increased sympathetic 
tone of the upper eyelid. Lid retraction and proptosis are only 
seen in Graves’ disease. Patients may have a hyperdynamic 
circulation, causing hypertension and a �ow murmur. Patients 
with hyperthyroidism o�en appear agitated and hyperkinetic 
(‘thyroid a�ect’).

Graves’ disease
Speci�c clinical signs of Graves’ disease include thyroid eye 
disease (Chapter 11), and rarer extra-thyroidal manifestations, 
including skin changes (dermopathy) characterised by pre-tibial 
myxoedema as well as nail changes similar to clubbing (thyroid 
acropachy). �ese are a result of cross-reactivity with TSH 
receptors in the back of the orbit and skin.

Goitre
Goitre refers to enlargement of the thyroid gland (Chapter 14). 
Goitres in Graves’ disease are typically smooth, symmetrical and 
vascular, o�en with a thrill and bruit on palpation and auscultation. 
Nodular goitres are less vascular, and dominant nodules may be 
clinically palpable. Nodules can be single or multiple.

Thyroid disease and the heart
Hyperthyroidism can present as an acute cardiovascular 
emergency (Figure 10.1c). �e most common acute presentation 
is� supraventricular tachycardia (SVT) or fast atrial �brillation 
(AF). Patients more rarely present with a thyrotoxic 
cardiomyopathy, which is more common in Graves’ disease. 
�yroid storm is a rare medical emergency that presents with 
high output cardiac failure and extreme agitation. It has a high 
mortality and requires high dependency care (Chapter 38).

Investigation
T3, T4 and TSH
�e hallmark of hyperthyroidism is an elevated free T4 (fT4) and 
free T3 (fT3) with undetectable TSH (Figure 10.1d). Elevated 
fT3 alone with suppressed TSH is termed T3 toxicosis. Patients 
with a normal fT4/fT3 and suppressed TSH have subclinical 
hyperthyroidism, suggesting autonomous thyroid activity. �e 
presence of elevated fT4 and fT3 with non-suppressed TSH is 
unusual and requires further investigation.

Thyroid antibodies
Graves’ disease may be clinically obvious on examination, but 
can be con�rmed by measuring thyroid antibodies. �yroid 
peroxidase antibodies (TPO) are non-speci�c markers of 
autoimmune thyroid disease. TSH receptor stimulating 
antibodies are more speci�c and can be helpful in particular 
clinical situations such as pregnancy, in addition to supporting a 
clinical diagnosis of Graves’ disease.

Imaging
�yroid ultrasound (US) can help to con�rm nodular thyroid 
disease but does not assess gland activity. Nuclear imaging 
(technetium or iodine uptake isotope scan) helps determine 
functionality and therefore the cause of hyperthyroidism. In 
Graves’ disease there is uniform increase uptake, whereas in 
nodular disease there is increased uptake only in the autonomous 
nodule(s). In thyroiditis there is absent uptake on isotope scan 
(Figure 10.1e).



28

Hyperthyroidism: management and 
ophthalmopathy11

Figure 11.1   Management of hyperthyroidism

Figure 11.2   Thyroid eye disease 

(a) Medical

(a) Management of mild eye disease (b) Management of moderate / severe eye disease

�r Thionamides
– Carbimazole*
– Propylthiouracil*
�r Beta-blockers (symptomatic
treatment)

*Warn patients about possibility
of agranulocytosis; stop drugs
if unexplained fever, sore throat, 
rash

(b) Surgery

�r Sub-total thyroidectomy

Risks: 
– recurrent laryngeal nerve 
damage (hoarse voice)
– hypocalcaemia
(temporary or permanent)

�r Control of thyroid function
�r Smoking cessation
�r Sit up in bed
�r Topical lubricants

�r IV methylprednisolone
�r Corrective surgery 
 (orbital radiotherapy, 
 immunosuppressants)

Moderately severe
in�ammatory
ophthalmopathy

Side-on view 
showing
exophthalmos

(c) Radio-iodine

�r Causes hypothyroidism
�r Small risk of exacerbating 
thyroid ophthalmopathy
�r Radiation protection issues
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thyroid medication, surgery and radioactive iodine (RAI) 
(Figure 11.1). Medical treatment is usually the �rst line 

approach, especially in Graves’ disease, with de�nitive options 
(surgery or RAI) chosen later on.

Medical treatment
�ionamides (carbimazole and propylthiouracil) block thyroid 
peroxidase enzymes, thereby reducing the synthesis of T3 and 
T4. It takes 4–6 weeks for patients to become euthyroid a�er 
initiation of anti-thyroid drugs. Beta-blockers can be used to 
control symptoms until thyroid function returns to normal.

�ionamides can cause agranulocyotisis (bone marrow 
suppression) and patients should be warned of this potential 
rare side e�ect before commencing treatment. If unexplained 
fever or sore throat occur, an urgent full blood count is required 
to exclude pancytopaenia, and the drug should be stopped if 
bone marrow suppression is con�rmed. A more common side 
e�ect is generalised rash, which disappears a�er cessation of the 
drug.

Anti-thyroid treatment regimes
Graves’ disease has a relapsing–remitting natural history, 
whereas nodular thyroid disease does not tend to go into 
remission. De�nitive options are therefore used earlier in nodular 
thyroid disease. A 12- to 18-month course of carbimazole or 
propylthiouracil is generally used �rst line in Graves’ disease. 
�e relapse rate is approximately 50% upon treatment cessation. 
Relapse is more likely in patients with high thyroid hormone 
levels and antibody titres at presentation.

‘Titration’ versus ‘block and replace’
�e two approaches to medical treatment with thionamides 
include the ‘titration’ and ‘block and replace’ regimens. �ere 
are advantages and disadvantages to each. Dose titration 
involves altering the thionamide dose in response to thyroid 
hormone response. �e ‘block and replace’ approach uses high 
dose thionamide in combination with thyroxine (e.g. 40� mg 
carbimazole + 100� µg thyroxine). �e ‘block and replace’ 
regimen should not be used in pregnancy as thyroxine crosses 
the placenta less well than anti-thyroid medication, putting the 
fetus potentially at risk of hypothyroidism.

De�nitive treatments
Treatment includes RAI and surgery. Both therapies have 
advantages and disadvantages and are usually driven by patient 
choice (Figure 11.1).

Radioactive iodine
RAI is a straightforward treatment, and involves the 
administration of a single dose of 131I. It is contraindicated in 
pregnancy and can lead to a �are of eye disease in patients with 
pre-existing ophthalmopathy.

It commonly causes hypothyroidism, which requires lifelong 
thyroxine replacement. Patients emit a small amount of radiation 

a�er administration of 131I and are therefore advised to avoid 
close contact with young children and pregnant women for a few 
weeks a�er treatment.

Surgery
�yroidectomy is an e�ective de�nitive treatment for 
hyperthyroidism, particularly when patients cannot easily 
comply with radiation restriction guidance (e.g. mothers with 
young children).

�yroid function should be optimally controlled pre-
operatively to avoid anaesthetic problems. �is is usually 
achieved by thionamides alone, but lithium or iodine can be used 
in refractory cases. Beta-blockade can be used during anaesthetic 
induction if thyroid function is not optimal, to prevent peri-
operative AF.

Complications of thyroid surgery include bleeding, infection, 
damage to the recurrent laryngeal nerve and temporary 
or permanent hypocalcaemia, but these risks are low if the 
procedure is undertaken by an experienced surgeon.

Thyroid ophthalmopathy
�yroid eye disease (ophthalmopathy) can occur at the same 
time as, or within several years either side of thyroid dysfunction 
in patients with Graves’ disease. It can be mild, moderate or 
severe.

Mild ophthalmopathy
Many patients with Graves’ disease have subtle eye disease, 
reporting dryness or grittiness of the eyes when asked directly.

Moderate ophthalmopathy
Patients can present with signi�cant in�ammatory changes, 
including eyelid swelling, chemosis and peri-orbital oedema. 
Proptosis and lid retraction can lead to a ‘staring’ appearance 
(Figure 11.2), which may be socially debilitating.

Severe ophthalmopathy
Severe proptosis can lead to exposure keratopathy and 
compressive optic neuropathy, which may be sight-threatening. 
Diplopia is caused by in�ammation of the extraocular muscles.

Management of ophthalmopathy
�yroid ophthalmopathy is most commonly mild and improves 
with time (Figure 11.2). Management of mild disease involves 
simple measures such as sitting up in bed, lubricant eye drops 
and cessation of smoking (an independent risk factor for 
ophthalmopathy), in addition to maintenance of euthyroidism. 
Selenium supplementation can also have a role.

In moderate and severe eye disease, patients may need high 
dose pulsed intravenous methylprednisolone. Surgical orbital 
decompression is performed for sight-threatening disease. If 
diplopia is severe, squint surgery to the retro-ocular muscles 
may be needed a�er orbital decompression. Patients with 
severe lid retraction may need lid-lengthening surgery. Orbital 
radiotherapy and immunosuppressant agents can be used if 
other measures fail to improve symptoms.
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Hyperthyroidism: special 
circumstances12

Figure 12.1   Pregnancy and patterns of TFTs

(c) Patterns of TFTs. Source: Courtesy of Mark Gurnell, 
Consultant Endocrinologist, Cambridge.

(a) Hyperthyroidism in pregnancy

(b) Management of Graves’ disease in pregnancy

�r Hyperemesis can cause hyperthyroidism
 (due to �-HCG)
�r Graves’ disease may improve during 
 pregnancy
�r Growth retardation and fetal tachycardia if  
 placental antibody transfer
�r Graves’ disease often worsens after delivery

�r PTU in �rst trimester (to reduce risk of 
 teratogenesis)
�r Carbimazole in second and third trimesters 
 (to reduce risk of PTU-induced hepatitis)
�r Use lowest dose of thionamide possible
�r Observe mother and baby every 4–6 weeks

Interpretation
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High T4,
suppressed TSH
(hyperthyroidism)

High T4 
unsuppressed TSH
(assay problems, 

TSHoma, 
Thyroid resistance)

Normal T4
High TSH

(subclinical
hypothyroidism)

Low T4
High TSH
(primary

hypothyroidism)

Normal T4
Suppressed TSH

(subclinical
hyperthyroidism)

Low T4
non-elevated TSH

(secondary
hyperthyroidism)
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Hyperemesis gravidarum
Pregnancy a�ects thyroid status in numerous ways (Figure 
12.1a). TSH has a similar molecular structure to � human 
chorionic gonadotrophin (�-HCG), therefore the hyperemesis 
of pregnancy (which is characterised by raised �-HCG) can be 
associated with mild biochemical hyperthyroidism. �is usually 
resolves spontaneously in the second trimester of pregnancy.

Graves’ disease in pregnancy
Patients with Graves’ disease require observation during 
pregnancy every 4–6 weeks, because of the increased risk 
of maternal complications as well as reduced fetal growth 
(Figure 12.1b). Pregnancy usually has a bene�cial e�ect on 
autoimmune disease, including Graves’ disease, such that the 
dose of anti-thyroid medication can usually be reduced or even 
stopped. Propylthiouracil (PTU) is preferred to carbimazole in 
the �rst trimester because congenital malformations (notably 
choanal atresia and aplasia cutis) have not been described with 
PTU. Carbimazole is preferred during the second and third 
trimesters, because of the increased risk of PTU-associated 
hepatitis later in pregnancy. Placental transfer of TSH receptor 
stimulating antibodies can a�ect the fetus so additional scans are 
performed during pregnancy to ensure there is no evidence of 
tachycardia, goitre or growth restriction, which are signs of fetal 
hyperthyroidism.

Patients with Graves’ disease who have had previous surgery 
or RAI require fetal monitoring during pregnancy. In this 
situation, although the mother has had her thyroid removed or 
ablated, there is still a risk of placental antibody transfer to the 
fetus and neonatal thyrotoxicosis. Signs of this include irritability 
and failure to thrive during the �rst 3 weeks of life.

Breastfeeding is safe on anti-thyroid medication, as long 
as doses are not excessive. Hyperthyroidism o�en becomes 
worse a�er delivery, because the immunosuppressive e�ect 
of pregnancy is removed, demanding an appropriate dosage 
increase in thionamide therapy.

Subclinical hyperthyroidism
Subclinical hyperthyroidism refers to a suppressed TSH with 
normal fT4 and fT3, o�en in the upper part of the normal range. 
Subclinical hyperthyroidism suggests a degree of autonomous 
thyroid hormone production. �is is o�en due to the presence 
of nodular thyroid disease. Patients may not be symptomatic, 
but are at risk of the same long-term complications as frank 
hyperthyroidism (notably AF and osteoporosis), especially if 
the TSH is completely unmeasurable. Treatment is indicated to 
control symptoms, and can also be considered on a case-by-case 
basis in asymptomatic patients, dependent on comorbidities (e.g. 
AF) and extent of TSH suppression. Surveillance alone, until the 
development of frank hyperthyroidism, is an alternative.

Elevated fT4 with unsuppressed TSH
�yroid results are usually easy to interpret. A high fT4 with a 
suppressed TSH is the norm in hyperthyroidism. It is unusual 

in clinical practice to see a high fT4 with non-suppressed TSH. 
In this situation it is important to consider assay interference, 
TSHoma and thyroid hormone resistance (Figure 12.1c).

Assay interference
If the thyroid results do not �t with the clinical presentation, 
blood should be sent to another laboratory for con�rmation by 
another method. Equilibrium dialysis is the most accurate way 
to measure fT4, and eliminates the possibility of interfering 
antibodies a�ecting the result. Antibodies to TSH (heterophile 
antibodies) can make the TSH look falsely high or low, and these 
can be detected. Familial dysalbuminaemic hyperthyroxinaemia 
(FDH) should also be considered in the context of high fT4 
and normal TSH. FDH leads to falsely elevated T4 due to an 
abnormal albumin, which has a higher a�nity for thyroxine 
than TBG.

TSHoma and thyroid hormone resistance
If the high fT4 and non-suppressed TSH is not due to assay 
interference, the di�erential diagnosis lies between TSHoma and 
thyroid hormone resistance.

TSHoma
TSHoma is a rare TSH-secreting pituitary tumour, which drives 
fT3 and fT4 production from the thyroid. Patients present 
with symptoms of hyperthyroidism, or mass e�ect from the 
pituitary tumour if it is a macroadenoma. If MRI con�rms 
a pituitary tumour, trans-sphenoidal surgery is indicated, 
although somatostatin analogues are also e�ective in achieving 
biochemical control.

Thyroid hormone resistance
�yroid hormone resistance causes high fT3/fT4 and non-
suppressed TSH due to reduced end-organ unresponsiveness 
to thyroxine. �is is caused by an inactivating mutation in 
the thyroid hormone receptor � (TR-�) gene. �is condition 
is autosomal dominant and there is usually a family history 
of unusual thyroid function results. �ere may be variable 
sensitivity to thyroid hormones in di�erent tissues. A diagnosis 
of thyroid hormone resistance can be con�rmed by genetic 
testing.

Distinuishing TSHoma from thyroid  
hormone resistance
SHBG is produced by the liver, and is elevated in hyperthyroid 
states. In TSHoma, patients are truly hyperthyroid and therefore 
typically have high SHBG levels, while thyroid hormone 
resistance is associated with low or normal SHBG. TRH 
injection (the TRH test) typically leads to a �at TSH response 
in TSHoma, with an exaggerated rise seen in thyroid hormone 
resistance. Patients with TSHoma will usually also display a 
raised �-subunit, have evidence of a pituitary tumour on MRI 
(or 11C-methionine PET) and normalise thyroid function in 
response to somatostatin analogues.
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Hypothyroidism13

Figure 13.1   Hypothyro idism
(a) Causes of hypothyroidism

(b) Symptoms

�r Autoimmune (atrophic + Hashimoto’s)
�r Iatrogenic (thionamides, RAI, surgery)
�r Hypothyroid phase of thyroiditis
�r Drugs (lithium, amiodarone, interferon)
�r Iodine de�ciency
�r Dyshormonogenesis

Alopecia
(lateral third eyebrow)

Goitre (in Hashimoto’s)

Bradycardia

Pre-tibial myxoedema

Brittle nails

Dry skin

Peri-orbital oedema

�r Tiredness
�r Cold intolerance
�r Weight gain
�r Constipation
�r Depression
�r Muscle cramps
�r Carpal tunnel syndrome
�r Menstrual disturbance

(c) Myoedema coma 

�r Rare
�r 50% mortality
�r Hypotension
�r Pericardial effusion
�r Bradycardia
�r �GCS
�r Hypoventilation
�r Hyponatraemia
�r Renal impairment
�r Coagulopathy

(d) Treatment of hypothyroidism

�r Levothyroxine 
Aim of treatment
�r Resolution of symptoms
�r Normalisation of TFTs
�r Start with lower dose in 
 cardiovascular disease

(e) Causes of persistent 
�TSH on thyroxine

�r Insuf�cient dose
�r Poor compliance
�r Coeliac disease
Drugs �absorption
�r Ferrous sulfate / fumarate
�r Calcium
�r Proton pump inhibitors

(f) Subclinical hypothyroidism

�r Normal T4 �TSH
Indications to treat
�r Symptoms
�r Positive thyroid antibodies
�r Family history
�r Planning pregnancy
�r Dyslipidaemia
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33Primary hypothyroidism a�ects 2–5% of the UK population. 

It a�ects six times more women than men, and prevalence 
increases with age.

Causes
Primary hypothyroidism
�is is most commonly caused by disease, characterised by the 
presence of thyroid antibodies, lymphocytic in�ltration, �brosis 
and atrophy, or enlargement of the gland with goitre (Hashimoto’s 
thyroiditis) (Figure 13.1a).

Pregnancy can lead to transient or permanent hypothyroidism 
a�er delivery, and can be misdiagnosed as postnatal depression 
(post-partum thyroiditis). In developing countries, iodine 
de�ciency is a preventable cause of neonatal hypothyroidism, 
which causes severe mental retardation (cretinism). A rare genetic 
defect in thyroid hormone synthesis can cause hypothyroidism 
in infancy (familial thyroid dyshormonogenesis).

Drugs causing hypothyroidism include amiodarone and 
lithium. Iatrogenic hypothyroidism is caused by intentional 
treatment of thyroid disease (e.g. surgery, RAI), or inadvertent 
damage from radiation to the head and neck area.

Secondary hypothyroidism
Secondary hypothyroidism is much less common than primary 
hypothyroidism and is caused by TSH de�ciency resulting from 
hypothalamic–pituitary disease. Secondary hypothyroidism is 
characterised by low fT4 with non-elevated TSH, and should 
prompt full investigation of the pituitary gland.

Clinical features
�e classic features of hypothyroidism are weight gain, cold 
intolerance, fatigue, constipation, bradycardia, with thickening 
of the skin and pu�ness around the eyes (myxoedema) 
(Figure�13.1b). More commonly, hypothyroidism develops with 
subtle symptoms and is o�en diagnosed incidentally during 
routine blood tests. Symptoms of hypothyroidism can be similar 
to depression or chronic fatigue, which is experienced by up to 
40% of the population.

Hypothyroidism in special situations
Myxoedema coma (Figure 13.1c) is a rare medical emergency 
with a high mortality requiring treatment in a high dependency 
setting (Chapter 41). Children with hypothyroidism can present 
with poor growth and development or delayed puberty, while 
young women may present with reproductive symptoms alone, 
such as menstrual disturbance or reduced fertility.

Investigations
�e hallmark of primary hypothyroidism is a low fT4 with 
elevated TSH. Most laboratories in the UK use TSH alone to 
diagnose hypothyroidism. �is is su�cient to diagnose primary 
hypothyroidism, but fT4 must be measured as well as TSH 
when secondary hypothyroidism is suspected. Autoimmune 
hypothyroidism is con�rmed by measuring thyroid antibodies. 
TPO antibodies are usually strongly positive in Hashimoto’s 
thyroiditis.

Treatment
Treatment consists of thyroxine replacement, given at a dosage 
su�cient to improve symptoms and normalise thyroid function 

(Figure 13.1d). A typical starting dose is 50–100� µg/day. Elderly 
patients or those with ischaemic heart disease may be started on 
25�µg/day. A persistently elevated TSH suggests under-replacement, 
poor compliance or malabsorption (e.g. from coeliac disease or 
concurrent medication such as iron, calcium or proton pump 
inhibitors) (Figure 13.1e). A suppressed or undetectable TSH suggests 
over-replacement, leading to increased risk of AF and osteoporosis. 
�e use of T3 (liothyronine) and dessicated thyroid extract (‘armour 
thyroid’) as alternatives to thyroxine is not recommended routinely. 
Patients who remain symptomatic despite normalisation of thyroid 
function should be investigated for non-thyroid pathology.

In patients with secondary hypothyroidism, fT4 should be 
replaced to the upper part of the normal range because TSH 
cannot be relied upon as a measure of optimal replacement. 
Dosage should not be mistakenly reduced on the basis of a 
suppressed TSH level.

Subclinical hypothyroidism
Subclinical hypothyroidism refers to a normal fT4 with elevated 
TSH (Figure 13.1f). If patients are asymptomatic, treatment 
may not be needed; thyroid function spontaneously reverts to 
normal during repeat testing in 10–15% of patients. Guidelines 
recommend starting thyroxine if TSH is >10� mIU/L even if 
patients are asymptomatic, because of the high likelihood of 
progression to frank hypothyroidism. Treatment should also be 
considered at lower levels of TSH elevation (TSH 5–10�mIU/L) 
in women planning pregnancy, on a trial basis in symptomatic 
patients and in patients with signi�cant dyslipidaemia. Patients 
with positive thyroid antibodies should have an annual TFT to 
ensure they do not progress to overt hypothyroidism.

Hypothyroidism and pregnancy
�e fetal thyroid gland only develops a�er 10–12 weeks’ 
gestation, hence the fetus is reliant on maternal thyroxine 
before this time. �yroid replacement should be optimised 
before conception and/or in early pregnancy. A high TSH in 
the �rst trimester can have an adverse e�ect on infant IQ, so 
thyroxine dosage is empirically increased by 25–50�µg in early 
pregnancy. Autoimmune hypothyroidism slightly increases the 
risk of recurrent miscarriage, as well as maternal and neonatal 
problems. Patients with previous hyperthyroidism who have 
undergone RAI or thyroidectomy should be monitored closely 
because of the risk of placental antibody transfer (Chapter 12). 
Maternal hypothyroxinaemia describes fT4 in the low normal 
range with normal TSH, which results from subtle iodine 
de�ciency; women planning pregnancy should have a diet rich 
in iodine (seafood and dairy products). �ere is currently no 
evidence that screening for hypothyroidism in all pregnancies 
is useful. All babies born in the UK are screened for congenital 
hypothyroidism during the heel-prick test on days 6–8.

Polyglandular autoimmune disease
Patients with autoimmune hypothyroidism commonly have 
other primary gland de�ciencies. In children, the presence� of 
mucocutaneous candidiasis together with two or more 
autoimmune de�ciencies suggests the presence of autoimmune 
polyendocrinopathy syndrome type 1 (APS-1). APS-1 is an 
autosomal recessive disorder caused by a mutation in the AIRE 
gene. In adults, the association of hypothyroidism with Addison’s 
disease, with or without type 1 diabetes, suggests autoimmune 
polyendocrinopathy syndrome type 2 (APS-2), previously 
known as Schmidt’s syndrome.
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Goitre, thyroid nodules and cancer14

Figure 14.1   Goitre, thyroid nodules and cancer
(a) Diffuse goitre

(b) Multinodular goitre (MNG)

Treachea
deviated

to right
by goitre

Retrosternal
goitre

Clinical features: 
�r Diffuse swelling
�r May be other autoimmune signs
�r Tender if thyroiditis
�r Hard if Riedel's thyroiditis
�r May be large if iodine de�ciency

Clinical features: 
�r Nodular on palpation
�r Older population
�r May be hyperthyroid
�r Stridor or dysphagia 
 may be present

Figure 14.2   CT thorax showing 
large retrosternal goitre  with 
tracheal deviation

Clinical features of malignancy: 
�r Extremes of age
�r Rapid growth
�r Hard and craggy
�r Lymphadenopathy
�r Hoarse voice
�r Family history of thyroid cancer
�r Previous neck radiation

(c) Solitary thyroid nodule

Clinical phenotypes of MNG: 
�r Non-toxic (euthyroid)
�r Toxic nodular goitre (euthyroid)
�r Subclinical hypothyroidism
�r Compressive symptoms
�r Retrosternal extension

Causes: 
�r Single toxic nodule
�r Benign colloid nodule

Malignant: 
 – Follicular thyroid CA
 – Papillary thyroid CA
 – Anaplastic CA (poor prognosis)
 – Medullary thyroid CA (MEN-2)
 – Thyroid lymphoma

Causes of diffuse goitre: 
�r Iodine de�ciency
�r Simple goitre,
�r Autoimmune
�r Thyroiditis
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�e term goitre refers to enlargement of the thyroid gland. Up to 
15% of the UK population have a goitre on ultrasound (although 
most are not palpable), and 5% have a discrete thyroid nodule. 
�yroid malignancy is rare, but should be considered in any 
patient presenting with a thyroid lump.

Diffuse goitre
�e most common cause of di�use goitre worldwide is iodine 
de�ciency (endemic goitre), occurring in land-locked areas 
including Africa, the Himalayas and the Andes. In the UK, di�use 
thyroid swelling is idiopathic (simple goitre) or autoimmune 
(Figure 14.1a). A tender di�use goitre with systemic symptoms 
suggests a viral thyroiditis. Riedel’s thyroiditis is a rare condition 
characterised by thyroid �brosis.

Multinodular goitre
�is occurs in up to 40% of the population, the frequency 
increasing with age. Patients with nodular thyroid disease are 
euthyroid, frankly hyperthyroid (toxic nodular goitre) or have 
subclinical hyperthyroidism (autonomous thyroid function) 
(Figure 14.1b). If TSH is suppressed and fT4 is normal, fT3 
should be checked to exclude T3-toxicosis. Patients may rarely 
present with compressive symptoms of stridor and dysphagia, 
which can require thyroidectomy. If there is inferior extension 
into the thorax (retrosternal goitre), surgery is more di�cult and 
may require a thoracotomy.

Solitary thyroid nodule
Malignancy should be excluded in this situation although 
the vast majority of nodules will turn out to be benign. Rapid 
enlargement, lymphadenopathy, extremes of age, family history 
of thyroid cancer, hoarse voice and previous neck irradiation are 
worrying features (Figure 14.1c). Sudden painful enlargement 
suggests haemorrhage within a thyroid cyst. �e presence of a 
hard, �xed, craggy mass with lymphadenopathy is concerning. 
Benign lesions are smooth and mobile with no lymphadenopathy. 
Solitary thyroid nodules can cause hyperthyroidism so clinical 
and biochemical assessment of thyroid status is important.

Investigation
Fine needle aspiration (FNA) is the �rst line investigation of 
a thyroid nodule, either by palpation or under ultrasound 
guidance. Cytology may reveal a clearly benign or malignant 
lesion. If the FNA result is inadequate or indeterminate, it should 
be repeated. �e �y classi�cation system ensures consistent 
reporting of cytology and will establish which nodules require 
surgery.

Serum fT4, fT3, TSH and thyroid antibodies should be 
checked. �yroid ultrasound must be performed by a dedicated 
thyroid radiologist, as radiological characteristics can help 
predict the likelihood of malignancy.

Management
Toxic nodular goitres are managed with anti-thyroid medication, 
RAI or surgery. Indications for surgery in non-toxic nodular 
thyroid disease includes compressive symptoms, cosmetic issues 
or suspicion of malignancy.

Thyroid cancer
Differentiated thyroid cancer
�yroid cancer is rare, comprising 0.5–1% of all malignancies. 
Di�erentiated thyroid cancer is the most common type, and is 
papillary or follicular. �e prognosis of di�erentiated thyroid 
cancer is good if detected early and managed appropriately. 
Papillary thyroid cancer is usually obvious a�er FNA cytology. 
Follicular carcinoma can be di�cult to distinguish from benign 
follicular adenoma on FNA, and requires a hemi-thyroidectomy 
for histological con�rmation.

Anaplastic cancer, Hürthle cells and lymphoma
Anaplastic carcinoma is rare, making up 5% of thyroid cancer. It 
occurs in elderly patients and is a highly aggressive and invasive 
tumour carrying a poor prognosis. Cytology may reveal Hürthle 
cells, which are derived from follicular epithelium; surgical 
removal may be necessary to distinguish benign from malignant 
lesions. Rarely, FNA reveals thyroid lymphoma, which requires 
haematology referral and chemotherapy.

Medullary thyroid cancer
Medullary thyroid cancer (MTC) is a rare neuroendocrine 
tumour arising from the calcitonin-secreting C-cells of the 
thyroid. C-cell hyperplasia is a precursor to MTC. MTC can 
be associated with a mutation in the RET oncogene as part of 
multiple endocrine neoplasia type 2 (MEN-2). Familial isolated 
MTC, which is also associated with RET mutations, can also occur 
in the absence of MEN-2. Detection of a RET mutation has major 
implications for family screening; prophylactic thyroidectomy is 
indicated in children carrying the mutation. Serum calcitonin is 
a tumour marker in MTC, and high levels can lead to symptoms 
including �ushing, sweating and diarrhoea.

Management of differentiated  
thyroid cancer
�e �rst line treatment of papillary or follicular thyroid cancer 
is surgery. A hemi-thyroidectomy is initially performed. If the 
lesion is >4�cm or there are any adverse histological features, the 
remaining thyroid lobe is removed (complete thyroidectomy). Such 
patients are deemed high risk and are given ablative RAI therapy, 
using higher doses than those used for benign hyperthyroidism. 
Ablation of all thyroid tissue leads to undetectable thyroglobulin 
levels, which is used as a tumour marker. Iodine uptake scans 
can be used to localise any residual or recurrent thyroid tissue. 
During follow-up, thyroxine is given in higher doses than for 
primary hypothyroidism, to suppress TSH, because this can be a 
driver for residual or recurrent tumour growth.
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