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 The practice of diabetes and endocrinology is a clinical discipline, which 
relies on structured detective work in order to make the correct diagnosis. 
This in turn requires a combination of good observational skills and an ability 
to interpret complex results within the clinical context. Presentation of 
patients with the same endocrine condition can be variable, which adds to the 
complexity making this fi eld of medicine both challenging and enjoyable. 

 In this book, we assembled a number of real-life clinical cases that illus-
trate aspects of both diabetes and endocrinology. The clinical vignettes pre-
sented have been written by practising physicians and surgeons who 
encountered these patients in their day-to-day practice. Some represent com-
mon presentations of relatively rare conditions, whilst others describe uncom-
mon presentations of more familiar disorders. 

 The cases are described as they may present to the clinician, followed by 
a series of questions that illustrate the clinical problem and provide back-
ground information. 

 The list is not intended to be exhaustive, and a systematic approach is 
deliberately avoided. The main aim of this book is to whet the appetite of 
trainees in diabetes and endocrinology and provide an alternative approach to 
cover a wide variety of clinical scenarios for the more experienced 
practitioner.  

  Leeds, West Yorkshire, UK     Ramzi     Ajjan  ,   FRCP, MMed. Sci, PhD   
     Stephen     M.     Orme  ,   MBChB, MD, FRCP    

  Pref ace   
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    Abstract  

  This case illustrates a 31-year-old female who presented with thyrotoxicosis 
and mild thyroid eye disease. Questions relating to this common thyroid con-
dition are addressed in a systematic fashion, including a summary of the clini-
cal signs and symptoms, the appropriate biochemical and radiological 
investigations, management and follow-up. This case nicely demonstrates the 
spectrum and heterogeneity of hyperthyroidism in terms of disease severity 
and response to medication. Although most patients respond well to anti-thy-
roid drugs, this patient was refractory to this treatment, as shown by her grow-
ing goitre and worsening biochemical results despite high dosages of 
carbimazole. Her condition was eventually treated with total thyroidectomy. 
The management options for more aggressive Graves’ disease are discussed 
along with other questions about the case study.  

  Keywords  

  Hyperthyroidism   •   Thyrotoxicosis   •   Thyroid autoantibody   •   Antithyroid medi-
cation   •   Radioiodine therapy  
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 Case 1      Diffi cult-to-Treat 
Hyperthyroidism 

           Earn     H.     Gan       and     Simon     H.    S.     Pearce    

        Case Presentation 

 A 31-year-old lady with a 6-month history of diz-
ziness, heat intolerance and shakiness was 
referred to the endocrine unit. Her primary care 

practitioner reported the following results: TSH 
<0.05 mU/l, free T4 29.2 pmol/l. 

  The brief history from the patient suggested 
symptoms of hyperthyroidism. Other symptoms 
associated with thyrotoxicosis were explored 
systematically as shown in Table  1.1 . The symp-
toms reported by the patient include intermittent 
palpitation, excessive sweating and increased 
irritability with short attention span. She had 
also lost 5 kg in 6 months despite having a good 

What are the questions to be asked?
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 appetite. Patients with hyperthyroid Graves’ 
disease or nodular thyrotoxicosis (solitary toxic 
nodule or multinodular goitre) generally have 
symptoms for several months with no clear day 
of onset. The onset of symptoms over 1 or 2 days 
would raise the possibility of thyroiditis.

   It is important to elicit symptoms of thyroid 
eye disease in patients suffering from thyrotoxi-
cosis as this condition is clinically apparent in 
50 % of patients with Graves’ disease [ 2 ]. Indeed, 
this patient admitted that her father noticed her 
eyes appear to be more prominent but she denied 
having pain or grittiness in her eyes. Questions 
addressing the risk factors and potential causes of 
hyperthyroidism were also explored, as 
 summarized in Box  1.1 . 

  There was no relevant past medical history in 
this patient. She did not have any previous thy-
roid disorders or other associated autoimmune 
diseases. She is a non-smoker with two healthy 
children aged 6 and 11 years old. Smoking his-
tory is particularly important as Graves’ ophthal-
mopathy is more common among smokers and 
they seem to respond poorly to treatment com-
pared to non-smokers [ 3 ,  4 ]. Her mother has 
hypothyroidism and her great grandmother suf-
fered from hyperthyroidism and pernicious anae-
mia. Her current medication includes Dianette 
for contraception and oxytetracycline as required 
for acne treatment. 

   Table 1.1    Symptoms of hyperthyroidism   

 Systems  Symptoms of hyperthyroidism 

 Skin  Heat intolerance, hair loss, hyperhidrosis, urticaria, pruritis, eczema 
 Cardiopulmonary  Palpitation, exercise intolerance, dyspnoea on exertion, angina pectoris, orthopnoea, 

obstructive symptoms from enlarged thyroid (dysphagia or breathing diffi culty). 
 Gastrointestinal  Increased bowel frequency from rapid intestinal transit, weight loss from increased 

caloric requirement, nausea or vomiting (may suggest concurrent pregnancy) 
 Renal and electrolytes  Polydipsia and polyuria 
 Reproductive system  Amenorrhea, oligomenorrhea, hypomenorrhea and anovulation, infertility 
 Neuromuscular system  Tremor, muscle weakness, especially proximal muscle involvement. Less commonly, 

patients might have bulbar and oesophagolaryngeal muscle weakness presenting with 
dysphonia, dysphagia and dysarthria. Reversible diaphragmatic weakness has 
occasionally being reported and presented with dyspnoea [ 1 ] 

 Mental and cognition  Anxiety, irritability, emotional liability, apprehension and diffi culty concentrating, 
shortened attention span, distractibility and impaired short-term memory. Apathetic 
symptoms are common in the older group such as depression and pseudodementia 

  Box 1.1: Risk Factors for Hyperthyroidism 

     A.    Past medical history of autoimmune dis-
eases (pernicious anaemia, vitiligo, etc.)   

   B.    Past history of postpartum thyroiditis   
   C.    Family history of thyroid disease or 

autoimmune conditions   
   D.    Medication: Amiodarone, lithium, 

radiology imaging with iodine contrast, 
excessive thyroxine replacement   

   E.    Diet: Excessive consumption of high-
iodine content food such as kelp or 
seaweed   

   F.    Recent hepatitis B vaccination, recent 
treatment for chronic hepatitis C (inter-
feron and ribavirin), HIV or with alem-
tuzumab. This group of patients is at 
risk of both self- limiting thyroiditis or 
autoimmune hyperthyroidism (Graves’ 
disease)   

   G.    Demographic factors such as age (range 
20–50 years), female sex and previous 
pregnancy [ 5 ]     

What signs to look for?
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  The clinical manifestations of hyperthyroid-
ism are multi-system, mainly caused by the 
acceleration of various physiological processes 
in all organs. Nevertheless, most of these signs 
are non-specifi c. The frequency and severity of 
these features vary widely among affected 
patients, and in rare cases the fi rst presentation 
may be with life-threatening thyroid storm. The 
signs to look out for in hyperthyroidism are sum-
marized in Table  1.2 .

      Summarise Key Symptoms 
and Provide a List of Differential 
Diagnoses 

 This case illustrates a 31-year-old lady pre-
sented with a 6-month history of signifi cant 
weight loss, palpitation, hyperhidrosis, agita-
tion and short attention span. Physical exami-
nation revealed a diffusely enlarged goitre with 
bruit, palmar erythema and tremors in both 
hands. Her pulse was regular at 88 beats per 
minute and her refl exes were normal. Her eyes 
appeared to be proptotic, without any dys-
motility or redness. All these features are in 
keeping with thyrotoxicosis and the differen-
tial diagnosis include:

•    Graves’ hyperthyroidism (most likely diagno-
sis as patient has a diffuse goitre with eye 
symptoms)  

•   Silent or subacute thyroiditis  
•   Toxic nodular thyroid disease  
•   Factitious thyrotoxicosis    

  A comprehensive clinical history and physical 
examination should be suffi cient to confi rm thyro-
toxicosis in most cases. Nevertheless, it is neces-
sary to make an aetiological diagnosis in all cases 
in order to plan treatment and assess prognosis. 

 Thyroid status is determined biochemically 
by the measurement of serum free thyroxine 
(FT4), free triiodothyronine (FT3) and thyroid 
stimulating hormone (TSH) concentration. 
Serum TSH secretion is very sensitive to inhibi-
tion by excess circulating thyroid hormones and 
hence is a remarkably sensitive test for thyrotoxi-
cosis. Importantly, in all cases of true primary 
hyperthyroidism, the TSH is fully suppressed 
(i.e., <0.05 mU/l), as non-thyroidal illness and 
several drugs may commonly lead to low but not 
suppressed TSH concentrations (0.1–0.4 mU/l) [ 8 ]. 

   Table 1.2    Signs of thyrotoxicosis   

 Systems  Signs of hyperthyroidism 

 Cardiovascular  Sinus tachycardia or atrial fi brillation, systolic hypertension with widened pulse pressure, 
cardiac fl ow murmur and third heart sounds from high-output congestive heart failure 

 Respiratory  Stridor or facial plethora as a result of compression of trachea or vena cava from 
enlarged thyroid 

 Bone  Osteoporosis, osteopenia, occasionally hypercalcaemia 
 Skin  Warm, smooth and moist hands, fi ne hair, alopecia, shiny, soft and friable nails 

(onycholysis), thyroid acropachy, facial or palmar erythema, hyperpigmentation, 
telangiectasia, pretibial myxoedema 

 Renal and electrolyte 
metabolism 

 Hypertension, pedal oedema, nephrocalcinosis, thyrotoxic periodic paralysis (associated 
with hypokalaemia), distal renal tubular acidosis, proteinuria in patients with 
autoimmune thyroid disease [ 6 ] 

 Haematology  Microcytosis, pernicious anaemia, lymphoid enlargement and splenomegaly, and rarely 
thymic enlargement; thrombocytopenia [ 7 ] 

 Mental/central nervous 
system 

 Tremor, agitation, fi dgetiness or hyperactivity, muscle weakness and wasting, hyperactive 
deep tendon refl ex with shortening of relaxation phase 

 Eyes  Lid retraction, proptosis, chemosis, plica and conjunctival redness 
 Gastrointestinal  Elevated transaminase enzymes, protein-calorie malnutrition and hypoalbuminaemia 

from severe thyrotoxicosis 

What biochemical and radiological tests 
are needed to reach a diagnosis?

1 Diffi cult-to-Treat Hyperthyroidism
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However, one also has to bear in mind that nor-
mal or raised serum TSH levels are found in the 
rare instances of thyrotoxicosis caused by a TSH- 
secreting pituitary adenoma or resistance to thy-
roid hormone. Serum FT3 is the next most 
sensitive test for hyperthyroidism, and a state of 
“T3 thyrotoxicosis” is defi ned by a suppressed 
TSH with an elevation of serum FT3 but with 
normal FT4. In evolving hyperthyroidism, serum 
FT4 is the last to become elevated. Use of mod-
ern free thyroid hormone assays has virtually 
eliminated interpretation problems caused by 
changes in serum binding protein levels that 
bedevilled total thyroid hormones assay. 

 The relative elevation of serum T3 and T4 con-
centrations can suggest the cause of thyrotoxico-
sis. For instance, excessive free T3 production is 
commonly found in Graves’ hyperthyroidism and 
toxic nodular goitre, whereas T4-predominant thy-
rotoxicosis usually suggests thyroiditis, iodine-
induced thyrotoxicosis or exogenous T4 ingestion. 
A free T4/free T3 ratio (pmol/l:pmol/l) of 3 or less 
being typical of Graves’ hyperthyroidism [ 9 ]. 

 The measurement of thyroid autoantibodies, 
such as TSH receptor-binding inhibitory immu-
noglobulin (TBII) and thyroid peroxidise anti-
body (TPO) are necessary to confi rm the diagnosis 
of Graves’ disease in the absence of eye signs. 
TBII test is positive in more than 95 % of Graves’ 
disease patients and measurement is particularly 
useful in euthyroid individuals who present with 
features of thyroid eye disease, or differentiating 
toxic nodular goitre from Graves’ disease, as well 
as assessing the risk of foetal or neonatal thyroid 
dysfunction in pregnant women with autoimmune 
thyroid disorders. TPO antibodies are less helpful 
as elevated levels are found in only 80 % of 
patients with Graves’ disease. 

 In the event of negative thyroid auto- antibodies, 
measurement of radioactive iodine or pertechnetate 
uptake in the thyroid gland is useful for differenti-
ating thyrotoxicosis caused by excessive thyroid 
hormone production (increased uptake) from vari-
ous conditions resulting in low thyroid uptake, as 
stated in Table  1.3 . In addition, elevated ESR and 
CRP are found in patients suffering from subacute 
thyroiditis. Hypercalcaemia, elevated liver trans-
aminases or alkaline phosphatase, ferritin and sex 
hormone binding globulin may also be found.

       Discuss the Results and Provide 
a Final Diagnosis 

 Thyroid function tests were carried out by the 
referring general practitioner and showed a fully 
suppressed serum TSH with a raised FT4 
(29.2 pmol/l). This was then repeated at the endo-
crine clinic which showed a further increase in 
FT4 (72 pmol/l) and FT3 (35 pmol/l). Her TBII 
antibody was positive at 13.4 u/ml (normal <1.5). 
A pertechnetate thyroid scan showed an increased 
homogenous uptake at 6.6 % (normal <3.5 %), in 
keeping with Graves’ disease (Fig.  1.1 ). Given 

   Table 1.3    Pattern of thyroidal uptake in radionuclide 
imaging   

 Causes of thyrotoxicosis  Radionuclide uptake pattern 

 Graves’ disease  Increased uptake 
homogenously 

 TSH-induced 
thyrotoxicosis 

 Increased uptake 
homogenously 

 Toxic nodular goitre  Increased uptake in regions 
of autonomy only (uni or 
multiple) 

 Subacute thyroiditis a   Little or no uptake 
 Silent thyroiditis a   Little or no uptake 
 Iodine or radiographic 
contrast induced 

 Little or no uptake 

 Factitious or iatrogenic 
thyrotoxicosis 

 Little or no uptake 

   a In thyroiditis, thyroid uptake mirrors serum TSH, so 
scans need to be performed during the suppressed TSH 
phase to see low uptake  

Uptake 6.6 % (N < 3.5)

  Fig. 1.1    Pertechnetate scan showed an increased uptake 
at 6.6 % (normal <3.5 %) in homogenous pattern       
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the strongly positive TBII result and clinical evi-
dence of eye disease, the nuclide scan was not 
strictly necessary to confi rm the fi nal diagnosis 
of Graves’ hyperthyroidism complicated by mild 
thyroid eye disease.    

    Management of the Case 
and Follow-Up 

 There are three options currently available to alle-
viate hyperthyroidism: antithyroid drugs, radio-
active iodine therapy and total thyroidectomy. 
Each of these treatments has certain drawbacks 
and the optimal treatment depends on patient 
preference, disease presentation and severity. 
Because of her severe thyrotoxicosis at presenta-
tion, it was mandatory to try and improve her thy-
roid state before defi nitive treatments (radioiodine 
or surgery) could be considered. The patient was 
therefore started on anti-thyroid medication, car-
bimazole 40 mg once a day. The patient was 
warned about the rare side effect of agranulocyto-
sis with this medication. Nevertheless, a TBII 
level of over 5 u/ml predicts a low probability of 
medical remission [ 10 ], particularly with severe 
hyperthyroidism, and so defi nitive therapy was 
planned from the start. In general, however, 
relapse prediction using TBII is not that practical 
in daily practice as a large proportion of patients 
have antibody levels in the “inconclusive range.” 

 Six weeks after being started on carbimazole, 
levothyroxine 100 mcg daily was added in block 
and replace regimen, as her FT4 had dropped sig-
nifi cantly (Fig.  1.2 ). She also reported increased 
grittiness in her eyes with signifi cant bilateral 
eyelid swelling and retro-orbital tightness. 
Examination revealed minimal right-sided pro-
ptosis, bilateral upper lid retraction and equivocal 
injection of the conjunctiva. She was reviewed in 
a combined ophthalmologist/endocrinologist 
thyroid eye clinic and was found to have inactive 
thyroid eye disease, with discomfort on up-gaze 
as the only sign of disease activity. She had lid 
retraction of 3 and 4 mm in the right and left eye, 
respectively; whereas proptosis was symmetrical 
and borderline at 19.5 mm. Her eye symptoms 
improved with topical lubricants.  

 At review, a further 12 weeks later she reported 
increased tiredness and had lost a further 2 kg in 
weight. Examination showed that she was still thy-
rotoxic with mild tremor and regular heart rate at 
100 beats per minute. Her thyroid function had 
rebounded and was consistent with her worsening 
symptoms; showing a raised FT3 of 13.7 pmol/l 
and FT4 of 89.9 pmol/l. The importance of drug 
compliance was reinforced but the patient claimed 
to have good concordance with the treatment. She 
denied having recent radiological imaging (this 
was confi rmed through the hospital radiology sys-
tem) and she reported only occasional consumption 
of seafood and no vitamin or iodine supplements. 
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The carbimazole dose was increased to 60 mg once 
a day and the ‘block and replace’ regimen was car-
ried on. This resulted in some improvement in her 
symptoms and biochemical results (see Fig.  1.2 ). 

 Unfortunately, over the next few months the 
patient developed intolerance to 60 mg of car-
bimazole owing to nausea and vomiting every 
morning after taking medication. This led to 
worsening thyrotoxicosis, with increased sweati-
ness and palpitation. She was advised to split up 
her carbimazole doses to 20 mg three times a day, 
which she tolerated much better, but despite this 
her goitre continued to enlarge with persistent 
loud bruit. The more concerning issue was she 
started to report diffi culty in swallowing, indicat-
ing obstructive symptoms from an enlarged thy-
roid. She was referred urgently to a surgeon for 
total thyroidectomy and carbimazole dosage was 
increased further to 40 mg twice a day. Thyroxine 
was stopped at this point. 

 The patient continued to respond poorly to anti-
thyroid medication. She remained symptomatic 
with palpitation, heat intolerance and tiredness. Her 
FT3 and FT4 remained elevated at 32.7 pmol/l and 
100 pmol/l respectively, with fully suppressed 
TSH. Carbimazole dose was further increased to 
100 mcg daily and propanolol LA 80 mg was added 
while waiting for total thyroidectomy. Her thyroid 
function improved slightly 4 weeks later but she 
remained thyrotoxic with FT4 of 63.2 pmol/l and 
FT3 of 22.8 pmol/l. In light of her poorly controlled 

thyrotoxicosis, she was admitted 10 days before the 
surgery for thyroid blockade with iopanoic acid 
therapy (Fig.  1.3 ).   

    An Update on the Condition 

 The patient was rendered euthyroid prior to the 
operation and underwent total thyroidectomy 
uneventfully. Histology showed a 34-g thyroid 
gland with toxic hyperplastic cells in keeping with 
treated Graves’ disease. Postoperatively, she had 
transient hypocalcaemia, necessitating therapy with 
calcium supplements (Sandocal 1 g 4 times per day) 
for 1 month, followed by a phased reduction over 
the next 2 months. She was also started on 150 mcg 
levothyroxine daily after the operation. Her FT3 
normalised following total thyroidectomy (see 
Fig.  1.3 ) and her quality of life has also improved 
signifi cantly. Her thyroid eye disease steadily 
improved, with improvement in eyelid retraction 
and mild proptosis over the next 6 months. She was 
discharged back to her GP for thyroid function mon-
itoring while on lifelong thyroxine replacement.  

    Learning Points 

 Failure to achieve control of hyperthyroidism 
with antithyroid drugs can be problematic to 
manage. In many cases it is due to poor patient 

50

40

30

20

10

0
0 10 20 Days

34 g thyroid; hyperplastic − treated GD

F
T

4/
F

T
3 

(p
m

ol
/l)

Total thyroidectomy
FT3
FT4

lopanoic acid 1 g/d
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concordance with therapy. However, it seems 
likely that aggressive Graves’ disease with high 
titres of stimulating antibodies was the culprit in 
this case. Other causes including administration 
of iodinated contrast media during CT scanning 
or a high iodine diet/iodine supplements should 
also be excluded. The thionamide antithyroid 
drugs act as a competitive substrate for iodination 
by thyroid peroxidase, and there is no established 
“upper dose limit” for either carbimazole or pro-
pylthiouracil, although adverse reactions (agran-
ulocytosis) appear more frequent on doses of 
carbimazole of 100 mg daily or above [ 11 ]. While 
the patient was being treated with high dose car-
bimazole, she was being seen every 2 weeks with 
blood count monitoring and strict instructions 
about what to do in the event of sore throat or 
fever. In the end, she did not achieve suffi cient 
improvement in her thyrotoxicosis with carbima-
zole to make surgery a safe option, so a rapid 
blockade regimen using iopanoic acid (1 g daily) 
was used. An alternative would have been to 
administer Lugol’s iodine or saturated solution of 
potassium iodide. In the overwhelming majority 
of patients, any of these three methods results in 
normalisation of serum FT3 within 7 days, at 
which point the patient would be suitable for 
immediate surgery, such as in this case (see 
Fig.  1.3 ). Serum FT4 may stay the same or even 
go up during iopanoic acid treatment due to inhi-
bition of deiodination, and this should not delay 
surgery if FT3 is normal. An alternative treatment 
might have been to give her radioiodine 6 or 8 
weeks after carbimazole had been started. Of con-
cern is that radioiodine may precipitate or cause 
exacerbation of existing thyroid eye disease [ 12 ]. 
Nevertheless, administration of radioiodine under 
prednisolone cover (e.g., prednisolone 20 mg 
daily for a month, starting on the day of radioio-
dine) might have been an equally satisfactory and 
safe treatment option [ 13 ].     
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    Abstract  

  A 68-year-old lady is admitted to hospital after being found unconscious 
by her neighbour with little clues in the history to make a fi rm diagnosis. 
The case turns out to be a typical example of a common medical condition 
with a rare and serious clinical presentation. 

 The various symptoms and signs at presentation are discussed in order 
to aid in the diagnosis. This is followed by making a list of the possible 
diagnoses and the appropriate tests are subsequently requested. The 
importance of understanding the unusual, and potentially misleading, lab-
oratory results associated with this condition are discussed. Finally, treat-
ment options and controversies in the management of this condition are 
reviewed.  
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  Hypothyroidism   •   Hypothyroid coma  
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 Case 2      Hypothyroidism Complicated 
by Hypothyroid Coma 

           Ramzi     Ajjan     

        Case 

 A 68-year-old lady with a history of mild 
chronic obstructive airway disease (COAD) was 
admitted to accident and emergency after being 
found unconscious by her neighbour. In addi-
tion to COAD, she has a history of osteoarthritis 
(OA), treated with both regular and as required 

pain killers. She lives alone, fully independent 
and does not keep in touch with any members of 
her family. The neighbour mentioned that the 
patient has been acting strangely recently, 
becoming withdrawn and having issues with her 
memory, raising the possibility of dementia. 
However, the patient refused to see her GP with 
her symptoms. Family history includes a niece 
with type 1 diabetes and a daughter with eczema. 
Her list of medications comprised of ibuprofen 
400 mg tds, salbutamol and fl uticasone inhalers, 
bendrofl uazide 2.5 mg od and paracetamol as 
required. She stopped smoking 22 years ago 
(20/day for 19 years prior) and drinks up to 
5 units of alcohol/week. 
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  The patient, admitted to hospital with a col-
lapse, is an ex-smoker with a history of COAD 
and OA. She has been having behavioural issues 
and problems with her memory, suggesting that 
she may have developed dementia. There is a 
family history of autoimmunity. More details 
should be obtained on the behavioural changes 
from the neighbour. Also, it is worth ringing her 
GP to obtain an up-to-date list of medications and 
discuss her medical history. We should now pro-
ceed to a full examination. 

 On examination she had:
   Temperature: 36.1 °C  
  Blood pressure: 155/72 mmHg, pulse 52/min 

(regular), respiratory rate 14/min  
  Oxygen saturation: 88 % 
 Her GCS was 12/15 (E3, V4 and M5) with nor-

mal pupils and no clear neurological signs. 
Her JVP was raised at 4.5 cm, and she had a 
faint mitral regurgitation (MR) murmur with 
mild pedal oedema.    

 Low GCS, reduced oxygen saturation, and 
relatively low respiratory rate. 

 Raised JVP may be due to right heart failure 
secondary to her COAD, whereas MR is quite 
common and pedal oedema may also be due to 
her right heart failure. 

 Her preliminary investigations showed the 
following:
   FBC: Hb 10.5 g/dl, MCV 104 fL, WBC 9.1 × 10 9 /L 

(normal differential), platelets 350 × 10 12 /L  
  U&Es: sodium 130 mmol/L, potassium 3.8 mmol/L, 

Urea 16.1 mmol/L, creatinine 120 μmol/L, 
bicarbonate 31 mEq/L and eGFR 49 ml/kg/m 2 .  

  Arterial blood gas analysis: pO2: 7.1 kPa, pCO2: 
8.8 kPa, pH: 7.24  

  Chest x-ray (CXR): see Fig.  2.1 .   

  ECG: rate 50/min regular, fl at T waves in III, 
AVF, V4–6.  

  Urgent CT-head, no abnormality detected.    

    Comment on Her FBC 

 This lady has anaemia with normal WBC and 
platelet counts She has raised MCV and therefore 
the differential diagnosis for her anaemia includes:
•    Alcohol  
•   Vitamin B12 or folate defi ciency  
•   Myelodysplasia  
•   Hypothyroidism  
•   Haemolytic anaemia  
•   Drugs: particularly those interfering with 

DNA synthesis such as Azathioprine, metho-
trexate, Zidovudine  

•   Aplastic anaemia  
•   Acquired sideroblastic anaemia    

 However, the mild abnormality in her FBC is 
unlikely to have contributed to the clinical 
presentation.  

    Comment on Her U&Es 

 This lady has hyponatraemia and raised bicarbon-
ate. The commonest cause of low sodium is the 
use diuretics, some of which can also cause meta-

  Fig. 2.1    Chest x-ray on admission to accident and 
emergency       

Comment on the history. What would you 
like to do next?

What are the three most striking abnormal-
ities in her examination?
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bolic alkalosis. This patient is on bendrofl uazide, 
which may have caused this abnormality although 
there are other possibilities (for full review of 
hyponatraemia, please see Case   10    ). The modest 
drop in her sodium is unlikely to be the cause for 
her presentation.  

    Comment on the CXR 

 The heart shows signifi cant enlargement and 
there is a mild degree of pleural effusion, more 
evident on the left. There are no clear signs of 
heart failure in the lung fi elds and therefore the 
enlarged globular heart does not necessarily rep-
resent dilated cardiac chambers and more likely 
to be due to pericardial effusion. 

  There are few clues in the history to point 
towards a clear diagnosis. In a situation like this, 
it is helpful to make a list of the main abnormali-
ties to try to reach the right diagnosis.
   Admission: collapse and drop in GCS.  
  History: memory problems and behavioural 

issues with a family history of autoimmunity.  
  Investigations: decompensated respiratory acido-

sis (raised bicarbonate may be a marker of 
chronic metabolic alkalosis). Large heart on 
CXR and non-specifi c ECG abnormalities.    
 Focussing further on one serious abnormality 

likely to be the cause of her clinical presentation, 
respiratory acidosis is a clear culprit. 

  This includes:
    Lung pathology:  COAD is a potential cause in 

our patient but normal chest auscultation and 
clear lung fi elds argue against this being the 
main cause of the symptoms.  

   Central nervous system pathology:  The failure 
to detect neurological signs and normal CT 
head makes this an unlikely diagnosis. Central 

hypoventilation may occur secondary to  opioid 
use. Our patient has osteoarthritis and may 
have been prescribed additional pain killers. 
Therefore, a careful drug history from the GP 
is mandatory. Normal pupils that are reactive 
to light effectively rules out this possibility but 
checking with the GP is still recommended. In 
cases of doubt, naloxone can be administered 
to reverse the action of any opioid. Finally, 
endocrine disorders such as hypothyroidism 
may cause hypoventilation but there is no his-
tory of a thyroid disorder in our patient.  

   Neuromuscular disease:  This includes myas-
thenia gravis, Guillain-Barré and amyotroph-
cic lateral sclerosis. These conditions are not 
consistent with the history of the presentation 
or patient examination.  

   Obesity-hypoventilation:  this can occur in indi-
viduals with signifi cant weight problems 
(see Case   10    ), but our patient had a weight of 
69 kg with a BMI of 25.7 kg/m 2 , making this 
an unlikely diagnosis.    

  Summarising the major abnormalities, the 
patient has a central hypoventilation disorder 
together with an enlarged heart on CXR and a 
small pleural effusion. The GP cannot be reached 
and therefore a trial with naloxone is not 
unreasonable. 

  Thyroid tests should NOT be generally 
requested in patients who are ill and the only 
exception is when it is thought the illness is 
directly related to thyroid dysfunction. Therefore, 
it is important to undertake an examination of the 

How would you proceed in this patient?

What is the differential diagnosis of respi-
ratory acidosis?

The patient deteriorates over the next few 
hours and her GCS drops to 9/15. Repeat 
blood gas analysis shows a rise in pCO2 to 
9.1 kPas and a drop in pH to 7.19. What 
would you do?

The patient is given naloxone, but no 
change in her condition is noted. Would 
you request thyroid function tests at this 
stage?

2 Hypothyroidism Complicated by Hypothyroid Coma
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thyroid status and palpate the neck followed by 
requesting thyroid function tests. 

 On examination, the patient is noted to have a 
dry skin but there are no other convincing signs 
of hypothyroidism. One doctor reports slow 
relaxation of ankle refl exes, whereas another, 
who is more senior, disagrees. Neck palpation is 
unremarkable. Her TFTs show:
   FT4: 1.1 pmol/L (normal 10–20)  
  TSH: 97 mIU/L (normal 0.2–4.5 mIU/L)    

  In ESS, T3 levels are typically low and in 
more advanced cases T4 levels can fall, whereas 
TSH is normal or low normal [ 1 ,  2 ]. TSH levels 
can marginally rise, particularly as the acute ill-
ness is brought under control, but these never 
reach the levels seen in our patient. Therefore, 
our diagnosis fi ts with primary hypothyroidism 
[ 3 ,  4 ]. Positive thyroid peroxidase antibodies will 
confi rm the autoimmune nature of hypothyroid-
ism and it is a test worth requesting. 

  Primary hypothyroidism can cause memory 
loss and alter behaviour. Dry skin and bradycar-
dia are classical signs of hypothyroidism [ 5 ,  6 ]. 
Low thyroid hormones can result in hyponatrae-
mia and non-specifi c ST-T segment changes on 
ECG. Mild anaemia with raised MCV is seen 
with hypothyroidism whereas pericardial and 
pleural effusions are known to occur, particularly 
in severe thyroid hormone defi ciency. Respiratory 
acidosis is one of the criteria to diagnose myxo-
edema coma and therefore the likely unifying 
diagnosis in our patient is hypothyroidism caus-
ing myxoedema coma. 

 The criteria used to diagnose myxoedema 
coma can vary greatly and recent work attempted 

to diagnose this condition using a scoring system 
that includes alteration in thermoregulation, 
 central nervous, cardiovascular, gastrointestinal 
and metabolic systems with and without a 
 precipitating event [ 7 ]. Even using this system, 
some cases can be missed and therefore the diag-
nosis requires a high degree of suspicion and 
appropriate expertise. 

  This patient, with a diagnosis of myxoedema 
coma, should be managed in intensive care 
 setting as she can deteriorate quickly (mortality 
is up to 50 %, although this is now on the 
decrease) [ 8 ]. 

 Given the rarity of this condition and the 
potentially serious consequences, there are no 
randomised controlled trials investigating the 
best management strategy. In general these 
patients need: thyroid hormone replacement, 
glucocorticoid replacement, treatment with 
broad spectrum antibiotics and general support-
ive measures [ 9 ,  10 ]. 

  Thyroid hormone replacement:  T4 is the 
main thyroid hormone used for replacement and 
can be given IV or via nasogastric tube in doses 
between 100 and 500 μg/day. The intravenous 
route is preferred due to compromised GI absorp-
tion in these patients. Frequently a loading dose 
of 200–500 μg is used followed by maintenance 
dose of 100–200 μg/day. Doses higher than 
500 μg/day are thought to be associated with 
increased mortality and should be avoided. Some 
advocate the use of T3, given it is the active hor-
mone, but evidence for superiority of such an 
approach has not been proven [ 11 – 14 ]. 

  Glucocorticoid replacement:  Adrenal insuf-
fi ciency commonly occurs in patients with severe 
hypothyroidism and therefore glucocorticoid 
replacement in mandatory in these patients. 
A baseline cortisol check is recommended before 
starting therapy, although this is not strictly nec-
essary. Dose of hydrocortisone used is between 
50 and 100 mg every 6–8 h. The length of treat-
ment should be guided by the physical condition 

Does this patient have hypothyroidism, or 
are these abnormal TFTs related to euthy-
roid sick syndrome (ESS)?

Does primary hypothyroidism offer a uni-
fying diagnosis for the symptoms and signs 
in our patient?

What would you do in this patient?
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of the patient and improvement in thyroid 
 hormone levels. 

  Broad-spectrum antibiotics:  The precipitat-
ing cause of myxoedema coma is frequently an 
infection; therefore, these patients should have 
appropriate cultures followed by a course of 
broad-spectrum antibiotics. It is unclear whether 
our patients had a concomitant infection but 
cover with antibiotics is necessary given the high 
risk involved. 

  General supportive measures: 
•    Intubation in case respiratory acidosis cannot 

be corrected medically  
•   IV fl uid with strict input/output balance  
•   Correction of electrolyte imbalance: in partic-

ular hyponatraemia. This should be corrected 
gradually and according to the fl uid status of 
the patient  

•   Oxygen supplementation as necessary  
•   Vasopressors in case of hypotension not cor-

rected with IV fl uid  
•   Passive external rewarming as a management 

of hypothermia aiming for a slow rise of tem-
perature of around 0.5 °C/h. Hypothermia is 
common in hypothyroid coma, although core 
temperature was normal in our patient.  

•   General monitoring, including cardiac moni-
toring (risk of arrhythmias)  

•   An experienced endocrinologist with daily 
input into care of the patient should be 
involved in the management.    

  Patients with myxoedema coma are usually 
hypothermic and the rise in temperature in our 
patient may simply be related to the presence of 
infection and normalisation of body responses fol-
lowing thyroid hormone therapy. Therefore, this 
may be a good rather than a poor prognostic sign. 
Naturally, we should ensure that the she is on appro-
priate antibiotics to cover her urinary infection. 

  Infection, administration of central nervous 
system depressants and cold exposure. 

  This lady had a number of routine additional 
tests that showed: 
    Creatine kinase (CK): 4,423 U/L (normal 

<300)   
   Troponin <50 pg/ml   
   CA125: Five-fold increase in levels (requested 

due to recent diagnosis of ovarian cancer in 
the patient’s sister)     

  Elevated CK can be found in hypothyroidism, 
particularly severe disease. Moreover, this patient 
was found collapsed, which may have contrib-
uted to her raised CK. 

 Normal troponin is reassuring but perhaps it 
is worth repeating this test to be absolutely sure 
(given the ECG abnormalities). If repeat tropo-
nin is normal then there is no need to ask for a 
cardiology review as non-specifi c ST-T seg-
ment changes can occur in individuals with 
severe hypothyroidism, which normalise after 
therapy. 

 Raised CA-125 levels are a marker of ovarian 
cancer. However, levels can be raised in individu-
als with ascites due to any cause and raised 
tumour markers have been documented in 
patients with hypothyroidism, particularly in the 
presence of ascites [ 15 ]. Imaging is mandatory 
here to exclude an ovarian pathology and clarify 
the nature of raised CA-125.  

What are the three commonest predisposing 
factors to myxoedema coma?

This patient had raised temperature at 
38.5 °C less than 2 days after her admission 
and her urine cultures were positive for E 
coli. Is the rise in temperature a poor prog-
nostic sign?

What do these tests mean and would you 
ask a cardiologist to review the patient 
given the abnormal ECG?

CT scan of the abdomen/pelvis is per-
formed, which showed the presence of 
moderate amounts of ascetic fl uid with no 
other abnormality detected.

2 Hypothyroidism Complicated by Hypothyroid Coma
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  Given her normal imaging, it is almost certain 
that raised CA-125 levels are related to this 
patient’s hypothyroidism, complicated by asci-
tes. However, it is important to monitor levels to 
make sure these are normalising. 

  Repeat CXR and ECG should be performed. 
Also, a cardiac ultrasound should have been 
requested on admission (after her CXR results) to 
assess cardiac function and confi rm pericardial 
effusion. 

  No, as the pericardial effusion is resolving and 
she has no major cardiac structural abnormalities. 
It should be noted that severe hypothyroidism 
can lead to cardiac muscle dysfunction leading to 
congestive cardiac failure, which was not the 
case in our patient. 

 Ascites and pleural effusion occur in less than 
10 % of cases. A small amount of pericardial 
effusion may be evident in up to 30 % of patients 
with hypothyroidism, but this is not usually clini-
cally signifi cant [ 16 ].      
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and her TSH 3 weeks later drops to 
15 mIU/l on 100 mcg of thyroxine/day. She 
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previous issues with her memory resolve. 
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raised CA-125 levels. Would you advocate 
repeating these, or would you simply reas-
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her hypothyroidism and ascites and will 
normalise?
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What else would you like to do?
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her pleural effusion, whereas her ECG nor-
malises. Cardiac ultrasound on admission 
showed a trivial MR with a signifi cant peri-
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ponade. Her repeat cardiac ultrasound one 
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require any further cardiac investigations?
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        Introduction 

 Hyperthyroidism is present where there is an 
overactive thyroid gland with elevated thyroid 
hormones, free thyroxine (free T4) and free tri-
iodothyronine (free T3), and thyrotoxicosis is 

where symptoms are also present. Thyrotoxicosis 
may adversely impact on the outcome of preg-
nancy. Graves’ disease is common in females 
of reproductive age and is the most frequent 
cause of thyrotoxicosis in pregnancy, occurring 
in 0.15 %. Transient gestational hyperthyroid-
ism occurs in 2–3 % of pregnancies in Europe. 
Where hyperthyroidism arises during pregnancy 
it is important to correctly diagnose the condition 
so as to guide appropriate management. 

 In this chapter, the presentation of the three 
common causes of thyrotoxicosis in pregnancy 
and the puerperium are described using clinical 
scenarios. Pregnancy complications are consid-
ered and management options discussed.  
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    Abstract  

  Graves’ disease presents frequently in females of reproductive age and is 
the most common cause of thyrotoxicosis in pregnancy, occurring in 
0.15 %. In addition transient gestational hyperthyroidism occurs in 2–3 % 
of pregnancies in Europe. Thyrotoxicosis may adversely impact on the 
outcome of pregnancy. Where hyperthyroidism complicates pregnancy it 
is important to correctly diagnose the condition so as to guide appropriate 
management. In this chapter, the presentation of the three common causes 
of thyrotoxicosis in pregnancy and the puerperium are described using 
clinical scenarios. Pregnancy complications are considered and manage-
ment options discussed.  

  Keywords  

  Pregnancy   •   Thyrotoxicosis   •   Hyperthyroidism   •   Thyroiditis   •   Maternal   • 
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    Case 1: Overt 
Thyrotoxicosis – Pre-pregnancy 

 A 34-year-old woman is referred to you by her 
general practitioner because she has abnormal 
thyroid function test (TFT) results. She has 
recently miscarried at 11 weeks gestation. This 
was her fi rst pregnancy. She has a history of pri-
mary infertility for which no cause has been 
found and she is keen to conceive again soon. Her 
general practitioner has investigated thyroid 
function because she complained of palpitations 
and weight loss after her miscarriage. 

  As well as querying about the duration and of 
her extent of her weight loss and palpitations, you 
should probe for additional symptoms of thyrotoxi-
cosis including increased appetite, heat intolerance, 
tremor, sweating, anxiety, insomnia and poor con-
centration (full details can be found in Case   10    ). 

 You should establish if she has a personal or 
family history of thyroid disease or other autoim-
mune condition. 

 A spectrum of typical symptoms would support 
a diagnosis of continuing thyrotoxicosis. Some of 
these symptoms, especially palpitations, occur in 
normal pregnancy. A short duration of symptoms, 
lasting only days, would be suggestive of subacute 
or postnatal thyroiditis whereas a longer time 
course would be typical of Graves’ toxicosis. 

  You should examine her for signs of thyro-
toxicosis including tachycardia, warm peripher-
ies, sweating and tremor. You look for a thyroid 
goitre and thyroid eye disease, which would indi-
cate Graves’ disease. 

    Summarise the Symptoms/Signs 
and Provide a List of Differential 
Diagnoses 

 She has had typical symptoms of thyrotoxicosis 
for 6 months and you have identifi ed subtle signs 

of thyrotoxicosis including pulse 88 beats per 
minute, a minor tremor and warm hands. There is 
a bilateral fullness in the neck but no discrete goi-
tre and she has minor chemosis with periorbital 
oedema. Differential diagnoses include:
•    Graves’ disease  
•   Toxic multinodular goitre  
•   Single toxic adenoma  
•   Subacute thyroiditis  
•   Iodine-induced hyperthyroidism  
•   Struma ovarii  
•   Thyrotropin receptor activation    

 The most likely diagnosis is therefore Graves’ 
thyrotoxicosis and this may explain her infertil-
ity. Transient gestational hyperthyroidism would 
not cause overt thyrotoxicosis and would have 
resolved on fetal loss. 

  You should request TFT, including thyrotro-
pin (TSH), free T4 and free T3, which confi rm 
thyrotoxicosis (Table  3.1 ). Also, request anti- 
TSH receptor antibody (TRAb); the result is ele-
vated consistent with Graves’ disease (see 
Table  3.1 ). The fi nal diagnosis is therefore 
Graves’ disease. Her thyrotoxicosis might explain 
her infertility as she has lost weight which may 
result in weight-related anovulation.

    She wants to conceive again soon but this 
poses risks from uncontrolled thyroid disease in 
pregnancy. There may be infertility due to anovu-
lation and there is an increased miscarriage rate. 
She may develop uncontrolled thyrotoxicosis and 
is at risk of cardiac failure. Very rarely retroster-
nal extension of a goitre may cause dysphagia or 

What symptoms would you ask about?

What signs would you look for?

What biochemical and immunological tests 
are needed to reach a diagnosis?

How would you manage this case?

    Table 3.1    TFT and antibody results   

 Test, units  Result  Reference range 

 TSH, mIU/l  <0.02  0.27–4.2 
 FreeT4, pmol/l  48  12–22 
 FreeT3, pmol/l  12.6  3.1–6.8 
 TRAb, IU/l  7.2  ≤0.9 
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tracheal obstruction, which can be a problem if 
the patient requires to be intubated. 

 There are risks to the fetus or neonate from 
uncontrolled maternal thyrotoxicosis. Miscarriage 
rates are increased in thyrotoxicosis. Premature 
delivery may occur, either due to preterm labour 
if thyrotoxicosis is uncontrolled or there may be 
iatrogenic prematurity due to concerns about fetal 
growth and wellbeing or secondary to thyroidec-
tomy in pregnancy. Fetal and neonatal thyrotoxi-
cosis may develop due to TRAb. 

 Despite her desire to become pregnant you 
should explain that she must use contraception 
until she is euthyroid. You need to outline the 
risks, both to her and to her fetus, of uncontrolled 
thyroid disease. She should be treated with pro-
pylthiouracil (PTU). Once the patient has been 
rendered euthyroid by a high dose for 4–6 weeks 
the PTU should be titrated to the minim dose 
which will maintain her free T4 at the upper limit 
of the reference range. She could then attempt to 
conceive again. 

 She was commenced on PTU using an initial 
dose of 200 mg twice daily which has been 
reduced to 50 mg twice daily. She is now 8-weeks 
pregnant. Her free T4 is 22.1 pmol/l (fi rst- 
trimester reference range 12.1–19.6). You should 
adjust the PTU to the minimum dose that will 
keep her free T4 at or just above the  non - pregnant     
reference range [ 1 ]. You could continue to treat 
her with PTU 50 mg twice daily but you should 
anticipate that the PTU dose will need to be 
reduced; therefore you should monitor her TFT 
closely, every month. PTU infrequently causes 
severe hepatitic reactions so consider changing to 
carbimazole or methimazole (CBZ/MMI) after 
the fi rst trimester when organogenesis is com-
plete; the equivalent dose of carbimazole is 
10–15 times less than for PTU. In a patient 
receiving only a small dose of PTU you could 
anticipate reducing and stopping it within 
2 months. In addition to TFT, liver function tests 
should be monitored in patients receiving PTU. 

 Fetal anatomy ultrasound is usually under-
taken at 18–20 weeks. In the event that antithyroid 
medication is continued after 20 weeks gestation 
or the TRAb is elevated over 4 IU/l (or two to 
three times the reference range) when rechecked 
at this stage, then additional growth scans should 
be arranged every 4–6 weeks or as indicated 

clinically. Evidence of fetal thyroid dysfunction 
includes goitre, tachycardia, growth retardation, 
hydrops and cardiac failure. An alert should be 
sent to the paediatrician to assess the newborn 
baby for transient neonatal Graves’ disease. 

 Whereas Graves’ toxicosis ameliorates during 
pregnancy you should anticipate a rebound after 
delivery. You will need to arrange ongoing close 
endocrine monitoring and should expect to restart 
or increase antithyroid drugs. Both CBZ/MMI 
and PTU are secreted in breast milk and border-
line elevation of TSH can occur in breastfed 
infants. CBZ/MMI in doses up to 30 mg daily are 
preferred to PTU, used in doses up to 300 mg 
daily, in view of the risk of hepatitis with PTU 
[ 2 ]. Treatment should be taken in divided doses 
immediately after breastfeeding.  

    Update of Graves’ Disease Before 
and During Pregnancy 

 Antithyroid drugs are the mainstay of treatment. 
CBZ/MMI would normally be the drugs of fi rst 
choice to treat Graves’ thyrotoxicosis in the non- 
pregnant situation. However, in a patient trying 
to conceive PTU is more appropriate than CBZ/
MMI which are teratogenic [ 1 ,  3 ]. Treatment with 
CBZ/MMI in the fi rst trimester is associated with 
the congenital skin defect aplasia cutis, and infre-
quently choanal atresia (posterior nasal passage), 
oesophageal atresia, omphatocele and omphalo-
mesenteric duct abnormalities. The incidence of 
aplasia cutis combined with the latter two congen-
ital defects is 1.6 % of patients treated with CBZ/
MMI in the fi rst trimester [ 4 ]. However CBZ/MMI 
should be used after 13 weeks gestation for patients 
requiring continued antithyroid medication or pre-
senting de novo with thyrotoxicosis. Indications 
for thyroidectomy in pregnancy include severe 
adverse reactions to antithyroid drugs, ongoing 
high doses of these medications, for example 
CBZ/MMI >30 mg per day or PTU >450 mg per 
day, or inability to control  thyrotoxicosis due to 
compliance issues. If surgery is required, the opti-
mum time is the second trimester. Radioiodine 
treatment is not used in pregnancy. 

 It is important to measure TRAb in preg-
nant women who are hypothyroid following 
prior radioiodine treatment or in those who had 

3 Hyperthyroidism in Pregnancy
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thyroidectomy. Elevated levels may persist and 
these immunoglobulin G (IgG) antibodies freely 
cross the placenta and may render the fetus 
toxic. Conversely in patients who have had prior 
Graves’ disease in remission, not requiring anti-
thyroid drugs, then fetal growth is not likely to 
be compromised. 

 Compared to pre-pregnancy levels  total  T4 
and  total  T3 are increased in pregnancy, second-
ary to a rise in thyroid-binding globulin which is 
caused by an elevation in oestradiol. Conversely 
free T4 and free T3 show small progressive 
decreases during the course of pregnancy. These 
changes depend on the assay used and trimester- 
specifi c ranges should be obtained from your 
local laboratory. TSH falls transiently during the 
fi rst trimester, mirroring the rise seen for human 
chorionic gonadotropin (hCG).   

    Case 2: First-Trimester 
Hyperthyroidism 

 A 21-year-old Asian woman presents with fre-
quent vomiting. It is 8 weeks since her last men-
strual period and a pregnancy test is positive. 
This is her fi rst pregnancy. She is unable to tol-
erate any oral food or fl uid and she has been 
admitted to the local gynaecology unit for 
hydration and administration of antiemetic. 
Investigation of thyroid function has shown 
abnormal results with TSH fully suppressed and 
free T4 raised 40 % above the fi rst trimester ref-
erence range. 

  Has she had symptoms suggestive of thyro-
toxicosis, e.g., heat intolerance, palpitations, 
emotional lability, weight loss and tremor? If 
these symptoms have been present did they pre-
cede the pregnancy or develop only recently? 

 Has she previously had thyrotoxicosis and is 
there a family history of thyroid disease? 

 Is there a personal or family history of other 
autoimmune disease? 

  Look for evidence of weight loss and examine 
for the presence of tremor, tachycardia, lid lag, 
exophthalmos and goitre. 

  Transient gestational hyperthyroidism is the 
most likely diagnosis. 

 Graves’ disease can present for the fi rst time 
in early pregnancy: thyroid eye disease and goitre 
are signs of this condition. 

 Consider other causes of vomiting in early 
pregnancy, notably urinary tract infection, peptic 
ulceration, pancreatitis (both usually associated 
with abdominal pain) and Addisonian crisis (very 
rare). 

  Request TRAb and repeat the TFT (free T4 and 
free T3) every 4–6 weeks until 18–22 weeks gesta-
tion. In transient gestational hyperthyroidism overt 
thyrotoxicosis is uncommon, spontaneous resolu-
tion occurs by mid-gestation and TRAb is not sig-
nifi cantly elevated. Conversely in Graves’ disease 
TRAb is normally elevated and antithyroid medi-
cation is often required. Measure thyroid peroxi-
dase (TPO) antibody if there is a signifi cant goitre. 

 Request mid steam urine for microscopy and 
culture. 

 Monitor her urea and electrolytes. 

What questions should be asked?

What are the signs to look for?

What differential diagnosis would you 
consider?

What biochemical and immunological tests 
are needed to reach a diagnosis?
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    Results of Investigations 

 Thyroid function normalised by 19 weeks gesta-
tion (Table  3.2 ).

   Urine culture was negative. 
 The initial urea and electrolyte profi le was 

indicative of dehydration with hyponatraemia, 
hypokalaemia and hypochloraemic alkalosis. 
These abnormalities resolved once she was rehy-
drated and her vomiting was controlled with anti-
emetics (see management). 

  She had transient gestational hyperthyroidism 
associated with hyperemesis gravidarum. 

  The woman should be admitted to hospital and 
given intravenous fl uids to correct her dehydration 
and electrolyte imbalance. Normal saline (0.9 % 
sodium chloride) is appropriate with the addition of 
potassium chloride to correct the hypokalaemia. 

 Antiemetics are helpful to control nausea and 
vomiting in this situation. Any of the following 
agents can be prescribed orally or parentally. To date 
there is no evidence that these drugs are teratogenic.
•    Antihistamines, e.g., promethazine and 

cyclizine  
•   Phenothiazines, e.g., chlorpromazine  
•   Dopamine antagonists, e.g., metoclopramide 

and domperidone  
•   Ondansetron    

 Hyperemesis may cause vitamin defi ciencies, 
notably of the B vitamins B1, B6 and B12. Oral 
(25–50 mg three times daily) or intravenous 
(100 mg weekly) thiamine should be given to any 
woman with prolonged vomiting. 

 The woman’s risk of thrombosis should be 
assessed (pregnancy itself is a risk factor in addi-
tion to bed test and dehydration). In most cases 
thromboprophylaxis with low molecular weight 
heparin is indicated during hospital admission. 

 Excessive vomiting in pregnancy may be due 
to multiple pregnancy or hydatidiform mole. The 
woman should have an early pelvic ultrasound 
scan to exclude these conditions and to confi rm 
viable pregnancy.  

    Update on Transient Gestational 
Hyperthyroidism 

 In this condition there is a self-limiting hyperthy-
roidism occurring in early pregnancy. It usually 
resolves by 20 weeks gestation and is not due to 
intrinsic thyroid disease [ 5 ]. It is often but not 
always associated with nausea and vomiting of 
varying severity. Overt thyrotoxicosis is rarely 
seen when there is a pre-existing multinodular 
goitre. The condition is more common among 
south Asian women compared with Caucasian 
women and it tends to recur in subsequent 
pregnancies. 

 Whereas free T3 and T4 are raised and/or 
TSH is suppressed, affected women are clinically 
euthyroid and TRAb is not signifi cantly 
elevated. 

 hCG levels peak in early pregnancy. The hCG 
alpha subunit is closely homologous with that of 
TSH and is thought to stimulate the thyrotropin 
receptor in gestational thyrotoxicosis, similarly 
to stimulation of the receptor by TRAb in Graves’ 
disease. The level of hCG directly correlates with 
the severity of vomiting and free thyroxine 
concentrations. 

What is the fi nal diagnosis?

How would you manage this patient?

   Table 3.2    Changes in TFT results as gestation advances   

 8 weeks  13 weeks  19 weeks 

 TSH, mIU/l  <0.02  <0.1  2.4 
 Free T4, pmol/l  28.1  24.6  15.7 
 Free T3, pmol/l  6.2  5.9  5.1 
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 Transient gestational hyperthyroidism is more 
likely if the pregnancy is complicated multiple 
pregnancy or hydatidiform mole, conditions 
associated with high levels of hCG. 

 The diagnosis of transient gestational hyper-
thyroidism is one of exclusion. TRAb should be 
absent and the woman should be clinically euthy-
roid. TSH, free T3 and T4 levels should return to 
normal in the second trimester as nausea and 
vomiting resolves. Antithyroid drugs should only 
be considered where the patient is clinically toxic 
and both free T3 and free T4 are elevated, follow-
ing rehydration if appropriate, as Graves’ disease 
or toxic nodular goitre are the likely diagnoses. 

 The majority of women with vomiting in early 
pregnancy respond to rehydration and antiemet-
ics. Corticosteroids (oral prednisolone 50 mg 
daily or intravenous hydrocortisone 100 mg twice 
daily) have been shown in randomised trials to be 
benefi cial in severe cases resistant to antiemetics 
and rehydration.   

    Case 3: Postpartum 
Thyroiditis (PPT)  

 A woman presents with a history of fatigue and 
palpitations since the birth of her daughter 
3 months ago. Since the birth she has never felt 
well but thought her symptoms were due to lack 
of sleep and anxiety. Her symptoms are sugges-
tive of thyrotoxicosis. 

  Has she previous pregnancies and if so, did 
she experience similar symptoms in the postpar-
tum period? 

 Is there a family history of thyroid disease or 
other autoimmune conditions? 

 Has she experienced postpartum depression? 

  You should look for signs of thyrotoxicosis 
(tachycardia, warm peripheries, tremor) and 
examine for a goitre. 

    Summarise the Symptoms/Signs 
and Provide a List of Differential 
Diagnoses 

 PPT may present with signs and symptoms attrib-
utable to either hyperthyroidism or hypothyroid-
ism depending on the phase of the condition (see 
update below). 

 Differential diagnoses include:
•    Postpartum Graves’ disease  
•   Postpartum thyroiditis  
•   Hashimoto’s thyroiditis  
•   Toxic multinodular goitre  
•   Postpartum depression    

  You should request TSH, free T3 and T4, 
which in her case confi rms thyrotoxicosis, with 
values approximately two times the upper limit 
of the reference range. In addition, request TRAb 
and TPO antibodies. 

 TRAb is usually absent in self-limiting post-
partum thyroiditis but present in Graves’ disease. 
An elevated TPO antibody titre is usually seen 
in PPT. 

  If she fi nds thyrotoxic symptoms debilitating, 
she can be offered treatment with beta blockers. 
However, she is at risk of entering a hypothyroid 
phase so her thyroid function and symptoms 
should be closely monitored, every 4–6 weeks. 

 If she becomes hypothyroid then levothyrox-
ine replacement will be necessary. She should be 
advised that the condition commonly resolves 
after 6–8 months so levothyroxine can be stopped 

What questions should you ask?

What signs do you look for?

What biochemical and immunological tests 
are needed to reach the diagnosis?

How would you manage this patient?
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when she is 12 months postpartum and TFT 
checked after 4 weeks off the medication. If levo-
thyroxine is discontinued there is a 10 % annual 
risk of developing hypothyroidism so ongoing 
thyroid monitoring is appropriate. PPT may recur 
in future pregnancies.  

    Update on PPT 

 PPT is defi ned as thyroid dysfunction occurring 
within the 12 months of delivery (whether live 
birth, stillbirth or miscarriage). There is disagree-
ment over the incidence but most reviews quote a 
range from 5 to 10 % [ 6 ]. The condition usually 
presents 3–4 months postpartum. It may be 
monophasic (either transient hypothyroidism or 
hyperthyroidism) or biphasic with initial hyper-
thyroidism followed by hypothyroidism. The 
common symptoms (fatigue, insomnia, anxiety, 
palpitations) are often overlooked by the woman 
as she regards them as normal postpartum 
changes. It may interfere with lactation. 

 It is an autoimmune disorder, more common 
in women with type 1 diabetes, or a family his-
tory of thyroid disease or with thyroid peroxidise 
antibodies. Histological features are similar to 
Hashimoto’s thyroiditis. 

 In the biphasic form there is an initial destruc-
tive phase with release of thyroxine resulting in 
hyperthyroidism. This lasts about 2–3 months 
and is followed by hypothyroidism as the stores 
of thyroxine are depleted. 

 Differentiating postpartum Graves’ disease 
from PPT is usually achieved by testing for 
TRAb. If uncertainty remains then a radioactive 
technetium scan can be performed but breast-

feeding needs to be deferred for 30 h. Uptake will 
be low in PPT but high in Graves’ disease. 

 Most cases resolve spontaneously by 
12 months postpartum. The need for treatment 
depends on the severity of the woman’s symp-
toms rather than the biochemical abnormalities 

 There is a 70 % risk of recurrence in future 
pregnancies [ 6 ]. Up to 60 % of women with PPT 
will develop permanent hypothyroidism in later 
life, especially if TPO antibody positive, and an 
annual check of thyroid function is advisable.      
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        Case 

 A 65-year-old lady is referred as an outpatient 
following the discovery of a neck lump. A thy-
roid ultrasound arranged by the GP is reported:

  Both lobes of the thyroid are diffusely enlarged. 
Within the right lobe of the thyroid there lies a 
15 × 26 mm hypoechogenic nodule with some areas 
of calcifi cation. No other worrying features are iden-
tifi ed. The remainder of the thyroid tissue appears 
normal. There is no local lymphadenopathy 

   Her thyroid function tests prior to clinic are as 
follows:

  FreeT pmol l TSH miu l435 0 05/ , . /<    

What are the salient points to obtain from the his-
tory and examination? 

    History 

    What (if any) thyrotoxic symptoms are present?  
  History and amount of weight loss.  
  When was the lump fi rst noticed? Has it increased 

in size and if so how quickly? Is it painful?  
  Any diffi culties with swallowing or change in 

quality of voice?  
  Is there a past medical history (PMH) of thyroid 

disease or autoimmune disease?  
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 Case 4      Graves’ Disease Associated 
with a Thyroid Nodule 

           Rhodri     J.     King     

    Abstract  

  Patients with Graves’ disease are common to all general endocrine outpa-
tient clinics and management options for these individuals are generally 
straight forward. Thyroid nodules are also frequently encountered and can 
present more of a clinical challenge. Less common is the fi nding of thy-
roid nodules associated with Graves’ and these individuals may require 
greater consideration. This case addresses the treatment options available 
for Graves’ disease along with the management and investigation of thy-
roid nodules.  

  Keywords  

  Graves’ disease   •   Hyperthyroidism   •   Thyroid nodule   •   Cold nodule   • 
  Thyroid cancer  
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  Any history of radiation exposure?  
  Is there a family history of thyroid disease or 

head and neck cancer?     

    Examination 

    Is she thyrotoxic?  
  Any evidence of cardiac compromise? This 

includes atrial fi brillation and/or signs of heart 
failure.  

  Are signs of thyroid eye disease present?  
  Goitre? Is it tender/diffusely enlarged?  
  Is the nodule palpable? Is it mobile/fl uctuant/

hard?  
  Is lymphadenopathy present?  
  Does the patient have pre-tibial myxoedema?    

 

  The patient tells you that she has had classical 
thyrotoxic symptoms for 8–10 weeks and had 

lost approximately two stone in weight over 
4 months. She fi rst noticed the lump in her neck 
about 6 months ago and does feel that it has 
become more noticeable. She has a PMH of post- 
menopausal osteoporosis for which she takes 
alendronate weekly. She has no relevant family 
history. 

 On examination you note that she is tremulous 
with moist palms. She has a regular tachycardia 
(120 bpm) with no evidence of heart failure. She 
has no signs of active thyroid eye disease. The 
thyroid is moderately and diffusely enlarged with 
a palpable nodule within the right lobe of the thy-
roid which is non-tender and mobile. There is no 
cervical lymphadenopathy. 

   The overriding issue at this stage is to treat 
this patient’s hyperthyroidism and the symptoms 
related to this. Anti-thyroid medication such as 
carbimazole 40 mg od along with a beta-blocker 
(propranolol 80–160 mg bd) would be the initial 
treatment option. Longer term management will 
vary signifi cantly depending on the fi nal diag-
nosis and so further investigation is warranted 
at this stage. A thyroid radionuclide uptake scan 
will indicate if the nodule is “hot” or “cold” and 
provide useful information to aid the diagnosis. 
Thyroid function tests (TFTs) should be repeated 
4–6 weeks after commencing treatment and 
reviewed in clinic with the results of the uptake 
scan. 

 In her follow up visit, the patient reports an 
improvement in her symptoms and her weight loss 
has plateaued. Her repeat TFTs are as follows:

  FT pmol l TSH miu l410 0 04/ , . /    

What are the factors associated with an 
increased likelihood malignancy in a thy-
roid nodule?
•    History of neck irradiation in childhood  
•   FH of hereditary thyroid carcinoma 

(MTC, PTC, MEN 2)  
•   Male  
•   Age (<20 or >70)  
•   Firm, hard and fi xed nodule or rapidly 

growing nodule  
•   Cervical lymphadenopathy  
•   Persisting dysphonia, dysphagia or 

dyspnoea  
•   Other: Hashimoto’s thyroiditis (lym-

phoma), polyposis coli   

What are the features of malignancy in a 
thyroid nodule on ultrasound examination?
•    Hypoechoic and solid nodule  
•   Irregular margins  
•   Microcalcifi cation  
•   Increased and/or chaotic vascularity  
•   Presence of cervical lymphadenopathy 

or extra-capsular growth   

What are the differential diagnoses and 
how would you proceed at this stage?
    1.    Toxic adenoma   
   2.    Graves’ disease with a simple nodule   
   3.    Toxic multinodular goitre   
   4.    Graves’ disease with a cold nodule, 

which may be malignant    

How would you manage this patient?
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The thyroid radionuclide uptake scan is reported   :

  The nodule within the right lobe of the thyroid 
does not take up the radio-isotope, whereas within 
the remainder of the thyroid tissue there is 
increased uptake. 

   The picture is consistent with Graves’ disease 
with a non-functioning nodule within the right 
lobe of the thyroid (Fig.  4.1 ).  

 The diagnosis is now suggestive of Graves’ 
disease with an indeterminate thyroid nodule that 
requires further investigation. 

  The presence of thyroid nodules in the gen-
eral population is common, with a prevalence of 
around 5 %, which can increase to 30–40 % when 
ultrasound is used to visualise the thyroid, and 
which is consistent with autopsy studies [ 1 ]. The 
causes of thyroid nodules are shown in Table  4.1 . 
Thyroid cancer is rarer than nodules and accounts 
for 1–2 % of all cancers. The link between Graves’ 
disease, thyroid nodules and thyroid cancer has 
been the subject of much debate. Palpable nodules 
are present in 10–15 % of Graves’ disease patients, 
two to three times higher than in the general popu-
lation [ 1 ], and nodules may also develop de novo 

during the course of the disease [ 2 ]. In terms of 
malignancy and Graves’ disease, the overall risk 
is approximately 5 % [ 3 – 5 ]; however, this risk is 
greatly increased in the presence of cold, palpable 
nodules, ranging from 15 to 48 % [ 3 ,  4 ,  6 ]. The 
malignancy rate of palpable nodules within the 
general population is around 5 %, suggesting that 
thyroid nodules associated with Graves’ are at 
increased risk of developing differentiated thyroid 
carcinoma than nodules within euthyroid individu-
als. Malignant nodules also appear more aggressive 
in Graves’ disease, presenting at a more advanced 
staged and associated with a worse outcome than 
tumours in matched euthyroid individuals [ 7 ,  8 ].

   The co-existence of Graves’ disease and toxic 
thyroid nodule(s) is known as the Marine Lenhart 
syndrome. It is a very rare condition, with autono-
mously functioning nodules occurring in approxi-
mately 3 % of Graves’ disease patients. 
Thyroidectomy or radioactive iodine (RAI) is typi-
cally the treatment of choice, with reports suggest-
ing that an increased dose of radioactivity is required 
compared to conventional RAI treatment [ 9 ]. 

  In terms of the thyroid medication, there are 
two options
    1.    Reduce the carbimazole to 20 mg od   
   2.    Continue with carbimazole 40 mg od and add 

levothyroxine 100 μg od     
 The thyroid nodule requires further charac-

terisation through ultrasound-guided fi ne-needle 

How common are thyroid nodules? What is 
the signifi cance of the combination of 
Graves’ disease and thyroid nodules?

What now?

  Fig. 4.1    Thyroid uptake scan demonstrating increased 
uptake within most of the thyroid tissue, with an area of 
reduced uptake within the right lobe indicating a “cold” 
nodule       

   Table 4.1    Causes of thyroid nodules   

 Benign (90 % of nodules)  Malignant (10 % of nodules) 

 Benign nodular goitre  Papillary carcinoma 
 Follicular adenomas  Follicular carcinoma 
 Simple or haemorrhagic 
cysts 

 Hurthle cell carcinoma 

 Chronic lymphocytic 
thyroiditis 

 Poorly differentiated 
carcinoma 
 Medullary carcinoma 
 Anaplastic carcinoma 
 Primary thyroid lymphoma 
 Sarcoma, teratoma and 
miscellaneous tumours 
 Metastatic tumours 
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aspiration (FNA) as illustrated in Fig.  4.2 . To 
treat the Graves’ disease there are three options: 
    1.    A course of anti-thyroid medication 

(6–18 months)   
   2.    Primary radioactive iodine (RAI)  if  the nodule 

is deemed to be benign   
   3.    Thyroidectomy – which would also allow 

characterisation of the nodule.    
  The patient favours a titrating regime of 

 anti- thyroid medication. She tells you that 
she has several friends who have had “thyroid 
operations” and have experienced problems 
with stabilising their thyroid afterwards. She is 
therefore put off the idea of surgery and RAI at 
this stage and would like to undergo a course of 
medication as this would give her a chance at 
least of staying off extra tablets altogether. She 
is happy to undergo FNA of the lump. It is worth 
noting that “hot” nodules on a thyroid uptake 
scan do not usually require FNA as the risk of 
malignancy within a hyperfunctioning nodule 
is very small, providing there are no suspicious 
features.  

    Follow Up 6-Week OP Review 

 FT4 14 pmol/l, TSH 2.4 miu/l on CMZ 20 mg od 
 The cytology of the USS guided FNA is 

reported as thy1. This is repeated and a better 
sample is obtained and reported as thy2. 

  It seems reasonable at this stage to continue 
with her current dose of CMZ and repeat TFTs 
every 6 weeks. A second benign cytology result 
of the nodule is required (Table  4.2 ) which is 
arranged at 6 months.

       Repeat USS FNA 

   There is a slight increase in the size of the nodule 
which appears to have slightly more irregular mar-
gins. No lymphadenopathy seen. 

   The cytology of the FNA is reported as thy3. 

  There is no value in repeating the FNA given 
the latest cytology result and the increased risk of 
malignant nodule associated with Graves’ dis-
ease. Surgery, typically a lobectomy, is usually 
required with all Thy3 cytology as it is not pos-
sible to distinguish between a benign or malig-
nant follicular lesion with FNA cytology. The 
patient agrees to proceed with total thyroidec-

Are you re-assured by this result and what 
are your plans for follow-up?

What are the options now?

History and examination

Thyroid US TFTs

Nodule <1 cm
with no

suspicious
history or

suspicious US
features

Follow up No Yes

FNA biopsy (US guided)

Nodule <1 cm
or <1 cm with

suspicious
history or

suspicious US
findings

Normal TSH

Suspicion for
malignancy
by clinical or
US critera

Normal or cold
on thyroid

scintigraphy

Low TSH

  Fig. 4.2    Flowchart for the 
diagnosis and management 
of palpable thyroid nodules 
(Adapted from AATA 
guidelines [ 10 ])       
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tomy, following which she is commenced on 
levothyroxine 100 μg. 

 The histology confi rms benign follicular thy-
roid tissue.  

    Follow Up 8 Weeks Post-surgery 

 The patient is now taking levothyroxine 125 μg 
and most recent TFTs are as follows:

  FT pmol l TSH miu l413 2 6/ . /    
She is discharged from endocrine follow-up, and 
the GP is advised to repeat her TFTs annually or 
sooner should she develop symptoms of thyroid 
dysfunction.  

    Longer-term Follow-up 

 After 6 months, she visits her GP complaining 
of increasing lethargy and constipation. She 
remains on levothyroxine 125 μg, and her TFTs 
are now as follows:

  FT pmol l TSH miu l48 4 8. / , /      

 The patient is adamant that she does not miss 
any of her medication, taking them altogether 
with her breakfast. On further questioning it 
transpires that she has been commenced on cal-
cium and vitamin D supplements which is likely 
to have reduced the absorption of her thyrox-
ine. It is important that any medications that are 
known to interfere with the absorption of thy-
roxine are taken at least 4 h after the thyroxine 
itself. Numerous medications can alter thyroid 
function tests, as indicated in Table  4.3 , and 
highlights the importance of an accurate drug 
history.

        Summary 

 Patients with Graves’ disease are frequently 
encountered in endocrinology outpatient clinics 
and it is important to be vigilant for the presence 

    Table 4.2    Cytological classifi cation of thyroid nodules and action required   

 Cytological 
result of FNA  Description  Action 

 Thy1   Non - diagnostic  a  
 Inadequate sample or artefacts do not allow 
interpretation 

 Repeat FNA 
 Use ultrasound guidance if not used initially 

 Thy2   Non -  neoplastic  a   Repeat 3–6 months 
 Two thy2 results are generally required to 
exclude neoplasia 

 Thy3   Follicular lesion / suspected follicular neoplasm   Most patients require thyroid lobectomy and 
should be discussed at an MDT meeting 

 Thy4   Suspicious of malignancy  
 Suspicious but not diagnostic of papillary, 
medullary or anaplastic carcinoma or lymphoma 

 Surgery is usually indicated 
 All cases to be discussed by MDT 

 Thy5   Diagnostic of malignancy   Surgery is indicated 
 Further management, investigation, radiotherapy, 
chemotherapy to be discussed by MDT 

  Adapted from Perros [ 11 ] 
  a Cysts may be described as thy1 in the absence of epithelial cells and presence of colloid and histiocytes (and clearly 
described as cysts) or thy2 if benign epithelial cells are also present  

What may have caused this?
    1.    Poor compliance   
   2.    Reduced absorption    
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of thyroid nodules in these individuals given that 
a higher proportion of cold nodules will be malig-
nant compared to euthyroid individuals. A thor-
ough history and examination, as outlined above, 
will help identify those at high risk of malig-
nancy. All cold nodules in Graves’ disease require 
FNA at the very least, with surgery indicated in 
high risk individuals with suspicious features on 
ultrasound (see Table  4.2 ).     
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   Table 4.3    The effect of different medication on thyroid hormones   

 Decrease in 
TSH   Secretion 

 Increased hepatic 
 Metabolism of T4 

 Impaired 
absorption 
of thyroxine 

 Impaired T4 to 
T3   Conversion 

 Decreased thyroid 
 Hormone secretion 

 Increased thyroid 
 Hormone secretion 

 Dopamine 
Dopaminergic 
 Agents 
 Glucocorticoids 
 Cytokines 
 Octreotide 
 Metformin 

 Phenytoin 

 Carbamazapine 
 Barbiturates 
 Rifampicin 

 Cholestyramine 

 Cholestapol 
 Aluminium 
hydroxide 
 Ferrous sulphate 
 Sucralfate 
 Calcium carbonate 
 Soy protein 
 Proton pump 
inhibitors 

 Beta antagonists 

 Glucocorticoids 
 Amiodarone 
 Propylthiouracil 
 Iopanoic acid 
 Radiocontrast 
dyes 

 Lithium 

 Iodide 
 Amiodarone 

 Iodide 

 Amiodarone 
 Lithium (rare) 

  Adapted from Association for Clinical Biochemistry and British Thyroid Association [ 12 ]  
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        Case 

 A 54-year-old with type I diabetes for 30 years is 
referred by her general practitioner to the endo-
crine clinic with newly diagnosed thyrotoxicosis. 
The patient has had a number of symptoms sug-
gestive of hyperthyroidism including heat intoler-
ance, weight loss, anxiety and palpitations for at 
least 3 months prior to the referral. She is seen in 
the endocrine clinic and found to have clear signs 

of hyperthyroidism (tachycardia at 104/min/regu-
lar, hand tremor, lid lag and sweaty palms). Neck 
palpation reveals a smooth uniform goitre, and 
mild thyroid eye disease is noted with a clinical 
activity score of 1/7 (conjunctival redness). Her 
thyroid function tests (TFTs) confi rm hyperthy-
roidism (FT4 64 pmol/l with TSH <0.05 mIU/L) 
and her thyroid stimulating hormone receptor 
antibodies are positive. Her diabetes is compli-
cated by retinopathy that needed laser treatment 
5 years earlier. She had no other diabetes compli-
cations or other medical conditions. 

What is the differential diagnosis of thyroid 
eye disease (TED) and does this lady need 
treatment for her eye symptoms?

        B.  Y.  P.   Chang ,  BSc, MBChB, FRCSEd, FRCOphth    
  Department of Ophthalmology ,  Leeds Teaching 
Hospitals NHS Trust ,   Leeds ,  West Yorkshire,   UK     
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 Case 5      A Complicated Case 
of Thyroid Eye Disease 

           Bernard     Y.    P.     Chang      and     Ramzi     Ajjan     

    Abstract  

  Clinical thyroid eye disease (TED) is found in up to 50 % of patients with 
Graves’ disease. Fortunately, the majority of cases are mild requiring topi-
cal treatment or no intervention at all. However, some cases can be severe 
and in extreme cases may threaten vision. 

 The current chapter addresses the management of a patient with type 1 
diabetes who develops Graves’ disease complicated by severe TED. This 
case illustrates the diffi culties encountered in the management of patients 
with complicated TED.  

  Keywords  

  Thyroid eye disease   •   Clinical activity score   •   Proptosis   •   Optic nerve com-
pression   •   Pulsed iv methylprednisolone   •   Orbital decompression  
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  TED is commonly misdiagnosed as allergic 
conjunctivitis, which may delay appropriate 
management of this condition. Other differential 
diagnoses to consider include:
•    Myasthenia gravis: In case diplopia is the pre-

senting complaint. It should be noted that 
 ocular myasthenia and TED may co-exist.  

•   Orbital tumour/pseudotumour: Whilst these 
conditions are relatively rare, they should 
be considered in individuals with unilateral 
disease.  

•   Carotid-cavernous fi stula: A “pulsating” eye 
ball should raise suspicion of this condition.  

•   Orbital myositis: This is usually unilateral, 
has a severe infl ammatory component and 
develops quickly.    
 Given that this lady has mild TED with a clini-

cal activity score of 1/7 (secondary to conjuncti-
val injection) no systematic treatment is necessary. 
She can be offered artifi cial tears in case her eyes 
feel uncomfortable (itchy, dry, etc.). 

  TED is a self-limiting condition, and it should 
be explained to the patient that the condition 
“burns itself out.” However, the period taken for 
the condition to stabilise varies from one patient 
to another, and the role of the attending physician 
is to control the active phase in order to reduce 
disease severity and avoid long-term complica-
tions. Rundle’s curve demonstrates the clinical 
course of TED as shown in Fig.  5.1  [ 1 ].  

 It is important to assess disease activity and 
severity. Full guidelines can be found on the 
European Group for Graves’ Opthalmopathy 

(EUGOGO) website (  http://www.eugogo.eu    ). 
These can be summarised as follows:

  Disease Activity 
•   Spontaneous retrobulbar pain  
•   Pain on eye movement  
•   Redness of conjunctiva  
•   Redness of eye lids  
•   Swelling of eyelids  
•   Swelling of caruncle  
•   Conjunctival oedema (chemosis)    

 Each gets one point and usually a score of 3 or 
more suggests that systematic therapy is required.

  Disease Severity 
•   Assessment of disease severity is summarised 

in Table  5.1 .
      This patient was treated with block and replace 

regimen for her Graves’ disease. When reviewed 
in clinic 3 months later, she was complaining of 
pain around her eyes that becomes worse on eye 
movement. She has also noticed intermittent dip-
lopia. Visual acuity was normal and her colour 
vision was intact. Figure  5.2  represents a picture 
of this lady.   

 The patient has periorbital odema, swollen 
and red eyelids, conjunctival injection and early 
chemosis on the left and swelling of the caruncle. 
She has full eye closure and therefore no risk of 
exposure keratitis. 

What is the natural history of TED and how 
are disease activity and severity assessed?

What would you do at this stage?

Time

S
ev

er
ity

 / 
ac

tiv
ity  Fig. 5.1    Rundle’s curve 

depicting the clinical 
course of TED demonstrat-
ing disease activity ( dotted 
line ) and severity ( solid 
line ) against time 
(Reproduced from Perros 
et al. [ 1 ] © 2009 with 
permission from BMJ 
Publishing Group Ltd)       

Describe what you see?
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  This lady’s TED is showing clear signs of pro-
gression with a clinical activity score of 7/7. She 
has pain on eye movements, together with eyelid 
redness and swelling. She also has swelling of the 
caruncle, conjunctival redness and chemosis. 
Therefore, systemic treatment with steroid is 
advised. The lady was started on intravenous 
methylprednisolone using a EUGOGO-approved 
regimen. Alternatively, she can be treated with oral 
steroids, but these are generally less effective and 
associated with more systemic side effects [ 2,   3 ]. 

 It should be noted that steroid use is a relative 
contraindication in our patient due to the diagnosis 
of diabetes. However, given the severity of the 
condition, methylprednisolone can be used with 
close monitoring of the blood glucose and adjust-
ments in therapy as appropriate. 

  The patient should have baseline tests like any 
other patient starting on steroids (full blood 
count, U&Es, glucose, HbA1c and LFTs). 
Particular emphasis should be placed on liver 
function tests as methylprednisolone therapy can 
cause hepatitis and should be avoided in patients 
with a history of signifi cant liver disease [ 4 ]. 
However, severe cases of hepatitis were generally 
related to the use of a particular regimen (1 g 
methylprednisolone daily for 3 days), which is 
perhaps best avoided. The authors prefer to use 
methylprednisolone at 500 mg doses weekly for 
6 weeks, followed by 250 mg weekly for 6 weeks 
(cumulative dose of 4.5 g). Maximum dose of 
methylprednisolone used should not exceed 
6.5 g, as per EUOGOGO guidelines. 

  There are no randomised controlled trials on 
this, which remains an area guided by personal 
experience rather than hard evidence. It is generally 
accepted that fl uctuation of thyroid function should 
be avoided (particularly hypothyroidism), as this 
may exacerbate TED; therefore, the majority of 
these patients are treated with block and replace 
regimen during the active phase of TED [ 5 ]. 

What would you need to monitor whilst on 
methylprednisolone therapy?

What the best treatment strategy for the 
management of hyperthyroidism in TED?

   Table 5.1    Assessment of disease severity   

 Sign  Mild  Moderate/severe 

 Eyelid retraction  <2 mm  ≥2 mm 
 Exophthalmus  <3 mm  ≥3 mm 
 Orbital muscle 
pathology 

 Diplopia: none/
intermittent 

 Constant 
diplopia 

 Soft tissue 
pathology 

 Mild  Moderate/
severe 

 Corneal 
pathology 

 Absent or mild  Signifi cant/
severe 

a

b

  Fig. 5.2    The patient 3 months after the initial presenta-
tion. ( a ) Conjunctival and eyelid abnormalities are clearly 
evident (see text). ( b ) Full eye closure rules out the possi-
bility of exposure keratitis       

The patient improves signifi cantly after the 
second dose of methylprednisolone, and 
she completes a full course of 4.5 g with 
clinical activity score dropping to 2/7. 
However, 5 weeks after stopping treatment 
she presents with impaired colour vision, 
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  This patient is developing symptoms/signs 
consistent with optic nerve compression. An 
urgent MRI of the orbit will help to confi rm this 
suspicion, and the patient should be started on 
treatment immediately. 

  Given the sight-threatening nature of her TED, 
emergency decompression surgery is the safest 
option. Orbital surgery to deal with consequences 
of TED (proptosis, diplopia) is usually delayed 
until the acute phase is over. The only exception 
is individuals with sight-threatening disease, in 
whom emergency orbital decompression is the 
best way forward. 

  It is clear that steroid therapy is becoming less 
effective and longer-term use will be associated 
with side effects, giving an unfavourable benefi t/

risk ratio. Therefore, steroid-sparing immuno-
suppressants should be considered and ciclospo-
rin has been used in TED patients with reasonable 
success. Azathioprine has been used in a limited 
number of patients, but its effi cacy appears to be 
inferior to ciclosporin. There are no large RCTs 
on the use of either of these agents in TED; there-
fore, our knowledge is more experience- than 
evidence-based. Radiotherapy is another option, 
but it is contraindicated in this patient owing to 
her long-standing diabetes and retinopathy. 

 More advanced immunosuppressive agents 
such as rituximab (anti-CD20 monoclonal anti-
body modulating B-cell responses) and etaner-
cept (anti-tumour necrosis factor-α) have been 
successfully used to treat TED, but these were 
case reports rather than randomised controlled 
trials; therefore, our experience with these agents 
remains limited [ 6 – 8 ]. 

 Once the disease is inactive, cosmetic surgery 
can be undertaken to improve appearance 
(Fig.  5.3 ) or squint surgery can be performed to 
correct diplopia.  

  Ciclosporin has renal toxic effects and may 
also affect the liver. Therefore, close monitor-
ing of U&Es (every 2 weeks initially and 
whenever the dose is increased) is essential 
with regular checks of LFT. Blood pressure 
should also be regularly monitored, as ciclo-
sporin can cause raised blood pressure, which 
is of particular importance in or patient who 
has diabetes. 

Given her previous response to methyl-
prednisolone, this treatment is restarted 
and MRI of the orbit confi rms optic nerve 
compression, which is particularly severe 
on the left. The patient is placed on regular 
follow-up, but her condition fails to 
improve after 2 weeks of therapy. What 
would you advise at this stage?

Her surgical decompression was a success 
but her eye disease remained active. What 
are the options now?

Following decompression, and after dis-
cussion with the patient, it was decided to 
start oral steroids together with ciclosporin 
therapy. Is there any monitoring that needs 
to be undertaken in this patient?

severe diplopia and a clinical activity score 
of 7/7. On examination there is a sharp 
drop in visual acuity both eyes, particularly 
the left (6/12 on Snellen chart). Moreover, 
examination using Ishihara chart confi rms 
impairment in colour vision, and there was 
a loss of peripheral vision on Humphrey 
visual fi eld testing. What would you do 
now?

How long would you continue on ciclospo-
rin therapy?
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  There are no RCT investigating this area; 
length of treatment, therefore, differs between 
centres. A pragmatic approach is to treat for 
around 6 months after bringing clinical activity 
of the condition under control. It should be noted 
that topical ciclosporin has been trialed as a treat-
ment for TED with disappointing results [ 9 ]. 

  Urgent referrals should be made in the pres-
ence of the following symptoms and signs:

  Symptoms 
•   Sudden deterioration in vision  
•   Issues with colour vision  
•   Sudden proptosis   

  Signs 
•   Failure of full lid closure  
•   Corneal opacity  
•   Abnormal discs    

    Summarise Main Treatment 
Options for TED 

 Treatment options according to severity of TED 
are summarised in Fig.  5.4 .    

    Summary 

 Although the incidence of TED is on the 
decrease, diagnosis is often delayed, which 
may affect clinical outcome of these patients. A 
high degree of suspicion is needed to make the 
diagnosis, and management of these individu-
als should take place in specialised joint clinics. 
The condition should be brought under control 
in the acute stage to avoid long-term complica-
tions. Glucocorticoids remain the main therapeu-
tic agents to be used, and the intravenous route 
using methylprednisolone is preferred to oral ste-
roids. The risk of hepatitis with methylpredniso-
lone is relatively low, provided daily regimens 
are avoided. In chronic conditions, steroid-spar-
ing immunosuppressive agents or radiotherapy 
offer alternative options. Decompression surgery 

What are the criteria for urgent referrals for 
specialised TED clinics?

  Fig. 5.3    A patient with thyroid eye disease (TED). ( a ) Before TED. ( b ) After the acute phase of TED. ( c ) Following 
cosmetic surgery (Reproduced from Perros et al. [ 1 ] © 2009 with permission from BMJ Publishing Group Ltd)       
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for the acute management of this condition is 
becoming rare, and surgical intervention is usu-
ally reversed for cosmetic reasons or for improv-
ing the disabling diplopia.     
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    Abstract  

  Cushing’s syndrome is the resultant clinical phenotype consequent on 
chronic glucocorticoid excess. The most common cause of Cushing’s syn-
drome is exposure to exogenous glucocorticoids in the treatment of chronic 
infl ammatory and malignant conditions. In contrast, endogenous Cushing’s 
syndrome is rare, occurring in around one to two individuals per million 
population a year. Untreated Cushing’s syndrome is associated with signifi -
cant complications, and a 5-year mortality rate in the region of 50 %. The 
excess mortality relates primarily to vascular and infective causes. Early 
identifi cation and appropriate diagnosis is essential to providing the patient 
an optimal outcome. Treatment of endogenous Cushing’s syndrome is 
dependent on identifi cation of the aetiology, which may be pituitary, adre-
nal or ectopic. A number of tests are available for diagnosis, and identifying 
the aetiology, but all are subject to false positive and false negative results, 
placing weight upon clinical suspicion of the disease. Cushing’s syndrome 
should therefore be managed exclusively by individuals with extensive 
experience with this condition. Treatment is generally surgical and directed 
at the cause. Although surgery is highly successful, medical therapy where 
remission is not achieved can leave the physician wanting.  
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        Case 

    Presenting History 

 A 34-year-old woman presents complaining of a 
12-month history of facial swelling, general leth-
argy, low mood, irritability, poor concentration, 
increased appetite, and weight gain of 6 kg. On 
direct questioning she admits she has noted some 
redness of her face, an increase in facial hair, 
a  number of bruises on her legs and arms, short-
ness of breath, and diffi culties climbing the stairs. 
Her menses had become irregular, with cycle 
lengths of 32–45 days. 

 The putative diagnosis in this woman is of 
Cushing’s syndrome. Additional characteristic 
features of Cushing’s syndrome include reduced 
libido, impaired memory, insomnia; and in chil-
dren a reduced growth rate. The probability of a 
diagnosis of Cushing’s syndrome is increased 
with the number of concurrent features at presen-
tation, and progression of those features [ 1 ]. The 
woman in question has a collection of symptoms 
in keeping with the suggested diagnosis that have 
worsened over the last 12 months and therefore 
would be at high clinical suspicion of Cushing’s 
syndrome. 

  Once the possibility of Cushing’s syndrome 
has been raised questions should be asked to elu-
cidate relevant history relating to the following:
    1.    Exogenous Cushing’s syndrome: Before any 

tests for Cushing’s syndrome are performed 
an in depth history needs to be taken to 
exclude exogenous glucocorticoids (i.e., topi-
cal, local or systemic glucocorticoid therapy) 
as the aetiological factor. Medroxyprogesterone 
acetate, a synthetic progestogen, has gluco-
corticoid activity at high doses [ 2 ,  3 ] and can 
lead to Cushing’s syndrome.   

   2.    Pseudo-Cushing’s: Consideration needs to be 
given to the possibility of pseudo-Cushing’s. 

These patients have a mild Cushingoid pheno-
type, and false positive tests for Cushing’s 
syndrome (i.e., pregnancy, depression, anxi-
ety disorders, alcohol excess, morbid obesity, 
poorly controlled diabetes mellitus, and glu-
cocorticoid resistance) [ 4 ].   

   3.    The aetiology of the syndrome: After exclu-
sion of exogenous Cushing’s syndrome ques-
tions should be asked to elucidate whether the 
aetiology is Cushing’s disease, ectopic ACTH, 
or adrenal (i.e., rapid onset and progression of 
symptoms in keeping with an ectopic source; 
headaches or visual fi eld defects consistent 
with a pituitary adenoma, etc.).   

   4.    Complications of Cushing’s syndrome (proxi-
mal myopathy, diabetes mellitus, hyperten-
sion, osteoporosis, vascular disease, carpal 
tunnel syndrome, nephrolithiasis) [ 5 ].   

   5.    Differential diagnoses (i.e., hypothyroidism).     
 The patient denied any further symptoms, 

though notably previously complained of some 
diffi culties climbing stairs and carrying her shop-
ping consistent with the presence of a proximal 
myopathy. There were no symptoms suggestive 
of aetiology, alternative diagnosis, pseudo- 
Cushing’s, or further complications. 

  On examination the patient showed a rounded 
facies with facial plethora, BMI 28.4 kg/m 2 , and 
an intrascapular fat pad. Her skin was thin for 
her age, with two small areas of purpura on her 
forearms. She could not recall any signifi cant 
trauma to this arm. Although there was moder-
ate hirsutism, no acne was present. No striae 
were present on her abdomen, axilla or proxi-
mal thighs. Her BP was 138/92 mmHg. She 
was unable to rise from sitting without using 
her hands and showed power 4/5 in the shoul-
der abductors. There was no glycosuria on 
urinalysis. 

 The signs of Cushing’s syndrome vary 
between the classical “apple on sticks” pheno-
type to relatively subtle signs that may be hard to 
discern [ 6 ]. At their most fulminant, signs include

What are the additional questions to be 
asked?

What signs to look for?
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    1.    Central, intra-scapular (buffalo hump), and 
facial (moon face) fat deposition   

   2.    Muscle wasting*, greatest in the proximal 
limb muscles   

   3.    Skin thinning with poor healing   
   4.    Purpura* in the absence of injury   
   5.    Violaceous striae*, most commonly on the 

lower abdomen, and proximal aspects of the 
limbs   

   6.    Facial telangiectasia*/plethora   
   7.    Acne   
   8.    Hirsutism and male pattern baldness in 

women   
   9.    Peripheral oedema   
   10.    Hypertension   
   11.    Glycosuria   
   12.    In children; reduced growth velocity, pseudo- 

precocious or delayed puberty    
  Most of the signs of Cushing’s syndrome are 

not unique to this pathology. The most discerning 
(*) are proximal muscle wasting, purpura in the 
absence of trauma, facial telangiectasia, and vio-
laceous striae [ 7 ]. 

  The results of investigations of our case are 
presented in Table  6.1 .

   The frequency of incidental pituitary and 
adrenal incidentalomas on imaging is reported to 
be up to 10 and 4 %, respectively [ 8 – 10 ]. It is 
therefore mandatory that before considering 
imaging a biochemical diagnosis of Cushing’s 
syndrome is established. This ideally encom-
passes demonstration of excess cortisol secre-
tion, failure of suppression to exogenous 
glucocorticoids and loss of the normal diurnal 
secretion. Excess cortisol secretion is usually 
demonstrated by measurement of 24-h urinary 
free cortisol (UFC) levels, which refl ect daily inte-
grated cortisol secretion. Normative ranges 
depend on the assay methodology used in the 
local laboratory. At least two measurements 
should be undertaken as the hypercortisolism of 
Cushing’s syndrome can vary signifi cantly day 
to day. 

 In normal individuals supraphysiological doses 
of exogenous glucocorticoids suppress both 
ACTH and cortisol. Failure of suppression of 
ACTH and cortisol by exogenous glucocorticoids 
occurs in Cushing’s syndrome, and can be inves-
tigated either using an overnight dexamethasone 
suppression test (DST) or low-dose DST. Both 
show a sensitivity and specifi city of more than 
90 %. The overnight DST entails the taking of 
1 mg dexamethasone at midnight with measure-
ment of serum cortisol level at 09.00 h the fol-
lowing morning. The low dose DST involves 
ingestion of dexamethasone 0.5 mg 6 hourly for 
2 days, commencing at 09.00 and the fi nal dose at 
03.00 h. Following the fi nal dose of dexametha-
sone the serum cortisol level is measured at 9 am. 
In both DSTs a cortisol level of <50 nmol/l effec-
tively excludes active Cushing’s syndrome. The 
dexamethasone-CRH test has been proposed as 
an alternative to the low-dose DST. Theoretically 
the normal individual will not respond to CRH 
under dexamethasone suppression; however, 
patients with Cushing’s disease do respond. The 
dexamethasone-CRH test thus aims to exagger-
ate the difference in responses between patients 
with and without Cushing’s disease to increase 
sensitivity and specifi city. The test involves 
administration of CRH 1 μg/kg intravenously two 
hours after the last dose of dexamethasone of a 
low-dose DST. The serum cortisol is measured 
every 15 minutes for one hour following injection 

What tests are needed to reach a diagnosis?

    Table 6.1    Investigation results from a patient with a 
putative diagnosis of Cushing’s syndrome   

 Results  Normal range 

 24 h urinary free 
cortisol 

 564 nmol/day 
(vol 1.62 L) 

 <147 nmol/
day 

 24 h urinary free 
cortisol 

 489 nmol/day 
(vol 1.93 L) 

 <147 nmol/
day 

 1 mg overnight 
DST 

 256 nmol/l  <50 nmol/l 

 Midnight cortisol  206 nmol/l  <50 nmol/l 
 ACTH  42 pmol/l  <47 ng/l 
 IPSS (central: 
peripheral ratio) 

 Baseline 1.6  Baseline >2 a  
 Post CRH 3.5  Post CRH 

>3 a  
 MRI pituitary  No abnormality 

observed 
 – 

  Abbreviations:  ACTH  adrenocorticotropin hormone,  IPSS  
inferior petrosal sinus sampling 
  a Results consistent with a diagnosis of Cushing’s disease 
in contrast to ectopic Cushing’s syndrome  
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of the CRH. A further diagnostic option in 
Cushing’s disease is the desmopressin stimulation 
test. This test involves measurement of ACTH 
before, 10, 20 and 30 min after 10 g arginine vaso-
pressin. Patients with Cushing’s disease generally 
show an increased ACTH, where as normal indi-
viduals and those with Cushing’s syndrome of a 
non-pituitary source do not respond. This test 
requires further study, however, before becom-
ing accepted in to routine clinical practice. 

 Cortisol shows a clear diurnal rhythm with 
highest levels around 06.00–07.00 h, following 
which levels fall progressively throughout the 
day [ 11 ]. Lowest levels occur at around 24.00 h, 
and in normal individuals who are asleep cortisol 
levels are <50 nmol/l. Autonomous cortisol 
secretion in Cushing’s syndrome leads to loss 
of circadian rhythm, and resultant elevation of 
midnight cortisol levels. Obtaining an accurate 
measurement of midnight cortisol is diffi cult 
logistically as the blood should be taken with the 
patient asleep, or within 5–10 min of waking. As 
a consequence this investigation is frequently not 
performed. More recently, the use of a late-night 
(23.00–24.00 h) salivary free cortisol measure-
ment has become an alternative to a midnight 
serum cortisol, though availability of this test is 
not yet widespread. Salivary free cortisol levels 
refl ect serum free cortisol levels, and reach equi-
librium with serum values within several min-
utes. The value of this test is dependent on 
establishing an appropriate “late evening” refer-
ence range for salivary cortisol, but has the 
advantage that the test can be performed at home 
and the sample sent in to the investigating unit for 
analysis. 

 In interpreting the results of urinary free corti-
sol measurements and the DST a diagnosis of 
pseudo-Cushing’s needs to be considered due to 
the high incidence of false positive results in 
these individuals [ 4 ]. Additionally, false positive 
results for the 24-h UFC and overnight/ low-dose 
DST can occur in patients under physical stress 
(hospitalisation, surgery, pain), malnutrition, 
anorexia nervosa, intense chronic exercise, hypo-
thalamic amenorrhoea, and in the presence of 
excess cortisol binding globulin (i.e., oestrogen 
therapy) [ 7 ]. Twenty-four hour UFCs are unreliable 

where there is signifi cant renal dysfunction 
(false negative) and increased with excess fl uid 
intake (false positive) [ 7 ]. A number of concomi-
tant drugs (i.e., phenytoin, carbamezapine, rifam-
picin, pioglitazone) can result in false positive 
results during the DST by induction of CYP 3A4, 
which increases metabolism of dexamethasone 
[ 7 ]. The diurnal rhythm of cortisol is affected by 
shift work, depression, and critical illness mak-
ing midnight serum cortisol and salivary free cor-
tisol measures unreliable in these circumstances 
[ 7 ]. Clinical suspicion is imperative to estab-
lishing a diagnosis of Cushing’s syndrome, 
and thus the importance of involvement of an 
Endocrinologist familiar with managing this con-
dition. This is particularly important where test 
results are normal, but symptoms progress or the 
suspicion of Cushing’s syndrome is high. 

 Once a diagnosis of Cushing’s syndrome is 
proven biochemically the aetiology needs to be 
established. The fi rst step is to determine if the 
Cushing’s syndrome is ACTH-dependent or 
independent by measurement of plasma ACTH. 
Notably ACTH is a relatively unstable hormone 
so the sample needs to reach the laboratory for 
processing within 30 min. A suppressed ACTH is 
indicative of an adrenal aetiology and imaging of 
the adrenal gland should be performed. Both CT 
or MRI can be used to image the adrenal gland, 
however, CT imaging provides a measure of 
attenuation (Houndsfi eld units) to determine if an 
observed nodule has a high fat content. An atten-
uation of <10 Houndsfi eld units is highly likely 
to be a benign adenoma. 

 Where ACTH is measurable the diagnosis lies 
between that of Cushing’s disease and ectopic 
ACTH. Approximately 80–90 % of ACTH- 
dependent Cushing’s syndrome relates to 
Cushing’s disease. Traditionally the high dose 
DST has been used to determine whether ACTH- 
dependent Cushing’s syndrome is the conse-
quence of pituitary disease or ectopic ACTH. This 
test involves measurement of serum cortisol, fol-
lowed by ingestion of dexamethasone 2 mg 6 
hourly for 2 days, commencing at 09.00 and the 
fi nal dose at 03.00 h. Following the fi nal dose of 
dexamethasone the serum cortisol level is mea-
sured at 9 am. If the 9 am cortisol is less than 
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50 % of the basal value after 48 h of dexametha-
sone this is classifi ed as showing suppression, 
and indicative of Cushing’s disease. The sensitiv-
ity and specifi city of the high-dose DST is around 
70–80 %, such that the test positive prediction 
rate fails to exceed that of the pre-test likelihood 
of Cushing’s disease. Because of the low sensi-
tivity and specifi city of this test many Units have 
stopped using the high-dose DST. The gold stan-
dard for differentiating ectopic Cushing’s syn-
drome from Cushing’s disease is inferior petrosal 
sinus sampling (IPSS). This test involves 
 insertion of a catheter in to the petrosal sinus 
bilaterally. ACTH levels are measured simultane-
ously in both petrosal sinuses and in the periph-
eral circulation prior to and following an injection 
of CRH    100 μg. Measurements of ACTH are per-
formed at −5, 0, 2, 5, and 10 min. A central to 
peripheral ACTH ratio of greater than two 
basally, or three following CRH, is highly sug-
gestive of Cushing’s disease. Sensitivity and 
specifi city of this test approaches 100 %. The test 
is less sensitive, however, in lateralising the 
lesion within the pituitary gland. Once a diagno-
sis of Cushing’s disease is made a dedicated MRI 
scan of the pituitary gland should be performed. 

 Although initial investigation is aimed towards 
establishing a diagnosis of Cushing’s syndrome 
and the aetiology of this, it is important not to 
forget to investigate the potential complications 
of Cushing’s syndrome. This should include 
investigation of carbohydrate handling and 
assessment of bone mass by dual energy X-ray 
absorptiometry (DXA). Co-existent hypertension 
should be managed aggressively before any sur-
gical intervention is undertaken. 

  The results obtained in our patient (see 
Table  6.1 ) show grossly elevated 24-h urinary 
free cortisol levels in keeping with excess cortisol 
secretion; failure of cortisol levels to suppress 
during the overnight DST in keeping with 
autonomous cortisol secretion; and an elevated 

midnight cortisol representing loss of the normal 
diurnal rhythm of cortisol. Together these results 
support a diagnosis of Cushing’s syndrome in 
this patient. 

 The measurable ACTH suggests the aetiology 
is either pituitary driven or ectopic ACTH. To 
investigate this further the patient underwent 
IPSS. Although the central: peripheral ratio at 
baseline was not suggestive of pituitary disease 
the elevated ratio following CRH confi rms the 
diagnosis to be Cushing’s disease. The dedicated 
pituitary MRI scan performed following bio-
chemical confi rmation of Cushing’s disease 
showed no abnormality. This is seen in up to 
30 % of cases of Cushing’s disease. There is a 
suggestion from the differential in ratios from the 
right and left side that the lesion is on the left. 

  The case in question ideally requires pituitary 
surgery as defi nitive treatment. Consideration 
should be given to medical therapy prior to sur-
gery, as in the presented case the clinical features 
suggest her to be catabolic (muscle wasting, skin 
thinning and bruising etc.). Given the absence of a 
discreet MRI abnormality surgery will initially 
entail exploration of the left side of the gland, as a 
putative adenoma is often visualised at surgery. 
Where this is not the case a left hemi- 
hypophysectomy can be performed. Peri- and 
post-operatively the patient should have hydro-
cortisone cover as the normal corticotroph cells 
are likely suppressed from the high circulating 
cortisol levels. Thus should the corticotroph ade-
noma be successfully removed at surgery the 
patient would be rendered cortisol defi cient. The 
hydrocortisone dose is generally weaned to physi-
ological within 3–4 days. A serum cortisol level 
<50 nmol/l on post-operative day 4 or 5, prior to 
receiving the morning hydrocortisone dosage is 
indicative of successful surgery. Levels greater 
than 50 nmol/l suggest some residual adenoma 
tissue. If levels remain signifi cantly elevated fur-
ther early surgery can be considered. Low levels, 
though >50 nmol/l, are consistent with remission 

What are the key results that help to reach 
the fi nal diagnosis?

How would you manage this patient?
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and patients can potentially be observed clinically 
and biochemically for the possibility of relapse. 

 Where surgery fails to induce remission, 
repeat surgery is usually considered in the week 
following initial surgery. If further pituitary sur-
gery is not considered to be an option, medical 
therapy can be instituted whilst alternate defi ni-
tive therapy is considered. Alternative therapy to 
pituitary surgery includes conformal (conven-
tional) radiotherapy, stereotactic radiotherapy, 
and bilateral adrenalectomy. Conformal radio-
therapy to the pituitary takes at least 2 years to 
control ACTH secretion. There are few data con-
cerning the effects of stereotactic radiotherapy in 
Cushing’s disease, and whether control of excess 
ACTH secretion occurs more rapidly than with 
conformal radiotherapy. Following radiotherapy 
the patient should be observed regularly for evolv-
ing hypopituitarism. Bilateral  adrenalectomy 
performed laproscopically is a signifi cantly 
smaller undertaking than previous open opera-
tions, however, leaves the patient adrenal insuffi -
cient with all the associated risks. Medical 
therapy for Cushing’s disease primarily entails 
use of metyrapone or ketoconazole. Both drugs 
act by inhibition of adrenal steroidogenesis; 
metyrapone is a 11-hydroxylase inhibitor 
whereas ketoconazole acts on several P450 
enzymes, including the fi rst step in cortisol syn-
thesis, cholesterol side-chain cleavage, and con-
version of 11-deoxycortisol to cortisol. Titration 
of the drug dosage is monitored by the use of 
regular cortisol day curves. It is not uncommon to 
combine the use of metyrapone with ketocon-
azole where excess cortisol secretion is diffi cult 
to control, or where use of higher doses of either 
drug is limited by side-effects. Additionally, 
many Physicians employ a combination of a 
physiological replacement dose of hydrocorti-
sone with inhibitors of adrenal steroidogenesis in 
the form of a “block and replace” regimen to pre-
vent over suppression of the endogenous gluco-
corticoids. There have been recent concerns over 
abnormalities of liver function when ketocon-
azole has been used as an antifungal agent, lead-
ing to withdrawal of use for this indication. As a 
consequence availability of ketoconazole for use 
in Cushing’s syndrome is presenting diffi culties.   

    Follow-up of Patients and Further 
Management/Complications 
of Original Condition or Treatment 
as Appropriate 

 Post-pituitary surgery, where remission has been 
suggested by the day 4/5 “9 am cortisol” level a 
cortisol stimulation test (SST, GST, ITT) should 
be performed at 6 weeks post-operatively to 
assess the endogenous axis. If an acceptable cor-
tisol level is achieved the hydrocortisone can be 
discontinued. If a subnormal cortisol level is 
achieved physiological hydrocortisone replace-
ment (15–20 mg/day) can be continued and the 
stimulation test repeated in 3–6 months. In 
patients defi ned as panhypopituitary during the 
initial stimulation test and basal pituitary bloods 
the likelihood of recovery of the cortisol axis is 
small and therefore repeated testing is probably 
unnecessary. In patients with suboptimal stimu-
lated cortisol levels, but a peak cortisol of 
>300 nmol/l it may be possible to manage these 
individuals with hydrocortisone only during peri-
ods of intercurrent stress until a repeat stimula-
tion test is performed. 

 Long-term follow-up of patients with 
Cushing’s disease is essential to manage excess 
cortisol secretion where surgical cure has not 
been achieved; for surveillance of symptoms and 
signs of recurrence following successful surgery; 
for optimisation of any pituitary hormone 
replacement therapies; and management of any 
residual sequelea (osteoporosis, hypertension, 
diabetes, etc.).  

    An Update on the Condition 

 Cushing’s syndrome is the clinical syndrome 
resulting from chronic excessive cortisol secre-
tion. Most commonly this results from the use of 
exogenous glucocorticoid therapy as an anti- 
infl ammatory agent. Endogenous Cushing’s syn-
drome is however rare, with an incidence of two 
to three cases per million per year [ 12 ] and occurs 
as a consequence of autonomous cortisol produc-
tion from the adrenal or hyperstimulation of the 
adrenal from excessive ACTH production. An 
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early study of untreated Cushing’s syndrome 
reported mortality to be 50 % at 5 years due to 
vascular and infective complications [ 13 ]. More 
recent reports though have shown an SMR of at 
least two-fold, and suggested normalisation of 
mortality after successful treatment [ 14 ,  15 ]. 
Where cortisol levels are not adequately con-
trolled an excess mortality persists (SMR 3.8–
5.5) [ 12 ,  14 ]. 

 Diagnosis and treatment of Cushing’s disease 
have been covered in the described case. Recently 
described novel aspects of Cushing’s disease 
requiring further reading include:
    1.    The phenotype of long-term survivors of 

Cushing’s disease. Treatment of patients with 
Cushing’s disease reduces both morbidity and 
mortality. With the consequent fall in cortisol 
levels resolution of the characteristic clinical 
phenotype and improvements in well-being 
are observed. The generally held belief has 
been that with resolution of the hypercorti-
solaemia, in addition to the clinical manifesta-
tions, carbohydrate, protein, lipid and vascular 
anomalies are normalised. More recent stud-
ies have shown that despite “cure” of 
Cushing’s syndrome, these patients may be 
left with features reminiscent of their original 
diagnosis, though not usually to a level that is 
appreciable clinically [ 16 ]. Bone mass 
improves over several years, but remains sub-
optimal in a proportion of patients [ 17 ]. 
Although quality of life improves it frequently 
remains lower than expected [ 18 ]. Body com-
position, blood pressure, carbohydrate han-
dling, coagulation and infl ammatory markers 
improve markedly with treatment but do not 
fully normalise [ 16 ,  19 ] suggesting these indi-
viduals may remain at risk of excess vascular 
morbidity and mortality. Direct evidence for 
continued vascular damage is exemplifi ed by 
increases in carotid intima-medial thickness 
and plaque formation. A recent meta-analysis 
has also concluded that patients in remission 
from Cushing’s disease retain an excess mor-
tality, at least in the fi rst 5 years [ 20 ].   

   2.    Thromboembolic risk in Cushing’s disease. 
There are increasing data to suggest an 
increase in both spontaneous and post- operative 

venous thromboembolism in patients with 
Cushing’s disease [ 21 ,  22 ]. A recent system-
atic review has confi rmed an enhanced risk of 
spontaneous and post- operative venous 
thrombosis [ 21 ], though highlighted the lack 
of high-quality studies. The risk of spontane-
ous VTE was estimated to be up to ten fold 
that of an age-matched normal population; 
and that of post-operative VTE to be equiva-
lent to a total knee/hip replacement when both 
are under conditions of thromboprophylaxis 
[ 21 ,  23 ]. The risk of VTE is higher with rapid 
lowering of cortisol levels independent of the 
treatment leading to this [ 23 ]. Most VTE 
events and deaths from VTE in Cushing’s syn-
drome are reported to occur within 3 months 
of surgery [ 21 ,  23 ,  24 ], with higher rates of 
events in those patients with persistent 
hypercortisolaemia [ 24 ]. Prophylactic anti-
coagulation post-operatively reduces throm-
boembolic events and fatalities from this [ 24 ]. 
Pathophysiologically patients with Cushing’s 
syndrome have anomalies within both the 
coagulation and fi brinolytic pathways [ 21 ,  22 , 
 24 ,  25 ]. In keeping with the increased risk of 
VTE within the fi rst 3 months after surgery, 
the described coagulation and fi brinolytic 
anomalies fail to correct within 80 days of 
biochemical control of Cushing’s disease 
induced by medical therapy [ 25 ]. Several 
Units now recommend the use of VTE pro-
phylaxis therapy in Cushing’s disease peri- 
operatively and for 3 months post-operatively 
[ 21 ].   

   3.    New drug therapies for Cushing’s disease. A 
number of novel medical therapies have 
recently been investigated to determine their 
utility in Cushing’s disease. Although none of 
these therapies are likely to become the default 
therapy for Cushing’s disease they do add to 
the therapeutic armamentarium available to 
manage this condition. Cabergoline is a dopa-
minergic agonist which has long been used in 
the management of both prolactinomas and 
acromegaly to control hormonal hypersecre-
tion. Data using bromocriptine in Cushing’s 
disease have shown some success in the short- 
term control of cortisol levels and in long- term 
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management of sporadic cases [ 26 ,  27 ]. Studies 
of cabergoline, a more potent dopaminergic 
agonist, in Cushing’s disease has shown control 
of cortisol secretion in up to 40 % of patients 
and tumour shrinkage of >25 % in 20 % of 
patients. Clinical improvement in body compo-
sition, blood pressure, and carbohydrate han-
dling paralleled changes in UFC levels [ 28 , 
 29 ]. Mifepristone is a progesterone receptor 
antagonist with glucocorticoid receptor antago-
nist activity at higher doses, but no signifi cant 
action at the mineralocorticoid receptor. Several 
case reports and small series have suggested a 
role for mifepristone in the medical therapy of 
Cushing’s syndrome [ 30 – 32 ]. In a prospective 
study of the effects of mifepristone in patients 
with Cushing’s syndrome signifi cant clinical 
improvement was observed in 87 % of individu-
als [ 33 ] with improvements in body composi-
tion, carbohydrate handling, quality of life, 
well-being and cognition. Mean blood pressure 
remained unchanged, however, 40 % showed a 
lowering of diastolic BP of more than 5 mmHg, 
and 28 % decreased their antihypertensive 
agents [ 33 ]. Levels of both ACTH and cortisol 
increased in treated Cushing’s disease patients. 
Adverse effects including nausea, fatigue, head-
ache, hypokalaemia, arthralgia, oedema, dizzi-
ness, and endometrial thickening were common 
[ 33 ]. An increase in BP was observed in a sub-
set of patients. The elevated BP, oedema, and 
hypokalaemia likely refl ect the action of the 
elevated cortisol levels via the mineralocorti-
coid receptor. Corticotrophomas responsible for 
Cushing’s disease express somatostatin receptors 
(SSTR), with the highest density being SSTR 
subtype 5 (SSTR5). Until recently the only two 
commercially available somatostatin analogues 
(lanreotide and octreotide) showed high affi nity 
at SSTR2, but limited binding at the additional 
SSTRs. Pasireotide (SOM230), a novel soma-
tostatin analogue that binds SSTR1, 2, 3, and 5 
with high affi nity, displays ~40 fold greater affi n-
ity for SSTR5 than either octreotide or lanreo-
tide. Following pre-clinical [ 34 ] and phase II 
studies [ 35 ], a defi nitive phase III study was per-
formed in 162 patients with Cushing’s disease 

[ 36 ]. Patients were randomised to pasireotide 
600 or 900 g bd for 6 months, followed by 
6 months open treatment. A greater than 50 % 
reduction in urinary free cortisol occurred in 
60 % of patients, although only 15 and 26 % in 
the low- and high- dose groups showed normali-
sation of UFCs [ 36 ]. Patients who were respond-
ers could be identifi ed within the fi rst 2 months. 
Clinical improvement paralleled the biochemical 
changes with reductions in blood pressure, LDL 
cholesterol and weight. Quality of life improved, 
and a reduction in facial rugor and supraclavicu-
lar and dorsal fat pads was observed [ 36 ]. The 
incidence of GI side effects and gallstones was 
similar to other somatostatin analogues, however, 
hyperglycaemia- related side effects were much 
more frequent occurring in 73 % of patients [ 36 ].         
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    Abstract  

  A 35-year-old woman was referred with secondary amenorrhoea and 
 galactorrhoea. She had been trying to conceive since stopping the combined 
oral contraceptive 18 months earlier. Serum prolactin was found to be grossly 
elevated with low oestradiol. MRI demonstrated a pituitary macroadenoma 
in contact with the optic structures. Dopamine agonist therapy was com-
menced and a pregnancy was achieved after an appropriate length of treat-
ment and interval barrier contraception. This chapter explores the differential 
diagnosis of secondary amenorrhoea and galactorrhoea, together with discus-
sion of the investigation and management of prolactinomas; with special 
focus on pre-pregnancy planning and management during pregnancy.  

  Keywords  

  Galactorrhoea   •   Secondary amenorrhoea   •   Prolactin   •   Macroprolactinoma   • 
  Infertility   •   Dopamine agonists   •   Cabergoline   •   Pregnancy  

 Case 7      Prolactinoma Presenting 
with Galactorrhoea 
and Secondary Amenorrhoea: 
Diagnosis and Management 

           Jubbin     J.     Jacob     ,     Alex     J.     Graveling     , 
and        John     S.     Bevan     

        Case 

    Case Study: Part 1 

 A 35-year-old woman was referred to the 
Endocrine Clinic by her general practitioner with 
secondary amenorrhoea and episodes of galactor-
rhoea. The case study attained menarche at 
15 years and this was followed by regular men-
ses. For 18 years she had regular withdrawal 
bleeds during treatment with a combined oral 
contraceptive (OCP). Eighteen months prior to 
referral she had stopped oral contraception; she 
was in a stable relationship and wished to get 
pregnant. However she had had no periods since 
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stopping the OCP and a recent pregnancy test 
was negative. For 12 months she had noticed 
occasional spontaneous milky discharge from 
both breasts staining her undergarments.  

  Amenorrhoea is the absence of menstrual 
bleeding in a woman. Secondary amenorrhoea 
is defi ned as cessation of the menstrual cycle after 
a woman has attained menarche. Oligomenorrhoea 
is defi ned as menstrual cycles that occur at inter-
vals longer than 35 days. There is no consensus as 
to the period of time that should pass before oligo-
menorrhoea is labelled as amenorrhoea. However, 
cessation of periods for over 90 days should 
prompt concern and absence of menstrual fl ow for 
over 6 months can be labelled as amenorrhoea. 
The history of spontaneous menarche and cessa-
tion of periods for over 18 months in our case 
study confi rmed secondary amenorrhoea. 

  Galactorrhoea is defi ned as inappropriate lac-
tation (i.e., beyond 6 months post-partum in a 
non-breastfeeding woman) [ 1 ]. It is always patho-
logical in a man but may be physiological in a 
woman. The colour and consistency should be 
documented. A bloody or purulent discharge 
should not be regarded as galactorrhoea and care 
needs to be taken to exclude local breast pathol-
ogy. A history of repeated nipple stimulation from 
breast self-examination or during physical inti-
macy should be sought. Chest wall irritation can 
lead to an increase in prolactin and may be caused 
by tight clothing. Skin conditions over the chest 
wall including herpes zoster, burns-related 
 scarring and atopic dermatitis can lead to prolac-
tin hypersecretion and galactorrhoea. Milky 

 discharge may also follow breast  operations, 
including breast augmentation surgery. 

  It is important to exclude pregnancy in any 
patient presenting with secondary amenorrhoea 
and galactorrhoea; already excluded by a nega-
tive pregnancy test in our case study. In the 
absence of pregnancy, hyperprolactinaemia 
should be suspected. 

 Symptoms of oestrogen defi ciency including a 
decrease in libido, vaginal dryness, dyspareunia 
and recurrent urinary infection should be noted. 
 A careful drug history is mandatory . Enquiry 
should be made regarding prescription drugs, 
contraceptives, “over the counter” medications 
(especially anti-sickness medications and anti- 
migraine tablets containing anti-emetics), dietary 
supplements (including herbs) and illicit drug use 
(Table  7.1 ).

    Symptoms of an intracranial mass lesion 
including headache and visual disturbances 
would be suggestive. Clinical features of acro-
megaly may rarely be associated with pituitary 
adenomas that co-secrete growth hormone and 
prolactin. Large tumours producing prolactin 
may compress the normal pituitary gland leading 
to pituitary hormone defi ciencies and their asso-
ciated clinical features. 

 Prolactinomas are usually sporadic tumours 
but can occasionally occur as part of multiple 
endocrine neoplasia type 1; a family history of 
pituitary adenoma, parathyroid dysfunction or 
other ‘endocrine tumours’ should be sought [ 2 ]. 

What are the important points to elicit from 
the history?

 Does she have secondary amenorrhoea ?

 How is galactorrhoea defi ned ?

 Any additional information from the case 
study ’ s history ?

 What additional features in the history 
would increase the likelihood of a pituitary 
tumour as the cause of her symptoms ?

What are the physical signs to look for?
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  Physical examination would include general 
examination, breast examination, examination of 
the thyroid and visual assessment. Breast exami-
nation should include inspection of chest wall to 
look for any skin lesions and scarring. Asking the 
patient to perform gentle, segmental, massage of 
the breast towards the nipple (in the presence of a 
chaperone) will often produce milk. When in 
doubt about the nature of discharge from the nip-
ple, the expressed secretions can be examined 
under low power with a microscope. True milky 
secretions will contain easily seen fat globules 
and scanty cellular material. If microscopy 
proves inconclusive or contains abundant cellular 
material then the secretions can be sent for cyto-
logical examination. Goitre and signs of hypo-
thyroidism should be looked for. Assessment of 
vision should include visual acuities, visual fi elds 
by confrontation and fundoscopy.  

    Case Study: Part 2 

 Further questioning did not reveal any positive 
drug history. There was no history to suggest 
nipple stimulation, chest wall irritation, symp-
toms of an intracranial mass or features of 

 hormonal defi ciency. There was no family  history 
of pituitary or other endocrine problems. Apart 
from expressible galactorrhoea; examination was 
normal with intact visual fi elds and no goitre. 
Differential diagnosis at this stage would include 
many of the causes of hyperprolactinaemia listed 
in Tables  7.1  and  7.2 .

     Biochemical Tests 
 The fi rst step would be ruling out pregnancy with 
urine or serum estimation of human chorionic 
gonadotropins. Complete blood count, renal func-
tion, liver function test and urinalysis help exclude 
systemic disease. Endocrine evaluation should 
include thyroid function tests, prolactin, gonado-
trophins and oestradiol. Prolactin estimation 
should not be performed immediately following 
breast examination. Borderline prolactin values 
should be reconfi rmed by repeat testing because of 
the signifi cant variability of prolactin levels across 
the day and its response to stressful stimuli. All 
patients with unexplained hyperprolactinaemia 

What biochemical tests and radiological 
investigations are needed to reach a 
diagnosis?

     Table 7.1    Drugs and herbs causing hyperprolactinaemia [ 2 ,  3 ]   

 Herbs and 
natural agents  Illicit drugs 

 Prescription medications 

 Anti-depressants and 
anti-psychotics  Hormonal agents  Others 

 Anise 
 Blessed thistle 
 Fennel 
 Fenugreek 
seeds 
 Marshmallow 
 Nettle 
 Red Clover 
 Red Raspberry 

 Cannabis 
 Cocaine 
 Amphetamines 
 Benzodiazepines 

 Opiates 

 Selective Serotonin 
Reuptake inhibitors 
(SSRI) 
   Citalopram (±) 
   Fluoxetine (CR) 
   Paroxetine (±) 
 Monoamine Oxidase 
inhibitors (+++) 
 Tricyclic 
 anti-depressants (+++) 
 Alprazolam (±) 
 Buspirone (+++) 
 Anti-psychotics 
   Resperidone (+++) 
   Haloperidol (+++) 
   Clozapine (0) 
   Olanzapine (+) 

 Conjugated Oestrogen and 
Medroxyprogesterone 
combinations 
 Medroxyprogesterone 
contraceptive depot 
injections (Depo-Provera) 
 Danazol 

 Anti-emetics and motility 
agents 
   Domperidone (+++) 
   Metoclopromide (+++) 
   Chlorpromazine (+++) 
   Prochlorperazine (+++) 
   Cisapride (+) 
 H 2  receptor blockers 
 Methyldopa (+) 
 Sumatriptan (+) 
 Sodium Valproate 
 Opiates 
 Reserpine 
 Verapamil 
 Isoniazid 

  (+++) abnormal in over 50 % of patients, (+) abnormal in a small percentage, ( CR ) case reports only, (±) minimal effect, 
(0) no effects  
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require MRI (magnetic resonance imaging). 
Serum prolactin above 2,000 mU/l is almost 
always associated with pituitary or sellar tumours 
and a prolactin >5,000 mU/l is virtually diagnostic 
of a macroprolactinoma. 

 When evaluating prolactin results the clini-
cian needs to be aware of assay “interferences” 
due to the presence of macroprolactin and the 
“prolactin hook effect.” Macroprolactin is a 
complex of prolactin with IgG antibody found 
in about 1 % of normal individuals resulting in 
artifi cially elevated measurements of serum 
prolactin. Macroprolactin is a physiologically 
inactive complex and therefore  not  associated 
with clinical symptoms of hyperprolactinae-
mia. Re-assay of serum after polyethylene gly-
col treatment usually confi rms the presence of 
macroprolactin. Large tumours producing 
exceedingly high concentrations of prolactin 
and this may saturate both the capture and sig-
nal antibodies in immunoassays. This is known 
as the “hook effect” and results from blockage 
of the capture antibody-prolactin- signal anti-
body “sandwich” formation, leading to mis-
leadingly low prolactin values, very rarely 
within the normal range, in automated immuno-
metric assays. Re-assay of diluted serum will 
resolve the problem leading to accurate deter-
mination of the prolactin level. Patients with 
galactorrhoea and apparently normal serum 
prolactin should have prolactin levels verifi ed 
after sample dilution.  

  Dynamic Testing with Metoclopramide 
 Whilst not in routine use, this can provide useful 
information in patients with mild to moderate ele-
vations in serum prolactin that may be medication 
related or due to a microprolactinoma too small to 
be seen on MRI. The intravenous administration of 
a dopamine antagonist in normal subjects produces 
a marked rise in prolactin and only a mild increase 
in thyrotropin stimulating hormone (TSH). Patients 
with a microprolactinoma exhibit a blunted prolac-
tin response and an exaggerated TSH response.  

  Imaging 
 Pituitary imaging provides information about the 
size of the tumour and its relationship to the optic 
pathways; it is also useful in the follow up of 
patients with larger tumours. Imaging is best per-
formed using MRI of the pituitary and hypothala-
mus with gadolinium contrast enhancement. For 
patients unable to tolerate or too large to fi t in the 
MRI tunnel, computed tomography scanning of 
the pituitary can be useful but provides inferior 
resolution of the pituitary. 

 Indications for MRI pituitary would include:
•    Sustained hyperprolactinaemia (at any level) 

after other causes have been excluded.  
•   Headache and visual fi eld defects.     

  Visual Assessment 
 Formal visual fi eld testing using Goldmann 
perimetry should be performed if the adenoma is 
touching or in close proximity to optic structures.   

   Table 7.2    Differential diagnosis of hyperprolactinaemia [ 2 ,  3 ]   

 Physiological  Pharmacological 

 Pathological 

 Pituitary 
 Hypothalamic pituitary stalk 
compression/damage  Systemic disorders 

 Coitus   See  Table  7.1 .   Prolactinoma   Granulomas   Primary 
hypothyroidism  

 Exercise   Non - functioning 
pituitary macroadenoma  

 Infi ltrations  Neurogenic chest wall 
trauma 

  Lactation   Acromegaly  Irradiation  Thoracic surgery 
  Pregnancy   Lymphocytic hypophysitis  Rathke’s cyst  Herpes zoster (thoracic) 
 Sleep  Trauma  Trauma  Chronic renal failure 
 Stress  Tumours (e.g., 

craniopharyngioma, 
germinoma, hypothalamic 
metastasis or meningioma) 

 Cirrhosis 
 Cranial irradiation 
 Epileptic seizure 
 Polycystic ovarian 
syndrome 

  Common or important causes are listed in  bold   
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    Case Study: Part 3 

 Initial investigations revealed normal blood count 
and renal/liver functions. Baseline hormone levels 
showed normal thyroid profi le, low oestradiol, 
undetectable luteinising hormone (LH), unremark-
able follicle-stimulating hormone (FSH) and 
grossly elevated prolactin 30,800 mU/L (Table  7.3 ). 
Short  Synacthen  test was sub-optimal with baseline 
cortisol 163 nmol/L and post  Synacthen  value of 
450. MRI showed a pituitary macroadenoma mea-
suring 23 mm vertically, 22 mm transversely and 
14 mm in antero-posterior diameter. The suprasel-
lar component was causing displacement of the 
optic chiasm. There were multiple foci of low sig-
nal intensity within the gland consistent with areas 
of cystic change or necrosis (Fig.  7.1a, b ). Visual 
fi elds assessed by perimetry were normal (Fig.  7.2 ).

     The imaging results and biochemistry in our 
case study were consistent with a prolactin produc-
ing macroadenoma resulting in secondary amenor-
rhoea, galactorrhoea and infertility. There was no 
evidence of visual fi eld defects despite the proxim-
ity of the tumour to the optic chiasm. Anterior pitu-
itary functions were essentially intact apart from 
suppression of the hypothalamo-pituitary- gonadal 
axis secondary to hyperprolactinaemia. 

  Medical therapy with dopamine agonists (DA) 
is the fi rst-line treatment for all patients with 
macroprolactinomas, including those with visual 
compromise. In the majority of patients, DAs 
induce reduction in tumour size and prolactin 
levels, and relieve pressure symptoms, soon after 
starting therapy.  

    Case Study: Part 4 

 Dopamine agonist therapy was initiated with 
cabergoline 0.25 mg twice a week, increased to 
0.5 mg twice a week after 2 weeks. The drug was 
recommended to be taken at bedtime with a snack 
to minimise any symptomatic postural hypoten-
sion or nausea. She was warned to report any 
clear nasal discharge which might indicate the 
rare development of a cerebrospinal fl uid (CSF) 
leak following shrinkage of her adenoma. She 
was advised to use barrier contraception for at 
least the fi rst 6 months of therapy to avoid the 
risk of early pregnancy leading to leading to pro-
lactinoma expansion. No steroid replacement 
was recommended and it was planned to repeat 
the short  Synacthen  test after an interval. 

 Four weeks after starting cabergoline she was 
tolerating treatment well and repeat prolactin was 
11,880 mU/L — one-third of her pre-treatment 
levels. Two months later prolactin had fallen into 
the normal range (290 mU/L). Five months after 
commencing treatment, serum prolactin remained 
normal and menstruation resumed. Repeat MR 
imaging (4 months after starting treatment) 
revealed marked shrinkage of the enhancing and 
non-enhancing components of the sellar mass and 
the remnant measured 7 × 9 × 3 mm (Fig.  7.1c, d ). 
Cabergoline was continued at the same dose. The 
case study conceived after withdrawing contracep-
tion following 6 months of cabergoline treatment. 
This occurred before her hypothalamic-pituitary- 
adrenal axis was reassessed so paired early morn-
ing samples for cortisol and adrenocorticotropic 
hormone (ACTH) were used as an alternative to 

How would you manage this patient?

   Table 7.3    Endocrine investigations at diagnosis   

 Hormone  Value 
 Reference range with 
units 

 Prolactin  30,890  50–520 mU/L 
 Oestradiol  70  Varies during menstrual 

cycle but usually 
>200 pmol/L 

 LH  <1.0  4–10 U/L 
 FSH  5.0  4–10 U/L 
 Free T4  11 a   10–25 nmol/L 
 Free T3  4.2  3–7 pmol/L 
 TSH  1.9  0.3–4.5 mU/L 
 Cortisol (baseline)  163     nmol/L 
 Cortisol (30 mins 
post Synacthen) 

 450  Normal peak >550 

 Insulin-like growth 
factor 1 (IGF-1) 

 10 b   9–42 nmol/L 

   a Thyroid profi le improved after 2-months cabergoline: 
free T4 15, free T3 4.3 and TSH 1.8 
  b Likely growth hormone defi ciency but dynamic testing of 

growth hormone reserve not undertaken  
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 Synacthen  testing during pregnancy. Cabergoline 
has been continued throughout the pregnancy 
which is presently without complication. Visual 
fi eld perimetry will be performed each trimester. 
The case study has been asked to urgently report 
any visual disturbance or unusual headache, which 
might suggest prolactinoma expansion. MR imag-
ing will not be performed unless there is visual 
compromise during pregnancy. The case study has 
been informed that continuous cabergoline treat-
ment makes it less likely she will have the option 
of breastfeeding her child. 

  Issues Considered in the Management of This 
Case Study 
  Choosing the Best Dopamine Agonist  

 The three currently available DAs are bro-
mocriptine, cabergoline and quinagolide. Bro-
mocriptine is the longest established but is used 
much less frequently nowadays due to a higher 
incidence of side effects, particularly gastrointes-
tinal. However, it does have the largest and lon-
gest pregnancy safety record. Bromocriptine has 
to be administered two to three times daily, at 
least at the start of treatment. When used to treat 

  Fig. 7.1    MR imaging showing dramatic shrinkage of 
macroprolactinoma. ( a ,  b ) Pre-treatment. ( c ,  d ) After 
4-months cabergoline therapy.  Blue arrows : ( 1 ) optic 
chiasm; ( 2 ) internal carotid artery; ( 3 ) cystic area within 

prolactinoma; ( 4 ) suprasellar extension; ( 5 ) sphenoid 
sinus; ( 6 ) pituitary stalk; ( 7 ) concave upper tumour mar-
gin after cabergoline treatment       
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large prolactinomas (>4 cm in size), Bromocriptine 
achieved normal prolactin levels in 33 % of 
patients [ 4 ]. 

 Cabergoline is now the fi rst choice DA for 
medical management of prolactinomas. A large 
trial demonstrated that cabergoline is superior to 
bromocriptine in terms of tolerance (12 % 
stopped taking bromocriptine compared with 
3 % taking cabergoline), patient convenience and 
effi cacy [ 5 ]. Cabergoline achieved normalisation 
of prolactin in around 60 % of patients with large 
prolactinomas. Cabergoline’s safety record dur-
ing pregnancy is now reasonably substantial, 
although the data sheet still recommends drug 
withdrawal 1 month before intended conception 
(which is impractical for most patients). 
Pregnancy safety data for quinagolide are limited 
and less reassuring; the manufacture recom-
mends drug withdrawal in those who become 
pregnant. Cabergoline was therefore a straight-
forward choice for our case study. 

  Minimising Adverse Effects from Dopamine 
Agonists  

 Adverse effects of dopamine agonists can be 
minimised by starting with a low dose and gradu-
ally up-titrating, as in the case study. The most 
common adverse effects are gastrointestinal 
(especially nausea - vomiting is less common) 
and postural hypotension leading to dizziness 

and occasional syncopal episodes. These 
 problems can be minimized by asking the patient 
to take the DA at bedtime with a light snack. 
Other potential side effects to warn patients about 
are dry mouth, constipation, Raynaud’s phenom-
enon and somnolence. Most minor side effects 
tend to occur at the beginning of treatment and 
often resolve with time. 

 Shrinkage of an inferiorly invasive prolacti-
noma can rarely result in a CSF leak. Patients 
with macroprolactinomas should be instructed to 
report promptly any clear fl uid leaking from the 
nostril. Rarely, tumour shrinkage may cause dis-
tortion of optic structures leading to visual distur-
bance (traction ophthalmopathy) so patients 
should be asked to report  any  changes in vision 
during treatment. Pituitary apoplexy has also 
been reported in patients with macroprolacti-
noma during DA treatment. 

 Long-term use of DA therapy has occasion-
ally been associated with psychiatric symptoms, 
an unusual increase in gambling and similar 
obsessive behaviours, dyskinesias, nightmares 
and paraesthesiae. The use of high-dose DA ther-
apy in patients with Parkinson’s disease has been 
associated with clinically signifi cant cardiac 
valve fi brosis; this fi nding has not been found in 
patients on low-dose DA therapy for prolacti-
noma [ 6 ]. Current MHRA guidelines still suggest 

3030

Left eye Right eye

  Fig. 7.2    Visual fi elds at baseline       
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that patients on cabergoline therapy should have 
an echocardiogram done within the fi rst 6 months 
of starting therapy and thereafter at least once a 
year. However, in the light of recent reassuring 
studies, many clinicians do not undertake surveil-
lance echocardiograms on patients taking less 
than 2 mg cabergoline per week. 

  Assessing Tumour Responses to Dopamine 
Agonist Treatment  

 Serum prolactin levels fall quickly, often within 
hours of taking the fi rst tablet of DA. It is therefore 
reasonable to re-measure serum prolactin at 2, 4 
and 12 weeks after the start of therapy in a typical 
case to assess response. Repeat MR imaging to 
assess tumour shrinkage is best done after 
3–4 months, by which time most tumour shrinkage 
has already occurred. Imaging can then be repeated 
after a year. Some tumours show much slower pro-
gressive shrinkage but they are in the minority. 

 If vision is impaired at outset, recheck visual 
fi elds by perimetry after a week and repeat again at 
the end of the second week. They can then be done 
less frequently if improvements in the fi elds have 
been documented. It is prudent to recheck rest of 
pituitary function at intervals to see if defi ciencies 
(often subtle) improve as the normal pituitary is 
de-compressed secondary to tumour shrinkage.  

    Effect of Dopamine Agonists on Foetal 
Development  
 Foetal exposure to any medication, including DAs, 
should be minimised. Whilst all patients with 

microprolactinomas can have DAs stopped on 
confi rmation of pregnancy, this may not be possi-
ble in patients with large macroprolactinomas 
where the drug may have to be continued through 
the entire gestation. This is particularly true for 
patients with large residual tumour remnants after 
tumour shrinkage or for those in whom DA ther-
apy has been commenced relatively recently 
(<1 year, as in our case study) and for whom the 
risk of tumour re-expansion is signifi cant. 

 Data available for over 6,000 pregnancies 
exposed to bromocriptine and over 700 pregnan-
cies exposed to cabergoline in the fi rst trimester 
showed no increase in adverse pregnancy or foe-
tal outcomes compared to population based con-
trols (Table  7.4 ). Experience of patients exposed 
to DAs throughout the pregnancy is more limited 
but is increasing [ 8 ]. Quinagolide use is not rec-
ommended for patients desiring pregnancy. 
Long-term follow-up of cognitive performance 
for children born to mothers treated with bro-
mocriptine during pregnancy is reassuring [ 9 ].

      Effect of Pregnancy on Prolactinoma Size  
 The oestrogenic milieu of normal pregnancy stim-
ulates pituitary lactotrophs to gradually increase 
prolactin production as pregnancy progresses. 
This physiological increase in prolactin prepares 
the breasts for lactation. Pituitary imaging dem-
onstrates lactotroph hyperplasia with a gradual 
increase in pituitary volume through the course of 
pregnancy (more than doubles) which peaks in 
the fi rst week post-partum. Data summarising 
symptomatic increase in sizes of macroprolacti-
nomas in pregnancy showed that in patients 
with no prior defi nitive treatment  (surgery or 
 radiotherapy) there was a 23 % chance of an 

How do you manage patients on medical 
treatment for macroprolactinoma who 
become pregnant?

   Table 7.4    Pregnancy outcomes in women exposed to bromocriptine and cabergoline in early pregnancy compared to 
normal American population data [ 7 ]   

 Bromocriptine (%) (n = 6,239)  Cabergoline (%) (n = 789)  Normal (%) 

 Spontaneous abortions  9.9  7.6  10–15 
 Terminations  1.2  7.5  20 
 Ectopic pregnancy  0.5  0.4  1–1.5 
 Hydatiform moles  0.2  0.1  0.1–0.15 
 Preterm birth (<37 weeks)  12.5  11.6  12.7 
 Multiple pregnancies  1.7  1.7  3.2 
 Foetal malformations  1.8  3.2  3.0 
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increase in size during pregnancy and in those 
who received prior defi nitive treatment there was 
a 5 % chance of a symptomatic increase in size 
[ 7 ]. Taking into account the fact that our case 
study had received primary medical therapy with 
cabergoline for just over 6 months before falling 
pregnant (with excellent tumour shrinkage) we 
estimated her risk of tumour enlargement during 
pregnancy, off cabergoline, to be at least 10 %.    

    Current Recommendations 
for Managing Macroprolactinomas 
in Pregnancy 

•     Pre-pregnancy planning is an essential part of 
management for patients with macroprolacti-
nomas who desire pregnancy. A small subset 
of patients cannot tolerate DA or do not 
achieve signifi cant tumour size reduction. 
Hence, non-hormonal, barrier contraception 
should be used during the fi rst few months of 
DA therapy when drug tolerance and tumour 
response can be assessed. In our case study, 
good tolerance and an excellent response was 
established following 4 months of cabergoline 
therapy. Unresponsive or intolerant patients 
may need considered for transsphenoidal sur-
gical debulking prior to pregnancy.  

•   In patients who have had previous pituitary 
surgery or radiotherapy, medical therapy can 
usually be safely stopped on confi rmation of 
pregnancy (nowadays, these will comprise a 
small number since most will have received 
primary DA therapy)  

•   In patients without previous surgery or radio-
therapy (as for our case study) there are two 
options. First, to continue cabergoline therapy 
throughout pregnancy or, second, to stop DA 
therapy and monitor carefully for features of 
tumour expansion. The risk of tumour growth 
during pregnancy in these patients depends on 
the duration and type of DA therapy, and 
residual tumour size at the start of the preg-
nancy. Regardless of which option is chosen, 
patients need careful follow-up for symptoms 
of tumour growth with visual fi eld assess-
ments every trimester, as a minimum.  

•   Most patients with symptomatic tumour growth 
can be treated successfully with reinstitution of 
DA therapy or increasing the drug dose.  

•   Patients who are diagnosed with symptomatic 
macroprolactinoma for the fi rst time during 
pregnancy can usually be treated successfully 
with DAs rather than surgery.  

•   In the rare patient with extreme dopamine 
intolerance or resistance, together with symp-
tomatic growth of a macroprolactinoma, sur-
gery may be needed during pregnancy. Any 
major surgery is associated with a 1.5-fold 
increase in foetal losses in the fi rst trimester 
and a fi ve-fold increase in foetal losses in the 
second trimester [ 7 ].        
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    Abstract  

  A 25-year-old woman is referred by her primary care provider with head-
ache, arthralgia and sweating. Systematic history and clinical examina-
tion suggest growth hormone excess – acromegaly. The diagnosis is 
confi rmed on biochemical testing. This chapter discusses the appropriate 
investigation and management of patients with acromegaly, with particu-
lar emphasis on recent advances in clinical care and insights provided by 
contemporary research.  

  Keywords  

  Acromegaly   •   Growth hormone   •   Insulin-like growth factor-1   •   Pituitary 
tumour  

 Case 8      A 25-Year-Old Woman with 
Headache and Joint Pain 

           Nigel     G.    L.     Glynn      and     Márta     Korbonits     

        Case 

 Tamara is 25-year-old hairdresser with a 2-year his-
tory of gradually worsening headache. This has been 
accompanied by 6 months of widespread arthralgia. 

  Chronic headache in a young person is 
 usually due to tension headache or migraine. 
Benign intracranial hypertension should be con-
sidered in obese young women. Space-occupying 
lesions are less common. However, the con-
current history of joint pains suggests that a 
 systemic disease may be the cause of her 
symptoms. 

 A detailed medical history is taken to enquire 
about other systemic symptoms: 

 Her only medical history is of a kidney stone 
2 years ago that was treated with extracorporeal 
shock wave lithotripsy. 

 On review of systems she reports a number of 
other longstanding complaints:
•    She has a tendency to sweat profusely. This 

has been problematic for over 5 years. She 
attended her GP on a number of occasions, but 

What questions would you ask and what 
diagnoses would you consider at this stage?
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no cause or remedy could be found. She does 
not report any weight loss or palpitations.  

•   She has been attending her dentist for the last 
year due to diffi culty with her bite and pain in 
her lower jaw.  

•   Her menstrual cycle has been irregular for 
2 years and she complained of oily skin and 
mild acne.    
 The history of headache, arthralgia and sweat-

ing raises the possibility of growth hormone 
excess or acromegaly. This is almost always due 
to a growth hormone (GH) secreting tumour of 
the pituitary gland (95 % of cases). In addition, 
the dental diffi culties may be due malocclusion 
of the teeth which can occur in acromegaly. 
Similarly, oligomenorrhoea can occur in the pres-
ence of a pituitary tumour due to either prolactin 
release from the tumour, hyperprolactinaemia 
due to stalk disruption or direct damage to gonad-
otroph cells. GH excess can also induce a PCOS- 
like phenotype  possibly due to increased 
circulating insulin levels. 

  Review of a series of old photographs reveals 
that the patient has been developing coarser 
facial features for approximately 7 years. 

 The diagnosis of acromegaly is often delayed 
by up to a decade. The symptoms and signs 
develop so slowly that the patient and his/her 
family don’t notice them until complications 
arise or they develop pain. 

  Growth hormone: GH is normally released 
in short pulses between prolonged periods of 
relatively low levels of secretion. Random GH 
levels can be variable but undetectable GH 
would make acromegaly unlikely. A glucose 
load will suppress GH to almost undetectable 
levels in normal individuals. Therefore, a 75-g 
oral glucose tolerance test (OGTT) is consid-
ered the gold standard test for diagnosis of 
acromegaly. Traditionally, suppression below 
1 μg/L was considered normal when using a 
radioimmunoassay to measure GH. However, 
modern immunochemiluminescent GH assays 
are more sensitive. Failure to suppress serum 
GH below 0.4 μg/L after OGTT is diagnostic 
of acromegaly, if the patient has clinical symp-
toms and signs of the disease. Premenopausal 
women are relatively GH resistant and a higher 
cut-off of 0.7 μg/L may be appropriate. GH 
assay standardisation is still suboptimal 
 internationally and locally appropriate cut-offs 
may differ slightly. This should be discussed 
with the endocrine laboratory in your 
institution. 

What blood tests would you request to 
 confi rm a diagnosis of acromegaly?

What    examination fi ndings would support 
a diagnosis of GH excess?

•    Enlargement of the hands and feet
 –    The patient may have had to remove 

rings or change shoe size     
•   Positive Tinel’s or Phalen’s sign consis-

tent with carpal tunnel syndrome  
•   Skin thickening  
•   Hypertension  
•   Axillary skin tags suggestive of insulin 

resistance  
•   Dental spacing  
•   Prognathism  
•   Bitemporal hemianopia

 –    A suprasellar tumour may compress 
the optic chaism and typically com-
promises the temporal fi eld of vision 
initially. Failure of visual acuity and 
optic atrophy may also occur.     

•   Frontal bossing  
•   Deep, cavernous voice due to enlarge-

ment of frontal sinuses and soft tissue of 
the larynx  

•   Macroglossia – often indicated by tooth 
marks on the side of the tongue  

•   Organomegaly – in particular goitre or 
hepatosplenomegaly  

•   Galactorrhoea  
•   Signs of heart failure including raised 

venous pressure, basal lung crackles, 
lower limb oedema   

N.G.L. Glynn and M. Korbonits
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 The OGTT will also give information about 
the patient’s glucose tolerance which is often 
(up to 40 %) impaired in acromegaly. 

 Insulin-like growth factor 1 (IGF-1): IGF-1 
production from the liver is stimulated by GH 
and this peptide mediates most of the effects of 
GH peripherally. Its concentration in the plasma 
is much more stable than GH and therefore 
IGF-1 levels are almost invariably elevated in 
active acromegaly. Age-specifi c normal ranges 
should be provided by the laboratory. 

 Prolactin: Hyperprolactinaemia is observed in 
30 % of patients with acromegaly. Some GH pro-
ducing tumours co-secrete prolactin. However, 
prolactin may be elevated due to compression of 
the pituitary stalk. An enlarging tumour can dis-
rupt inhibitory dopamine supply to the anterior 
pituitary which has a permissive effect on prolac-
tin secretion. 

 Assessment of the remainder of the pituitary 
function: Thyroid function tests, gonadotrophins 
(and menstrual history) and early morning corti-
sol. Dynamic assessment of ACTH reserve may 
be appropriate if the cortisol level is equivocal. 

 Her basal GH level is 35.6 μg/L and does not 
suppress with an OGTT. IGF-1 level is elevated 
890 μg/L (age-related reference range 149–332). 
She has impaired glucose tolerance. 

 Her prolactin level is mildly elevated at 
720 mU/L (range 0–496). 

 Thyroid function test are normal and early 
morning cortisol is healthy at 825 nmol/L. 

  MRI pituitary with intravenous contrast 
enhancement (Fig.  8.1 ).  

 MRI shows a homogenous pituitary macroad-
enoma measuring 2 cm in craniocaudal diameter. 
It extends into the suprasellar cistern but does not 
compress the optic chiasm. The tumour invades 
the left cavernous sinus. 

  Acromegaly due to a GH secreting pituitary 
tumour (somatotroph adenoma). The raised pro-
lactin level may be due to pituitary stalk distor-
tion or co-secretion of prolactin from the tumour 
(somatomammotroph adenoma). 

What test would you order next?

What is the diagnosis?

What treatment would you recommend?

a b

  Fig. 8.1    Pre-operative MRI pituitary. Pre-contrast T1 
weighted images in the coronal ( a ) and sagittal ( b ) plain 
show a homogenous mass arising from the pituitary fossa 

and invading the left cavernous sinus ( arrow ). The tumour 
extends into the suprasellar cistern. It encroaches upon but 
does not compress the optic chaism ( arrowhead )       
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 Surgical resection: This is the primary treat-
ment for most patients. Rates of postoperative 
remission are dependent on the tumour size and 
the experience of the surgeon. Tumours which 
invade the cavernous sinus are diffi cult to com-
pletely resected due to the risk of bleeding from 
the highly vascular sinus. 

 Pre-operative somatostatin analogue (SSA) 
treatment (see below) may be benefi cial in reduc-
ing soft tissue swelling and reduce the risk of 
anaesthetic complications in patients with severe 
macroglossia and enlarged laryngeal tissues. In 
the case of very large tumours, pre-operative SSA 
may also improve the surgical outcome and 
increase the likelihood of post-operative remis-
sion. However, this is controversial and the results 
of prospective clinical trials evaluating this 
approach are awaited. 

 The patient undergoes transsphenoidal sur-
gery to debulk the pituitary tumour. Histological 
analysis confi rms a pituitary adenoma with a 
low ki-67 index (proliferative index) of less 
than 1 %. Immunohistochemical staining is 
weakly positive for GH and negative for all 
other anterior pituitary hormone. This suggest 
a sparsely granulated somatotroph adenoma 
which could be confi rmed with electron 
microscopy. 

 Post-operative testing shows that her GH and 
IGF-1 levels have declined but remain elevated. 
The remainder of her pituitary function is 
preserved. 

     Medical 

 SSA are the most commonly used medical 
 therapy for acromegaly. They have both anti-
tumour and anti-secretory effects on somato-
troph  adenomas. Long-acting formulations are 
usually administered monthly by intramuscular 
injection. This treatment will normalise 
IGF-1 in approximately 60 % of patients. 
Tumour shrinkage is less predictable but up to 
80 % of patients are reported to display at least 
20 % tumour volume reduction. Sparsely gran-
ulated tumours may be more resistant to SSA 
therapy. 

 Pegvisomant prevents GH binding to its recep-
tor and producing IGF-1. This drug can normalise 
IGF-1 in the majority of patients with acromeg-
aly, if used in suffi cient doses. Serum GH levels 
rise during therapy and the drug cross reacts with 
many GH assays. Therefore, serum GH levels 
should not be measured while taking pegviso-
mant, but IGF-1 concentration should be used to 
titrate the appropriate dose. It is administered 
daily (or on alternate days) by deep subcutaneous 
injection. 

 Dopamine agonists can also lower GH levels 
and may cause modest tumour shrinkage. They 
are administered orally. A higher weekly dose, 
than used in prolactinoma, is often required for 
clinical effectiveness.  

    Radiotherapy 

 External beam radiotherapy is a long-established 
and effective treatment of acromegaly. Treatment 
results in stabilisation of tumour size more com-
monly than shrinkage. GH levels decline slowly 
and it may take 10 years for the maximal bio-
chemical effect to be seen. Radiotherapy may 
damage the normal pituitary gland resulting in 
hypopituitarism in 50 % of treated subjects after 
10 years. This may have signifi cant implications 
for young patients who wish to preserve 
fertility. 

 The patient is planning to start a family; there-
fore, it is decided to use medical therapy to con-
trol acromegaly for now. 

  SSA can cause nausea and diarrhoea. 
Gallstones commonly develop when using long 
term SSA. However, these are typically asymp-
tomatic unless the drug is stopped suddenly. 

 Dopamine agonists can cause nausea, postural 
hypotension, constipation and rarely psychologi-
cal symptoms such as depression or impulse con-
trol disorders. Also, they occasionally induce 

What are the treatment options now?What side effects may be encountered with 
medical therapy for acromegaly?
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Raynaud’s phenomenon. Long-term use of high- 
dose dopamine agonist in Parkinson’s disease has 
been associated with valvular heart disease. 
However, it is controversial whether this risk 
applies to patients with patients with pituitary 
tumours. 

 Pegvisomant can cause derangement of liver bio-
chemistry in 2–3 % of patients. This should be mon-
itored regularly, particularly with concurrent use of 
SSA. It normally improves with dose reduction or 
discontinuation. Initial concerns about enlargement 
of the tumour remnant while taking pegvisomant 
have not been borne out with clinical experience. 

 The patient is commenced on a long-acting 
somatostatin analogue. Her GH and IGF-1 
decline further but she continues to have active 
acromegaly. 

  There is increasing experience with the use of 
combination medical therapy in acromegaly. 
SSA and pegvisomant or SSA and cabergoline 
are the most commonly used combinations. This 
appears safe and effective but derangement of 
liver biochemistry is more common with the for-
mer combination. This may necessitate dose 
reduction or cessation of some medications. 

  International consensus guidelines recom-
mend that treatment of acromegaly should aim to 
reduce GH levels to less than 2.5 μg/L. A 5-point 
day curve is very useful for estimating average 
daily GH exposure. However, random, basal GH 
levels, particularly if measured on more than one 
occasion, may suffi ce. Standardised mortality in 
patients with acromegaly equates to the normal 
population at GH levels below this target. 
Treatment should also aim to lower IGF-1 levels 
into the age-related reference range. 

  Up to one-third of patients have discordant 
GH and IGF-1 levels during follow-up of acro-
megaly. The most common pattern encountered 
is a safe GH level (<2.5 μg/L) in the presence of 
a persistently elevated IGF-1 concentration. This 
is often observed in patients who have had pitu-
itary radiotherapy. While there is no consensus 
on the best approach in this situation, the patient’s 
clinical status is often a good guide to whether 
acromegaly is still active. Persistent sweating and 
joint pain is consistent with active disease. 

 On combination SSA and low-dose pegviso-
mant the patient’s IGF-1 level are within the age 
related reference range. Her headache, sweating 
and arthralgia resolve. Her menstrual cycle is 
now regular.   

 An MRI scan should be repeated 6–12 weeks 
after surgery to defi ne the size and location of any 
tumour remnant. A further MRI is indicated 
3–6 months after commencing medical therapy 
to assess the anti-tumour response. The frequency 
of further interval scans will depend on the clini-
cal course and any other treatments which have 
been given eg. radiotherapy. 

  In addition to monitoring GH/IGF-1 levels 
and tumour size, it is important to monitor the 
end organ effects of long-term GH excess. 

 Glucose metabolism: Overt diabetes occurs in 
15 % of patients with acromegaly while 40 % 
have impaired glucose tolerance. In general, glu-
cose levels decline and are easier to control once 

Can combinations of medical treatment be 
used?

What GH and IGF-1 levels should be 
targeted?

What should be done when there is discor-
dance between GH and IGF-1 levels?

What clinical issues will be important dur-
ing long-term follow-up?

Does the patient require any further pitu-
itary imaging?

8 A 25-Year-Old Woman with Headache and Joint Pain
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GH/IGF-1 levels are lowered. However, use of 
SSA may cause deterioration in glycaemic control 
as they antagonise insulin and incretin hormones. 

 Heart: Hypertension is also common in acro-
megaly with the consequent risk of stroke and 
hypertensive cardiomyopathy. Curiously, patients 
with acromegaly do not commonly develop coro-
nary artery disease. GH & IGF-1 have direct 
effects on the heart which are toxic in excess. Left 
ventricular hypertrophy and diastolic dysfunction 
develop prior to systolic failure. Careful blood 
pressure management is essential. Echocardiogram 
should be performed at diagnosis. 

 Gastrointestinal: Colonic polyps appear to be 
more common in acromegaly. It is controversial 
whether the rate of malignant transformation is 
truly increased. However, the prognosis from 
colorectal cancer has traditionally been poor in 
acromegaly. Colonoscopy should be considered 
at diagnosis. 

 Bones and joints: Patients with acromegaly 
often suffer from joint deformities. Progressive 
arthropathy of the axial skeleton can lead to spinal 
deformity, a major cause of morbidity in acromeg-
aly. GH excess has been associated with bone 
overgrowth (diffuse idiopathic skeletal hyperosto-
sis). The risk of fracture may also be increased. 

  Previous diagnosis of a kidney stone raises the 
possibility of hypercalcaemia and hyperparathy-
roidism. The combination of primary hyperpara-
thyroidism and a pituitary tumour should, in turn, 
raise the clinical suspicion of multiple endocrine 
neoplasia (MEN) type 1 syndrome. This syn-
drome is due to a mutation in the gene encoding 
the menin protein on chromosome 11. It is char-
acterised by a triad of hyperparathyroidism (typi-
cally due to parathyroid hyperplasia), pituitary 
adenomas and pancreatic neuroendocrine 
tumours. Adrenocortical adenomas and cutane-
ous lipomas are also common in this condition. 

 Her serum calcium is normal, ruling out 
hyperparathyroidism. Nonetheless, kidney stones 

are more common in sporadic acromegaly. GH 
excess causes hyperphosphataemia and hypercal-
ciuria. This is mainly due to enhanced intestinal 
calcium absorption secondary to increased renal 
1,25 dihydroxy vitamin D synthesis. 

  Diagnosis of acromegaly in a child or young 
adult should prompt a thorough family history. 
Recently, it has been recognised that some young 
patients diagnosed with pituitary tumours have a 
family history of isolated pituitary adenomas, a 
syndrome now known as Familial Isolated 
Pituitary Adenoma (FIPA). This is an autosomal 
dominant condition but the penetrance is incom-
plete. Approximately 20 % of families with FIPA 
have a heterozygous germline mutation in the 
aryl hydrocarbon receptor-interacting protein 
(AIP) gene. Patients with acromegaly who have 
this mutation typically have large invasive 
tumours which are partially resistant to medical 
therapy. 

 Germline AIP mutations can be identifi ed in 
patients with pituitary adenomas who have no 
known family history of the disease – approxi-
mately 20 % of childhood onset cases and 11 % of 
young onset (<30 years) pituitary macroadenomas. 

 Our patient had no known family history of 
pituitary adenoma and sequencing of the AIP 
gene does not reveal any pathogenic mutation.   

    Case Review 

 Tamara is young lady with headache, joint pain, 
sweating and dental malocclusion. The clinical 
suspicion of acromegaly is reinforced by review 
of the patient’s photo album which displays grad-
ual development of acral features over several 
years. The diagnosis is confi rmed by failure to 
suppress serum GH to normal levels following an 
oral glucose load. This is supported by an ele-
vated IGF-1 level. MRI scan shows a pituitary 

Is the patient’s history of urolithiasis of any 
clinical relevance?

Other than MEN 1, should any other genetic 
cause of pituitary adenomas be considered 
in young patients with acromegaly?
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macroadenoma. Primary surgical debulking does 
not result in disease remission. Combination 
medical therapy with somatostatin analogue and 
GH receptor antagonist, pegvisomant, is used to 
normalise IGF-1 level. Radiotherapy has been 
reserved for now and will be reconsidered when 
she has completed her family. Screening for 
genetic causes of pituitary tumours was negative.  

    Key Points 

•     Growth hormone excess can present with a 
constellation of symptoms, which have typi-
cally developed over many years. Comparison 
of serial photographs of the patient’s face is 
often helpful when the symptoms or signs are 
subtle.  

•   The diagnosis of acromegaly should be con-
fi rmed biochemically before proceeding to 
pituitary imaging.  

•   Surgical debulking is recommended for most 
patients with acromegaly, as it may result in 
disease remission.  

•   Patients with persistently active disease follow-
ing surgery should be offered medical therapy 
to reduce GH to safe levels and IGF-1 concen-
tration into the age-related normal range.  

•   Radiotherapy is an effective second or third 
line treatment but it may take 10 years for its 
maximal effect to be observed.  

•   Patients should be monitored for long-term 
complications of growth hormone excess includ-
ing hypertension and glucose intolerance.  

•   Genetic causes of acromegaly should be con-
sidered in young patients and those with a 
family history of pituitary tumours.        
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        Presenting History 

 A 36-year-old woman presents with a 9-month 
history of supra-orbital headaches which she has 
put down to work stress. She also had suffered 
from chronic, nonspecifi c headaches for a num-
ber of years, for which she occasionally took 
paracetamol. She has previously been on the oral 
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 Case 9      Recent-Onset Visual Field 
Loss and Raised Prolactin 
Level (Non- functioning 
Pituitary Tumour) 

           Nick     Phillips       and     Stephen     M.     Orme    

    Abstract  

  Non-functioning pituitary adenomas can exert their effects in a number of 
ways. They can lead to pressure on the optic chiasm, and this can produce 
visual fi eld defects. More rarely the tumour extends laterally into the cav-
ernous sinus and leads to cranial nerve palsies. Pituitary tumours may 
expand and therefore stretch the overlying dura and cause pressure effects 
around the pituitary fossa, leading to the development of headaches. 

 Because of the tumour mass and other factors, hypopituitarism can 
occur, which usually follows a classic pattern. Growth hormone secretion 
is more readily affected, followed by gonadotrophin (LH and FSH) and 
ACTH secretion, with TSH secretion being most likely to be preserved. 

 Lactotrophs (anterior pituitary cells which produce prolactin), are the 
most abundant cells in the anterior pituitary. They tonically secrete high 
levels of prolactin, and this is inhibited by the hypothalamic release of 
dopamine, which passes down the portal hypophysial tract, within the 
pituitary stalk, so that physiological prolactin secretion maintained. When 
there is a physical disruption of the delivery of dopamine to the lactotrophs 
of the anterior pituitary, then hyperprolactinaemia ensues, this is termed 
the ‘stalk disconnection effect’.  

  Keywords  

  Non-functioning pituitary adenoma   •   Visual fi eld defects   •   Hypopituitarism   
•   Prolactin   •   Stalk disconnection effect  
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contraceptive pill and had normal menstrual peri-
ods, but had a Mirena coil fi tted 3 years ago and 
had no menstrual periods over this time. She has 
not been aware of any deterioration in visual acu-
ity or visual fi elds. Her prolactin level is raised at 
1,345 miu/L. 

  When evaluating a patient with pituitary dis-
ease, one must determine whether the pituitary 
adenoma has led to a reduction in visual fi elds or 
any evidence of hypopituitarism. One has to 
determine whether potentially rather vague 
symptoms have come on over a prolonged period 
of time (remember pituitary adenomas tend to be 
very slow growing), or whether there has been a 
sudden change in symptoms, perhaps due to a 
pituitary apoplexy (a very rare event).  

    Presentation of Patients with Non- 
functioning Pituitary Adenomas 

 Pituitary adenomas are relatively common and 
have a prevalence of 78–94 cases per 1,000,000 
population. They cause their effects by pressure 
on the visual apparatus, cranial nerves, and adja-
cent pituitary gland. This pressure may cause dis-
orders of the cranial nerves, hormonal problems 
and headache. 

 Pituitary tumours that extend above the dia-
phragma sella will cause some element of visual 
defi cit. Some patients will seek ophthalmological 
examination and be referred from that route, but 
many patients will not have noticed visual symp-
toms, and will have tumours found incidentally. 

 The cranial nerves in and around the cavern-
ous sinus are exposed to pressure from a large 
pituitary tumour and may cause a more rapid 
sequence of referral through the ophthalmologi-
cal services or neurology after the investigation 
of ophthalmoplegia. 

 Pressure on the normal pituitary gland, its 
stalk or the hypothalamus may impair the normal 

secretory function of these structures and cause 
hormonal insuffi ciency. The fi rst hormone 
affected is growth hormone, and in children this 
will cause growth failure. In adults the symptoms 
may well be somewhat vague and contribute to 
non-specifi c effects on well-being and energy. 
The gonadotrophins are next affected. In pre-
menopausal women disorders of the menstrual 
cycle and infertility will result. In men impotence 
and infertility are common with a reduction in 
male secondary sexual characteristics such as 
beard growth, being a relatively late event. ACTH 
defi ciency, can present with tiredness, weight 
loss and dizziness on standing. In older patients, 
particularly it may present with somewhat vague 
symptoms and hyponatraemia is a not uncom-
mon fi nding. Defi ciencies in TSH are rare even 
with large tumours. 

 Not all patients with pituitary tumours have 
symptoms of headache even when the tumour 
is large. Those patients who do have headache 
tend to have a relatively vague and non-specifi c 
headache, though it occasionally may be 
retro-orbital. 

  Visual fi eld problems in relation to pituitary 
tumours take the form of visual fi eld defects and 
disorders of ocular motility. 

 Many pituitary tumours can cause visual fi eld 
defi cits that are asymptomatic, especially if the pro-
gression has been slow. The patient may not report 
any symptoms related to vision; these patients usu-
ally are referred after optometric examination. It is 
worth asking when the last normal eye test was and 
if they had visual fi elds performed. 

 Conversely, symptomatic patients may report 
bumping into objects. This may be unilateral or 
bilateral and usually implies temporal fi eld loss. 
The duration of such a symptom is important, as 
long-standing visual loss has reduced prognosis 
for recovery after the relief of compression by 
surgery. 

What additional questions would you ask?

What will you ask in the history regarding 
vision?
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 Sudden or rapid onset of visual fi eld defects 
associated with headache and ophthalmoplegia 
suggests pituitary apoplexy, which of course is an 
emergency. 

  Bitemporal hemianopia is the classic picture 
of visual fi eld loss, − this will rarely be symmet-
rical or complete (Fig.  9.1 ). The superior tempo-
ral fi elds are more frequently affected then the 
inferior temporal fi elds. Pressure on the optic 
chiasm is dependent on the anatomical location 
of the chiasm in relation to the pituitary gland 
and tumour. In about 70 % of cases the optic chi-
asm is above the pituitary gland in the normal 
position. In the remainder the chiasm may be 

more anteriorly placed near the tuberculum sella 
(prefi xed), or more posteriorly placed (post 
fi xed). In patients with a postfi xed chiasm, the 
intracranial length of optic nerve is longer and 
affected by the tumour, causing fi eld defects 
related to optic nerve compression such as junc-
tional scotoma and monocular blindness. 
Junctional scotoma is due to compression at the 
junction of the optic nerve and chiasm and is a 
superior temporal fi eld.  

 Visual fi eld defi cits relating to a prefi xed chi-
asm are rare and would result in a homonymous 
fi eld defect which is seen in about 4.2 % of 
patients with pituitary adenomas. 

What sorts of patterns of visual fi eld loss 
can occur in pituitary tumours?

What questions will you ask regarding ocu-
lar motility?

  Fig. 9.1    Goldman visual fi elds showing severe bitemporal hemianopia from chiasmal compression, worse on the  right        
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  Disorders of ocular motility in pituitary 
tumours are relatively rare and are reported at 
between 1 and 6 %. The third (oculomotor) nerve 
is usually affected, causing diplopia and droop-
ing of the eyelid. 

 

  Pituitary region tumours suffi ciently large to 
cause a visual defi cit usually require some con-
sideration of surgery, with the notable exception 
of those tumours secreting prolactin. It is impor-
tant to establish the serum prolactin level early in 
the assessment as a prolactinoma is eminently 
treatable medically without the risks of surgery. 
The prolactin level should be interpreted with the 
size of the tumour. 

  Secretion of prolactin by the pituitary gland is 
inhibited tonically by dopamine which is trans-
ferred to the anterior pituitary down the pituitary 
stalk from the hypothalamus in the hypophyseal 
portal system. 

 The stalk effect is seen when the serum pro-
lactin level is elevated beyond normal to a level 
of not more than 4,000 mU/L. It is thought to be 

due to the tumour causing pressure on or distort-
ing the pituitary stalk and inhibiting the secretion 
or transport of the inhibitory factor dopamine to 
the pituitary (Fig.  9.2 ).  

  It is important to establish if the patient has 
hypothyroidism before anaesthesia and a free T4 
level should be measured. Patients about to have 
surgery should have empirical glucocorticoid 
replacements, and the adrenal axis should be 
assessed post-operatively. The gonadal hormones 
and growth hormone can be assessed post- 
operatively. Patients with pituitary adenomas are 
very unlikely to have diabetes insipidus pre- 
operatively. Were this to occur, one should enter-
tain an alternative diagnosis, such as a 
craniopharyngioma or a dysgerminoma. 

Which other tumours and pathologies 
could cause visual defects in this region?
•    Meningioma, craniopharyngioma, 

hypothalamic tumour (glioma, 
astrocytoma)  

•   Optic nerve glioma, chordoma, germi-
noma, dermoid, metastasis  

•   Inflammatory pathology such as 
Langerhan’s cell histiocytosis, sarcoid, 
and lymphocytic hypophysitis   

Which blood tests, radiological tests, and 
other tests should now be performed after 
an initial assessment?

What is the stalk effect?

What other hormone assessments are nec-
essary before considering surgery?

What scans should be arranged?

  Fig. 9.2    A T1 MRI scan showing a pituitary adenoma 
distorting the distal pituitary stalk and gland ( white 
arrows )       
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  A targeted MRI with T1 sequences pre and 
post contrast, in the coronal, sagittal and axial 
planes should be requested (Figs.  9.3  and  9.4 ). If 

the patient has a pacemaker. a CT scan with con-
trast should be requested.   

  Formal examination of the visual fi elds is 
important for many reasons and can be done 
either using automated Humphrey perimetry or 
Goldman perimetry. Humphrey automated 
perimetry produces dark areas graphically to rep-
resent visual loss in each eye. Statistics such as 
mean standard deviation and pattern standard 
deviation from the normal age-matched controls 
are calculated. In Goldman perimetry, which is 
the reference standard, Isopters are produced 
graphically that follow a normal pattern unless 
there is signifi cant visual fi eld defects in which 
case they will diverge from that pattern. 

  If blood tests do not show that the adenoma is 
a prolactinoma then consideration of surgery is 
important. The timescale of referral to a special-
ist multidisciplinary pituitary surgery meeting 
should be days rather than weeks or months if 
there is a documented visual fi eld defect. The pri-
mary treatment is likely to be trans-nasal surgery 
to remove as much tumour as possible. Eighty 
percent of patients have very early improvement 
in their vision after surgery. Surgery rarely results 
in complete resection of the tumour because of its 
location in close proximity to vital structures. 
Debulking the tumour is usually suffi cient to 
relieve pressure on the optic chiasm and therefore 
potentially result in an improvement in visual 
fi elds. After a radiological evaluation of the 
extent of resection patients may need either fur-
ther surgery or adjuvant therapy in the form of 
radiotherapy which can be fractionated or given 
by stereotactic radiosurgery in a single session. 

What tests of vision should be arranged?

Having established the diagnosis of a non- 
functioning pituitary adenoma what would 
your management plan be?

  Fig. 9.3    T1 weighted, post gadolinium contrast enhanced 
scan in the coronal plane showing a pituitary adenoma 
touching the optic chiasm       

  Fig. 9.4    T1 weighted post gadolinium contrast enhanced 
scan in the sagittal plane of the same tumour seen in 
Fig.  9.3        
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  The degree of tumour resection will be 
assessed radiologically by an MRI scan at 
3 months. During this time the patient should have 
a full endocrine assessment. Preoperative endo-
crine defi ciencies can sometimes be reversed by 
surgery. In general, surgical extirpation does not 
result in deterioration in anterior pituitary func-
tion. But, this can happen on occasion. Diabetes 
insipidus can occur post-operatively, but is not 
found in pituitary adenomas pre-operatively. 

 A formal evaluation of the visual fi elds should 
also be arranged using the same modality of 
assessment as was done preoperatively.  

    Summary 

 The initial history and examination should estab-
lish if there are any features of pituitary apoplexy 
(sudden onset of symptoms, rapid loss of vision, 
headache, cranial nerve palsies). Thereafter an 
assessment of the time scale and progression of 
the visual loss in the history will give an idea of 
the likely recovery of vision with treatment. 
Examination fi ndings should reveal if there are 
any clinical signs such as a third nerve palsy 
which would indicate a larger tumour. Examination 
of the visual fi elds by confrontation should be 
performed before more formal testing to give an 
idea of the degree of visual loss, and this will con-
tribute to the urgency of the case. 

 Pituitary adenoma is the commonest tumour 
to cause mass effect in this region. Evaluation of 
pituitary hormone status is desirable, before sur-
gery, but a concern about a patient’s vision is of 

prime importance. Patients should have an 
assessment as to whether they have a hormone 
secreting tumour (such as a prolactinoma) and 
should be treated empirically with steroid hor-
mone replacement over the peri-operative period. 
It must be remembered that a tumour may cause 
an elevation of serum prolactin by the stalk effect. 

 Visual fi eld testing will show the extent of any 
visual fi eld defi cit, most commonly hemianopia. 
This can be correlated with the MRI appearances 
of a pituitary adenoma which is largely hyperin-
tense on T1 scanning, relatively homogeneous 
and if suffi ciently large to cause a visual fi eld 
defect will extend above the boundaries of the 
sella. 

 Formal pituitary function testing can be per-
formed in the post-operative period, when evalu-
ation of posterior pituitary function can be 
undertaken (if needs be), particularly if there is 
evidence of polyuria and possibly hypernatrae-
mia peri-operatively.     
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        Case 

 Thirty year old man underwent trans-sphenoidal 
surgery for cystic pituitary adenoma. Three 
weeks post operation he developed increasing 
thirst and was drinking 4–5 l of fl uid in 24 h. 
He was waking up four to fi ve times at night to 
pass urine. He had no history of visual distur-
bances, headache, loss of libido or weight loss. 
His medications included hydrocortisone and 
levetiracetam. 
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 Case 10      Polyuria and Polydipsia 
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    Abstract  

  The delicate balance of water homeostasis and osmolality of body fl uids in 
man is regulated by antidiuretic hormone (ADH) secreted from the poste-
rior pituitary. Inadequate secretion or inappropriate peripheral action of 
ADH leads to diabetes insipidus (DI). Patients present with polyuria and 
polydipsia. Biochemically they have hyperosmolar plasma and hypoos-
molar urine. The water deprivation test is an established test to differenti-
ate between cranial and renal DI. Psychological conditions such as primary 
polydipsia have to be considered while evaluating patients with polyuria 
and polydipsia. Metabolic conditions such as diabetes mellitus and elec-
trolyte abnormalities such as hypokalaemia and hypercalcaemia can cause 
similar symptoms. Synthetic ADH still remains the treatment of choice for 
cranial DI. Drugs are the most common cause of renal DI. In renal DI, the 
primary aim should be to treat the underlying abnormality such as 
 correction of electrolyte abnormalities or withdrawal of offending drugs.  

  Keywords  

  Polyuria   •   Polydipsia   •   Diabetes insipidus   •   Antidiuretic hormone   •   Water 
deprivation test   •   Desmopressin  
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 There is no family history of diabetes melli-
tus, hypertension or malignancy. 

 On examination BP 134/82 mmHg, arterial 
pulse rate 88/min, systemic examination was 
unremarkable. 

  The presence of low urine osmolality with 
high plasma osmolality and hypernatraemia is 
suggestive of DI (Table  10.1 ). In primary poly-
dipsia, patients usually have low/normal sodium 
with low urine osmolality. Other abnormalities 
such as hyperglycaemia, hypercalcaemia and 
hypokalaemia can lead to DI.

    Glucagon stimulation test. A 9 am cortisol of 
402 nmol/L which peaked to 650 nmol/L at 
150 min during an intra-muscular glucagon stim-
ulation test, confi rms adequate cortisol reserve. 
Subsequently, oral hydrocortisone was stopped. 
Cortisol defi ciency reduces glomerular fi ltration 
and may lead to reduced water excretion hence, 
DI may be masked. A short Synacthen® test 
should not be used within 2 weeks of pituitary 

surgery as it may give a false positive result 
because the adrenal glands have not had a chance 
to atrophy. 

  Water deprivation test. Water restriction in the 
normal individual results in secretion of ADH by 
the posterior pituitary in order to reclaim water 
from the distal renal tubules. Failure of this 
mechanism results in a rise in plasma osmolality 
due to water loss, and the production of a dilute 
urine with low osmolality. Response to adminis-
tration of synthetic ADH, Desmopressin®, helps 
differentiate cranial DI from nephrogenic DI. 

 During water deprivation the patient did not 
conserve water and passed dilute urine. After 
administration of Desmopressin®, the urine 
osmolality increased to 758 mOsm/kg, confi rm-
ing a diagnosis of cranial DI. A normal person 
will reduce their urine volume to less than 50 mL 
after 4 h of fl uid restriction (unpublished data) 
and the urine osmolality approaches 750–
1,000 mOsm/Kg. See Table  10.2 .

    Patients with intact thirst mechanism are able 
to compensate for the fl uid loss. However, inad-
equate thirst mechanism can lead to severe dehy-
dration and hypernatremia. Hence, monitoring of 
fl uid balance is essential. Desmopressin® 100 μg 

What are the initial investigations for 
 polyuria in this patient?

How would you exclude adrenal insuffi -
ciency in this patient?

How would you make the diagnosis of DI?

How do you treat the patient?

   Table 10.1    Biochemical results for the patient   

 Serum/
plasma 

 Spot 
urine 

 24-h 
urine 

 Osmolality 
(mOsmol/kg) 

 298  86  – 

 Sodium (mmol/L)  147  16  114 
 Potassium 
(mmol/L) 

 4.1  3  21 

 Urea (mmol/L)  2.5  30  215 
 Creatinine (μmol/L)  58  1.9  13.6 
 Adjusted calcium 
(mmol/L) 

 2.34  –  – 

 ALT (iu/L)  35  –  – 
 TSH (miu/L)  1.5  –  – 
 Glucose (mmol/L)  5.1  –  – 
 Urine volume (L)  –  –  7.2 

   Table 10.2    Water deprivation test results   

 Time 
 Urine 
volume (mL) 

 Urine 
osmolality 
(mOsm/kg) 

 Plasma 
osmolality 
(mOsm/kg) 

 0800 am  0  94  295 
 0900 am  430  103  299 
 1000 am  460  84  300 
 1100 am  380  113  298 
 1200 pm  375  117  302 
 1230 pm  Desmopressin ®administered 1 μg 

intramuscularly 
 1300 pm  110  246  299 
 1400 pm  60  758  296 
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tablets once a day (perhaps given at night in the 
fi rst instance) and titrated depending on the 
response. Intranasal and parenteral preparations 
are also available. The duration of action after 
oral administration ranges from 6 to 12 h. The 
response is seen as a decrease in urine output 
within 1–2 h.  

    Review of Diabetes Insipidus 

 Water constitutes approximately 50–60 % of 
total body weight in human adults. It is distrib-
uted between the extracellular and intracellular 
compartments. 

 There is a two part system regulating water 
and salt homeostasis. Antidiuretic hormone 
(ADH) is mainly involved in the regulation of 
water homeostasis and osmolality of body fl uids. 
ADH is primarily under osmoregulation but is 
also stimulated by hypovolaemia or hypoten-
sion. The renin-angiotensin-aldosterone system 
(RAAS) is a more sensitive mechanism to restore 
changes in blood pressure and total body volume 
[ 1 ]. Other natriuretic peptides such as atrial 
natriuretic peptide and brain natriuretic peptide 
have been identifi ed in water overload. 

 ADH also known as vasopressin, arginine 
vasopressin (AVP) is synthesised in the hypothal-
amus and stored in the posterior pituitary as a 
prohormone. It is released as an active hormone 
in response to changes sensed by central and 
peripheral osmoreceptors [ 2 ,  3 ]. The osmolality 
of extracellular fl uid is maintained between 285 
and 295 mOsm/kg of water in normal subjects 
through close interaction between the osmore-
ceptors and the hypothalamus. In the kidneys, 
ADH acts on the collecting duct and increases the 
permeability of water through aquaporin chan-
nels [ 4 ] in the apical plasma membrane of the 
principal cells. This results in increased water 
retention but since no ions are reabsorbed, the 
reduced urine volume has an increased osmolal-
ity. In response to high plasma osmolality the 
hypothalamus also stimulates the thirst mecha-
nism to induce water consumption. 

 In diabetes insipidus (DI) patients are unable 
to secrete ADH and thereby conserve water and 

consequently produce large volume of dilute, 
tasteless ( insipid ) urine. Patients will experience 
extreme thirst and drink copious amount of water 
to maintain their water homeostasis. In diabetes 
mellitus, which is one of the most common 
causes of polyuria and polydipsia, the urine is 
sweet and hypertonic. DI is caused by two differ-
ent mechanisms:
    1.    Cranial DI – Inadequate synthesis of ADH in 

the hypothalamus or release from pituitary   
   2.    Renal DI – Inadequate renal response to ADH.    

  In cranial DI there is lack of ADH in the 
plasma, whereas in renal DI the ADH concentra-
tion in both plasma and urine is high. 

    Central DI 

 Central DI is caused by inadequate synthesis, 
storage or release of ADH. Disease affecting 
hypothalamus and/or pituitary can result in this 
condition. An intact thirst mechanism keeps the 
patient hydrated and their serum sodium concen-
tration within the reference interval. During a 
water deprivation test there is no improvement in 
urine osmolality on dehydration, however, after 
the administration of Desmopressin® there is a 
marked increase in urine osmolality. Imaging of 
the brain is important to look for a lesion of the 
pituitary or the hypothalamus. The common 
pathological diseases in the brain causing central 
DI are listed in Table  10.3 . More than half of the 
patients undergoing pituitary surgery develop 
transient DI within 24 h post-surgery and resolve 
spontaneously [ 5 ].

   Treatment- Desmopressin®, a synthetic ana-
logue, remains the treatment of choice [ 6 ,  7 ]. It is 
available as tablets (60,100 and 200 μg) or nasal 
spray (10 μg per meter spray). The duration of 
action is 6–12 h and a decrease in urine output 
can be noted within 1–2 h of administration of 
the drug. There is marked variation in the phar-
macokinetics of desmopressin, hence, it is rec-
ommended to establish a customised regimen for 
each individual [ 8 ,  9 ]. 

 Other agents such as thiazides and chlorprop-
amide are useful when there is some residual 
ADH secretion. The action of chlorpropamide 
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[ 10 ] is through increasing the sensitivity of the 
epithelial cells of collecting ducts to smaller 
 concentrations of ADH. Thiazide diuretics inhibit 
the NaCl co-transporter in the renal distal convo-
luted tubule and sodium loss leading to contrac-
tion of extracellular volume and low glomerular 
 fi ltration and subsequent increased proximal 
tubular sodium and water reabsorption [ 11 ,  12 ]. 
Hence, less water and solutes are delivered to the 
distal tubule and collecting duct.  

    Nephrogenic DI 

 Impaired response of the renal tubules to the 
effect of ADH leads to production of large vol-
ume of dilute urine. There is stimulation of poste-
rior pituitary by plasma hyperosmolality causing 
continued release of ADH. The loop of Henley in 
the renal nephron creates a hyperosmolar state in 

renal medulla. ADH acts on the principal cells of 
the collecting duct and increases permeability of 
water establishing equilibrium between urine and 
hyperosmolar medullary interstitium. This pro-
cess reduces water content in urine and increases 
urinary osmolality. 

 Electrolyte imbalances such as hypercalcae-
mia or hypokalaemia cause down regulation of 
aquaporins [ 7 ,  13 ]. Structural diseases of the kid-
ney such as polycystic kidneys, renal infarcts, or 
renal calcifi cation distort the medullary architec-
ture, thus interfering in establishing permeability 
of water. Medications like lithium causes reduc-
tion in the aquaporin levels [ 12 ,  14 ]. 

 Treatment- Maintenance of adequate water 
intake, correction of electrolyte imbalance and 
preventing further exposure to medications and 
toxins causing nephrogenic DI is considered as a 
priority. Thiazides have shown to partially 
recover the aquaporin channel lost by lithium 
therapy [ 15 ]. Amiloride inhibits lithium reab-
sorption by blocking sodium channel in the col-
lecting ducts [ 12 ]. Prostaglandin inhibitor, 
Indomethacin also improves the hydro-osmotic 
effect of ADH [ 16 ] and hence co-administration 
with a thiazide improves the effect. 

  Hypercalcaemia and diabetes mellitus are rel-
atively easy to diagnose. Psychogenic (or pri-
mary) polydipsia can represent a diagnostic 
challenge in some cases. 

 Psychogenic or primary polydipsia is more 
commonly seen in patients with psychiatric dis-
orders. Anxiety, stress, compulsive behaviour, 
dry mouth due to the use of anti-cholinergic 
agents [ 17 ] and cigarette smoking [ 18 ] may be 
contributory factors. Patients present with water 
intoxication and hyponatraemia. Any structural 
lesion to hypothalamus may induce polydipsia 
and hence it is essential to differentiate it from DI. 

 The biochemistry shows low plasma  osmolality 
with low urine osmolality. Treatment includes 
water restriction, behavioural therapy and phar-
macotherapy. Propranolol [ 19 ] and angiotensin 
converting enzyme inhibition [ 20 ] have been used 

What are the main differential diagnoses of 
polydipsia?

   Table 10.3    Causes of DI   

 Cranial DI  Nephrogenic DI 

 Idiopathic 
 Tumour 
   Craniophayringioma 
   Meningioma 
   Germinoma 
   Metastatic disease 
    Breast 
    Lung 
    Colon 
    Kidney 
    Melanoma 
   Lymphoma and Leukaemia 
 Trauma 
   Head injury 
   Post pituitary surgery 
 Infection 
   Encephalitis 
   Meningitis 
   Tuberculosis 
 Infi ltrative disease 
   Histiocytosis 
   Sarcoidosis 
   Lymphocytic hypophysitis 
 Pregnancy 
   Transient DI due to placental 

vasopressinase 
 Genetic 
   DIDMOAD syndrome 
   Mutation of arginine 

vasopressin-neurophysin 
II gene 

 Drug induced 
   Lithium 
   Carbamazepine 
   Foscarent 
   Clozapine 
   Orlistat 
   Loop diuretics 
 Electrolyte disorders 
   Hypokalaemia 
   Hypercalcaemia 
 Renal disorders 
   Polycystic kidney 
   Renal infarct 
   CKD 
   RTA 
 Post obstructive 
uropathy 
 Genetic 
   V2 ADH receptor 

mutation 
   Aquaporin 2 

receptor gene 
mutation 

  Other causes  
   Diabetes mellitus 
   Diuretic abuse 
   Psychogenic 

polydipsia 
   Hypothyroidism 
   Hypoadrenalism 
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if there were suggestions of activation of renin 
angiotensin system. 

 If there is acute-onset hyponatraemia with 
clinic symptoms, saline infusion with regular 
monitoring is required. 

  In certain pathological conditions, presence of 
osmotically active substance in the renal tubules, 
fi ltered through the glomeruli, lead to incomplete 
reabsorption of fl uid leading to excessive urine 
volume. Glycosuria in uncontrolled diabetes 
mellitus is a common cause. Excessive urea 
excretion in catabolic state or on high protein 
nutrition supplementation may also lead to solute 
diuresis. Treatment with intravenous mannitol or 
sodium chloride may also cause diuresis. The 
urine osmolality is usually more than 300 mOsm/
kg in solute diuresis. 

     Urine Osmolality 
 DI is present if urine osmolality is low (below 
200 mOsm/kg of water) in a patient with symp-
toms of polyuria and polydipsia. It is recom-
mended to proceed to water deprivation test to 
differentiate between cranial and renal DI. See 
Table  10.4 .

       Water Deprivation Test 
   Indication 
 For the diagnosis of suspected cranial or nephro-
genic diabetes insipidus and primary polydipsia.  

   Contraindications 
 Diabetes mellitus, hypoadrenalism, hypercalcae-
mia, hypokalaemia, hypothyroidism, urinary 
infections, chronic renal failure and therapy with 
carbamazepine, chlorpropamide or lithium ther-
apy. If there is evidence for the ability to 
 concentrate urine, e.g., spot urine osmolality 
>750 mOsm/kg.  

   Caution 
 Patients with true DI may become severely 
water depleted during water deprivation and 
should be carefully monitored throughout the 
procedure.  

   Preparation 
 Patients should not fast and can have access to 
food and drink till the beginning of the test.  

   Procedure 
 At 0800 am weigh the patient and begin fl uid 
restriction. Ask the patient to empty bladder and 
measure the urine output and specifi c gravity. 
Take blood sample for sodium, potassium, 
 calcium, glucose, urea and plasma osmolality. 

 At 0900 am, weigh the patient and measure 
urine output and urine osmolality. 

 At 1000 am, weigh the patient and measure 
urine output and urine osmolality. 

 At 1100 am, weigh the patient and measure 
urine output and urine osmolality. Blood test for 
plasma osmolality and sodium. 

 At 1200 pm, weigh the patient and measure 
urine output and urine osmolality. 

 At 1300 pm, weigh the patient and measure 
urine output and urine osmolality. 

 At 1400 pm, weigh the patient and measure 
urine output and urine osmolality. Blood test for 
plasma osmolality and sodium 

 At 1500 pm, weigh the patient and measure 
urine output and urine osmolality. 

 At 1600 pm, weigh the patient and measure 
urine output and urine osmolality. Blood test for 
plasma osmolality and sodium. 

What is solute diuresis?

What are the main laboratory tests for poly-
uria and polydipsia?

   Table 10.4    Biochemical changes in DI   

 High or high normal plasma sodium concentration 
 Inability to concentrate urine in water deprivation test 
 Administration of synthetic vasopressin analogue 
improves urine concentrating ability by the kidney 
in cranial DI 
 In nephrogenic DI, there is no increase in urine 
osmolality after vasopressin administration. 
 Increase in plasma ADH with an increase in plasma 
osmolality excludes cranial DI. 
 Increase in urine osmolality with increasing 
concentration of plasma ADH excludes 
nephrogenic DI. 
 AVP is unstable in plasma [ 21 ] and can give rise to 
falsely low or high result depending on sample 
handling [ 22 ,  23 ]. 
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 Fluid restriction should be stopped if plasma 
osmolality >300 mOsm/kg or there is a fall in 
weight >5 %. 

 Proceed to Desmopressin® administration if 
urine osmolality rises <30 mOsm/kg (in toto) 
over three successive urine samples. The test 
should be terminated if urine osmolality rises 
>750 mOsm/kg. 

 Table  10.5  presents a guide to interpretation of 
the water deprivation test.
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   Table 10.5    Guide to interpretation of water deprivation 
test   

 Post-dehydration 
osmolality 
(mOsm/kg) 

 Post DDAVP 
osmolality 
(mOsm/kg) 

 Diagnosis  Plasma  Urine  Urine 

 283–293  >750  >750  Normal 
 >293  <300  <300  Nephrogenic 

diabetes insipidus 
 >293  <300  >750  Cranial diabetes 

insipidus 
 <293  300–750  <750  Chronic 

polydipsia 
 <293  300–750  <750  Partial 

nephrogenic DI or 
primary polydipsia 

 >293  300–750  >750  Partial cranial DI 
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        Case: The Tense Technician 

 A Caucasian patient in his early-30s attended his 
primary care physician for the fourth time in 
6 months. John had initially presented with cory-
zal symptoms, which had since resolved but had 
left him feeling tired, with a non-specifi c headache 
that was affecting his concentration at work. He 
was anxious that this could represent something 
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    Abstract  

  Hypertension is the most common cardiovascular condition to be seen in 
primary care. It also represents the strongest single modifi able risk factor 
with regards to future morbidity and mortality. The incidence of hyperten-
sion is predicted to continue to increase, being contributed to by an ageing 
population. 

 The major consequence of this largely asymptomatic condition is the 
development of cardiovascular sequelae. The aim of early diagnosis is to 
provide an opportunity to intervene in order to prevent or delay the onset 
of overt vascular disease. The positive effects of treatment have been 
proven in numerous randomised placebo-controlled trials. However since 
hypertension is usually asymptomatic and treatment is aimed at prevention 
of complications, targeting patients at highest risk while avoiding ‘medi-
calisation’ and causing side effects in people at low risk is challenging. 
This is especially the case in young people for whom a diagnosis of hyper-
tension entails life-long treatment, based upon studies performed in older 
people. Using a clinical example we will review some of those challenges 
and how to deal with them in this chapter.  
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serious, but the only worrying feature so far was a 
slightly raised blood pressure. 

  Hypertension is the leading contributor to 
global mortality [ 1 ,  2 ]. The increase in world-
wide childhood and adult obesity, along with an 
ageing and increasingly sedentary population 
means that the incidence and prevalence is likely 
to continue to grow (Figs.  11.1  and  11.2 ) [ 3 – 5 ].   

 It is also the most signifi cant reversible 
cause for cardiovascular disease with numerous 
studies proving that the control of hypertension 
can lower the risk of cardiovascular events and 
mortality [ 6 ]. Screening and effective control of 

raised blood pressure has public health benefi ts 
and is cost-effective [ 7 ], and is therefore endorsed 
by the British National Institute for Health and 
Clinical Excellence (NICE) [ 8 ]. Both the guide-
lines and the data are limited to patients within 
certain age groups and it is unclear whether the 
benefi ts of treatment extend to the young [ 9 ], in 
whom prevalence is estimated to be between 5 
and 20 % for those aged between 24 and 32 [ 10 ]. 
However, it is generally assumed that earlier treat-
ment is associated with greater benefi ts in terms 
of longevity and life free from disease [ 2 ,  11 ]. 

 Hypertension is often classed as “primary” or 
“secondary,” with the latter being due to some 
specifi c identifi able additional condition (see 
below). On the other hand the pathogenesis of 
primary hypertension is often multifactorial, 

Why is hypertension important?
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although the diagnosis and complications are 
known to be associated with several risk factors 
such as race, family history, diabetes mellitus, 
obesity, inactive lifestyle, high sodium intake and 
excessive alcohol consumption [ 8 ,  12 ,  13 ]. 
Psychosocial factors and depressive illnesses 
may increase the risk of chronically raised blood 
pressure [ 14 ,  15 ]. Recent evidence also links 
severe vitamin D defi ciency with the subsequent 
development of hypertension [ 16 ]. 

 Although it is usually asymptomatic in its 
early stages, untreated chronic hypertension con-
tributes to the early development of cardiovascu-
lar disease, renal impairment and disability, 
regardless of the aetiology. There is a 7 % incre-
mental risk of mortality from ischaemic heart 
disease (and 10 % from stroke) for every 2 mmHg 
step in systolic blood pressure [ 17 ]. 

Epidemiological studies suggest that a 
10 mmHg lower systolic blood pressure (or 

5 mmHg lower diastolic blood pressure) is asso-
ciated with a 50 % reduction in the risk of death 
from coronary artery disease or stroke (Fig.  11.3 ) 
[ 17 ]. Hypertension therefore is an important con-
dition to recognise and address even in young 
adults and both lifestyle modifi cation and anti-
hypertensive therapies to achieve blood pressure 
reduction are a priority to reduce risk. However, 
treatment goals should be individualised to take 
patient characteristics and co- morbidities into 
account. Recently, there has been limited evi-
dence to suggest that excessive lowering of the 
diastolic blood pressure to below 70 mmHg in 
the high-risk elderly population with co-existing 
severe coronary artery disease or diabetes, may 
be associated with an increase in cardiovascular 
complications [ 6 ,  18 – 20 ].  

 John’s general practitioner (GP) arranged for 
him to have a series of blood tests (full blood 
count, urea/electrolytes, glucose, thyroid  function 
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tests and estimated glomerular fi ltration rate), 
urinalysis and electrocardiogram. She also 
arranged for 24-h blood pressure monitoring in 
order to confi rm the diagnosis. 

  The use of ambulatory blood pressure moni-
toring (ABPM) is currently recommended by the 
NICE guidelines in order to confi rm the diagno-
sis, when there are persistently elevated clinic 
blood pressure (BP) readings (between 140/90 
and 180/110 mmHg) and an absence of end- organ 
damage (Fig.  11.4 ) [ 8 ]. Where ABPM is not 
available, home BP monitoring should be used 
since this shows a stronger correlation to daytime 
ABPM measurements than clinic BP readings 
[ 21 ,  22 ]. If clinic BP is the only available test, 
then this should be measured on at least three to 
six visits spanning a period of 3 months [ 23 ].  

 The following ABPM cut-offs have been rec-
ommended by both the seventh Joint National 
Committee and the European Societies of 
Hypertension and Cardiology guidelines to diag-
nose hypertension [ 24 ,  25 ]:
•    24-h average above 135/85 mmHg  
•   Daytime average above 140/90 mmHg  
•   Night-time average above 125/75 mmHg    

 ABPM can also be used to monitor treatment 
response, and to clarify the diagnosis of [ 26 ]:
•    “White-coat” syndrome  
•   Episodic hypertension (if suspecting a 

phaeochromocytoma)  
•   Hypotensive symptoms with anti- hypertensive 

medications  
•   Resistant hypertension    

 Systolic blood pressure readings over 180 or 
diastolic blood pressure readings over 110 mmHg 

suggest severe hypertension. In the presence of 
hypertensive ophthalmic changes such as retinal 
haemorrhage, papilloedema or exudates, or 
symptoms indicative of phaeochromocytoma, 
such as headaches, palpitations, sweating and 
labile blood pressure [ 27 ], this is termed “malig-
nant” or accelerated hypertension and requires 
urgent treatment (within 24 h). On the other hand, 
in asymptomatic patients with no evidence of 
acute end-organ damage, the short-term risk of 
severe hypertension is low and there is no proven 
benefi t of rapid in-patient blood pressure reduc-
tion [ 28 ,  29 ]. 

 Based on the ABPM results (overall average 
blood pressure 138/87; daytime average 142/94), 
John was given a diagnosis of hypertension. 
Initial examination, blood tests and urinalysis 
were normal, suggesting no end-organ damage 
had yet occurred, but given John’s young age, his 
GP performed a more focussed cardiovascular 
examination and requested some further blood 
tests to identify whether this could be secondary 
hypertension (serum calcium, parathyroid hor-
mone, serum lipid profi le, aldosterone:renin 
ratio). 

    Determining the Cause: What to Look 
for and What Tests to Do 

 The main focus of examination is to assess for 
end-organ damage although a full examination 
also helps identify potential causes for the hyper-
tension [ 30 ]. In most asymptomatic adults, essen-
tial hypertension remains the predominant cause 
for chronic high blood pressure even in the 
young, with secondary causes only found in less 
than 10 % of young adults (Fig.  11.5 ) [ 31 – 33 ]. 
Extensive testing in those with no risk factors or 

How should a clinician proceed?

Less than 135/85

≥135/85

≥150/95

ABPM / home blood pressureClinic blood pressure

−

Less than 140/90

≥140/90

≥160/90

≥180/110

Normotensive

Hypertension stage 1

Hypertension stage 2

Severe hypertension

or

and

and

−

  Fig. 11.4    Blood    pressure 
defi nitions. National 
Institute for Health and 
Clinical Excellence (2011) 
(Adapted from NICE 
guidance [ 8 ]. Available 
from   http://guidance.nice.
org.uk/CG127     Reproduced 
with permission)       
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additional features is therefore not indicated or 
cost effective.  

    Essential Tests 
 In the majority of patients without symptoms 
suggestive of secondary causes, only a limited 
evaluation is routinely required:
•    Confi rm near-equal blood pressure in left and 

right arms (difference of >20 mmHg in sys-
tolic blood pressure is signifi cant)  

•   Fundoscopy to assess for any hypertensive 
retinal changes  

•   Blood tests: full blood counts, urea/electro-
lytes, glucose, thyroid function tests, parathy-
roid hormone, serum calcium level, serum 
lipid profi le, estimated glomerular fi ltration 
rate  

•   Urinalysis  
•   Electrocardiogram (Fig.  11.6 )     

 The presence of any of the following general 
features would justify a work-up for secondary 
causes of hypertension (Table  11.1  and Fig.  11.7 ):
•      Rapid onset of severe or malignant hyperten-

sion (diastolic BP >120 mmHg +/− acute end 
organ damage)  

•   Persistently raised blood pressures (diastolic 
>90 mmHg) despite treatment with three or 
more antihypertensive agents (inclusive of 
diuretic use)  

•   Age of onset before puberty  

•   Confi rmed hypertension at an age less than 
30 years with no risk factors (i.e., non-black, 
no family history, normal BMI, normal plasma 
cholesterol levels) [ 34 ]    
 No abnormalities were discovered with fur-

ther testing and a diagnosis of essential hyperten-
sion was made. John’s GP explained this 
diagnosis and the potential consequences to John. 
She then proceeded to discuss risk factors, along 
with reassurance that dietary and life-style modi-
fi cations can be suffi cient to treat mild hyperten-
sion. They also discussed the infl uence his 
stressful job may be having on his blood pres-
sure, although the doctor reassured him that work 
is often indirectly related via lifestyle issues. This 
led on to a discussion about the adverse effects of 
smoking, obesity and a sedentary routine. John 
had recently read a newspaper article about a 
cure for hypertension called renal denervation 
and wondered if he might be eligible for this. 

  The initial treatment approach in mild to mod-
erate uncomplicated essential hypertension is 
lifestyle modifi cation [ 8 ,  35 ]. The key features of 
this are increasing daily physical activity levels, 
with the aim of achieving and maintaining a BMI 

What are the principles with regards to 
treatment?
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  Fig. 11.5    Prevalence of 
essential (primary) 
hypertension ( hashed 
columns ) and relative 
frequency of secondary 
hypertension within 
hypertensive cohort 
stratifi ed by age ( solid 
columns ), using data from 
[ 28 – 30 ]       
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  Fig. 11.6    Electrocardiogram showing left ventricular hypertrophy with strain pattern (lateral ST depression)       

    Table 11.1    Clinical features and diagnostic tests for common secondary causes for hypertension   

 Secondary causes  Clinical clues  Tests 

 Primary 
hyperaldosteronism 
[ 52 ,  53 ] 

 Most common (5–10 % of all 
hypertensive patients) 

 Classically, unexplained hypokalaemia with 
urinary potassium wasting (but most have 
normal potassium levels)  Headaches, muscle weakness, 

cramps 
 Causes: Idiopathic or Conn’s 
adenoma 

 Raised plasma aldosterone to renin ratio 
(anti-hypertensive therapy does not need to be 
discontinued prior to testing) 

 Fibromuscular dysplasia 
(causing renal artery 
stenosis) [ 54 ] 

 Most common in young females  Acute serum creatinine increase (>30 % of 
baseline) with angiotensin-converting enzyme 
inhibitor or angiotensin II receptor blocker) 

 Unknown aetiology 

 Holosystolic renal artery bruit (see 
below) 

 Presence of unilateral small kidney or 
unexplained renal size asymmetry (more than 
1.5 cm)  Renovascular disease 

(causing renal artery 
stenosis [ 55 ,  56 ] 

 Occurs in 1 % of all hypertensive 
patients 
 Moderate to severe hypertension 
onset in patients over the age of 55 

 Computed tomography angiography 

 Known history of diffuse 
atherosclerosis 

 Magnetic resonance imaging with gadolinium 
contrast media 

 Recurrent episodes of fl ash 
pulmonary oedema 

 Doppler ultrasonography of renal arteries (if 
CT and MRI contraindicated) 

 Abdominal bruit (can occur in 
systole and diastole – low sensitivity) 

 Renal artery angiography (not fi rst line, but 
considered the gold standard) 

 Primary renal disease  Raised pre-treatment serum 
creatinine 

 Urinalysis abnormalities 
 Renal ultrasonography 
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<25. Weight loss lowers systolic blood pressure 
by 5–20 mmHg per 10 kg lost [ 36 ]. Dietary 
changes with particular attention given to increas-
ing proportionate consumption of fruits, vegeta-
ble and low-fat dairy products, and reducing 
dietary sodium intake to less than 100 mmol/day, 
can also lead to a 10 mmHg reduction in the sys-
tolic blood pressure [ 37 ,  38 ]. Limiting daily alco-
hol consumption is also an important intervention 
to ensure good blood pressure control [ 13 ]. 
Vitamin D supplementation could be considered 
in those with severely reduced 25-hydroxyvita-
min D levels, especially patients of South Asian 
origin who are especially susceptible to vitamin 
D defi ciency [ 16 ]. This has been shown to reverse 
the renin-angiotensin activation that is associated 
with low vitamin D levels, and can thus improve 
blood pressure control [ 39 ]. 

 At this early point, counselling is essential to 
ensure long term compliance with lifestyle and 

medical therapy. It is important to explain that 
lifestyle modifi cations are important even if the 
BP remains elevated. Equally, patients are often 
reassured to fi nd that if medical therapy is 
required, a combination of two treatments is not a 
marker of “diffi cult hypertension” or “failed” 
treatments but rather a way to achieve optimal 
results with fewer side effects. 

 Lifestyle changes alone can be adequate to 
treat mild hypertension and lower overall car-
diovascular risk but persistently raised blood 
pressures or evidence of any end-organ dam-
age warrants pharmacological therapy 
(Fig.  11.8 ). The reduction in cardiovascular 
risk is directly related to the magnitude of 
blood pressure reduction regardless of the 
agent used, with the goal being to reduce the 
daytime blood pressure to below 140/90 mmHg 
(with lower targets in those with concurrent 
diabetes) (Fig.  11.9 ) [ 8 ,  40 ].   

Table 11.1 (continued)

 Secondary causes  Clinical clues  Tests 

 Coarctation of the 
aorta [ 57 ] 

 Delayed or diminished femoral 
pulses 

 Upper limb hypertension with reduced lower 
limb blood pressures (systolic difference 
>20 mmHg) 

 Unequal left and right brachial 
pulses 

 Unequal left and right blood pressures 

 Usually a systolic murmur in the left 
infraclavicular area and under the 
left scapula (can be non-specifi c) 

 Magnetic resonance imagining 

 Thyroid disorders [ 58 ]  Signs and symptoms of hypo/
hyper-thyroidism 

 Serum thyroid-stimulating hormone 

 Primary 
hyperparathyroidism [ 59 ] 

 Signs and symptoms of 
hypercalcaemia 

 Parathyroid hormone and serum calcium levels 

 Phaeochromocytoma [ 27 , 
 60 ] 

 Rare (0.1–0.6 % of hypertensive 
patients) 

 ABPM 
 Plasma free metanephrines (99 % sensitivity) 

 Paroxysmal hypertensive episodes 
with headaches, sweating and 
palpitations 

 24-h urinary fractionated metanephrines 

 Oral contraceptives  Temporary hypertension related to 
usage 

 Trial off contraceptive medication 

 Sleep apnoea 
syndrome [ 61 ] 

 Mainly affects obese males with a 
history of snoring, day time 
somnolence and fatigue 

 Epworth Sleep Apnoea score and overnight 
pulse oximetry 
 Polysomnography 

 Cushing’s syndrome 
[ 62 ,  63 ] 

 Cushingoid appearance with 
proximal muscle weakness and 
central obesity 

 24-h urinary cortisol 

 Can be iatrogenic  Overnight or low-dose dexamethasone 
suppression 
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Diagnosis:

Ambulatory blood pressure monitoring (ABPM),
home monitoring or multiple clinic readings* 

Cause:

History taking, examination, essential’ tests*,
review lifestyle, diet and medications for
potential contributors to raised blood pressure

Any clinical features or suspicion of secondary
hypertension (see Table 11.1)?*

No Yes

Initiate treatment for primary
hypertension according to NICE
guidance 127 (see Figure 11.8)*

Older adult:

Urinalysis, urine culture and renal
imaging to assess for renovascular
disease
24-hour urinary cortisol or overnight
or low-dose dexamethasone
suppression for assess for Cushing’s
syndrome
Consider ABPM and plasma free
metanephrines or 24-hour urinary
fractionated metanephrines for
pheochromocytoma

1.

2.

3.

Consider further evaluation and
testing (see Table 11.1) to rule out
secondary hypertension (treatment
can be initiated concurrently)*

*See text for further details.

Consider further tests (see Table 11.1) if no cause identified and secondary hypertension
remains a concern (i.e., in the case of resistant hypertension (see “Specialist Insight”
section))*

Middle-aged adult:

Plasma aldosterone to renin ratio to
assess for primary
hyperaldosteronism
Clinical assessment tools (such as the
Epworth Sleep Apnea score) with
overnight pulse oximetry, or
polysomnography if features
suggestive of obstructive sleep apnea
Consider ABPM and plasma free
metanephrines or 24-hour urinary
fractionated metanephrines for
pheochromocytoma
24-hour urinary cortisol or overnight or
low-dose dexamethasone suppression
for assess for Cushing’s syndrome

1.

2.

3.

4.

Adolescent/young adult:

Urinalysis, urine culture and
renal imaging to assess for
renovascular disease or
fibromuscular dysplasia
(computed tomography
angiography, magnetic
resonance imaging with
gadolinium contrast media or
renal ultrasonography with
Doppler of renal arteries)
Plasma aldosterone-to-renin
ratio to assess for primary
hyperaldosteronism
Consider transthoracic
echocardiography or magnetic
resonance imaging to assess for
coarctation of the aorta

1.

2.

3.

  Fig. 11.7    Diagnostic algorithm for the evaluation of pri-
mary and secondary hypertension. National Institute for 
Health and Clinical Excellence (2011) (Adapted from 

‘CG 127 [ 8 ]. Available from   http://guidance.nice.org.uk/
CG127     Reproduced with permission)       
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Clinic blood pressure
<140/90 mmHg
Normotensive

Clinic blood pressure
≥140/90 mmHg

Clinic blood pressure
≥180/110 mmHg If accelerated hypertension,

hypertensive opthalmic changes or
suspected phaeochromocytoma* Refer same

day for
specialist

care
Consider starting antihypertensive

drug treatment immediately

Offer ABPM (or HBPM if ABPM declined or not tolerated)

Assess cardiovascular risk and target organ damage

ABPM/HBPM <135/85 mmHg
Normotensive

ABPM/HBPM ≥135/85 mmHg
Stage I hypertension

ABPM/HBPM ≥150/95 mmHg
Stage II hypertension

If target organ
damage present or 10
year CV risk > 20% Offer antihypertensive

drug treatment

If < 40 years Consider specialist
referral*

Offer lifestyle interventions

Offer patient education and interventions to support
adherence to treatment

Offer annual review to monitor blood pressure, support
and discuss lifestyle, symptoms and medication

Offer to check blood pressure at
least every 5 years, more often
if BP is close to 140/90 mmHg

*See text for further details

If evidence of
target organ

damage, consider
alternative causes

  Fig. 11.8    Updated algorithm for the diagnosis of primary 
hypertension. ABPM, ambulatory blood pressure monitor-
ing; HBPM, home blood pressure monitoring. National 

Institute for Health and Clinical Excellence (2011) (Adapted 
from NICE guidelines [ 8 ]. Available from   http://guidance.
nice.org.uk/CG127     Reproduced with permission)       

A C

A + C + D

A + C (or D if C not tolerated or
known chronic heart failure)

Aged <55 years
Aged ≥55 years or black

person of African or Caribbean
family origin of any age

Key
A- ACE inhibitor or
angiotensin II receptor
blocker (ARB)
C- calcium channel blocker
D- thiazide-like diuretic

Resistant hypertension
A+ C + D + further diuretic,

a- or β-blocker
Consider referral for specialist advice

  Fig. 11.9    Updated 
algorithm for the 
management of primary 
hypertension. Adapted 
from [ 8 ]. National Institute 
for Health and Clinical 
Excellence (2011) 
(Adapted from ‘CG 127 
[ 8 ]. Available from   http://
guidance.nice.org.uk/
CG127     Reproduced with 
permission)       
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 Three months later, John attended for a review 
with Dr Byrom. He had successfully stopped 
smoking, had lost several kilograms of weight 
and was now exercising regularly. She re- 
examined him for any signs of end-organ damage 
(fundoscopy and urinalysis) and also repeated the 
ABPM. The results of this showed that John had 
been successful in controlling his blood pressure, 
and his 24-h average blood pressure was 130/82. 
John now attends every year for a blood pressure 
review with the practice nurse, and is delighted to 
have avoided long-term pharmacological 
therapy.    

    Specialist Insight 

  Failure of the blood pressure to respond to 
treatment despite the use of three or more anti- 
hypertensive agents (inclusive of a diuretic) is 
known as resistant hypertension (as defi ned by 
the American Heart Association 2008 guidelines) 
[ 41 ]. Resistant hypertension is commonly due to:
•    Suboptimal therapy  
•   Extracellular volume expansion (due to 

chronic kidney disease or a high-sodium diet) 
[ 42 ]  

•   Poor compliance with medical or dietary 
therapy  

•   Secondary hypertension (see Table  11.1  and 
Fig.  11.7 )  

•   “White coat” hypertension [ 43 ]  
•   Ingestion of substances that can elevate the 

blood pressure (see below)    
 Patients with resistant hypertension are more 

likely to have an underlying cause for their hyper-
tension, and are also at a much higher risk of 
developing cardiovascular complications and 
end-organ damage [ 44 ]. The strategy with such 
patients should include the following:
•    Re-evaluation for potential secondary causes 

of hypertension  
•   Assessing for and treating end-organ damage: 

premature cardiovascular disease, hypertensive 

retinopathy, left ventricular hypertrophy, heart 
failure (either with normal or reduced ejection 
fraction), chronic kidney disease, transient 
ischaemic attack or stroke [ 45 ,  46 ].  

•   Consider stopping any medications or agents 
that are known to increase the blood pressure 
such as: non-steroidal anti-infl ammatory agents, 
selective COX-2 inhibitors, decongestants, oral 
contraceptives (especially oestrogen), herbal 
remedies (such as ginseng, ephedra), amphet-
amines, prednisolone, sympathomimetic diet 
pills, psychiatric medications (including antide-
pressants), liquorice, cocaine, alcohol [ 49 ].  

•   ABPM (see above) to rule out co-existent 
‘white coat’ hypertension.  

•   Referral to a hypertension specialist service if 
the blood pressure remains elevated for over 
6 months despite the above measures and 
three or more anti-hypertensive agents.    

  Renal denervation is a novel therapy that may 
be an option for resistant hypertension. It is a per-
cutaneous procedure that involves trans-luminal 
radiofrequency sympathetic denervation of the 
renal artery. Early case series and a randomised 
controlled trial demonstrated safe and signifi cant 
blood pressure reductions of around 25/11 mmHg 
[ 47 ,  48 ]. However, the recent and only ran-
domised,  blinded  placebo controlled study of 
renal denervation for hypertension (Symplicity 
HTN-3) failed to show any signifi cant additional 
blood pressure lowering at 6 months [ 49 ]. This 
trial has fortunately tempered the previously 
unfettered enthusiasm for this intervention. 

 Blood pressure control is merely a surrogate 
for morbidity or mortality. New treatments, for 
hypertension, especially irreversible device- 
based therapies, must not just demonstrate better 
blood pressure control but also improved effi cacy 
in lowering stroke or heart attack rates over cur-
rent treatments before being accepted as routine. 
At present renal denervation is not routinely 
commissioned by the National Health Service 
(NHS) in England, ands trials with hard end-
points are currently ongoing [ 50 ,  51 ].     

What is the strategy for resistant cases?

What is renal denervation?
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        Case 

 A 38-year-old woman with hypothyroidism 
 presented to her doctor with severe weakness 
and dizziness. This has been progressive over 
the last 4 months, and she has been unable to 

take part in her weekly badminton matches. She 
also noticed that she had lost 6 kg in the preced-
ing 3 months despite having a good appetite. 
She noticed that she had general lack of energy 
and struggled to complete tasks at work. She 
had nausea but no diarrhoea or vomiting. She 
had no history of fever or joint pains. She did 
not have any history suggestive of anorexia or 
malabsorption. 

 She has a past medical history of hypothyroid-
ism that was well controlled with levothyroxine 
75 μg daily. 

 Her sister has type 1 diabetes and hypothy-
roidism while her mother was also hypothyroid. 
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 Case 12      Weight Loss 
and Dizziness: 
Adrenal Failure 
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    Abstract  

  The adrenal glands produce corticosteroids, mineralocorticoids and adre-
nal androgens. Adrenal insuffi ciency may be caused by primary adrenal 
failure or by impairment of hypothalamic-pituitary-adrenal axis. Adrenal 
insuffi ciency is life threatening when diagnosis is missed. The main symp-
toms include weight loss, fatigue, anorexia and dizziness. A stepwise 
diagnostic work up is required to identify the underlying cause of adrenal 
insuffi ciency. The treatment of adrenal insuffi ciency requires glucocorti-
coid and mineralocorticoid replacement therapy, which requires careful 
monitoring. The long-term management of patients with adrenal insuffi -
ciency requires experienced specialist care. All doctors should know how 
to diagnose and manage acute adrenal failure.  

  Keywords  

  Weight loss   •   Dizziness   •   Adrenal insuffi ciency   •   Addison’s disease   • 
  Cortisol   •   Short corticotropin test   •   Adrenal crisis  
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 Her blood pressure was 110/75 mmHg lying 
and 86/55 mmHg standing with a regular resting 
pulse of 120 per minute. She weighed 51 kg with 
a body mass index of 18.1 kg/m 2 . 

  In this case, it is important to rule out other 
causes of weight loss such anorexia and malab-
sorption due to any bowel disease. Other 
causes of dizziness such as cardiac disease 
should also be excluded. Even though this 
patient has been on thyroxine replacement, it is 
important to establish her current thyroid 
status. 

  On examination, she was thin with dry skin; 
she had increased pigmentation that was 
 pronounced over her palmar creases, knuckles, 
previous scars and oral mucosa. Examination of 
her body hair distribution revealed sparse pubic 
and axillary hair. 

 Table  12.1  presents the clinical features and 
Table  12.2 , the causes of adrenal suffi ciency.

     In view of the presence of generalised mal-
aise, weight loss, postural hypotension with 
hyperpigmentation, adrenal insuffi ciency should 
be on part of the differential diagnosis. A short 
corticotropin test should be carried out to confi rm 
this; 250 micrograms (µg) of ACTH should be 
given to this patient with base line and 30 min 
cortisol levels measured. A baseline serum 
ACTH levels should also be measured at the start 
of the corticotropin test, this will help exclude 
secondary adrenal insuffi ciency. There is consid-
erable variability between cortisol results of dif-
ferent assays, thus cortisol results should be 
interpreted using locally derived cut-off values. 

 Antibodies to 21-hydroxylase enzyme may be 
present in patients with Addison’s disease. 

 Plasma renin activity and aldosterone should 
be measured. In patients with Addison’s disease, 
plasma renin activity will be high while the 
plasma aldosterone will be low. 

 Imaging of the adrenal glands using CT scan 
or MRI scan may be helpful in determining the 
cause of adrenal insuffi ciency. This may identify 
any infi ltration, calcifi cation and haemorrhage. 

What other information would you want to 
know about this patient?

What signs should you look for?

What other tests would you consider in this 
patient?

   Table 12.1    Clinical features of adrenal insuffi ciency   

 Features due to glucocorticoid insuffi ciency 
   Weakness 
   Malaise 
   Weight loss 
   Nausea and vomiting 
   Hypoglycaemia 
   Myalgia 
   Anaemia 
 Features due to mineralocorticoid insuffi ciency 
   Hypotension 
   Dehydration 
   Hyponatraemia 
 Features due to reduced adrenal androgens 
   Decreased body hair 
   Decrease libido, especially in females 
   Dry itchy skin 
 Features due to increased ACTH (adrenocorticotrophic 
hormone) secretion 
   Increased pigmentation over sun exposed areas, 

knuckles, palmar creases 
   Increased pigmentation of mucous membranes such 

as oral mucosa. 

   Table 12.2    Causes of adrenal suffi ciency   

 Autoimmune destruction of the adrenal glands 
   Polyglandular defi ciency type I 
   Polyglandular defi ciency type II 
   Sporadic autoimmune destruction of the adrenals 
 Infective adrenalitis 
   Tuberculosis 
   HIV 
 Intra-adrenal haemorrhage 
 Metastatic cancer to the adrenals 
 Infi ltrative disease 
   Haemochromatosis 
   Amyloidosis 
   Sarcoidosis 
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 The low baseline cortisol, suboptimal 30-min 
cortisol value, high ACTH, high urine sodium 
and hyponatraemia confi rm the diagnosis as 
Addison’s disease. 

 Biochemical results for the patient are 
 presented in Table  12.3 .

    Acute adrenal insuffi ciency is a life threaten-
ing condition and patients should be treatment 
immediately without any delays in getting a 
defi nitive diagnosis. Intravenous hydrocortisone 
100 mg every 6 h should be given. Blood sam-
ples for  electrolytes, cortisol and ACTH should 
be taken before administering hydrocortisone. 
Intramuscular hydrocortisone may be used if intra-
venous access is not available. Shocked patients 
will need fl uid and electrolyte replacement while 
those with hypoglycaemia will also need dextrose. 
Stable patients may be given oral hydrocortisone. 

 Patients with primary adrenal failure will also 
require mineralocorticoid replacement given as 
fl udrocortisone 0.05–0.1 mg/day. Patients with 
adrenal insuffi ciency should be aware that their 
corticosteroid and mineralocorticoid replacement 
will continue for life. 

 Adrenal crises occur due to glucocorticoid 
dose reduction or lack of dose adjustment in 
times of stress. In order to avoid an adrenal crisis, 
patients with adrenal failure should be advised to 
increase their steroid requirements during stress, 
intercurrent illness and pregnancy.  

    Background 

 The adrenal glands are important endocrine 
organs that produce glucorcorticoids, mineralo-
corticoids and androgens. The adrenal gland is 
composed of an outer cortex and an inner 
medulla. The outer cortex is divided in three 
parts: the outer zona glomerulosa, the mid zona 
fasciculata and an inner zona reticularis [ 1 ]. 
Mineralocorticoids which are produced by the 
outer zona glomerulosa are predominantly 
involved in sodium and potassium balance. 
Glucorcorticoids, which are produced by the fas-
ciculate, are predominantly involved in carbohy-
drate metabolism but also have some effect in salt 
and electrolyte balance. The zona reticularis pro-
duces adrenal androgens which are metabolised 
peripherally to testosterone and dihydrotestoster-
one [ 2 ]. The adrenal gland is under hypothalamic- 
pituitary control to produce glucorcorticoids and 
the renin angiotensin system to produce 
mineralocorticoids. 

 Addison’s disease is a disorder of the adrenal 
glands that causes decreased production of adre-
nal hormones. This was named after Thomas 
Addison who was the fi rst physician to make a 
connection between adrenal disease and the clini-
cal signs and symptoms of adrenal failure. This 
may be as a result of a destructive process such as 
autoimmune disease, infi ltrative disease such as 
tuberculosis, haemochromatosis, sarcoidosis or 
amyloidosis [ 3 ,  4 ]. Adrenal insuffi ciency occurs 
when more than 90 % of the adrenal cortex is 
destroyed resulting in minimal adrenal hormone 
production. Patients with pituitary or hypotha-
lamic disease with decreased ACTH production 
develop secondary adrenal insuffi ciency. 

 Addison’s disease has a prevalence of about 
140 per million in developed countries with a 
female preponderance [ 5 ]. Autoimmune disease 

How would you treat this patient?

   Table 12.3    Biochemical results for the patient   

 Serum/plasma  Spot urine 

 Sodium (mmol/L)  128  46 
 Potassium (mmol/L)  4.8  11 
 Urea (mmol/L)  7.2 
 Creatinine (μmol/L)  126 
 TSH (miu/L)  1.1 
 T4 (pmol/L)  17.6 
 Osmolality (mOsmol/kg)  278  390 
 Glucose (mmol/L)  4.3 
 Adjusted Calcium 
(mmol/L) 

 2.55 

 9 am Cortisol (nmol/L)  136 
 FSH iu/L  13.1 
 LH iu/L  9 
 Haemoglobin (g/L)  100 
 MCV (fl )  84 
 Platelet count (× 10 12 )  327 
 RBC count (× 10 9 )  6.8 
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is the most common cause of Addison’s in the 
developed world while tuberculosis the most 
common cause in developing countries. Other 
causes of Addison’s disease include drugs such 
as ketoconazole and metyrapone, adrenal 
infarction secondary to haemorrhage and condi-
tions that interfere with adrenal hormone syn-
thesis [ 6 ]. 

 Patients with Addison’s disease may present 
with weight loss, fatigue, dizziness, exhaustion 
and anorexia. These symptoms are as a result 
of reduced corticosteroid and mineralocorticoid 
production. The clinical signs and symptoms 
of Addison’s disease usually develop gradu-
ally. The non-specifi c nature of these symp-
toms means that they are likely to be ignored, 
missed or attributed to other conditions. 
Mineralocorticoid  defi ciency may result in 
urinary sodium loss, hyponatraemia with mild 
hyperkalaemia and intravascular volume deple-
tion that causes postural hypotension. Addison’s 
disease patients have increased pigmentation 
over sun-exposed areas, friction areas, creases 
and the mucous membranes [ 7 ]. The increased 
pigmentation is postulated to be a consequence 
of the increased ACTH, which has melano-
cyte stimulating hormone like sequences that 
cause hyperpigmentation. A small proportion 
of patients will develop salt craving. Female 
patients may have loss of libido as well as loss 
of pubic and axillary hair. This is attributed to 
the loss of production of adrenal androgens. 
Some patients may have other autoimmune dis-
eases such as coeliac disease, hypothyroidism 
or vitiligo [ 7 ]. 

 Some patients with adrenal insuffi ciency may 
have an initial presentation with an adrenal crisis. 
These patients will present with persistent vomit-
ing, profound muscle weakness, shock, acute 
abdominal pain, extreme sleepiness and hypogly-
caemia or even coma. This may be precipitated 
by stressful conditions such as surgery, intercur-
rent illness, hyperthyroidism and treatment with 
enzyme inducing agents (such as rifampicin) or 
commencement of thyroid hormone replace-
ment; both of which increase cortisol 
metabolism.  

    Laboratory Investigations 

 The aim of diagnosis in adrenal insuffi ciency 
include demonstration of low cortisol secretion, 
to differentiate primary and secondary adrenal 
insuffi ciency as well establish the cause of the 
insuffi ciency [ 6 ,  7 ]. 

 Patients with Addison’s disease may present 
with hyponatraemia with slight increase in 
serum potassium levels. Some patients may 
have raised calcium as well. Urine sodium will 
reveal excessive renal sodium loss. These elec-
trolyte changes demonstrate reduced mineralo-
corticoid activity. 

 Cortisol and ACTH concentrations, which 
have a diurnal variation, change throughout the 
day due to their coupled pulsatile release. This 
makes random cortisol and ACTH samples to be 
of limited value in the diagnosis of adrenal dis-
ease. However, early morning cortisol of 
<80 nmol/L may strongly suggests adrenal insuf-
fi ciency while values greater than 415 nmol/L 
predict a normal response to the corticotropin or 
insulin induced hypoglycaemia [ 8 – 10 ]. The short 
corticotropin test is a safe and reliable test with 
high predictive value in the diagnosis of adrenal 
insuffi ciency. There is considerable variability in 
the cortisol values measured by different cortisol 
assays, thus locally derived cut-off values should 
be used. Most healthy individuals will have a cor-
tisol level of greater than 500 nmol/L 30 min 
after 250 μg of ACTH [ 11 ]. The short corticotro-
pin test can be performed at any time of the day 
due to its reproducibility at different times [ 12 ]. 
The standard short corticotropin test should not 
be undertaken 4–6 weeks after pituitary or hypo-
thalamic insult as the adrenal gland may still 
respond to ACTH leading to a false normal result 
[ 11 ,  13 ]. Similarly, patients with early adrenal 
disease may have an adequate cortisol response 
to ACTH. Cortisol results may be affected by cer-
tain conditions such as oral contraceptive use that 
increase cortisol binding globulin and liver cir-
rhosis, which reduces cortisol binding globulin. 
These conditions should be considered when 
interpreting cortisol results in these patient 
groups. 
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 Measurement of serum ACTH can help 
 distinguish between primary adrenal insuffi -
ciency and secondary adrenal insuffi ciency [ 9 ]. 
Serum ACTH levels of < 22 pmol/L at baseline 
of the short corticotropin test excludes Addison’s 
disease [ 14 ,  15 ]. Patients with Addison’s dis-
ease will have increased ACTH production 
while secondary adrenal insuffi ciency patients 
will have an inappropriately low ACTH for the 
low cortisol. 

 When secondary adrenal insuffi ciency is 
 suspected, the insulin tolerance test, which 
tests the entire hypothalamic-pituitary-adrenal 
axis, is the gold standard [ 16 ]. Insulin produces 
hypoglycaemia that results in the release of 
anterior pituitary hormones including ACTH 
and growth hormone. This test is associated 
with many side effects and should be avoided in 
patients with ischaemic heart disease and 
epilepsy. 

 In patients with inappropriately low ACTH in 
the presence of cortisol defi ciency, a complete 
endocrine pituitary profi le as well as pituitary 
MRI should be arranged. This may identify pitu-
itary adenomas, cranipharyngiomas and granulo-
matous pituitary disease. 

 Patients with autoimmune adrenal failure may 
have autoantibodies to the adrenal cortex or 
21-hydroxylase enzyme. Patients with suspected 
autoimmune adrenal failure should also be 
screened for premature ovarian failure and thy-
roid disease. 

 Plasma renin activity and aldosterone lev-
els should be measured in patients with adre-
nal insufficiency. This may show increased 
plasma renin activity with reduced plasma 
aldosterone. 

 Adrenal CT scan or MRI may identify 
 infi ltrating adrenal disease such as haemochro-
matosis, amyloidosis, TB adrenalitis, adrenal 
metastasis and adrenal lymphoma. 

 Male patients with adrenal failure without 
other autoimmune diseases should have 
 measurement of plasma very long fatty acids to 
exclude adrenoleukodystrosphy. 

 Table  12.4  is a summary of the investigations 
in adrenal insuffi ciency.

       Treatment 

 Addison’s disease is potentially life-threatening 
and treatment should commence immediately the 
diagnosis is confi rmed. In patients with suspected 
adrenal crisis, immediate treatment should be 
started even without a defi nitive laboratory diag-
nosis. In these patients, rapid intravenous fl uid 
and electrolyte replacement as well as intrave-
nous hydrocortisone 100 mg every 6 h should be 
administered. One litre of normal saline should 
be given rapidly followed by 2–4 l over 24 h. The 
patient’s blood pressure, fl uid status and electro-
lytes should be monitored closely. Patients with-
out intravenous access should be given 
intramuscular injection and central intravenous 
access sought. Oral hydrocortisone may be 
administered once the patient is able to take 
orally [ 17 ,  18 ]. It is important to treat any associ-
ated condition that may have precipitated the 
adrenal crisis. 

 In patients with chronic adrenal insuffi ciency, 
lifelong corticosteroid treatment is given, with 
short acting steroids such as hydrocortisone as 
treatment of choice. Hydrocortisone 15–20 mg in 
divided doses should be administered daily. 
Cortisol levels peak after an oral dose, followed 
by a rapid decline to less than 100 nmol/L in 
5–7 h. The current oral corticosteroid administra-
tion is unable to mimic the pattern of normal 
 cortisol secretion. Diurnal variability in gluco-
corticoid sensitivity has been found in the past. 
Similarly, unfavourable metabolic response to 
evening hydrocortisone administration has been 
demonstrated while high glucocorticoid levels 

   Table 12.4    Summary of investigations in adrenal 
insuffi ciency   

 Primary adrenal 
insuffi ciency 

 Secondary adrenal 
insuffi ciency 

 ↓↓Cortisol  ↓↓  ↓ 
 30 min cortisol 
after corticotropin 

 ↓↓  ↓ 

 ACTH  ↓↓  ↑ or → 
 Plasma renin  ↓↓  → 
 Aldosterone  ↓↓  → 
 DHEA  ↓↓  ↓ 
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disrupt sleep. Late-evening hydrocortisone 
administration should therefore be avoided. The 
patient’s current medication should be consid-
ered when deciding the hydrocortisone dose. 
Patients taking drugs known to induce CYP3A4 
hence cortisol inactivation, such as phenobarbi-
tal, rifampicin, phenytoin will require increased 
glucocorticoid dose. Conversely, patients taking 
drugs that inhibit CYP3A4 such as antiretrovirals 
would require a reduction in their dose. 

 There is no reliable biomarker to monitor glu-
cocorticoid replacement, thus monitoring is 
dependent on clinical grounds. These include 
monitoring weight, checking for signs of overre-
placement and underreplacemnt. Glucocorticoid 
overreplacement may lead to osteoporosis, 
impaired glucose tolerance and obesity while 
underreplacemnt increases risk of adrenal crisis. 
Some experts however recommend use of hor-
mone cortisol day profi les as a measure of ade-
quacy of treatment. 

 Glucocorticoid dose should be increased 
 during periods of stress such as intercurrent ill-
ness, major surgery, trauma and pregnancy [ 17 , 
 18 ]. Addison’s disease patients with hyperthy-
roidism should receive higher hydrocortisone 
doses as hyperthyroidism increases cortisol 
clearance. Patients with hypothyroidism should 
start thyroxine replacement after hypoadrenalism 
has been excluded or adequately treated. Patients 
with primary adrenal insuffi ciency will also 
require mineralocorticoid replacement, normally 
as fl udrocortisone 100 μg as a single dose daily. 
There is a good interindividual variability in the 
mineralocorticoid requirements of Addison’s 
patients. Patients with Addison’s disease will 
require a 50 % increase in fl udrocortisone dose in 
summer and tropical climate due to increased salt 
loss through perspiration. The adequacy of the 
fl udrocortisone dose can be assessed by blood 
pressure monitoring; presence of peripheral 
oedema, presence of hypernatraemia and plasma 
renin activity. 

 Addison’s disease patients should be informed 
of the risk of adrenal crisis and how to avoid this. 
Many crises are due to glucocorticoid dose reduc-
tion and lack of glucocorticoid dose adjustment 
in stress. All patients should have knowledge of 

the sick day rules; this should also be extended to 
family members and partners. All patients should 
have a bracelet or steroid emergency card and 
instructions on dose adjustments during stress. It 
is advisable that the glucocorticoid dose is 
 doubled during respiratory infections until 
 recovery or parenteral hydrocortisone for 
 gastrointestinal infections. Patients with limited 
access to acute medical services should receive a 
hydrocortisone self-injection kit.     
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    Abstract  

  Polycystic ovary syndrome (PCOS) is the most common endocrine disor-
der in reproductive-age women (5–15 %). All PCOS defi nitions include 
hyperandrogenism and oligo/anovulation in the proposed diagnostic crite-
ria. Polycystic ovary morphology on ultrasound was not part of the initial 
defi nition and is not considered necessary for diagnosis if the patient meets 
the other two criteria. PCOS remains a diagnosis of exclusion and other 
disorders which are associated with symptoms/signs of androgen excess in 
women must be excluded. The clinical expression of PCOS is variable 
with hirsutism representing the most common clinical manifestation (65–
75 %). Moreover, there is a strong link between PCOS and metabolic syn-
drome manifestations, including obesity, insulin resistance, type 2 diabetes 
mellitus (T2DM), dyslipidaemia, hypertension and non- alcoholic fatty 
liver disease (NAFLD). PCOS women exhibit increased incidence of obe-
sity (30–75 %) and central adiposity even within the normal BMI range 
(50–70 %). In the spectrum of PCOS phenotypes, presence of hyperan-
drogenism is associated with a more adverse cardiometabolic profi le, 
whereas menstrual irregularity and polycystic ovary morphology are more 
closely linked to infertility problems. Oral contraceptives are recom-
mended as fi rst- line treatment for hirsutism/acne in PCOS. Lifestyle mod-
ifi cations for weight loss are also essential in overweight/obese PCOS 
women. Metformin therapy may improve metabolic and reproductive out-
comes in selected PCOS women and is recommended in PCOS patients 
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        Case: Female Patient with Hirsutism 
and Oligomenorrhea 

 A 21-year-old white Caucasian woman presents 
to clinic after a referral from her primary care 
physician due to hirsutism and oligomenorrhea. 
Her main complaint is excessive growth of coarse 
dark hair on her face and to a lesser degree on her 
chest, midline abdomen and thighs. 

  A detailed history is needed, initially estab-
lishing the severity/progression of her hirsutism 
and obtaining a thorough menstrual history. 

 She mentions that her hirsutism has been 
gradually worsening over the last year and that 
she has tried waxing and shaving, but without 
lasting results. Moreover, she noted facial acne 
recently for the fi rst time since her teenage years. 
She also fi nds very distressing that her frontal 
hairline appears to be thinning in the temporal 
areas. 

 In addition, she mentions that her menstrual 
periods have been irregular since stopping her 
oral contraceptive pill more than a year ago. 
Since then she has been menstruating once every 
2–3 months. Her last period was 2 months ago 
without signifi cant premenstrual symptoms. She 
reports that this did not alarm her because she 
had irregular menses during most of her teenage 
years (menarche at age 13; followed by irregular 

menses for the next 3 years which became regu-
lar when she was prescribed an oral contraceptive 
pill). A home pregnancy test which she recently 
did was negative. She has not noticed any nipple 
discharge. She got married about a year ago and 
at that time she stopped her oral contraceptive 
pill, but she admits that she is not planning to 
become pregnant in the near future. 

  Given that polycystic ovary syndrome (PCOS) 
is a common cause of menstrual irregularities, 
the patient should be also asked about changes in 
her weight and other features that can be associ-
ated with this condition. 

 She reports that her weight has increased by 
12 kg over the past 3 years which she attributes to 
poor dietary habits and a sedentary lifestyle. 
Overall, she describes that it has been a stressful 
period with fi nishing her studies and applying for 
jobs. She also notes that she often tends to get 
tired easily and feel sleepy during the day. 
Furthermore, her husband has mentioned to her 
that she has been snoring on several occasions 
over the past few months. 

 Her past medical history is unremarkable, she 
has never smoked or used recreational drugs and 
her alcohol intake is less than 10 units/week. 

 Family history includes type 2 diabetes melli-
tus (T2DM) in both her parents and a myocardial 
infarction in her father aged 50 years. She further 

How would you proceed?
What other questions would you ask?

with T2DM or impaired glucose tolerance who are failing lifestyle modi-
fi cation. Clomiphene citrate is mainly used for ovulation induction in 
anovulatory PCOS women without other infertility factors. The long-term 
management plan for the care of PCOS women must include regular 
screening and follow-up in order to prevent, diagnose and treat T2DM, 
cardiovascular risk factors, NAFLD, obstructive sleep apnea, eating disor-
ders, depression/anxiety, endometrial hyperplasia/cancer and pregnancy 
complications.  

  Keywords  

  Polycystic ovary syndrome (PCOS)   •   Hyperandrogenism   •   Hirsutism   • 
  Anovulation   •   Oligomenorrhea   •   Amenorrhea   •   Infertility   •   Central obesity   • 
  Insulin resistance  
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mentions that, her mother did not have menstrual 
problems but had a history of miscarriages and 
was diagnosed with gestational diabetes mellitus 
(GDM) when she was pregnant with her. She has 
no siblings. 

  The patient requires a full physical 
examination. 

 She is 169 cm tall, weighs 92 kg (body mass 
index [BMI]: 32.2 kg/m 2 ) and her waist 
 circumference is 98 cm. Her resting blood pres-
sure was 120/80 mmHg with regular pulse. She 
has dark hair and a light skin tone. Excessive 
growth of terminal dark hair was noted on her 
face, chest, midline abdomen, lower back and 
upper thighs, with a Ferriman-Gallwey hirsutism 
score of >7 (total score calculated by assessing 
nine androgen- sensitive body areas [i.e., upper 
lip, chin, chest, arms, upper abdomen, lower 
abdomen, upper back, lower back and thighs] 
each with a score ranging from 0 [no terminal 
hair] to 4 [frankly virile]); however, it was not 
possible to obtain an accurate total score due to 
previous hair removal from some of these areas 
with cosmetic measures. Mild degree of acne 
vulgaris was also present on the face and upper 
back. There was no diffuse hair loss, but slight 
thinning of the hairline was noted in the temporal 
areas of the scalp. Breast exam was remarkable 
only for periareolar hair growth bilaterally with-
out expressible galactorrhoea. Mild acanthosis 
nigricans was evident in her axillae bilaterally. 
Her thyroid was not palpable. On abdominal 
exam, central adiposity was noted with a few sil-
ver/white coloured, narrow (<1 cm wide) striae 
scattered at her lower abdomen and hips, while 
there were no palpable masses or hepatomegaly. 
The rest of the physical examination was 
unremarkable. 

    Summarise the Pertinent Symptoms/
Signs 

 This young woman presents with clinical 
hyperandrogenism, oligomenorrhea and central 

obesity. Clinical hyperandrogenism is estab-
lished in this patient by the presence of hirsut-
ism, acne and androgenic alopecia. Insulin 
resistance signs are also present manifesting as 
acanthosis nigricans.
•    Hirsutism. Hirsutism is defi ned as excessive 

growth of terminal dark hair characterised by 
a male distribution pattern in women (e.g., 
facial hair above the upper lip, on the chin, 
cheeks and sideburns; midline chest/abdo-
men/lower back hair; hair on the inner thighs 
[male escutcheon]). Clinicians should distin-
guish hirsutism from hypertrichosis in women. 
The latter is not caused by excess androgens, 
although hyperandrogenaemia may aggravate 
its clinical presentation. Hair growth in hyper-
trichosis is typically not restricted to androgen- 
sensitive areas, but is rather diffuse and 
consists mainly of vellus or lanugo-type hair 
(short [<0.5 cm), fi ne, unpigmented hair]. 
Hypertrichosis can be hereditary/congenital or 
acquired due to various medical conditions 
(e.g., anorexia nervosa, cancer) or medica-
tions (e.g., phenytoin, diazoxide, minoxidil). 
The modifi ed Ferriman-Gallwey scoring 
system is often used to diagnose and quantify 
hirsutism (hirsutism: score >7; mild hirsutism: 
score 8–15; severe hirsutism: score >15). 
However, this scoring system has limitations 
(e.g., lack of normative data for ethnic popula-
tions) and does not assess the impact of hirsut-
ism on the psychological well-being and 
quality of life. Furthermore, it is often not 
practical to utilise such scores in clinical practise 
because patients frequently apply cosmetic 
hair removal methods before an initial assess-
ment. Regardless of scoring methods, a thor-
ough medical history with details about the 
onset and progression of excessive growth of 
terminal hair and about any previous treat-
ments is essential to provide diagnostic clues 
and guide laboratory testing in hirsute women. 
Clinicians should further look for other signs 
of hyperandrogenism (e.g., acne, seborrhoea, 
male pattern hair loss, virilization) and insulin 
resistance, such as skin tags and acanthosis 
nigricans. Accordingly, testing for elevated 
androgen levels is suggested: (1) in women 
with moderate or severe hirsutism and (2) in 

What would you do next?
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women with hirsutism of any degree when it is 
characterised by sudden onset and/or rapid 
progression, or when it is associated with any 
of the following: menstrual irregularity or 
infertility; clitoromegaly; central obesity; 
acanthosis nigricans.  

•   Oligomenorrhea. Oligomenorrhea is defi ned 
as ≤8 menstrual periods per year (or cycle 
length of >35 days) and typically refl ects 
anovulatory cycles (chronic oligo-ovulation 
or anovulation). A thorough menstrual history 
must be obtained with details about menarche, 
menstrual cyclicity, the last menstrual period 
date, and previous treatments, pregnancies, 
abortions, miscarriages and infertility prob-
lems. Clinicians should further ask about pre-
menstrual symptoms (e.g., fl uid retention, 
cramps, breast swelling and tenderness) which 
could indicate ovulation. It is usually normal 
for a woman to experience menstrual irregu-
larity and anovulatory cycles for up to 2 years 
after menarche and for several years before 
menopause. However, predictable and regular 
cycles should be expected during the rest of 
the reproductive years (normal cycle range: 
25–35 days).    

  In the context of the above symptoms and 
signs, there is high clinical suspicion of PCOS in 
our case patient which is the most frequent cause 
of androgen excess in women of reproductive age 
(70–75 %). Common disorders that are also asso-
ciated with symptoms/signs of androgen excess in 
reproductive-age women and should be consid-
ered in the differential diagnosis of PCOS are 
listed in Table  13.1 . According to the current clin-
ical practise guidelines for PCOS diagnosis by the 
Endocrine Society, hyperprolactinaemia, thyroid 
disease (particularly hypothyroidism), and non-
classic congenital adrenal hyperplasia (primarily 
21-hydroxylase defi ciency) must be ruled out in 
all women presenting with suspected PCOS.
•     Hyperprolactinaemia. Measurement of early 

morning prolactin levels is essential to exclude 
hyperprolactinaemia. Clinicians should also 

look for symptoms/signs indicating a 
 prolactinoma (e.g. galactorrhoea).  

•   Primary hypothyroidism. Measurement of 
thyroid-stimulating hormone (TSH) plasma 
levels is usually suffi cient to exclude 
hypothyroidism.  

•   Nonclassic congenital adrenal hyper-
plasia (NC-CAH; 21-hydroxylase defi -
ciency). Early morning plasma levels of 
17- hydroxyprogesterone (17-OHP) should 
be measured to rule out NC-CAH due to 
21-hydroxylase defi ciency. NC-CAH can 
be detected in approximately 1.5–6.8 % of 
women presenting with androgen excess. Its 
clinical presentation may not differ from that 
of PCOS and heightened clinical suspicion is 
required in women with a positive family his-
tory or in those of high-risk ethnic group (e.g., 
Ashkenazi Jewish ancestry). Early morning 
17-OHP levels in the range of 200–400 ng/dL 
are considered abnormal (this applies to the 
early follicular phase of a normal menstrual 
cycle, because 17-OHP levels increase with 
ovulation, and also depends on the assay). 
However, if the early morning 17-OHP levels 
are at the lower end of this range, an ACTH 
stimulation test should be used for diagno-
sis (stimulated increase to 17-OHP levels of 
>1,000 ng/dL 60 min after the intravenous 
injection of ACTH).  

•   Androgen-secreting tumours. Androgen- 
secreting tumours are present in about 0.2 % 
of women with androgen excess (more fre-
quently are ovarian; >50 % are malignant). 
Markedly increased testosterone levels that 
exceed two to three times the upper limit of 
the laboratory reference range suggest an 
androgen-secreting tumour (testosterone ref-
erence ranges vary depending on the lab/
method). Signifi cantly raised testosterone lev-
els with acute onset and rapid progression of 
clinical hyperandrogenism should be evalu-
ated as an androgen-secreting tumour until 
proven otherwise. Virilization can develop in 
less than a few months with marked androgen 
excess, while a longer period might be 
required in the presence of persistent modest 
hyperandrogenaemia. Rapid progression of 

What are the differential diagnoses?
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clinical hyperandrogenism and virilization are 
rarely seen in PCOS. In PCOS the ovarian 
secretion of both androstenedione and 
 testosterone is increased, while the adrenal 
synthesis of dehydroepiandrosterone sulfate 
(DHEAS) may also be enhanced. DHEAS is 
secreted almost exclusively from the adrenals 
and should be measured if there is clinical sus-
picion of an androgen-secreting tumour. 
Markedly increased plasma DHEAS levels 
must prompt imaging studies of the adrenals.    

  Clinicians must fi rst exclude (1) pregnancy by 
a urine or serum test for human chorionic gonad-
otropin (hCG); and (2) exogenous androgen use 
and drug-induced androgen excess by asking the 
patient to list all prescribed and over the counter 
medications, including any herbal supplements 
and injections. Our case patient listed only a mul-
tivitamin tablet and denied any other medications 
or supplements. Furthermore, her urine hCG test 
was negative. Thus, a set of biochemical and hor-
monal assessments, including a standard 2 h oral 
glucose tolerance test (OGTT), was requested for 
this patient and was subsequently done early in 
the morning (8 am) after overnight fasting.
•    Biochemical hyperandrogenism. Testosterone 

is found in the circulation in three fractions: 
(1) tightly bound to sex hormone binding 
globulin (SHBG; 65–68 % of the total testos-
terone); (2) weakly bound to albumin (30–
33 %); and (3) free testosterone (1–2 %). The 
latter two fractions constitute the bioavailable 
testosterone (non SHBG-bound) which can be 
readily diffused into target tissues where it is 
converted to dihydrotestosterone by the 
enzyme 5α-reductase. Thus, SHBG is a cru-
cial regulator of the bioavailable testosterone 
levels. SHBG is synthesised primarily in the 
liver and high levels of testosterone and insu-
lin suppress its production, whereas thyroxine 
and estrogen enhance it. Accordingly, circu-
lating SHBG levels are decreased in hyperan-
drogenaemia and hyperinsulinaemia, leading 

to increased free/bioavailable testosterone 
 levels. In PCOS this creates a feed-forward 
vicious cycle between androgen excess, 
hyperinsulinaemia and low SHBG levels. 
Measurement of circulating androgens may 
not be necessary for PCOS diagnosis in cases 
of clinical hyperandrogenism without any 
signs of virilization, since either clinical or 
biochemical hyperandrogenism satisfy the 
PCOS diagnostic criteria. Establishing bio-
chemical hyperandrogenism for the diagnosis 
of PCOS has limitations because there is no 
diagnostic level of circulating testosterone, 
while the existing normative data in women 
are not clearly defi ned. Furthermore, the dif-
ferent assays for testosterone measurement in 
women are not standardised across laborato-
ries. Particularly measurement of free testos-
terone with direct tracer immunoassays can be 
problematic compared to the gold standard 
methods (e.g., equilibrium dialysis). If a reli-
able measurement of free testosterone cannot 
be obtained, the free androgen index (FAI) can 
be calculated based on total testosterone and 
SHBG levels (FAI: 100 × total testosterone/
SHBG; levels in nmol/L). FAI has been shown 
to correlate well with the free testosterone lev-
els measured by equilibrium dialysis.  

•   Gonadotropins. Luteinizing hormone (LH) 
and follicle stimulating hormone (FSH) are 
not necessarily required for the diagnosis of 
PCOS, since neither their ratio nor their abso-
lute circulating levels are included in PCOS 
diagnostic criteria. Raised LH levels with low- 
normal FSH levels and an increased LH/FSH 
ratio (>2) are more frequently noted in lean 
PCOS women. These fi ndings are less com-
mon in overweight/obese PCOS women, pre-
sumably due to effects of hyperinsulinaemia 
on LH secretion. Thus, a high LH/FSH ratio 
supports the diagnosis of PCOS but the absence 
of such fi ndings has no diagnostic value.  

•   Glucose tolerance. The current PCOS clinical 
practice guidelines by the Endocrine Society 
recommend an initial assessment of glucose 
tolerance by a standard OGTT in PCOS 
patients. Measurement of fasting glucose lev-
els may not be suffi cient to detect impaired 

What laboratory tests would help in 
 confi rming the diagnosis?
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glucose tolerance (IGT) in PCOS women. In 
patients that are unable or unwilling to com-
plete an OGTT, measurement of haemoglobin 
A1c (HbA1c) is recommended instead, 
although it appears less sensitive for detecting 
IGT.    
 In our case patient, testosterone levels were 

2.5 nmol/L (local laboratory normal reference: 
<1.8 nmol/L) with normal levels of prolactin, 
TSH, 17-OHP, DHEAS, androstenedione, LH 
and FSH. SHBG levels were at the lower limit of 
the laboratory reference range. Normal complete 
blood count, liver enzymes, and fasting lipid 
panel were also noted. Based on the OGTT 
results, plasma glucose increased from fasting 
levels of 5 mmol/L (90 mg/dL) to 8.6 mmol/L 
(155 mg/dL) after 2 h. Finally, pelvic ultrasonog-
raphy revealed: (1) left ovary of 24 × 20 × 22 mm 
with 12 follicles of 2–9 mm; and (2) right ovary 
of 18 × 16 × 18 mm with 4 follicles of 2–9 mm 
(with absence of a dominant follicle >10 mm; 

and without any visible endometrial or adrenal 
pathology). 

  To date, there are three defi nitions that 
can be used to establish the diagnosis of 
PCOS (Table  13.2 ). PCOS remains a diagno-
sis of exclusion, hence all defi nitions require 
the exclusion of other disorders which are 
associated with symptoms/signs of andro-
gen excess in women (see Tables  13.1  and 
 13.2 ). According to current guidelines by the 
Endocrine Society, early morning plasma lev-
els of prolactin, TSH and 17-OHP should be 
routinely measured in the diagnostic evaluation 
of PCOS in order to exclude hyperprolactinae-
mia, thyroid disease (particularly hypothyroid-
ism), and NC-CAH (primarily 21-hydroxylase 

How would you interpret these results and 
what is the fi nal diagnosis?

     Table 13.2    Defi nitions and proposed criteria for establishing the diagnosis of the polycystic ovary syndrome (PCOS)   

 NIH [ 6 ]  Rotterdam ESHRE [ 9 ]  AE-PCOS society [ 1 ] 

 ( A )  BOTH of the following:   ( A )  At least TWO of the following:    (A) BOTH of the following:  
  Hyperandrogenism:  clinical 
and/or biochemical (not 
specifi ed) 

  Hyperandrogenism:  clinical 
(hirsutism) and/or biochemical (free 
testosterone or FAI) 

  Hyperandrogenism:  clinical (hirsutism) 
and/or biochemical (free testosterone by 
sensitive assays) 

  Ovarian dysfunction:  Chronic 
anovulation or oligo-ovulation 
(≤6 menses per year) 

  Ovarian dysfunction:  oligo- or 
anovulation 

  Ovarian dysfunction:  oligo- or 
anovulation  and/or  polycystic ovary 
morphology on ultrasound 

  Polycystic ovary morphology on 
ultrasound:  at least one ovary with 
≥12 follicles of 2–9 mm and/or 
ovarian volume >10 ml in the absence 
of a dominant follicle >10 mm 

 ( B )   Plus exclusion of other androgen excess or related disorders  (e.g., hyperprolactinaemia, hypothyroidism and 
nonclassic congenital adrenal hyperplasia must be excluded in all cases) 

  Clinical hyperandrogenism: hirsutism (excessive terminal hair with a male distribution pattern); acne; male pattern 
alopecia 
 Biochemical hyperandrogenism: typically increased total or free testosterone. FAI: Free androgen index (100 × total 
testosterone/SHBG) 
 Anovulation: may manifest with menstrual bleeding at intervals of >35 days or <21 days. For women with menstrual 
bleeding within the normal interval range (25–35 days) ovulation can be verifi ed by a luteal phase day 7 (midluteal) 
progesterone level [>5 ng/mL – luteal phase day 7 (midluteal) corresponds to cycle day 21 for 28-day intervals and 
cycle day 28 for 35-day intervals] 
 Polycystic ovary morphology on ultrasound: ≥12 follicles of 2–9 mm and/or ovarian volume >10 ml. Only one ovary 
fi tting these criteria is suffi cient. These ultrasound criteria do not apply to women on oral contraceptive treatment, 
because it can affect ovarian morphology. If there is evidence of a dominant follicle (>10 mm) or a corpus luteum the 
ultrasound scanning should be repeated during the next cycle 
  Abbreviations :  NIH  National Institutes of Health,  ESHRE  European Society of Human Reproduction and Embryology, 
 AE-PCOS  Androgen Excess-Polycystic Ovary Syndrome Society  
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defi ciency), respectively. Depending on the 
clinical suspicion and presenting symptoms/
signs, further laboratory tests may be required 
in selected patients to exclude other relevant 
disorders (see Table  13.1 ).

   In our case patient early morning plasma levels 
of prolactin, TSH and 17-OHP were normal. 
Furthermore, the assessment of biochemical 
hyperandrogenism revealed marginally increased 
levels of total testosterone and normal levels of 
androstenedione/DHEAS. Based on this, together 
with the relatively gradual progression of the pre-
senting symptoms/signs, the absence of signifi -
cant virilization and the results from pelvic 
ultrasonography further testing to pursue the diag-
nosis of an androgen-secreting adrenal or ovarian 
tumour was not considered necessary. In addition, 
the clinical presentation of our case patient did 
not prompt investigations for Cushing’s syndrome 
or acromegaly (see Table  13.1 ). 

 Finally, PCO morphology was noted on ultra-
sound in our case patient that satisfi ed the ultra-
sound criteria incorporated in the two most recent 
PCOS defi nitions (see Table  13.2 ). In clinical 
practice, ultrasound scanning of the ovaries is not 
necessary for the diagnosis of PCOS if the patient 
already meets the criteria of hyperandrogenism 
(clinical and/or biochemical) and oligo- or 
anovulation. Clinicians should recognise that 
ovarian morphology is affected by age and that 
PCO morphology can be detected in approxi-
mately 20 % of normal women of reproductive 
age and in 40–50 % of normal adolescents (multi- 
follicular ovaries are a feature of normal puberty 
that over time subsides with regular menstrual 
cycling). Furthermore, transvaginal ultrasounds 
may raise ethical and practical issues in some 
patients, while the accuracy of transabdominal 
ultrasound scanning is limited in severely obese 
patients. 

 In the context of the above results, the diagno-
sis of PCOS can be established in our case patient 
based on any of the three existing PCOS defi ni-
tions. In addition, the results of the standard OGTT 
revealed IGT, but not impaired fasting glucose 
(IFG), based on the current criteria by the 
American Diabetes Association (ADA) [IFG: fast-
ing glucose of 100–125 mg/dL (5.6–6.9 mmol/L); 

IGT: 2-h glucose in the OGTT of 140–199 mg/dL 
(7.8–11.0 mmol/L)]. 

  Aims of treatment are to ameliorate symptoms 
of hyperandrogenism, restore menstrual cyclic-
ity, address anovulation and infertility, and pre-
vent/treat complications. Patients should be 
advised that long-term management will be 
required because the treatment will not be cura-
tive. Accordingly, the treatment plan in PCOS 
women of reproductive age can include one or 
more of the following options: 

    Oral Contraceptives 
 Monotherapy with oral contraceptives is recom-
mended as fi rst-line treatment for hirsutism/acne 
in reproductive-age PCOS women who do not 
desire pregnancy. The use of oral contraceptives 
in these patients additionally provides adequate 
contraception and regulates the menstrual bleed-
ing pattern reducing the risk of endometrial 
hyperplasia. Combined oral contraceptive pills 
(COCP) contain a potent, synthetic estrogen 
(ethinyl estradiol) and a progestin component. 
COCP decrease hyperandrogenism mainly by (1) 
stimulating hepatic SHBG synthesis and, thus, 
decreasing the bioavailable levels of androgens; 
and (2) suppressing pituitary LH secretion and, 
thus, decreasing ovarian androgen synthesis. 
COCP formulations have different progestin 
components with various degrees of androgenic-
ity. Progestins derived from testosterone have 
mild androgenic activity, while progestins that 
are not structurally related to testosterone act as 
androgen receptor antagonists (e.g., norgestimate 
and desogestrel belong to third generation pro-
gestins and are considered non-androgenic). 
Cyproterone acetate (CPA) is a synthetic antian-
drogen progestin (COCP with a daily dose of 
2 mg CPA and 35 μg ethinyl estradiol). 
Furthermore, the progestin drospirenone is a spi-
ronolactone analogue that has antiandrogenic 
(weak antiandrogen; 3 mg used in COCP are 
approximately equivalent to 1 mg CPA and 

What are the treatment options in this 
patient?
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25 mg spironolactone) and anti- mineralocorticoid 
activity (potassium monitoring is required). The 
existing clinical evidence is not suffi cient to sug-
gest one COCP formulation over another or over 
other hormonal contraceptives (i.e., patch and 
vaginal ring) in PCOS. Both the effi cacy and 
safety (metabolic and thromboembolic risk) pro-
fi le of different formulations should be consid-
ered in each patient before prescribing a COCP 
regimen. Screening for contraindications to hor-
monal contraceptives is also essential; absolute 
contraindications to COCP include: smoking 
≥15 cigarettes per day in women ≥35 years old, 
blood pressure ≥160/100 mmHg; diabetes with 
vascular disease or neuropathy/retinopathy; mul-
tiple CVD risk factors including evidence of vas-
cular disease or history of ischemic heart disease; 
history of or acute venous/arterial thrombosis or 
pulmonary embolism; known thrombogenic 
mutation; systemic lupus erythematosus with 
antiphospholipid antibodies; acute active liver 
disease; and migraine headaches with aura. 
Currently there are insuffi cient data to support a 
recommendation regarding the optimal duration 
of oral contraceptive treatment in PCOS women, 
hence patients can potentially continue on their 
regimen until pregnancy is desired or a contrain-
dication becomes evident.  

   Antiandrogens 
 Antiandrogens (i.e., androgen receptor blockers 
and 5α-reductase inhibitors) are used in combi-
nation with COCP for the treatment of moderate/
severe hirsutism in PCOS. Monotherapy with 
antiandrogens may be also used for hirsutism 
when hormonal contraceptives are contraindi-
cated, but this is not recommended unless another 
reliable contraception method (e.g., intrauterine 
device) is ensured due to the risk of fetal male 
pseudohermaphroditism [in utero feminisation of 
a 46,XY (male) fetus]. Spironolactone, CPA and 
fi nasteride can be prescribed with relatively simi-
lar effi cacy in PCOS, while the use of fl utamide 
is not recommended because of its potential 
severe hepatotoxicity. 

  Spironolactone  acts as an androgen antago-
nist and signifi cantly inhibits the 5α-reductase 
activity. Spironolactone doses of 100 mg per day 
(divided to twice daily) are usually effective for 

hirsutism treatment, but higher doses (e.g., 
200 mg per day) may be required. Spironolactone- 
related hyperkalaemia is rare in patients with nor-
mal renal function, but an initial transient diuretic 
effect is usually noted and may cause postural 
hypotension and dizziness. Careful monitoring of 
electrolytes, renal function and blood pressure is 
required within the fi rst fortnight of treatment at 
initiation and at each dose increment. 

  Cyproterone acetate  (CPA; not available in 
the US) acts as an antiandrogen mainly by inhib-
iting the androgen receptor via competition with 
testosterone and dihydrotestosterone for receptor 
binding. In addition, CPA may less potently 
inhibit the 5α-reductase activity, while it also 
suppresses circulating gonadotropin and andro-
gen levels. Due to its slow metabolism and long 
half-life, CPA is administered in the early phase 
of the treatment cycle in a reverse sequential regi-
men. Thus, ethinyl estradiol (doses of 20–50 μg 
daily) is given for 3 weeks (day 5–25) to ensure 
normal menstrual cycling, and CPA (doses of 
50–100 mg daily) is administered for the fi rst 
10 days of the cycle (day 5–15). Once the maxi-
mal treatment effect is achieved, lower doses of 
CPA (e.g. 5 mg daily) can be prescribed for main-
tenance, while a COCP with a daily dose of 2 mg 
CPA and 35 μg ethinyl estradiol is also available. 
CPA is usually well tolerated, but can exhibit 
dose-dependent metabolic effects similar to those 
of high-dose COCP. 

  Finasteride  acts as an antiandrogen by inhib-
iting the type 2 5α-reductase. Because clinical 
manifestations of hyperandrogenism appear to 
depend on the combined activity of type 1 and 
type 2 5α-reductase, fi nasteride is considered 
partially effective. Despite its partial inhibitory 
effect, prolonged treatment with fi nasteride at 
doses of 2.5–5 mg daily is shown to have practi-
cally equal effi cacy to other antiandrogens. 
Signifi cant improvement of hirsutism is usually 
noted after 6 months of treatment with a fi naste-
ride dose of 5 mg daily which is the most fre-
quently used dose in clinical practise. A potential 
advantage of fi nasteride is its benign safety pro-
fi le with no major side/adverse effects and good 
tolerance by patients. 

  Flutamide  is a pure antiandrogen that acts 
by inhibiting the androgen receptor in a 
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 dose- response manner. Flutamide doses of 250 
top 500 mg daily have similar effi cacy to other 
antiandrogens, but fl utamide treatment is not rec-
ommended because of its potential severe hepa-
totoxicity. If fl utamide is prescribed the lowest 
effective dose should be used and the patient 
must be closely monitored. 

  Topical antiandrogen creams  (e.g., 5 % can-
renone [the active metabolite of spironolactone] 
and 0.25–0.5 % fi nasteride) appear to have lim-
ited effi cacy for hirsutism with inconsistent 
results from clinical trials.  

   Direct Hair Removal/Reduction 
Methods 
 Removal of excessive terminal hair by direct 
methods can be used for hirsutism in PCOS, usu-
ally in combination with pharmacotherapy. While 
the latter restricts hair regrowth, existing terminal 
hair should be removed by direct methods once 
androgen suppression is achieved. Among direct 
methods, photoepilation therapy with laser or 
intense pulsed light treatments is currently 
suggested. 

   Temporary Methods of Direct Hair 
Removal 
 Epilation methods involve the removal of the 
intact hair with its root (e.g., plucking, tweezing, 
waxing) and can be used in addition to pharma-
cotherapy in the fi rst months of hirsutism treat-
ment until the drug effects become clinically 
apparent. These methods are inexpensive and 
relatively safe, usually causing only transient dis-
comfort. Depilation methods (e.g., shaving) 
remove the hair shaft from the skin surface and 
the effect usually lasts only for a few days. 
Patients should be assured that shaving does not 
increase the growth (rate and/or duration of the 
anagen phase) or thickness (diameter) of hair, 
which is a common misconception. Chemical 
depilatory products are also often used to sepa-
rate the hair from its follicle and dissolve it. 
Irritant contact dermatitis and folliculitis may 
occur with such agents.  

   Permanent Methods of Hair Reduction 
 Electrolysis and photoepilation therapy with laser 
or intense pulsed light are used for “permanent” 

hair reduction which is defi ned as >30 % reduc-
tion in the number of terminal hairs after a treat-
ment regimen that is stable for a period longer 
than the complete growth cycle of hair follicles 
(4–12 months depending on body area). 

  Electrolysis  treats each hair individually since 
this technique requires the insertion of a fi ne nee-
dle into the hair follicle. Galvanic electrolysis 
and thermolysis are available, causing destruc-
tion of the hair follicle by inducing a chemical 
reaction or heat, respectively. Electrolysis can be 
used on any hair/skin colour and is usually 
applied for localised small areas as a cost- 
effective option. Electrolysis requires an experi-
enced operator and can be time-consuming and 
relatively painful. Topical lidocaine/prilocaine 
anaesthetic creams may be used to reduce pain. 
Potential local side effects, especially by inexpe-
rienced operators, include erythema, post- 
infl ammatory pigment changes and even scarring 
due to tissue destruction. 

  Photoepilation  (light-assisted hair reduction) 
methods include laser and intense pulsed light 
(IPL) therapy which achieve hair removal by 
selective photothermolysis, using light wave-
lengths that are absorbed by the melanin of the 
hair and pulse durations that selectively destroy 
the hair without damaging the adjacent tissue. 
Thus, hair follicles are destroyed, but vellus 
(light-coloured/unpigmented) hair may remain. 
Of note, the choice of the photoepilation method/
device should be made according to the skin and 
hair colour of the patient. Ideal candidates for 
laser hair reduction therapy are women with light 
skin and dark hair. Relatively short wavelength 
devices (e.g., ruby and alexandrite lasers) are 
optimal for these women, whereas longer wave-
length lasers (e.g., neodymium:yttrium-
aluminum- garnet, Nd:YAG, lasers) or IPL appear 
appropriate for women with dark skin and dark 
hair. For patients with white/light coloured hair 
IPL combined with radiofrequency (electromag-
netic waves delivered together with the light 
pulse on the same machine) may be effective. 
Potential local side effects include dyspigmenta-
tion and scarring. Other limitations to photoepil-
ation methods are the need for multiple treatments 
and the cost of therapy which varies depending 
mainly on the size of the treated area.   

13 Diagnosis and Management of Polycystic Ovary Syndrome (PCOS)



110

   Topical Efl ornithine Treatment 
 A 13.9 % efl ornithine hydrochloride cream 
(Vaniqa) is licensed and is an irreversible inhibi-
tor of the enzyme L-ornithine decarboxylase, 
which catalyses the conversion of ornithine to 
putrescine. The latter plays a key role in the regu-
lation of cell growth and differentiation within 
the hair follicle. Thus, topical efl ornithine treat-
ment reduces the hair growth rate locally, but is 
not a hair removal method. Continuous topical 
application of efl ornithine cream (typically twice 
daily; at least 8 hours apart) is shown to revers-
ibly slow facial hair growth with clinically sig-
nifi cant improvement of facial hirsutism and 
quality of life. These results are usually noted 
after 6–8 weeks of treatment, while once the topi-
cal administration is discontinued facial hair 
growth returns to pre-treatment levels after 
approximately 8 weeks. Topical efl ornithine 
treatment for facial hirsutism in PCOS is usually 
used in combination with other interventions, 
such as pharmacotherapy, to achieve a more rapid 
initial response. Systemic absorption of efl orni-
thine with topical treatment for facial hirsutism is 
extremely low. Local side effects include itching 
and dry skin. Patients should be advised that this 
cream is not licensed for treatment of hirsutism in 
areas other than the face.  

   Lifestyle Modifi cation: Weight Loss 
 Weight loss is recommended in overweight/obese 
PCOS women. A weight-centric management 
plan is crucial for these patients in clinical prac-
tice to achieve sustained weight loss and prevent 
T2DM and other manifestations of the metabolic 
syndrome. Weight management in PCOS should 
typically follow the clinical guidelines for obe-
sity treatment in the general population, includ-
ing lifestyle interventions, pharmacotherapy 
(e.g., Orlistat) and bariatric surgery, based on the 
BMI and existing comorbidities of each patient.  

   Metformin 
 Metformin is increasingly prescribed in PCOS 
women, even without coexisting T2DM, because 
it may improve metabolic and reproductive out-
comes in selected patients. Metformin therapy 

for symptomatic treatment of PCOS should be 
initiated under specialist care. Based on the cur-
rent clinical practise guidelines by the Endocrine 
Society metformin is recommended in PCOS 
women with T2DM or IGT who are failing life-
style modifi cation, whereas it should not be fi rst- 
line treatment for hirsutism/acne, weight loss, or 
prevention of pregnancy complications in 
PCOS. The optimum use of metformin in PCOS 
treatment is currently under debate and there are 
differences among various national guidelines 
which refl ect the need for larger and better 
designed clinical trials with metformin in differ-
ent PCOS patient populations (e.g., in ethnic 
populations and adolescents). 

 In the treatment of overweight/obese PCOS 
women, metformin may be used as adjuvant to 
lifestyle interventions to ameliorate the adverse 
effects of insulin resistance. Metformin reduces 
hepatic glucose production, decreases glucose 
absorption and increases glucose uptake into skel-
etal muscle. Thus, metformin therapy decreases 
the overall insulin requirements and may contrib-
ute to interrupt the vicious cycle between compen-
satory hyperinsulinaemia and hyperandrogenism 
in PCOS. A growing body of evidence indicates 
that metformin treatment in PCOS may induce 
signifi cant improvements in glucose and insulin 
plasma levels, surrogate measures of insulin resis-
tance (e.g., SHBG), lipid profi le, blood pressure, 
as well as slight reduction in BMI and 
WHR. However, there is inconsistency concerning 
the reported metabolic outcomes of metformin 
therapy in PCOS, since other studies, including 
placebo-controlled randomised clinical trials 
(RCTs), have failed to reproduce these metabolic 
effects. A recent systematic review of RCTs 
reported that metformin has limited effects on 
weight loss, insulin and lipid profi les in obese 
PCOS women. This inconsistent and heteroge-
neous response to metformin therapy may be 
attributed, at least in part, to the variability in the 
phenotypic expression of PCOS that is allowed by 
the different PCOS defi nitions. Metformin appears 
to be more effective in PCOS patients at the more 
severe end of this spectrum. In addition, metfor-
min therapy may have  reproductive benefi ts in 
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PCOS women by  reducing hyperandrogenism and 
restoring menstrual regularity, ovulation and fer-
tility. Indeed, a signifi cant clinical outcome of 
metformin therapy in PCOS is improved men-
strual cyclicity, although it appears to be less 
effective than oral contraceptives. Existing data 
from RCTs also indicate that metformin is associ-
ated with improved clinical pregnancy rates in 
PCOS, but there is no evidence that it improves 
live birth rates.  

   Infertility Treatment 
 PCOS women with chronic oligo/anovulation 
who desire pregnancy are candidates for medical 
induction of ovulation. Current guidelines rec-
ommend clomiphene citrate (initial dose of 
50 mg/day orally; starting on day 3 of the cycle 
and lasting for 5 days [days 3–7 of the cycle]) as 
fi rst-line infertility treatment in PCOS women 
with anovulatory infertility and without other 
infertility factors. Increasing data also support 
the role of aromatase inhibitors (e.g., letrozole) 
as an alternative fi rst-line oral pharmacological 
treatment for anovulatory infertility in PCOS. If 
pregnancy is not achieved with these fi rst-line 
oral treatments, due to either anovulation (resis-
tance to induction of ovulation) or failure to con-
ceive despite induced ovulation, patients should 
be referred to a specialist infertility clinic for fur-
ther evaluation and treatment. Failure to conceive 
despite achieving induced ovulation should 
prompt a thorough fertility work-up in both part-
ners of the couple, including semen analysis and 
evaluation of the uterine and tubal anatomy, in 
order to explore additional infertility factors 
which might not be related to PCOS. Finally, 
metformin appears to have an adjuvant role to 
fi rst-line treatments in induction of ovulation in 
obese PCOS women and is helpful to prevent the 
ovarian hyperstimulation syndrome (OHSS) in 
patients receiving gonadotropin treatment for 
in vitro fertilisation (IVF). 

     Type 2 Diabetes Mellitus (T2DM) 
and Cardiovascular Disease (CVD) Risk 
 PCOS is associated with manifestations of the 
metabolic syndrome, particularly central obesity, 
insulin resistance, T2DM, dyslipidaemia and 
hypertension. PCOS patients typically have 
higher prediabetes/T2DM prevalence and more 
CVD risk factors than age- and weight-matched 
women without PCOS. Thus, PCOS may lead to 
increased CVD morbidity and mortality later in 
life, although the documented CVD morbidity 
and mortality in middle-aged PCOS women is 
not as increased as would be expected. In clinical 
practice, it is required to screen all PCOS patients 
for CVD risk factors by assessing BMI, waist cir-
cumference, blood pressure, fasting lipids, glu-
cose tolerance, smoking status and family history 
of premature CVD (<55 and <65 years of age in 
male and female relatives, respectively).  

   Non-alcoholic Fatty Liver Disease 
(NAFLD) – Non-alcoholic 
Steatohepatitis (NASH) 
 NASH corresponds to the most severe histologic 
form of NAFLD, characterised by steatosis and 
various degrees of infl ammation, hepatocyte 
injury and fi brosis. NASH may gradually lead to 
cirrhosis, liver failure and hepatocellular carci-
noma. In clinical practice, awareness of the high 
risk of NAFLD in PCOS women is suggested, 
particularly if central obesity and insulin resis-
tance is present. However, universal routine 
screening by serum markers of liver dysfunction 
(e.g. aminotransferases) and ultrasound scanning 
of the liver in obese PCOS patients is not cur-
rently recommended, because there is no simple 
screening test for NAFLD with high sensitivity 
and specifi city.  

   Depression, Anxiety and Eating 
Disorders 
 Common psychological disorders are more prev-
alent in PCOS. Indeed, PCOS women exhibit sig-
nifi cantly higher rates of depression (28–64 %) 
and anxiety (34–57 %) compared to women in 
the general population (8 and 18 %, respectively). 
In addition, there are data suggesting an increased 

Do women with PCOS require screening/
management of comorbidities long term?
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risk of psychosexual dysfunction (e.g., loss of 
feminine identity, reduced sexual satisfaction) 
and negative body image perception (e.g., feeling 
less physically attractive or healthy) in PCOS 
women. Finally, eating disorders (e.g., binge- 
eating disorder) appear more frequent in PCOS, 
with reports showing that the prevalence of any 
eating disorder may reach 21 % in PCOS women. 
Based on this evidence, the current guidelines by 
the Endocrine Society and the PCOS Australian 
Alliance suggest screening of PCOS women for 
depression, anxiety and eating disorders.  

   Obstructive Sleep Apnea (OSA) 
 Overweight/obese PCOS women exhibit 
increased prevalence of OSA and sleep- 
disordered breathing, potentially attributed to 
hyperandrogenism and obesity (particularly 
central). Clinical studies have shown that PCOS 
patients, after controlling for BMI, have 30 times 
the risk of sleep-disordered breathing compared 
to control women and that OSA is more frequent 
in obese PCOS women than in weight-matched 
controls. Thus, it appears that obesity alone is not 
suffi cient to account for the high OSA prevalence 
in PCOS. OSA may have signifi cant deleterious 
cardiometabolic effects in PCOS patients, since 
chronic intermittent hypoxia and disruption of 
normal sleep patterns increase the sympathetic 
nervous system activity and oxidative stress and, 
hence, can progressively induce further weight 
gain, insulin resistance and hypertension. 

 Initial screening for OSA is suggested in all 
overweight/obese PCOS women in order to iden-
tify suggestive symptoms (e.g. excessive daytime 
somnolence, snoring, choking/apnea episodes 
during sleep). OSA screening can also be per-
formed through validated questionnaires (e.g., 
Epworth Sleepiness Scale, Berlin Questionnaire) 
and patients that are positive on this screening 
should be referred to a specialist in sleep medicine 
for diagnostic evaluation by polysomnography.  

   Endometrial Cancer 
 Current evidence suggests that PCOS women are 
three times more likely to develop endometrial 
cancer. Overall, PCOS women with amenor-
rhea appear to be at a greater risk of endometrial 

hyperplasia and cancer which may be higher still 
in the presence of obesity and/or T2DM. The cur-
rent guidelines by the Endocrine Society recom-
mend heightened awareness of the increased risk 
of endometrial cancer in PCOS, particularly in the 
presence of dysfunctional uterine bleeding, pro-
longed amenorrhea, obesity or T2DM. However, 
these guidelines suggest against routine ultra-
sound screening for endometrial thickness in all 
PCOS women. 

 Importantly, in PCOS women with chronic 
anovulation exposure of the endometrium to unop-
posed non-fl uctuating levels of estradiol in the 
absence of progesterone increases the risk of endo-
metrial hyperplasia/cancer. In order to decrease this 
risk, clinicians should offer long- term treatment 
with a COCP regimen or cyclical progestogen to 
induce periodic withdrawal bleeding. Regular 
withdrawal bleeding at least every 3 months is con-
sidered to signifi cantly reduce the risk of endome-
trial hyperplasia and cancer in PCOS.  

   Pregnancy Complications 
 PCOS women have higher rates of GDM, 
pregnancy- induced hypertension, pre-eclampsia 
and pre-term birth; whilst the infant is also at 
higher risk of neonatal complications (e.g. small 
for gestational age infant, increased neonatal ICU 
admission and mortality rates). Finally, PCOS 
women have been shown to exhibit higher rates 
of spontaneous miscarriage after assisted repro-
duction compared to women without PCOS. This 
is considered related to the high obesity incidence 
in PCOS and the type of infertility treatment that 
PCOS women may receive, because it has been 
reported that after adjustment for these factors the 
increase in the risk of spontaneous miscarriage in 
PCOS women was not signifi cant.       
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        Case 

 A sick Indo-Asian baby is seen in the Accident 
and Emergency department. He is 10 days old 
and has been off his feeds. For the last 24 h he has 
been vomiting and has been losing weight. Initial 
investigations reveal the following electrolytes:

   Na +  128 mmol/l (135–145 mmol/l)  
  K +  6.8 mmol/l (3.5–6.0 mmol/l)  
  Urea 8.2 mmol/l (2.5–7.5 mmol/l)  
  Creatinine 87 mmol/l (35–105 mmol/l)    
 A full sepsis screen has been performed and 

has shown no evidence of infection. Urine and 

CSF are clear, and there are no abnormalities on 
his chest x-ray. 

  Hyponatraemia in a baby can be caused by 
many things. You need to know:
   Prenatal history, gestation – A severely growth- 

retarded baby or a very bad pregnancy can 
cause babies to be wasted and ill.  

  Birth weight and mode of delivery – Traumatic 
births can result in some delayed effects.  

  Ethnicity and consanguinity – Metabolic and 
endocrine conditions that can cause this picture 
are often genetic, autosomal recessive in ori-
gin, and may occur with increased frequency 
in offspring of consanguineous marriages.  

  Any siblings and medical conditions – Again, if 
an inherited condition parents may already 
have one child with similar problems.  

What further information would you require?

        S.   Alvi ,  MD, FRCPCH      
  Department of Paediatric Endocrinology , 
 Leeds Children’s Hospital , 
  A Floor Brotherton Wing, Great George Street , 
 Leeds ,  West Yorkshire   LS1 3EX ,  UK   
 e-mail: sabahalvi@nhs.net  

 Case 14      Salt-Wasting Crisis 
in a Newborn 

           Sabah     Alvi     

    Abstract  

  A 10-day-old baby presents with failure to thrive and is found to have 
hyponatraemia and hyperkalaemia. In this case study the differential diag-
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  Any history of neonatal deaths? Many metabolic 
and some endocrine conditions are lethal and 
a past history of neonatal deaths would sug-
gest a possible recurrence.  

  Family history – Same as above for inherited 
conditions.  

  Feeding history (breast, bottle, any diffi culties 
attaching, tongue tie) – These could cause 
baby to feed poorly and become dehydrated.  

  Is the baby disinterested in feeds or hungry but 
not gaining weight? A baby not feeding may 
be unable to feed due to sepsis or other over-
whelming illness, whilst a hungry baby may 
be feeding well but unable to retain food due 
to malabsorption or mechanical problems 
such as pyloric stenosis.  

  Does baby struggle to feed? Is he breathless, 
sweaty? Babies with congenital heart disease, 
or severe acidosis.  

  Is baby passing urine normally? A dehydrated 
baby may have had uncharacteristically dry 
nappies recently; may indicate renal problems.    

  Like any patient you need to do a full exami-
nation starting with inspection.
   Is the baby’s colour normal?  
  Is the baby dehydrated? Is he failing to thrive? 

Early growth is highly dependent on salt, so if 
this baby has not been feeding and losing salt 
he could be quite wasted.  

  Is his fontanelle soft or tense, sunken (sign of 
dehydration) or bulging (can indicate raised 
intracranial pressure and is often found in 
meningitis)?  

  He needs a full systems examination to exclude 
any signs of cardiac disease.  

  Look for signs of infection, such as fever, mottled 
skin, petechiae, poor capillary refi ll. Is he irrita-
ble or very lethargic? Both are alarming signs.  

  Does he have any respiratory diffi culties?  
  Is his abdomen soft? Can you feel any masses?  
  Does he have normal male genitalia? Are both 

testes in the scrotum? There may be hyperpig-
mentation of the genitalia, although this can 
be diffi cult to assess in a dark-skinned baby.    

    Summary 

 You are faced with a 10-day-old Asian baby with 
failure to thrive. He is dehydrated, listless, has a 
weak cry and is vomiting, but there are no dys-
morphic features. His anterior fontanelle is fl at. 
There are no petechiae/purpura and he is afebrile, 
but his skin is mottled. There are no abnormalities 
in the cardiac or respiratory systems. You cannot 
palpate any lumps in the abdomen. There is sug-
gestion of some scrotal hyperpigmentation, but he 
has otherwise normal male genitalia, with bilater-
ally descended testes and a normal looking penis. 

  The electrolytes show hyponatraemia, hyper-
kalaemia and evidence of mild dehydration. 

 With this clinical picture, the differential diag-
nosis must include:
   Simple failure to feed – but the hyponatraemia is 

too severe, and would not be associated with 
hyperkalaemia  

  Severe urinary tract infection due to urinary 
refl ux with posterior urethral valves – but the 
urine is clear  

  Cystic dysplastic kidneys  
  Congenital adrenal hyperplasia  
  Adrenal hypoplasia congenita  
  Primary hypoaldosteronism  
  Pseudohypoaldosteronism    

  Immediate investigations:
   Blood tests to measure 17 hydroxyprogesterone 

(17-OHP), plasma renin activity (PRA), aldo-
sterone, DHEAS, androstenedione, cortisol, 
glucose  

  Capillary blood gases  
  Collect blood for DNA extraction for possible 

future +/− karyotype  
  Collect a sample of urine for steroid profi ling  

  Later investigations:  
  Arrange an abdominal ultrasound scan     

What signs will you look for?

What is the differential diagnosis?

What further investigations will you 
undertake?
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    Results 

    Cortisol 85 nmol/l  
  Chloride 108 mmol/l  
  Bicarbonate 16 mmol/l  
  Glucose 3.2 mmol/l  
  Aldosterone, 17-OHP and plasma renin activity 

will not be available for 2 more days  
  USS: normal kidneys, bulky adrenal glands    

  The results so far suggest an adrenal problem: 
the cortisol is low, particularly so in the context 
of a sick child; the glucose is low, and there is a 
mild metabolic acidosis. In the newborn, adrenal 
glands are not readily visualised on ultrasound 
scanning and so if the adrenal glands are easily 
seen and bulky, this would support a diagnosis of 
congenital adrenal hyperplasia (CAH). The low 
cortisol, low sodium and high potassium need to 
be corrected. The baby is also dehydrated and as 
confi rmatory results will not be available you 
must start treatment empirically. 

  There is no evidence of sepsis so antibiotics 
are not indicated. Intravenous rehydration with 
dextrose saline and a bolus of hydrocortisone will 
deal with all the possible differentials until fur-
ther results are available. 

 If the baby has adrenal hyperplasia or hypopla-
sia he will improve very rapidly with intravenous 
dextrose-saline and regular intravenous hydrocorti-
sone. If there is little or no improvement, this is 
more likely to be hypoaldosteronism or pseudohy-
poaldosteronism, which will only resolve with 
extra sodium and bicarbonate treatment if it is 
pseudohypoaldosteronism, or the addition of 
fl udrocortisone if it is primary hypoaldosteronism. 

 A few days later further results are available:
   17OHP >300 nmol/l (normal <50)  
  Aldosterone 257 pmol/l (normal 1,000–6,000)  
  Plasma renin activity 58 nmol/l/24 h (normal <30)    

  This is strongly supportive of 21-hydroxylase 
defi ciency congenital adrenal hyperplasia; the 
raised renin is appropriate in the face of hypona-
traemia and confi rms the severe salt-losing type. 
In adrenal hypoplasia or primary hypoaldoste-
ronism, we would not see such a high 17OHP, 
and in pseudohypoaldosteronism the aldosterone 
would be very high (several tens of thousands) 
due to receptor insensitivity, and again, the 
17OHP would not be raised. 

 When the baby has been stabilised and the 
electrolyte disturbances corrected (which may 
take a few days), maintenance treatment should 
be started with oral hydrocortisone at a dose of 
15–20 mg/m 2 /day in four divided doses, and 
fl udrocortisone at a dose of 25–50 mcg per day, 
although this may need increasing (sometimes up 
to as much as 300 mcg daily) within the fi rst year 
or so. Sodium supplements should also be started 
at 5–10 mmol/kg/day as these babies need much 
more sodium than other babies, usually for up to 
a year. 

  A urine steroid profi le can indicate where in 
the pathway the block in steroid production 
occurs. To confi rm the genetic mutation involved, 
DNA extraction and analysis can be undertaken- 
the most common cause of salt-losing congenital 
adrenal hyperplasia is a mutation in the gene for 
21-hydroxylase. Genetic counselling and testing 
of parents and siblings can then be offered, with 
evaluation of carrier status of other family mem-
bers if there is consanguinity. 

 The relevance of the child’s ethnic background 
is that in some communities there is a high rate of 
consanguineous marriage and the risk of an auto-
somal recessive condition must be borne in mind. 

 Fludrocortisone and hydrocortisone require-
ments are greater in children than adults, and 
in babies more than in children. Adequacy of 

What is the interpretation of these results?

What is the immediate management of this 
baby?

What is the interpretation of this set of 
results?

What is the longer term management?
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mineralocorticoid replacement is monitored by 
regular measurements of plasma renin activity. 
Hydrocortisone doses are reviewed on clinical 
grounds, the child’s body surface area, and 
monitored with 17 hydroxyprogesterone pro-
fi les, either in salivary samples or blood. 

 As the child grows up it is important to moni-
tor linear growth and puberty. Chronic under- 
treatment, either due to lack of compliance or 
inadequate steroid dosage, can compromise 
height due to the effect of excess androgens on 
the growth plate causing premature epiphyseal 
fusion. Conversely, too high a dose of steroids 
can also cause loss of growth. 

 Excess androgens can also cause priming of the 
pituitary gland to stimulate gonadotrophin secre-
tion and development of central precocious 
puberty which may then require treatment. In 
young boys it is important to monitor testicular 
growth both clinically and radiologically as poorly 
controlled CAH can result in the development of 
testicular adrenal rest tumours, which although 
benign and not requiring surgical treatment, can 
cause discomfort and compromise fertility. 

 Families need educating in sick day rules, 
emergency treatment and the need for their child 
to carry a steroid card and wear a medical 
talisman.   

    Congenital Adrenal Hyperplasia 

 This covers a group of autosomal recessive adre-
nal conditions caused by genetic mutations in 
fi ve main enzymes. The most common type, due 
to defi ciency of the 21-hydroxylase enzyme, 
results in impaired cortisol and aldosterone syn-
thesis and overproduction of adrenal androgens 
(Fig.  14.1 ).  

    Classical 21-Hydroxylase Defi ciency 
Congenital Adrenal Hyperplasia 

 The incidence of congenital adrenal hyperpla-
sia in Britain is about 1 in 18,000 [ 1 ]. Up to 
95 % of cases are caused by defi ciency of the 

21- hydroxylase enzyme; this results from muta-
tions in the gene encoding adrenal P450c21 and 
is inherited in an autosomal recessive fashion. 
Complete defi ciency of the enzyme results in 
salt wasting due to inability to produce the min-
eralocorticoid aldosterone, and hypoglycaemia 
from glucocorticoid defi ciency. Due to the posi-
tion of 21-hydroxylase in the steroid pathway, the 
block causes accumulation of precursors which 
are diverted into the alternative pathway produc-
ing excess 17 hydroxyprogesterone, which is 
converted to androstenedione and thence to tes-
tosterone, both potent androgens. Females there-
fore present with virilisation at birth, which can 
vary from mild clitoromegaly to complete gender 
ambiguity. As they are diagnosed within the fi rst 
few days of life, they rarely present with salt los-
ing crises at diagnosis (although they are just as 
prone as boys with this condition to decompen-
sate during intercurrent illnesses or other times 
of physical stress), but the birth of a child with 
genital ambiguity (disorder of sex development) 
is an extremely traumatic experience for the par-
ents and great sensitivity is required in making an 
accurate and timely diagnosis. 

 Careful examination will usually show clito-
romegaly, enlarged or fused labia majora, bifi d 
or completely hypoplastic scrotum with no pal-
pable gonads in the labioscrotal folds. Only a 
single perineal orifi ce will be seen as vagina and 
urethra are often fused (urogenital sinus). If 
faced with this situation, an urgent pelvic ultra-
sound should be arranged: in a girl with virilis-
ing CAH a uterus and ovaries should be visible 
and will immediately help to differentiate 
between CAH and other conditions causing dis-
orders of sex development. A rapid karyotype 
will be 46 XX and biochemical confi rmation can 
be obtained (after 48 h of age to avoid the physi-
ological surge of maternal hormones) by check-
ing adrenal function (17-OHP, androstenedione, 
cortisol, DHEAS, testosterone) and plasma renin 
activity. A urinary steroid profi le and DNA anal-
ysis for the 21-hydroxylase gene mutation will 
confi rm the diagnosis. 

 As external virilisation in boys with this con-
dition is not a problem, boys present between 7 
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and 21 days, when the baby switches from the 
protection of maternal hormones and relies on his 
own adrenal glands. Lack of mineralocorticoid 
precipitates salt loss which, uncorrected and in 
combination with glucocorticoid defi ciency, pre-
cipitates an adrenal crisis. Typically this presents 
as poor feeding, lethargy and weight loss. 
Vomiting can follow with collapse if not picked 
up early enough. After the diagnosis has been 
made and the child stabilised, mutation analysis 
can confi rm the genetic basis of the condition and 
allow appropriate counselling for parents, who, 
as this is often their fi rst child, will want to know 
of recurrence risks in future pregnancies (one in 
four with every pregnancy). A full multidisci-
plinary team comprising endocrinologists, genet-
icists, urologists, psychologists, gynaecologists 
and clinical nurse specialists needs to be involved 

so that the parents can be supported practically 
and psychologically [ 2 ]. Even after diagnosis and 
appropriate treatment has been instigated, infants 
remain very vulnerable to recurrent salt-losing 
crises and hospital admissions, due to their pro-
pensity to contract repeated infections, and par-
ents must be taught how to manage illnesses at 
home and be given direct access to paediatric 
wards if their child’s condition deteriorates. 

 In the longer term, girls with CAH will require 
surgery which may be minor when virilisation is 
not extensive, to major reconstruction with vagi-
noplasty/ feminising genitoplasty, sometimes fol-
lowed by self-vaginal dilatation. Boys usually do 
not require surgery, but complications in both can 
include obesity, precocious puberty, short stature 
and subfertility, with development of polycystic 
ovary syndrome or adrenal rest tumours [ 3 ].  

Cholesterol

Pregnenolone Dehydroepiandrosterone

Progesterone 17-OH-progesterone       A4 Androstenedione Testosterone

21-hydroxylase 21-hydroxylase

Deoxycorticosterone   11-deoxycortisol

Corticosterone                 Cortisol

18-OH Corticosterone

Aldosterone

17-OH pregnenolone

  Fig. 14.1    Pathways of steroid metabolism. A block due 
to defi ciency of 21-hydroxylase causes accumulation of 
precursors (17-hydroxyprogesterone, androstenedione, 

testosterone) and defi ciency of glucocorticoids (cortisol) 
and mineralocorticoids (aldosterone)       
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    Current Controversies 

    Prenatal Dexamethasone Treatment 
 Prenatal dexamethasone has been available since 
the mid 1980s as an experimental treatment to 
prevent severe virilisation of a female fetus 
affected with congenital adrenal hyperplasia [ 4 ] 
and there is plenty of evidence to show that when 
started early enough (between 6 and 7 weeks of 
pregnancy) it can be very effective in preventing 
or minimising virilisation. At 10–12 weeks, a 
chorionic villous sample can be taken to confi rm 
the gender of the fetus. If a male fetus is con-
fi rmed, the dexamethasone can be discontinued. 
For female fetuses genetic mutation analysis is 
undertaken, and if negative, dexamethasone 
treatment of the mother is discontinued. In 
females with a confi rmed CAH gene mutation, 
treatment is continued to term and ceased at 
delivery. In this way therefore 7 out of 8 fetuses 
are treated with dexamethasone unnecessarily, 
and there are widespread concerns about the 
long term effects on cognition, memory and 
social adaptation of children who were exposed 
to dexamethasone in utero [ 5 ]. Maternal effects 
too, such as fl uid retention, hypertension and 
striae can be very unpleasant.  However, with the 
advent of fetal sexing from free fetal DNA in 
maternal plasma it is possible to identify male 
fetuses as early as 37 days after conception, 
which allows treatment to be initiated only in 
pregnancies with female fetuses. New et al. [ 6 ] 
have taken this a step further and can now anal-
yse fetal CYP-21 status in cell-free DNA, and 
thereby target only affected female fetuses by 6 
weeks of gestation. It is likely that this will 
become the standard way of offering prenatal 
diagnosis and treatment, but at present this non-
invasive  prenatal testing is not  routinely avail-
able on the National Health Service. 

 It is therefore suggested that prenatal treat-
ment should only be carried out in centres where 
there is a multidisciplinary team of experts, 
fully informed consent around the current 
uncertainties, and facilities to undertake regis-
tration and long term follow up for all treated 
individuals.  

    Neonatal Screening 
 In many countries including the United States all 
babies are screened at birth for congenital adre-
nal hyperplasia. Treatment can be started much 
earlier, and potentially fatal adrenal crises can be 
prevented. However, there can be a high false 
positive rate and screening has not been adopted 
in the UK at present. This policy is still under 
review, but a recent British study [ 7 ] does not 
support the hypothesis that, in an unscreened 
population, males affected by salt wasting CAH 
are dying prior to diagnosis.    

    Summary 

 Congenital adrenal hyperplasia is an autosomal 
recessively inherited condition which presents in 
the newborn with virilisation of girls or salt- 
losing crises in boys. It is a lifelong condition 
which requires treatment with glucocorticoid and 
mineralocorticoid replacement, and lifelong sup-
port is required with full education, fi rst of the 
parents, then the individuals themselves, around 
the nature of the condition, illnesses and emer-
gency steroid management, growth, puberty and 
pregnancy.     
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        Case 

 A 33-year-old woman attends the infertility clinic 
with her 36-year-old partner with whom she has 
been cohabiting for the last 10 years. She was on 
the combined oral contraceptive pill (COCP) for 
the fi rst 7 years of their relationship but came off 
it 3 years ago as they wanted to start a family. 
They have been trying unsuccessfully to conceive 

in the last 3 years despite regular (3–4 times a 
week), unprotected sexual intercourse.  

 Infertility is a common and major clinical, 
social and public health problem, and is defi ned 
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 Case 15      Female Infertility: 
Diagnosis 
and Management 
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    Abstract  

  Infertility is defi ned as failure of a couple not using any form of contracep-
tion to conceive after 12 months of regular sexual intercourse. It constitutes 
a major social and psychological burden amongst couples, and the preva-
lence is increasing. Conditions in the female partner account for the major-
ity of cases of infertility. This chapter summarises the different etiological 
factors in female infertility, baseline investigative evaluation and the man-
agement options for couples presenting with female factor infertility.  

  Keywords  

  Female infertility   •   Hypothyroidism   •   Ovulatory disorders   • 
  Hyperprolactinemia   •   Polycystic ovary syndrome  

Questions
1.  What is the current defi nition of 

infertility?
2.  What is the difference between primary 

and secondary infertility?
3.  Which aspects of this woman’s history 

would you further explore?
4. List the causes of female infertility.
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as the inability of a couple to achieve conception 
after 12 months or more of regular (3–4 times per 
week), unprotected sexual intercourse. Eighty- 
fi ve percent of couples in their twenties having 
regular sexual intercourse and not using contra-
ception will achieve conception within 
12 months, although this declines with increasing 
female age. In the United Kingdom, it is esti-
mated that one in seven heterosexual couples of 
reproductive age group have diffi culty conceiv-
ing. The prevalence is similar in developed coun-
tries (10–15 %) and appears to be increasing [ 1 ]. 
Infertility can be classifi ed as primary, when 
there is no history of pregnancy having occurred 
in a couple even if one partner has had a preg-
nancy in a previous relationship, or secondary, 
when inability to conceive occurs after one or 
more conceptions irrespective of the outcome. 

 There are many causes of female infertility, 
the commonest being damage to the fallopian 
tubes secondary to previous infection (e.g., 
Chlamydia), anovulation and endometriosis. 
Modifi able lifestyle factors such as obesity, diet 
and exercise, alcohol, smoking and use of recre-
ational drugs contribute signifi cantly to female 
infertility. Smoking is associated with reduced 
ovarian reserve as well as development of 
embryos of poorer quality. In recent years, some 
women delay conception until well into their 
mid-30s for social, professional and fi nancial rea-
sons and therefore experience diffi culty getting 
pregnant as a result of the natural decline in 
female fertility with age and concomitant increase 
in the rate of miscarriage, This is due to the 
decline in the genetic competence of the embryo, 
which in turn is secondary to a failure in the 
mechanisms that control normal cell division 
contained within the oocyte. Exposure to envi-
ronmental chemicals and toxins such as mercury, 
cadmium, volatile organic solvents, pesticides 
and textile dyes has also been implicated [ 1 ]. 

 Epidemiological data from the United 
Kingdom show that the male partner may be 
solely responsible for 30 % of cases of infertility 
and in 40 %, both male and female factors are 
present. No identifi able female or male factors are 

found in 25 % (unexplained infertility). Genital, 
endocrinological, developmental and general fac-
tors in the female partner causing infertility 
include ovulatory disorders (25 %), tubal damage 
from pelvic infections or endometriosis (20 %) 
and uterine or peritoneal disorders such as fi broids 
and endometriosis (10 %) [ 1 ] (Table  15.1 ).

   The patient is currently unemployed but previ-
ously worked as a healthcare assistant. She is fi t 
and well and has unremarkable medical and sur-
gical history and currently not taking any regular 
medication. She has not had any prior exposure 
to any chemotherapy or radiotherapy. She started 
having periods at the age of 12 years and always 
had regular periods with a cycle length of 28 days, 
which continued to be the case whilst on the 
COCP. She has never been pregnant. Since dis-
continuing the COCP 3 years ago, her periods 
have been very infrequent with cycle length vary-
ing between 38 and 90 days. Her period lasts 
from 3 and 5 days, and she describes her men-
strual fl ow as normal, with no associated dys-
menorrhoea. She had a cervical smear 2 years 
ago that was reported as normal.  

   Table 15.1    Causes of female infertility   

  Ovulatory disorders  
 Hypothalamic/pituitary failure 
 Hypothalamic/pituitary dysfunction 
 Ovarian failure 
  Tubal damage  
 Previous pelvic/abdominal surgery 
 Past peritonitis 
 Past Pelvic infections 
 Endometriosis 
 Congenital abnormalities 
  Uterine or peritoneal disorders  
 Fibroids 
 Endometrial polyps 
 Endometriosis 
  Modifi able lifestyle factors  
 Advanced female age, obesity, diet and exercise, 
alcohol, smoking and use of recreational drugs 
  Environmental factors  
 Exposure to chemicals and toxins such as mercury, 
cadmium, volatile organic solvents, pesticides and 
textile dyes has also been implicated 
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 Ovulatory dysfunction is one of the common-
est causes of female infertility accounting for 
20–40 % of all causes of infertility. Ovulatory 
dysfunction is generally manifested by irregular-
ity of menstrual periods characterised by absence 
of menstruation (amenorrhoea), infrequent men-
struation (oligomenorrhoea) or excessive bleed-
ing (dysfunctional uterine bleeding). Ovulatory 
dysfunction can be caused by many factors; how-
ever, the majority of cases are related to female 
hormonal imbalances. The World Health 
Organisation (WHO) has provided a classifi ca-
tion system that divides ovulatory disorders into 
three distinct groups based on aetiological factors 
[ 1 ] (Table  15.2 ).

   WHO group 1 anovulatory infertility is 
caused by disorders that result in hypothalamic-
pituitary- gonadal axis failure. These include 
hypothalamic or pituitary tumours or infection, 
hypothalamic or pituitary irradiation, chemo-
therapy, head trauma, genetic defects such as 
Kallmann syndrome and functional hypotha-
lamic amenorrhoea induced by excessive exer-
cise, lean body mass, weight loss, severe dietary 
restriction, anorexia or bulimia nervosa and 
chronic illness. Individuals with WHO group 1 
ovulatory disorder have low serum concentra-
tions of follicle stimulation hormone (FSH), 
luteinising hormone (LH) and oestradiol (hypo-
gonadotrophic hypogonadism) and present with 
amenorrhoea, which could be primary or sec-
ondary depending on the cause [ 2 ]. Those who 
are underweight or over-exercise may have low-
normal concentrations of FSH with an LH that is 
suppressed to a greater degree. 

 Cushing’s syndrome may present with chronic 
anovulation due to the inhibitory effect of high 
levels of cortisol releasing hormone (CRH) 
and adrenocorticotrophic hormone (ACTH) on 
hypothalamic- pituitary secretion. Congenital 
adrenal hyperplasia is also associated with 
anovulation and infertility due to secondary 
PCOS and hyperandrogenism, which inhibit 
the normal hormonal cycle. Elevation in serum 
17 hydroxyprogesterone (17-OHP) and andro-
stenedione are characteristic of CAH and disturb 
menstrual cyclicity, cervical mucus penetration 
by sperm and impair endometrial maturation and 
implantation. 

 Anovulatory infertility associated with condi-
tions classifi ed as WHO group 2 ovulatory 

   Table 15.2    Classifi cation of ovulatory disorders   

  Hypothalamic/pituitary failure (WHO group 1)  
 Idiopathic hypogonadotrophic hypogonadism 
 Kallmann’s syndrome 
 Hypothalamic pituitary damage 
   Tumours (craniopharyngioma) 
   Cranial irradiation 
   Head injuries 
   Sarcoidosis 
   Tuberculosis 
 Anorexia 
 Excessive aerobic exercise 
 Severe systemic illness 
 Hyperprolactinaemia 
 Thyroid disease 
 Hypopituitarism 
 Cushing syndrome 
  Hypothalamic/pituitary dysfunction (WHO group 2)  
 Polycystic ovary syndrome (PCOS) 
  Ovarian failure (WHO group 3)  
 Idiopathic Premature ovarian insuffi ciency 
 Genetic causes 
   Turner syndrome 
   Fragile X syndrome 
 Toxic causes 
   Chemotherapy drugs 
   Radiation therapy 
   Viral infections (such as mumps) 
 Autoimmune diseases 

Questions
5.  This patient’s menstrual history suggests 

anovulation as the cause of her infertil-
ity. Discuss the causes of anovulatory 
infertility

6.  What other aspects of the patient’s his-
tory are relevant to establish the cause of 
her anovulation?
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disorders account for 85 % of cases of ovulatory 
infertility and results from hypothalamic-
pituitary- ovarian dysfunction. The serum hor-
monal profi le of these individuals will usually 
show normal FSH, normal or elevated LH and 
normal or high oestradiol levels (normogonado-
trophic normogonadism) [ 3 ]. Polycystic ovary 
syndrome (PCOS) is the commonest cause of 
ovulatory disorders in this group of patients, 
accounting for 60–85 % of cases [ 4 ]. PCOS is a 
complex, heterogeneous endocrine disorder. It 
includes a spectrum of conditions rather than a 
single discrete disease. Symptoms vary widely 
in different individuals and include irregular or 
absent menses and associated anovulatory infer-
tility, hyperandrogenism (hirsutism, alopecia 
and acne) and associated obesity. The criteria for 
the diagnosis of PCOS are based on a combina-
tion of clinical, ultrasound and biochemical cri-
teria [ 5 ]. 

 On further questioning she admitted to acne 
and severe and bothersome hirsutism involving 
her abdomen, face, chest, buttocks, legs and 
back. She initially tried shaving and waxing to 
remove her facial hair but this regrew quickly 
and her doctor has suggested referring her for 
laser treatment of her facial hair. In the last 
4 years, she has noticed a rapid increase in her 
weight and she is thinking of joining the gym. 
She smokes one pack of cigarette a day and 
drinks 20 units of alcohol a week on average. 
Her mother and two of her older sisters have 
type 2 diabetes, but there is no history of infer-
tility in the family. Her partner is fi t and well 
and has an unremarkable medical and surgical 
history. He is a non-smoker and drinks alcohol 
socially. He has 1 child aged 12 years from a 
previous relationship. Examination revealed 
an obese woman with a body mass index 
of 35 kg/m 2  and a normal blood pressure of 
125/75 mmHg. Signifi cant hirsutism was noted 
on her face, chest, legs, and back. Also noticed 
were brown to black, poorly defi ned, velvety 
hyperpigmented areas in the lateral folds of the 
neck, the armpits and groin.  

 The likely diagnosis is PCOS. In 2003 the 
European Society for Human Reproduction and 
Embryology (ESHRE) and the American Society 
of Reproductive Medicine (ASRM) held a consen-
sus meeting in Rotterdam and proposed that the 
diagnosis should be made if two out of three criteria 
are met: namely the presence of clinical or bio-
chemical features of hyperandrogenism, oligo-ovu-
lation or anovulation (in other words a menstrual 
cycle disturbance) and/or polycystic ovaries on 
ultrasound, once appropriate investigations have 
been performed to exclude other causes of men-
strual disturbance and androgen excess [ 6 ]. The 
aetiology of PCOS has not been fully elucidated, 
but it is believed to be of multifactorial origin with 
insulin resistance, androgen excess, abnormal 
gonadotrophin secretion and genetic predisposition 
playing important roles. Obesity occurs in 40–50 % 
and has been implicated in the pathogenesis of 
PCOS [ 7 ] secondary to the development of insulin 
resistance and hyperinsulinaemia, which acts 
directly on the ovary to amplify the hyperandrogen-
ism, interfering with folliculogenesis and resulting 
in anovulation and poor-quality oocytes [ 5 ]. 

 The differential diagnosis of PCOS includes 
Cushing’s syndrome, virilising adrenal tumour 
and late onset “non-classical” congenital adrenal 
hyperplasia (Table  15.3 ). Cushing’s syndrome 
exhibits many clinical features similar those 
observed in PCOS, such as obesity, low sex hor-
mone binding protein (SHBG), increased andro-
gens, and hirsutism and anovulation. Cushing’s 
syndrome is rare compared with PCOS and asso-
ciated with other symptoms such as easy bruis-
ing, moon facies, buffalo hump, abdominal striae, 
hypertension, and proximal myopathy.

Questions
7.  What is the likely diagnosis based on the 

history and examination fi ndings and 
what are the differential diagnoses?

8.  What are the salient features in the his-
tory that point to the diagnosis?
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   Premature ovarian insuffi ciency (formerly 
known as “premature ovarian failure”) (WHO 
group 3) constitutes 5 % of ovulatory disorders 
and results from premature exhaustion of the 
ovarian primordial follicular pool and is charac-
terised by amenorrhoea in women aged <40 years. 
The serum hormonal profi le will show evidence 
of high gonadotropins and low oestradiol levels 
(hypergonadotrophic hypogonadism). Causes of 
premature ovarian failure include a number of 
genetic conditions such as Turner’s syndrome and 
Fragile X syndrome, previous exposure to chemo-
therapy and radiotherapy, and autoimmune dis-
eases such as type 1 diabetes mellitus, systemic 
lupus erythematosis and Addison’s disease [ 3 ]. 

 In recent times the measurement of anti- 
Müllerian hormone (AMH) has been used to assess 
ovarian reserve or the ovarian follicle pool, with low 
levels indicative of declining ovarian reserve and 
premature ovarian insuffi ciency, normal levels rep-
resenting normal fertility potential and elevate lev-
els often seen in women with polycystic ovaries. 

 You arranged a battery of investigations 
including day 1–3 follicle-stimulating hormone 
(FSH), luteinizing hormone (LH), oestradiol, 
thyroid function test, prolactin, testosterone, and 
sex hormone binding globulin (SHBG) and 
obtained the following results: FSH 5.6 iu/L, LH 
23.4 iu/L, oestradiol 142 pmol/L, testosterone 
3.1 nmol/L, TSH 1.4 miu/L, Free T4 
13.8 pmol/L. She had an ultrasound scan that 
reported a normal-sized anteverted uterus with 
homogenous myometrial echotexture. Right 
ovarian volume was 17.5 mL and antral follicle 
count of 13. Left ovarian volume was 14.4 mL 
and antral follicle count of 15. A hysterosalpin-
gogram to evaluate her fallopian tubes revealed 

evidence of bilateral tubal patency, and her part-
ner had a seminal fl uid analysis that was reported 
as normozoospermia. She was immune to Rubella 
and genitourinary infection, screening for both 
couples including Hepatitis B and C, HIV, HTLV, 
syphilis, Chlamydia and Gonorrhoea, did not 
reveal any evidence of current or past infection.  

 Clinical evaluation should be offered to women 
<35 years who fail to conceive after 12 months of 
regular, unprotected sexual intercourse. However, 
consultation, and evaluation should be offered 
after 6 months of frequent, unprotected inter-
course in women between 35 and 40 years of age 
and immediately in those over 40 years of age due 
to the dramatic decline in fertility as a result of 
ovarian aging. Earlier referral and evaluation are 
also required for female partners with known clin-
ical causes of infertility such as history of oligo-
menorrhoea/amenorrhoea, past history of pelvic 
infection, previous pelvic surgery, past exposure 
to chemotherapy or radiotherapy and endometrio-
sis [ 1 ]. The initial evaluation of the female partner 
requires a focused and detailed history that may 
identify simple problems or solutions to improve 
fertility that should cover: social history, current 
and past medical and surgical history, menstrual 
history, obstetric history, sexual and contraceptive 
history and family history (Table  15.4 ).

   Examination of the female partner should 
include assessment of body mass index (BMI), 
signs of hyperandrogenism (hirsutism, acne, 
acanthosis nigricans, and male pattern baldness), 
and any abnormalities of the thyroid gland. A 
pelvic examination is indicated to look at the 

   Table 15.3    Differential diagnoses of polycystic ovary 
syndrome   

 Ovarian hyperthecosis 
 Late-onset congenital adrenal hyperplasia 
 Cushing’s syndrome 
 Androgen-producing ovarian tumour 
 Adrenal tumour 

Questions
10.  Comment on these results and discuss 

the general evaluation of an infertile 
patient.

11.  Her anovulatory infertility is due poly-
cystic ovary syndrome (PCOS). 
Discuss the treatment options for this 
patient’s infertility.
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vagina and cervix for any abnormalities and to 
perform an infection screen and a Pap smear if 
required. Bimanual examination of the uterus and 
adnexa will reveal uterine size, position, regular-
ity and mobility and evidence of endometriosis or 
pelvic adhesions such as tenderness, fi xity of the 
pelvic organs and nodules [ 1 ,  8 ].  

    Diagnostic Evaluation 

 A complete basic evaluation needs to be per-
formed assessing ovulation, tubal patency and 
uterine morphology (Table  15.5 ). Baseline inves-
tigations should include Rubella immunity sta-
tus, cervical smear in the last 3 years, 
genitourinary infection screening (Chlamydia 
serology, high vaginal swab for microscopy cul-
ture and sensitivity ,  cervical swab and/or early 

morning urine sample for Chlamydia antigen, 
HIV, Hepatitis B&C and syphilis) .  Women with 
BMI ≥25–30 kg/m 2  should have an assessment 
of HbA1c or an oral glucose tolerance test, 
depending upon ethnicity and local policy. Semen 
analysis should be performed on the male partner 
even if he has fathered previous pregnancies [ 1 ].

      Assessment of Ovulatory Function 
and Ovarian Reserve 

 Menstrual history can give valuable clues and yield 
the diagnosis of anovulation. A history of regular 
menstrual cycles (every 25–35 days) and moliminal 
symptoms (e.g., breast tenderness, bloating, cramp-
ing, mood changes) are compatible with ovulation 
in at least 95 % of women. Luteal phase serum 
progesterone can confi rm ovulation in women with 

   Table 15.5    Evaluation of female infertility   

  Baseline investigations  
 Rubella status 
 Cervical smear 
 Chlamydia serology 
 HVS for M C&S 
 Cervical swab and/or early morning urine sample for 
chlamydia and gonococcal antigens 
  Assessment of ovulatory function  
 Menstrual history 
 Mid luteal phase serum progesterone (days 21–23 of 
menstrual cycle or 7 days before expected menses) 
 Urinary luteinizing hormone (LH) determination 
 Transvaginal ultrasound follicular monitoring 
  Assessment of ovarian reserve  
 Early follicular phase FSH, LH and oestradiol E2 (days 
1–3 of the menstrual cycle) 
 Early follicular phase antral follicle count (transvaginal 
USS) 
 Serum anti-mullerian hormone (AMH) level 
  Assessment of tubal patency  
 Hysterosalpingography (HSG) 
 Laparoscopy and dye test 
 Hysterocontrast sonography (HyCoSy) 
  Assessment of uterine abnormalities and peritoneal 
factors  
 Transvaginal ultrasonography 
 Laparoscopy 
 Hysteroscopy 

   Table 15.4    Focused history of the infertile female   

  Social history  
 Age, occupation, Personal and life-style history 
including exercise, stress, dieting, smoking, and 
alcohol use, recreational drugs and caffeine 
consumption 
  Medical history  
 Any current associated medical illness as diabetes and/
or hypertension, drug intake prescribed as non-steroidal 
anti-infl ammatory drugs, sex steroids and previous 
exposure to chemotherapy or radiotherapy 
  Menstrual history  
 Age of menarche, cycle regularity, menstrual loss, 
average number of days of menstrual loss, pain during 
menstruation, intermenstrual spotting and primary or 
secondary amenorrhoea 
  Surgical history  
 Ovarian cystectomy, appendicectomy, laparotomy, 
caesarean sections, and cervical surgery 
  Obstetric history  
 Duration of infertility and results of previous 
evaluations and therapy, previous pregnancies and 
outcomes 
  Contraceptive and sexual history  
 Previous contraceptive methods, past sexually 
transmitted diseases, recent cervical smear, coital 
frequency and diffi cult or painful coitus 
  Family history  
 Consanguinity, diabetes mellitus, hypertension, twins 
delivery, early menopause 
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regular menstrual cycles (day 21–23 of the cycle 
or 7 days before expected menses). This is not 
necessary in women with very long and irregular 
cycles, as they already have evidence of ovulatory 
dysfunction [ 1 ,  8 ]. In all women with ovulatory 
dysfunction, TSH and prolactin assessments are 
indicated to exclude thyroid dysfunction and hyper-
prolactinaemia, respectively. Women with clinical 
features of anovulation, menstrual disturbances and 
hyperandrogenic features should have assessment 
of testosterone. Sex hormone binding globulin is 
suppressed in those who are hyperinsulinaemic and 
can be measured as a surrogate marker for insu-
lin resistance as it is also a good predictor for the 
development of gestational DM [ 8 ]. 

 Assessment of ovarian reserve provides prog-
nostic information, helps to direct treatment, help 
to predict response to ovarian stimulation and 
likelihood of successful pregnancy with assisted 
reproductive technology especially in women at 
risk of diminished ovarian reserve. Serum FSH, 
LH and oestradiol levels provide initial assess-
ment of ovarian reserve if performed on days 1–3 
of the menstrual cycle. Transvaginal ultrasound 
imaging of the ovary to determine the antral 
 follicle count (AFC) in the early follicular phase 
and serum antimullerian hormone (AMH) level 
provides additional and more accurate informa-
tion on ovarian reserve [ 8 ,  9 ].  

    Assessment of Uterine Abnormalities 
and Fallopian Tube Patency 

 Hysterosalpingogram is the fi rst-line investiga-
tion to rule out tubal occlusion in those with a 
short period of infertility (<2 years) and no risk 
factors for tubal disease such as a past history of 
Chlamydial infection or peritonitis and also for 
patients who are “at surgical or anaesthetic risk 
for a laparoscopy” (e.g., raised BMI, complicat-
ing medical disorders, past lower abdominal/pel-
vic surgery). Some patients may opt for this 
approach as a less invasive option, and their 
choice should be respected even if there are risk 
factors suggesting pelvic pathology. Diagnostic 
laparoscopy and dye test are the gold standard in 
assessing the pelvic anatomy and tubal patency. 

It is preferable over HSG in patients with risk 
factors for pelvic pathology, those with a longer 
history of infertility, and in women over the age 
of 35 years. Some patients may also choose to 
have it as it provides a defi nitive diagnosis and 
reassurance. A diagnostic hysteroscopy should 
be performed at the same time to provide infor-
mation about the endometrial cavity [ 1 ].   

    Treatment of Infertility 

 Treatment of female infertility depends on the 
cause. Women presenting with infertility should be 
counselled regarding the impact of lifestyle choices 
on fertility including smoking cessation, weight 
control, and avoidance of alcohol and recreational 
drugs. A serum rubella titre should be measured to 
check rubella immunity status and if non-immune 
a booster vaccination should be given and the 
patient advised to avoid pregnancy for 1 month 
from the last dose of vaccination. In addition, all 
women considering pregnancy should take folic 
acid to reduce the chances of having babies with 
neural tube defects (400 mcg daily unless obese, on 
anti-epileptics or past history of an affected child 
when the dose should be 5 mg daily) [ 1 ,  8 ]. 

 Anovulatory infertility resulting from weight 
disorders should be addressed by weight normal-
isation. Hypogonadotrophic anovulation can be 
treated with pulsatile subcutaneous gonadotro-
phin releasing hormone administration, which 
unfortunately is no longer available in the UK or 
alternatively gonadotropin preparations contain-
ing FSH and LH (either human menopausal 
gonadotorphins [hMG] or both recombinant FSH 
and LH combined, as FSH alone will not be 
effective) [ 2 ]. Normal female anatomy, patent 
fallopian tubes and semen analysis should be 
confi rmed prior to ovulation induction. 

 Endocrine disorders such as hyperprolactinae-
mia and hypothyroidism should be treated with 
dopamine agonists and thyroxine, respectively, 
and if anovulation is still persistent after normali-
sation of endocrine profi le, then ovulation induc-
tion should be considered. 

 Women with PCOS who are overweight 
should be advised to lose weight before 
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commencing ovulation induction. Exercise and 
weight loss have so far been the most physiologi-
cal way to improve insulin sensitivity, and 
improve the metabolic abnormalities associated 
with the syndrome. In women with PCOS it has 
been demonstrated that even relatively modest 
weight loss improves the hormonal profi le and 
improvement in the reproductive outcome for all 
forms of fertility treatment. The anti-oestrogen 
clomiphene citrate is the fi rst-line agent used in 
ovulation induction for patients with PCOS. It is 
simple to administer, cheap, safe and effective in 
achieving ovulation. Clomiphene citrate (50–
100 mg) is administered days 2–6 of a natural or 
artifi cially induced bleed. Whilst clomiphene is 
successful in inducing ovulation in over 80 % of 
women, pregnancy only occurs in about 40 %, 
probably due to its anti-oestrogenic effect on the 
endometrium [ 10 ,  11 ]. Ultrasound monitoring is 
required to confi rm a response and minimise the 
risk of multiple pregnancy, which is approxi-
mately 10 %. The cumulative chance of concep-
tions is approximately 60–70 % after six cycles 
of treatment. Amenorrhoeic women should be 
given a progestogen to induce a withdrawal bleed 
before starting treatment. 

 The therapeutic options for patients with 
anovulatory infertility who are resistant to anti- 
oestrogens are either parenteral gonadotrophin 
therapy or laparoscopic ovarian diathermy. 
Because the polycystic ovary is very sensitive to 
stimulation by exogenous hormones, it is very 
important to start with very low doses of gonado-
trophins, and follicular development must be 
carefully monitored by ultrasound scans. The 
advent of transvaginal ultrasonography has 
enabled the multiple pregnancy rate to be reduced 
to approximately 5 %. Cumulative conception 
and livebirth rates after 6 months may be 65 and 
50 %, respectively, and after 12 months 75 and 
60 %, respectively. Close monitoring should 
enable treatment to be suspended if three or more 
mature follicles develop, as the risk of multiple 
pregnancy obviously increases [ 10 ]. 

 Laparoscopic ovarian diathermy is free of 
the risks of multiple pregnancy and ovarian 
hyperstimulation and does not require intensive 

ultrasound monitoring. Laparoscopic ovarian 
diathermy has taken the place of wedge resec-
tion of the ovaries (which resulted in extensive 
peri- ovarian and tubal adhesions), and it appears 
to be as effective as routine gonadotrophin ther-
apy in the treatment of clomiphene-insensitive 
PCOS, although time to pregnancy is a little 
slower [ 10 ,  12 ]. 

 There has been much publicity about the use 
of metformin for PCOS. Metformin does not 
appear to induce weight loss, although coincident 
weight loss will of course provide additional ben-
efi t. Indeed we have performed a large RCT to 
look at metformin versus placebo and found no 
benefi t from metformin over 6 months with 
regard to either menstrual control or other symp-
toms [ 13 ]. Those who improved were women 
who lost weight whether on metformin or pla-
cebo. Two large RCTs have also demonstrated no 
benefi t from metformin when combined with clo-
miphene citrate [ 14 ,  15 ]. Therefore, metformin 
does not appear to hold the promise that was ini-
tially presumed and a recent Cochrane meta- 
analysis confi rms this to be the case [ 16 ]. We 
therefore only advise metformin therapy in 
women with impaired glucose tolerance or type 2 
diabetes. The mainstay of fertility treatment for 
women with premature ovarian insuffi ciency is 
oocyte donation if culturally and socially accept-
able [ 1 ]. 

 In vitro fertilisation and embryo transfer 
(IVF-ET) should be considered in cases of unex-
plained infertility, tubal factors and those who 
fail to ovulate or achieve conception following 
ovulation induction. IVF can be combined with 
intracytoplasmic sperm injection (ICSI) where 
male factor infertility is present [ 1 ].     
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    Abstract  

  Extracellular calcium is important for the regulation of several important 
biological systems, particularly muscle function, intracellular signalling 
and coagulation. Serum calcium levels are therefore maintained in a tight 
physiological range, largely by parathyroid hormone (PTH) and vitamin 
D. Hypocalcaemia has many causes, the commonest of which are vitamin 
D defi ciency, malabsorption, chronic kidney disease, hypoparathyroidism 
and acute severe illness. Acute severe hypocalcaemia is a medical emer-
gency, and may manifest with muscle spasm, tetany, seizures or cardiac 
arrhythmias. In patients with hypoparathyroidism, long-term maintenance 
therapy with oral calcium and vitamin D metabolites is indicated. Care 
should be taken to restore serum calcium levels to low- normal levels, 
whilst avoiding hypercalciuria and the development of undesirable renal 
sequelae.  

  Keywords  
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 Case 16      Diagnosis 
and Management 
of Hypocalcaemia 
in Adults 

           Afroze     Abbas     

        Presenting History 

 A 65-year-old gentleman presents with a 
3-month history of progressive fatigue, poor 
appetite, muscle cramps and spasms. He feels 
low in mood, and has been increasingly mud-
dled. On direct questioning he describes paraes-
thesia in his fi ngers and numbness around his 
mouth. He describes having had treatment (che-
motherapy, radiotherapy and operative interven-
tion) for oesophageal cancer approximately 18 
months previously. 
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 The symptoms he describes are consistent 
with progressive hypocalcaemia over at least the 
last 3 months. Recent surgical and radiotherapy 
to his neck raise the possibility of acquired and 
worsening parathyroid gland damage.  

    What Are the Additional Questions 
to Be Asked? 

 The diagnostic approach to hypocalcaemia is 
based upon distinguishing between the numerous 
potential causes. Therefore, a careful history is a 
crucial part of this evaluation. Table  16.1  sum-
marises the more common causes of 
hypocalcaemia.

    If the problem seems to be of acute onset in 
adult life it is more likely to be acquired. Acquired 
hypoparathyroidism tends to be the consequence 
of postsurgical or autoimmune damage. Other 
acute causes may be related to change in medica-
tions or recent new illness. 

  Ask specifi cally about symptoms of gastroin-
testinal disease consistent with malabsorption, 
lactose intolerance or a history of coeliac disease 
may be a predisposing factor to hypocalcaemia. 
Patients with gastro-oesophageal refl ux disease 
or peptic ulcer disease tend to be on proton pump 

inhibitor therapy which has been associated with 
hypomagnesaemia, which in turn may cause 
hypocalcaemia. 

  If poor dietary intake of calcium is suspected, 
using a calcium calculator to calculate daily 
intake of calcium may be useful as part of the his-
tory. Poor calcium intake with concurrent vita-
min D defi ciency or coeliac disease can present 
with clinically signifi cant hypocalcaemia. 

  The presence of other autoimmune conditions, 
such as thyroid disease, adrenal insuffi ciency, 
coeliac disease, would point towards an autoim-
mune cause of hypocalcaemia. 

  Conditions such as chronic kidney disease, 
cancer (particularly with bone metastases), pan-
creatitis, rhabdomyolysis, recent severe illness 
and HIV may predispose towards hypocalcae-
mia. Is there a history of granulomatous disorders 
or infi ltrative disease (e.g., haemochromatosis, 
Wilson’s disease)? 

Is the problem acute or chronic?

Is there evidence of malabsorption?

Is there a defi ciency in calcium intake?

Is there a history of other autoimmune 
conditions?

What is the past medical history?

   Table 16.1    Aetiology of hypocalcaemia in adults   

 Low PTH  High PTH  Others 

 Destruction of parathyroid glands by surgery or 
radioactive iodine 

 Vitamin D defi ciency or resistance  Hypomagnesaemia 

 Autoimmune destruction of parathyroid glands  Chronic kidney disease  Drugs 
 Irradiation or infi ltration of parathyroid glands  PTH resistance  Spurious hypocalcaemia 

 (assay interference) 
 Abnormal parathyroid gland development  Extravascular calcium deposition 
 Abnormal PTH regulation  Severe sepsis or pancreatitis 
 HIV infection  Tumour lysis syndrome 
 Hungry bone syndrome (post parathyroidectomy)  Malabsorption 
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Is there a history of surgery, irradiation or 
cancer in head or neck?

  Recent parathyroidectomy, or previous opera-
tions on thyroid or head and neck cancers in the 
past may have led to postsurgical parathyroid 
damage leading to hypocalcaemia. 

  A family history of hypocalcaemia may sug-
gest a genetic cause such as an activating muta-
tion of the calcium sensing receptor (CaSR), 
parathyroid hormone resistance or polyglandular 
autoimmune syndrome type 1. The presence of 
chronic mucocutaneous candidiasis and adrenal 
insuffi ciency would support a diagnosis of poly-
glandular autoimmune syndrome type 1. 

  Drugs associated with hypocalcaemia include, 
calcium chelators (citrate given during plasma 
exchange or large volume blood transfusion), 
cinacalcet, denosumab, phenytoin and bisphos-
phonates. Use of chemotherapy, especially cispl-
atin or leucovorin with 5-fl uouracil is associated 
with hypocalcaemia. Foscarnet, an antiviral drug 
used in cytomegalovirus infections, may also 
cause symptomatic hypocalcaemia. 

 The patient denied any further symptoms. His 
chemotherapy regimen had used cisplatin, but he 
did not have symptoms consistent with hypocal-
caemia at the time. Interestingly, he had been 
started on a proton pump inhibitor following 
oesophageal surgery. He was taking calcium car-
bonate supplements infrequently.  

    What Signs to Look Out For? 

 On examination the patient was of slim build 
with a BMI 21.3 kg/m 2 . There was evidence of 
laryngectomy and stoma, with assisted speech. 
No neck masses or lymphadenopathy were 

 evident. The patient was alert and orientated to 
time, place and person. Carpopedal spasm was 
provoked with infl ation of a sphygmomanometer 
cuff (Trousseau’s sign). Chvostek’s sign was neg-
ative. There were no dental or bone abnormali-
ties. An ECG did not show evidence of prolonged 
QT interval. 

 The symptoms and signs of hypocalcaemia 
are dependent on the severity, duration and rate 
of development of hypocalcaemia. Some patients 
may have no neuromuscular symptoms, and oth-
ers may have non-specifi c symptoms such as 
fatigue, anxiety and low mood. A corrected cal-
cium level of <1.9 mmol/L may lead to the acute 
symptoms described below. 

    Acute Symptoms and Signs 

 Acute hypocalcaemia leads to hyperexcitability 
of neurones and the development of tetany. 
Initially mild symptoms may predominate, such 
as peri-oral numbness, paraesthesia of the 
extremities and muscle spasms. Hyperventilation 
may result, which leads to alkalosis, which can 
exacerbate tetany. 

 More severe tetany may manifest as carpo-
pedal spasm, seizures and laryngospasm. 
Carpopedal spasm involves fl exion of the meta-
carpophalangeal joints and wrists with associated 
extension of the fi ngers and adduction of the 
thumb. 

 If the onset of hypocalcaemia is gradual, the 
patient is likely to have fewer symptoms. 

 The classical signs of hypocalcaemia are 
Trousseau’s sign and Chvostek’s sign. However, 
both may be negative, even in signifi cant acute 
hypocalcaemia. 

 Trousseau’s sign is the induction of carpo-
pedal spasm by infl ation of a sphygmomanome-
ter above systolic blood pressure for 3 min. 

 Chvostek’s sign is a contraction of facial mus-
cles caused by tapping the facial nerve in front of 
the ear. 

 The cardiovascular system is highly sensitive 
to changes in calcium concentrations. Decreased 
cardiac output, heart failure and hypotension 
have all been associated with hypocalcaemia. 

Is there a family history?

What medication does the patient take?
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This impairment of myocardial function seems to 
be reversible with correction of hypocalcaemia. 
Hypocalcaemia is also associated with prolonga-
tion of the QT interval on the electrocardiograph. 
This may be associated with the onset of arrhyth-
mias, particularly Torsade de Pointes. 

 Psychiatric symptoms such as acute confu-
sional states, hallucinations and psychosis are 
rarely associated with severe hypocalcaemia. 

 Another sign of severe, acute hypocalcaemia 
is papilloedema. This again is usually reversible 
with correction of serum calcium concentration.  

    Chronic Hypocalcaemia 

 Chronic hypocalcaemia has multiple effects and 
is often specifi c to the underlying cause. 

 Dry, coarse skin, brittle nails, and sparse hair 
with alopecia may all be manifestations of 
chronic hypocalcaemia. 

 Longstanding hypoparathyroidism may lead 
to basal ganglia calcifi cation (detectable on CT 
scan), which can then lead to movement disor-
ders or Parkinsonism. 

 If hypocalcaemia is particularly longstanding, 
dental abnormalities such as dental hypoplasia 
and defective enamel and root formation may 
occur. PTH resistance is often associated with 
numerous developmental skeletal abnormalities. 

 Diffuse bone pain, muscle weakness and bone 
tenderness as a result of chronic hypocalcaemia 
secondary to osteomalacia is possible.   

    What Tests are Needed to Reach 
a Diagnosis? 

 Initial investigations showed that the patient had an 
adjusted calcium of 1.83 mmol/L (2.2–2.6 mmol/L). 
PTH was undetectable, total hydroxy-vitamin D 

levels were low at 25 nmol/L (50–100 nmol/L), 
magnesium levels were also below the reference 
range at 0.53 mmol/L (0.7–1.0 mmol/L). Renal 
function and albumin were normal. Serum phos-
phate levels were marginally elevated. 

 The fi rst step in establishing the diagnosis is to 
recheck calcium levels with measurement of the 
serum albumin concentration. Calcium is bound to 
proteins, mainly albumin. Therefore, total serum 
calcium concentrations in patients with abnormal 
albumin levels may not be representative of ionised 
(or free) calcium concentrations. Most labs will 
provide a corrected calcium concentration which 
takes this into account. Each 1 g/dL reduction in 
serum albumin concentration will lower total cal-
cium concentration by approximately 0.2 mmol/L. 

 Repeating calcium levels will also verify that 
the initial measurement is correct and that we are 
dealing with true hypocalcaemia. Previous cor-
rected calcium measurements, if available, 
should also be reviewed, as these may give an 
indication as to the chronicity of the problem. 

 Measurement of intact PTH is crucial in all 
cases of hypocalcaemia. Serum intact PTH mea-
surements should be measured with simultaneous 
serum calcium. Serum PTH values vary accord-
ing to the underlying cause of the hypocalcaemia 
(Table  16.2 ). Hypocalcaemia is a major stimulus 
for PTH secretion; therefore, hypocalcaemia 
with a low or normal serum PTH concentration is 
strong evidence of hypoparathyroidism.

   Other tests that may help narrow the differen-
tial diagnosis include creatinine, phosphate, serum 
magnesium, 25 hydroxy-vitamin D, alkaline phos-
phatase, amylase and urinary calcium excretion. 

    Vitamin D 

 Measurement of serum 25-hydroxyvitamin 
D is appropriate in hypocalcaemia with high 

   Table 16.2    Laboratory results in hypocalcaemia   

 PTH 
 Corrected 
serum calcium  Phosphate 

 25-hydroxy 
vitamin D 

 Magnesium 

 Vitamin D defi ciency  High  Low or normal  Low or normal  Low  Normal 
 Chronic kidney disease  High  Low  High  Low or normal  Normal 
 Hypoparathyroidism  Low  Low  High  Normal  Normal 
 Hypomagnesaemia  Low or normal  Low  Normal  Normal  Low 
 Activating CaSR mutation  Low or normal  Low  High  Normal  Normal 
 PTH resistance  High  Low  High  Normal  Normal 
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PTH. Vitamin D defi ciency leads to decreased 
intestinal calcium absorption, resulting in hypo-
calcaemia and consequent increased PTH con-
centration. 1,25-dihydroxyvitamin D (calcitriol) 
is an inhibitor of PTH production, reduced levels 
of calcitriol may also therefore contribute to the 
observed secondary hyperparathyroidism. 

 A low serum 25 hydroxy-vitamin D concen-
tration in a patient with hypocalcaemia and hypo-
phosphataemia may indicate vitamin D intake, 
absorption or production are impaired. Other 
contributory factors to vitamin D defi ciency may 
include use of phenytoin or any condition leading 
to hypoproteinaemia (due to loss of vitamin D 
binding protein). 

 In chronic kidney disease 1,25- dihydroxyvitamin 
D concentrations are low due to impaired PTH 
action on the kidneys. This also results in hyper-
phosphataemia, due to impaired PTH action on 
urinary phosphate excretion. Other causes of 
hypocalcaemia with secondary hyperparathy-
roidism are usually associated with low or low-
normal serum phosphate as renal PTH sensitivity 
remains intact.  

    Magnesium 

 Hypomagnesaemia impairs parathyroid secretory 
function, so may lead to hypocalcaemia by induc-
ing PTH resistance or defi ciency. Therefore, 
serum magnesium should be measured in patients 
in whom the cause of hypocalcaemia is unclear. 
Correction of hypomagnesaemia in these cases 
usually leads to quick resolution of hypocalcae-
mia. Patients at high risk of hypomagnesaemia 
include those with chronic malabsorption, alco-
holism and patients on proton pump inhibitor 
therapy. Proton pump inhibitors reduce gastric 
acid secretion which leads to impaired magne-
sium absorption.  

    Parathyroid Hormone (PTH) 

 PTH is a potent stimulus for urinary phosphate 
excretion. In the absence of PTH or resistance to 
its action this stimulatory effect is lost, leading to 
hyperphosphataemia, and low fractional excre-
tion of phosphate. Hyperphosphataemia and 
hypocalcaemia in the absence of chronic kidney 

disease, rhabdomyolysis or tumour lysis 
 syndrome are strongly suggestive of either hypo-
parathyroidism or PTH resistance.  

    Phosphate 

 If serum phosphate concentrations are low with 
concurrent hypocalcaemia this usually implies 
either secondary hyperparathyroidism (e.g., vita-
min D defi ciency) or low dietary intake of phos-
phate. Serum phosphate tends to be high in 
hypoparathyroidism, PTH resistance or chronic 
kidney disease, due to reduced fractional excre-
tion of phosphate from the kidneys.  

    Others 

 Pancreatitis may be associated with hypocalcae-
mia, therefore if clinically suspected, testing 
amylase levels may be appropriate. 

 Twenty-four hours urinary excretion of cal-
cium would normally show low urinary calcium 
in patients with untreated hypoparathyroidism 
and vitamin D defi ciency. 

 Elevated serum alkaline phosphatase (bone 
origin), with hypocalcaemia, is a frequent fi nding 
in osteomalacia. It may also be a fi nding in osteo-
blastic bone metastases.   

    Discussion of the Results and Final 
Diagnosis 

 The results obtained in our patient are consistent 
with hypoparathyroidism, given the undetectable 
PTH levels and concurrent hypocalcaemia with 
elevated serum phosphate. The most likely cause 
for this is acquired damage to parathyroid glands 
as a result of surgery and radiotherapy. The fact 
that he had only become symptomatic several 
months after the treatment for his oesophageal 
cancer suggests that progressive damage from 
the radiotherapy may be the most likely aetiol-
ogy in combination with poor compliance with 
calcium carbonate therapy. However, infi ltrative 
disease was excluded with further cross-sectional 
imaging of the neck. Further tests for other 
causes of hypocalcaemia were negative. The 
hypocalcaemia may have been exacerbated by 
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his low vitamin D status, and this was corrected 
with colecalciferol. The low magnesium levels 
were corrected and proton pump inhibitor dis-
continued, but this was not felt to be a signifi cant 
causative factor in this case given the continued 
absence of any parathyroid hormone secretion. 
Once calcium levels were stabilised with intrave-
nous calcium therapy, maintenance therapy with 
oral calcium carbonate and calcitriol was initi-
ated with the restoration of a low-normal serum 
calcium level and alleviation of symptoms as the 
main goal of therapy. Long-term follow-up in the 
metabolic bone clinic is underway, with particu-
lar emphasis on monitoring urinary calcium 
excretion and development of nephrocalcinosis 
or renal failure.  

    Treatment of Hypocalcaemia 

 The treatment of hypocalcaemia may be divided 
into the management of acute, symptomatic 
hypocalcaemia versus the treatment of largely 
asymptomatic or chronic hypocalcaemia. The 
optimal treatment also depends in large part on 
the underlying cause for hypocalcaemia. 

    Treatment of Acute Hypocalcaemia 

 In the acute setting when confronted with a 
patient who has had an acute fall in calcium lev-
els, and is symptomatic, the immediate goal of 
therapy is to rapidly elevate calcium levels back 
towards the normal reference range. There is a 
lack of randomised controlled trial evidence for 
the optimal treatment algorithms to do this, how-
ever most institutions would advocate the use 
of IV calcium for symptomatic patients (carpo-
pedal spasm, bradycardia, seizures, etc.), patients 
with prolonged QT on ECG or asymptomatic 
patients with an acute decrease in calcium levels 
<1.9 mmol/L. 

 Initially 10 ml intravenous calcium gluconate 
10 % or calcium chloride 10 % may be infused 
over 15–20 min with cardiac monitoring. Rapid 
administration of IV calcium solutions may pro-
voke cardiac dysfunction, so should be undertaken 

with caution. The half-life of intravenous calcium 
infusions is short (2–3 h), so further therapy is 
likely to be required. 

 Following this, if necessary, a prolonged cal-
cium gluconate infusion may be given aiming to 
deliver between 0.5 and 1.5 mg/kg of calcium per 
hour depending on patient requirements and 
response to therapy. If a prolonged calcium infu-
sion is required, this is usually best delivered via 
a large peripheral vein or central vein, as calcium 
solutions are highly irritant to veins. Calcium 
gluconate is usually dissolved in either a dextrose 
solution or saline. They should never be given in 
the same IV line as bicarbonate or phosphate due 
to the risk of precipitation of calcium salts. 

 For those patients with milder symptoms, or 
calcium concentrations >1.9 mmol/L oral cal-
cium supplementation should be used, at a dose 
of between 1,500 and 2,000 mg of elemental cal-
cium daily.  

    Treating the Cause of Hypocalcaemia 

    Hypoparathyroidism 
 Hypoparathyroidism occurs if there is destruc-
tion of the parathyroid glands, abnormal parathy-
roid gland development or altered PTH action/
secretion. Most patients with hypoparathyroid-
ism require lifelong calcium and vitamin D sup-
plementation. The aim of therapy in this scenario 
is to relieve symptoms of hypocalcaemia, by rais-
ing calcium levels to the low-normal range, with-
out causing signifi cant hypercalciuria. 

 If the underlying cause of hypocalcaemia is 
vitamin D defi ciency or hypoparathyroidism, con-
current use of vitamin D or its metabolites is advo-
cated. PTH is required for the renal conversion 
of calcidiol (25-hydroxyvitamin D) to the active 
metabolite calcitriol (1,25- dihydroxyvitamin D), 
so patients with hypoparathyroidism or chronic 
kidney disease are usually treated with calcitriol. 
This is used at a starting dose of 0.25–0.5 mcg 
twice daily in these scenarios, due to its rapid 
onset of action. The biological half-life of cal-
citriol is 4–6 h. Vitamin D requirements vary 
from person to person and the correct amount 
is arrived at by careful monitoring of response 
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 (initially weekly) and adjustment of doses until 
desired stable calcium and phosphate levels are 
reached. 

 Hypercalcaemia and hypercalciuria are poten-
tial consequences of inappropriate therapy with 
vitamin D metabolites. Hypercalciuria occurs as 
patients with hypoparathyroidism lack the usual 
stimulatory effect of PTH on renal calcium re- 
absorption. This can lead to renal calculi forma-
tion, nephrocalcinosis and renal failure. Patients 
on long-term therapy with vitamin D metabolites 
should be regularly monitored for the develop-
ment of these complications. Once levels are 
stable serum and urinary calcium levels should 
be checked at least annually. If hypercalciuria is 
problematic, a thiazide diuretic may be used to 
reduce urinary calcium excretion. 

 Recombinant human PTH is currently being 
investigated as a treatment for hypoparathyroid-
ism, but is not yet approved for this indication.  

    Vitamin D Defi ciency 
 Vitamin D defi ciency (vitamin D <20 nmol/L) 
is usually treated with dietary and lifestyle (sun 
exposure) advice in conjunction with oral colecal-
ciferol (vitamin D3). Several different regimens 
are available for correction of vitamin D with 
 colecalciferol. Most involve the administration of 
approximately 300,000 units of vitamin D3 over a 
6-week period. Once vitamin D levels have been 
restored (total vitamin D 50–100 nmol/L), main-
tenance therapy is often required. Calcium levels 
should be monitored whilst loading with colecal-
ciferol, as rarely hypercalcaemia can be an issue.  

    Hypomagnesaemia 
 If magnesium concentrations are found to be low, 
this is best corrected concurrently with correction 
of hypocalcaemia. Hypocalcaemia is likely to be 
resistant until magnesium concentrations have 
been rectifi ed. Intravenous magnesium replace-
ment should be considered in patients with mag-
nesium levels <0.4 mmol/L. Local guidelines for 
magnesium replacement should be adhered to. 
Persistent hypomagnesaemia (as sometimes seen 
with malabsorption) should be treated with long- 
term oral magnesium (usually 300–400 mg mag-
nesium daily in divided doses).  

    Autosomal Dominant Hypocalcaemia 
 This is a rare disorder where an activating muta-
tion in the CaSR (calcium-sensing receptor) leads 
to inappropriately high urinary calcium excre-
tion in the context of hypocalcaemia. Increasing 
serum calcium in this situation increases urinary 
calcium excretion further and predisposes the 
patient to nephrocalcinosis and renal failure. In 
this condition, treatment is aimed at alleviating 
any symptoms, therefore restoration of serum 
calcium levels to normal may not be necessary. 
In the future, novel therapies such as recombi-
nant PTH therapy or calcilytics (which inhibit 
CaSR function) may be able to normalise serum 
calcium levels without causing increased urinary 
calcium excretion.  

    Pseudohypoparathyroidism 
 End-organ resistance to the actions of PTH pres-
ents with hypocalcaemia, hyperphosphataemia 
and elevated PTH levels. This group of disor-
ders is treated in a similar manner to hypopara-
thyroidism (see above). However, this group 
of patients are less likely to develop signifi cant 
hypercalciuria with maintenance calcium and 
vitamin D therapy, compared to those with hypo-
parathyroidism. As such the goal of therapy is to 
normalise calcium levels. Patients with pseudo-
hypoparathyroidism may also have other endo-
crine conditions, so assessment of gonadal and 
thyroid function is warranted.       
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        Case 

 A 38-year-old female nursery schoolteacher was 
referred urgently to the diabetes out-patient 
department by her GP, with a 4-week history of 
polydipsia, polyuria, lethargy and unintentional 

weight loss of 3 kg. She had developed Addison’s 
disease 7 years earlier but had no other past 
 medical history. Her medications at presentation 
were:
   Hydrocortisone 20 mg mane; 10 mg afternoon  
  Fludrocortisone 100 mcg mane    

 She had a family history of autoimmune 
 disease. Her father had Addison’s disease and 
autoimmune hypothyroidism secondary to 
Hashimoto’s thyroiditis and also had type 2 dia-
betes treated with metformin. A maternal aunt 
had Hashimoto’s thyroiditis. The patient was 
single, lived alone and was a non-smoker who 
consumed occasional alcohol. She held an ordi-
nary (Group 1) driving licence. 

 On examination, her BP was 92/59 mmHg and 
she appeared well hydrated with no obvious pig-
mentation. She had a normal body habitus with 

        N.  N.   Zammitt ,  BSc (Med Sci), MBChB, MD, 
FRCPE       (*)  
  Department of Diabetes , 
 Royal Infi rmary of Edinburgh , 
  51, Little France Crescent ,  Edinburgh, Lothian  
 EH16 4SA ,  Scotland, UK   
 e-mail: nzammitt@doctors.org.uk   

    B.  M.   Frier ,  BSc (Hons), MD, FRCPE, FRCPG      
  BHF Centre for Cardiovascular Science , 
 The Queen’s Medical Research Institute, 
University of Edinburgh ,   Edinburgh, Lothian , 
 Scotland, UK   
 e-mail: brian.frier@ed.ac.uk  

 Case 17      Hypoglycaemia Case 
Study 

           Nicola     N.     Zammitt       and     Brian     M.     Frier     

    Abstract  

  The case of a 38-year-old woman with Addison’s disease, diabetes and 
recurrent severe hypoglycaemia is described. After some initial diagnostic 
uncertainty, it was confi rmed that she had autoimmune diabetes. She 
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body mass index (BMI) of 23.8 kg/m 2  (weight 
71.9 kg). 

 Initial investigations showed:
   Random blood glucose: 14.5 mmol/l and 

13.6 mmol/l  
  HbA1c 73 mmol/mol (9 %)  
  Urinalysis: negative for ketones     

 In view of this lady’s family history of type 2 
diabetes and the absence of ketonuria, she was 
given a trial of a sulfonylurea, gliclazide 80 mg 
bd. She was taught home blood glucose monitor-
ing with a glucose meter that also allowed mea-
surement of capilary ketones. Her weight loss 
and normal BMI of 23.8 kg.m 2  was suggestive of 
a diagnosis of type 1 diabetes, which was consis-
tent with her personal and family history of auto-
immune disease. Islet cell autoantibodies and 
GAD (glutamic acid decarboxylase) antibodies 
were requested. 

    Subsequent Course 

 She developed symptomatic hypoglycaemia after 
commencing gliclazide 80 mg bd so the dose was 
reduced to 80 mg daily and metformin was com-
menced at a dose of 500 mg bd. Gliclazide was 
subsequently discontinued and metformin was 
increased to 1 g bd, resulting in capillary blood 
glucose readings between 4 and 8 mmol/l. Within 
2 months of diagnosis, her HbA1c had declined 
to 44 mmol/mol (6.2 %) 

 However, within 6 months of commencing 
these oral medications, she was recording low 
fasting blood glucose readings (between 3 and 
4 mmol/l) while by late evening her capillary 
readings were rising to values in the teens, despite 
preprandial readings of 6.7 mmol/l or less. Given 

the previous problems with sulfonylurea-induced 
hypoglycaemia, repaglinide 500 mg was pre-
scribed with her evening meal. This also caused 
hypoglycaemia, as did subsequent treatment with 
glimepiride.  

 A meta-analysis of treatment with sulfonyl-
ureas calculated relative risks of hypoglycaemia 
of 2.23–3.58 for gliclazide, 2.96 for glipizide and 
1.42–1.24 for glimepiride [ 1 ]. The meglitinides 
(repaglinide and nateglinide) are rapid-acting 
insulin secretagogues with a more rapid onset 
and shorter duration of action than the sulfonyl-
ureas  [ 2 ,  3 ]. However, despite their shorter dura-
tion of action, the meglitinides also have a 
potential risk of inducing hypoglycaemia, both as 
monotherapy [ 2 ] and in combination with met-
formin [ 2 – 4 ].  

 The family history of diabetes in a fi rst-degree 
relative, the pattern of adult onset diabetes on a 
background of a normal body habitus and the 
sensitivity to sulfonylurea therapy raised the pos-
sibility of having a type of monogenic diabetes, 
such as the types caused by HNF1α and HNF4α 
mutations [ 5 ]. This possibility could be tested by 
arranging DNA analysis. However, by this stage, 
her GAD antibody results had been reported to be 
strongly positive at 64 U/ml (normal reference 
range 0–1 U/ml). 

 To characterise her hypoglycaemia with 
greater precision, a period of continuous glucose 
monitoring (CGM) was arranged which con-
fi rmed post-prandial hyperglycaemia with read-
ings of up to 22 mmol/l, co-existing with episodic 

Questions
1.  What type of diabetes do you think this 

lady has? Consider which of her present-
ing features are typical of type 1 diabetes 
and type 2 diabetes respectively.

2.  How would you approach her initial 
 clinical management?

Question
3.  What was the rationale behind the trials 

of repaglinide and glimepiride?

Questions
4.  Does her sensitivity to sulfonylureas 

suggest that she may have another type 
of diabetes?

5.  How would you investigate this 
possibility?
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nocturnal hypoglycaemia. Her HbA1c was 
49 mmol/mol (6.6 %). 

 Thirteen months after diagnosis, oral antidia-
betes agents were discontinued and she 
 commenced 2 units of a rapid-acting insulin ana-
logue, taken with lunch and the evening meal. In 
view of the nocturnal hypoglycaemia demon-
strated with CGM, she was not commenced on 
basal insulin. Risks of hypoglycaemia related to 
driving were discussed.  

 She was told to inform the British driving 
licensing authority, the Driving and Vehicle 
Licensing Agency (DVLA), that her diabetes was 
now being treated with insulin and was informed 
that her driving licence would be changed to a 
period-restricted licence. She was advised to test 
blood glucose before driving on every occasion 
and at 2 hourly intervals on long journeys. An 
information leafl et was provided reinforcing the 
recommendation to keep carbohydrate for emer-
gency use and blood glucose testing equipment in 
the car. She was also informed that if she had an 
episode of hypoglycaemia behind the wheel, she 
should stop the vehicle as soon as safely possible, 
leave the driving seat, treat the low blood glucose 
and wait for 45 min after the restoration of eugly-
caemia before recommencing driving. Full recov-
ery of some aspects of cognitive function, such as 
reaction time, can lag behind normalisation of 
blood glucose levels by 40–75 min [ 6 ]. 

 Two months after commencing prandial insu-
lin, her fasting blood glucose began to rise so she 
commenced 6 units of a basal, long-acting insulin 
analogue and her prandial insulin doses were 
increased to 4 units at lunch and 5 units before 
her evening meal. An education session on carbo-
hydrate counting was arranged 18 months after 
diagnosis. Her insulin requirements were still 
low at 1 unit of insulin for 30 g of carbohydrate 
and a correction dose of 1 unit of insulin to reduce 
her blood glucose by 6 mmol/l. At review she 
expressed concern about ongoing weight loss. 

Her weight had declined to 62 kg (compared with 
71.9 kg at diagnosis)  

 Coeliac serology and thyroid function were 
both normal. Her glucocorticoid and mineralo-
corticoid replacement for her Addison’s disease 
were considered to be more than adequate. It was 
therefore thought that her weight loss refl ected 
under-treatment with insulin. She was asked to 
take 1 unit of insulin for 25 g of carbohydrate and 
was reviewed by the diabetes specialist nurses. 
HbA1c was 61 mmol/mol (7.7 %) 

 In March 2009, she had her fi rst episode of 
severe hypoglycaemia (defi ned as an episode 
requiring external assistance for recovery). She 
collapsed at work without warning and was wit-
nessed to have a generalised tonic-clonic seizure. 
A CT brain scan did not reveal any abnormality. 
This episode followed exercise in the form of 
swimming undertaken during the previous eve-
ning, without any adjustment to her insulin dose. 
At this time, her insulin requirements had risen 
and she was using 1 unit of insulin for 10 g of 
carbohydrate. She was advised to reduce her 
insulin by 30–50 % around the time of exercise 
and instructed to inform the DVLA of this 
episode. 

 She was reviewed in the diabetes clinic 2 weeks 
later and an inpatient admission was arranged to 
investigate any potential precipitants for the unex-
pected episode of severe hypoglycaemia. A cor-
tisol day curve on 20 + 10 mg of hydrocortisone 
suggested that she was slightly over-replaced, 
with cortisol peaking at 1,391 nmol/l, declining 
to 130 nmol/l by mid- afternoon and peaking at 
600 nmol/l in the early evening before becom-
ing undetectable at 02.00 h (Fig.  17.1 ). It was 
suggested that she reduce hydrocortisone to 
10 mg with breakfast and 5 mg with her eve-
ning meal with the prospect that a reduction in 
the peak cortisol levels should improve her glu-
cose  profi les and lower her insulin requirements. 
Faecal elastase measurement (360 μg/g; normal 

Question
6.  What advice should she be given 

 regarding insulin and driving?

Question
7.  What possible reasons should be consid-

ered to explain her continuing weight loss?
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reference range 200–1,000) and routine blood 
tests,  including coeliac serology, did not suggest 
any evidence of malabsorption. She denied non-
adherence to medications. She was  discharged on 
lower doses of insulin glargine and of hydrocorti-
sone, as described.  

 Unfortunately, 6 months later she experienced 
a further episode of severe hypoglycaemia at 
work, involving a further blackout and collapse, 
again associated with a generalised tonic-clonic 
seizure. Her capillary blood glucose, measured 
immediately after the seizure, was 11 mmol/l but 
it had fallen to 3.2 mmol/l by the time she arrived 
at hospital. It was presumed that this seizure had 
also been precipitated by hypoglycaemia with no 
preceding warning symptoms. Neuroradiological 
investigation with CT and MRI scans of the brain, 
showed no abnormalities and review by a neur-
ologist supported the presumption that this had 
been another hypoglycaemia-induced seizure. 
The patient informed the DVLA of this second 
severe hypoglycaemia episode and her driving 
licence was revoked. 

 She was reviewed within 2 weeks in the 
 diabetes clinic and was noted to have a capillary 
blood glucose of 2.8 mmol/l without any symp-
toms of hypoglycaemia being experienced. Her 
insulin to carbohydrate ratio was reduced to 1 
unit for 12 g. The patient had restored her 
 hydrocortisone dose to 20 + 10 mg as she was 
concerned that the previous reduction in steroid 
replacement therapy may have contributed to the 
further episode of severe hypoglycaemia. As her 

insulin requirements had increased, her weight 
had stabilised and she now weighed 66.5 kg. She 
was considered to have developed impaired 
awareness of hypoglycaemia.  

 Various methods can be used to assess 
 awareness of hypoglycaemia [ 7 ,  8 ]. The method 
by Clarke et al. [ 8 ] consists of eight questions to 
document the individual’s exposure to hypogly-
caemia along with their glycaemic threshold for 
the development of hypoglycaemic symptoms 
and the nature of these symptoms, with a score of 
4 or above suggesting impaired awareness of 
hypoglycaemia. The method by Gold and col-
leagues [ 7 ] poses the question “do you know 
when your hypos are commencing?” The subject 
gives their answer on a 7-point Likert scale where 
1 represents “always aware” and 7 represents 
“never aware.” A score of 4 or above suggests 
impaired awareness of hypoglycaemia. In a 
1-year prospective study utilising this method, 
the incidence of hypoglycaemia in 29 patients 
with impaired awareness was 2.8 episodes per 
person per year with a prevalence of 66 %. By 
contrast, the incidence in the normal awareness 
group (n = 31) was only 0.5 episodes per person 
per year with a prevalence of 26 % [ 7 ]. 
This heightened risk of severe hypoglycaemia 
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  Fig. 17.1    Cortisol day 
curve performed after fi rst 
episode of severe 
hypoglycaemia       

Question
8.  How can you assess awareness of hypo-

glycaemia in an individual patient?
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highlights the importance of identifying impaired 
awareness of hypoglycaemia. 

 Very good concordance has been found 
between the Clarke and Gold methods [ 9 ]. The 
prevalence of impaired awareness of hypoglycae-
mia in that study [ 9 ] using the Clarke and Gold 
methods was similar to the prevalence observed 
in previous population studies, indicating a prev-
alence of 20–27 % in unselected individuals with 
insulin-treated diabetes [ 10 – 13 ]. 

 After a further 6 months the patient sustained 
another episode of severe hypoglycaemia with 
no warning during a short walk. Specialist 
review confi rmed that she had little understand-
ing of carbohydrate counting and had been 
adopting a reactive approach to her diabetes by 
taking corrective doses in response to hypergly-
caemia rather than pre-empting the dose 
required according to carbohydrate intake and 
exercise. Consequently, signifi cant swings were 
noted in her blood glucose readings. The diabe-
tes nurse specialists attempted re-education but 
she maintained that she could not comprehend 
carbohydrate counting and attempting to pursue 
this made her feel very anxious. Her weight had 
now almost reached her premorbid baseline at 
70 kg and HbA1c was 72 mmol/mol (8.9 %). 
Because of her past experience of nocturnal 
hypoglycaemia she had reduced her basal insu-
lin analogue dose to just 6 units. Consequently, 
fasting blood glucose readings were consis-
tently in double fi gures and she was compensat-
ing by taking large doses of rapid-acting 
analogue with her breakfast, which frequently 
resulted in hypoglycaemia by late morning. 
A programme of diabetes nurse follow-up 
was instigated to titrate the dose of her basal 
insulin and reduce the large doses of rapid- 
acting insulin being injected at breakfast. The 
availability of glucagon at home was discussed 
but as she lived alone she felt that this would not 
be useful. The possibility that over-treatment 
with hydrocortisone might be contributing to 
some of the hyperglycaemic spikes was met 
with resistance by the patient, who said that she 
was terrifi ed of reducing her hydrocortisone 
again in case this provoked another episode of 
severe hypoglycaemia. 

 Despite these measures and despite frequent 
blood glucose monitoring, she continued to suf-
fer episodic severe hypoglycaemia without warn-
ing symptoms. A hypoglycaemia-induced seizure 
in a supermarket just before lunch required the 
previous proposal to reduce her breakfast rapid- 
acting insulin analogue to be reiterated, with a 
further reduction in her morning dose. About 
6 months later she had a blackout and collapsed 
in a theatre despite having eaten beforehand. She 
was treated with glucagon by emergency para-
medical staff. One year later she suffered a fur-
ther episode of severe hypoglycaemia causing 
loss of consciousness in the cinema. Despite her 
mealtime insulin doses having been reduced, she 
had taken 20 units of rapid-acting analogue for a 
meal that contained much less than 200 g of 
 carbohydrate. It was apparent that attempts at 
 re- education had not been successful.  

 The possibility of an insulin pump was con-
sidered but discarded. While insulin pumps can 
signifi cantly reduce the frequency of severe 
hypoglycaemia in individuals [ 14 ], this option 
was felt to be impractical given her inability (or 
reluctance) to understand and utilise carbohy-
drate counting. Having had six episodes of severe 
hypoglycaemia requiring emergency medical 
treatment, an islet cell transplant was discussed. 
The National Institute for Health and Clinical 
Excellence recommends islet cell transplantation 
as an option for patients with impaired awareness 
of hypoglycaemia in recognition of the fact that 
the procedure can signifi cantly lower the risk of 
hypoglycaemia and may help to restore aware-
ness of hypoglycaemia [ 15 ]. 

 After some consideration, the patient agreed 
to referral and was reviewed for islet cell trans-
plantation, at which time her HbA1c was 
77 mmol/mol (9.2 %). In view of the initial diag-
nostic uncertainty, blood was taken for autoanti-
bodies and C-peptide. These investigations 

Question
9.  What other options could be considered 

to reduce the frequency of her recurrent 
severe hypoglycaemia?
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confi rmed insulin defi ciency (C-peptide 68 
pmol/l; normal reference range 600–800) sec-
ondary to autoimmune type 1 diabetes (GAD 
titre >2,000 U/ml; normal reference range 0–5 
U/ml). Repeat coeliac serology and thyroid func-
tion tests were normal. A further period of CGM 
demonstrated signifi cant swings in blood glucose 
levels, with avoidance of hypoglycaemia result-
ing in repeated episodes of hyperglycaemia 
(Fig.  17.2 ). She confi rmed that her life was “com-
pletely governed by blood glucose readings” and 
that she had an “extreme fear” of hypoglycaemia. 
The option of carbohydrate counting, with or 
without an insulin pump, was revisited. She reit-
erated her previous view that she became 
“extremely stressed” when trying to undertake 
and apply carbohydrate counting and felt that her 

glycaemic control was worse when she attempted 
this. She agreed to join the waiting list for an islet 
cell transplant.  

 After a 5 month wait, she received her fi rst 
islet cell transplant in November 2011 with a sec-
ond transplant in March 2012. Repeat CGM stud-
ies showed a substantial reduction in glucose 
variability (Fig.  17.3 ) and her insulin requirement 
dropped markedly so that she was only taking 
30 % of her previous total daily dose. HbA1c had 
fallen to 58 mmol/mol while her hypoglycaemia 
awareness score [ 7 ] had improved (from 6 to 2) 
with C-peptide rising to 515 pmol/l. She regained 
confi dence to the degree that she has recom-
menced swimming. After being free of severe 
hypoglycaemia for a year she was able to apply to 
have her driving licence restored.       
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  Fig. 17.2    CGM prior to islet cell transplant       
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  Fig. 17.3    ( a ) CGM 
readings taken 1 week after 
fi rst islet transplant. ( b ) 
CGM readings taken 2 
weeks after second islet 
transplant       
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        Case 

    Presentation 

 A 74-year-old woman is referred to the 
 endocrinology clinic with a 6-month history of 
“funny turns.” These episodes have been 
 occurring with increasing frequency and now are 
happening every other day. The patient reports 
that during a typical episode, she notices her 
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 Case 18      Spontaneous 
Hypoglycaemia 

           Mark     W.    J.     Strachan     

    Abstract  

  Spontaneous hypoglycaemia has a very wide differential diagnosis that 
depends in a large part on clinical context. A hypoglycaemic disorder 
should only be confi rmed if all three parts of Whipple’s Triad are met. In 
the context of a patient presenting to an out- patient department with sus-
pected hypoglycaemia, confi rmation will usually require prolonged fast-
ing. If a hypoglycaemic disorder is confi rmed, measurement of serum 
insulin and c-peptide concentrations at the time of biochemical hypogly-
caemia will help to refi ne the diagnostic possibilities. Non-islet cell 
tumour hypoglycaemia (NICTH) is a rare cause of spontaneous hypo-
glycaemia, which occurs usually in the context of malignant sarcomas 
with signifi cant tumour bulk. Hypoglycaemia is associated with high 
serum levels of an abnormal IGF-2 protein. Treatment of NICTH is dif-
fi cult, especially if the tumour cannot be successfully resected or deb-
ulked, and usually revolves around systemic glucocorticoid therapy in 
high dose.  

  Keywords  

  Hypoglycaemia   •   Whipple’s triad   •   Insulinoma   •   Non-islet cell tumour 
hypoglycaemia  
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vision becoming blurred and she feels nauseous. 
She is aware of her heart thumping and feels very 
hungry, but the symptoms usually pass when she 
has something to eat. On some instances she has 
undoubtedly become muddled and on one occa-
sion recently, her husband had to call an ambu-
lance because he could not rouse her from sleep. 
The ambulance crew had found her capillary 
blood glucose to be “low” and had administered 
some intra-muscular glucagon. She had recov-
ered quickly following the injection and was not 
taken to hospital. 

  You do not have to be a rocket scientist, or 
indeed an even an astute endocrinologist, to 
realise that this lady potentially has a signifi cant 
hypoglycaemic disorder. She is describing symp-
toms suggestive of hypoglycaemia, recovery fol-
lowing ingestion of food and there is even a 
potential diagnostic blood test. This means we 
are tantalisingly close to having met all three of 
the essential criteria for making a diagnosis of a 
hypoglycaemic disorder, i.e., Whipple’s triad. 
However, we cannot yet be certain, because we 
do not know what her blood glucose levels were 
and, of course, capillary blood glucose test strips 
are notoriously inaccurate in the hypoglycaemic 
range. 

 The fi rst question to ask when assessing some-
one with potential hypoglycaemia is “ When do 
your symptoms occur ?” and to follow that up with 
“ How do they relate to meals and exercise ?” 
Spontaneous hypoglycaemia is conventionally 
divided into two broad categories – “fasting” and 
“post-prandial.” “Fasting hypoglycaemia,” or that 
occurring following a missed meal or vigorous 
exercise, is generally associated with organic 
pathology. “Post-prandial hypoglycaemia,” i.e., 
symptoms of hypoglycaemia occurring a few 
hours after food, is commonly regarded as having 
a functional basis and indeed not to be true hypo-
glycaemia at all. The diagnosis of post-prandial 
hypoglycaemia was traditionally made on the 
basis of a “prolonged glucose tolerance test.” It is 
normal during the course of this test for  venous  
blood glucose to fall into the “hypoglycaemic” 

range, particularly in healthy young women. This 
fact was not appreciated by clinicians performing 
this test in the 1970s and 1980s and such falls in 
venous blood glucose were ascribed as the cause 
of post-prandial symptomatology, despite little or 
no correlation of these symptoms with the symp-
toms that actually occurred when the venous 
blood glucose levels were low. However, while 
fasting symptoms are undoubtedly more discrimi-
natory for organic pathology, post-prandial hypo-
glycaemia is now increasingly recognised to occur 
in organic disorders, such as insulinoma and fol-
lowing bariatric surgery; there are even very rare 
cases of glucagon- like peptide 1 secreting tumours 
causing post- prandial hypoglycaemia. 

 Establishing the symptom profi le is also 
important and patients should be asked to 
describe these in detail. Symptoms of 
 hypoglycaemia can be divided into two broad 
categories – autonomic and neuroglycopenic 
(Table  18.1 ). Autonomic symptoms normally 
occur at higher plasma glucose levels than neuro-
glycopenic symptoms and so act as an early 
warning for the individual to treat hypoglycaemia 
before “brain failure” occurs. The fact that this 
lady is describing symptoms from both groups is 
signifi cant, because it implies a degree of cere-
bral adaptation, i.e., her brain has started to get 
used to low blood glucose levels and so now 
autonomic symptoms are occurring either at the 
same time or after the onset of neuroglycopenia. 
This is signifi cant for three reasons. First, it 
 substantially increases the likelihood of this 
being a true hypoglycaemic disorder – autonomic 
symptoms on their own are invariably not due to 
true hypoglycaemia. Second, it implies a chro-
nicity to the hypoglycaemia, because such cere-
bral adaptation takes time and repeated episodes 

What are the questions to be asked?

   Table 18.1    Symptoms of hypoglycaemia   

 Autonomic  Neuroglycopenic 

 Sweating  Dizziness 
 Trembling  Confusion 
 Warmness  Tiredness 
 Anxiety  Diffi culty with speaking 
 Hunger  Headache 
 Pounding heart  Blurred vision 

 Weakness 
 Diffi culty in concentrating 
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of hypoglycaemia to develop. Third, it increases 
the likelihood that she will have an episode of 
severe hypoglycaemia (an event requiring assis-
tance from a third party). If her brain is not work-
ing properly when she fi rst gets symptoms, she is 
much more likely not to treat the hypoglycaemia 
properly.

   The next group of questions relates to possible 
underlying causes of hypoglycaemia and in that 
regard a detailed previous medical history and 
systematic enquiry are crucial. The most impor-
tant question to ask is “ What medication are you 
taking ?” Clearly the most common cause of 
hypoglycaemia is insulin or sulfonylurea therapy 
for diabetes, but even in people without diabetes, 
drug therapy is a very important precipitating 
factor (Table  18.2 ). The other potential causes of 
hypoglycaemia relate to the context of the patient. 
The differential diagnosis is completely different 
in a hospitalised patient, where liver disease and 
sepsis predominate, compared with an out-patient 
setting. Moreover, there are defi nite geographical 
variations in the aetiology of hypoglycaemia – 
falciparum malaria and consumption of unripe 
ackee fruit are common causes in some parts of 
the world.

   In this case, the patient reports that she has 
noticed a change in her symptom profi le. She 
does not sweat as nearly as much now during epi-
sodes as she did when they fi rst started happen-
ing. She does not take any regular medication. 

The only previous history of note is that 4 years 
previously she had developed lower abdominal 
pain and was found to have a “growth” in her pel-
vis that was successfully removed. On systems 
enquiry, she does say that she has lost about 6 kg 
in weight over the last 6 months and that she has 
been experiencing some discomfort in the right 
upper quadrant of her abdomen. 

  This history is becoming increasingly worry-
ing. Patients with insulinomas invariably present 
with weight gain, because they have been eating 
more than normal to avoid hypoglycaemia. 
Weight loss, in the context of a previous tumour, 
is not good news. It is unlikely that she will be 
hypoglycaemic at the time you see her in clinic. 
Usually clinical examination of a patient with 
suspected spontaneous hypoglycaemia is remark-
ably unrewarding, but in this situation we need to 
look for signs of potential malignant disease. 

 Examination of the lady’s abdomen, reveals 
4 cm of palpable hepatomegaly with a worry-
ingly coarse feel to the liver.  

    Summary of Symptoms and Signs 

 This lady has presented with symptoms consis-
tent with a hypoglycaemic disorder and signs of a 
metastatic cancer. We need to fi nd out urgently 
what the nature was of the tumour removed 4 
years ago; we need to confi rm the occurrence of 
hypoglycaemia and we need to establish its aeti-
ology. She could have a malignant insulinoma, 
but that would mean the previous tumour is unre-
lated. Alternatively, she could have signifi cant 
hepatic impairment, secondary to cancer, with 
hypoglycaemia a consequence of depleted gluca-
gon reserves. However, one would expect her to 
be more unwell in this situation and possibly 
even jaundiced. Finally, she could have non-islet 
cell tumour hypoglycaemia. 

What are the signs to look for?

What diagnostic tests are required?

    Table 18.2    Differential diagnosis of spontaneous 
 hypoglycaemia according to insulin and C-peptide levels   

  High insulin and high c - peptide  
 Insulinoma 
 Sulfonylureas 
 Pentamidine 
 Hyperinsulinaemia of infancy 
  High insulin and low c - peptide  
 Exogenous insulin 
  Low insulin and low c - peptide  
 Alcohol 
 Drugs, e.g., quinine, quinidine 
 Critical illness, e.g., septicaemia, liver failure, renal 
failure, falciparum malaria 
 Hypopituitarism (rare) 
 Adrenocortical failure, especially in children 
 Non-islet tumour hypoglycaemia 
 Inborn errors of metabolism 
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  In reality, with a patient of this sort, investiga-
tions would happen in parallel rather than in 
series. However, for the sake of clarity, they will 
be presented in a logical sequence. 

 Liver function tests showed only marginal 
elevation of alkaline phosphatase and gamma 
GT. Bilirubin was not elevated and albumin was 
34 g/dl. This makes hypoglycaemia secondary to 
loss of hepatic reserve unlikely. 

    Confi rming the Presence 
of a Hypoglycaemic Disorder 
 Unless you are lucky enough to have the patient 
present to a hospital emergency department in a 
hypoglycaemic state, it is likely that you will 
have to try an induce an episode of hypoglycae-
mia in a controlled fashion. Even, if she does 
present to an emergency department with symp-
tomatic hypoglycaemia, the chances are small 
that the treating doctor will know that ‘additional’ 
blood tests would be helpful in establishing an 
underlying diagnosis; chances are even smaller 
that this doctor will know what these blood tests 
are!! 

 It will therefore fall on the endocrine team to 
arrange the further investigations. The key diag-
nostic test is the 72-h fast. In this case, it is highly 
likely that only a short period of fasting will be 
required before the patient becomes hypoglycae-
mic. Some endocrine departments ask patients to 
come in fasting from 10 pm the night before, but 
that might be quite risky in this patient and she 
should be asked simply to avoid breakfast and 
attend at 8 am. The location for performing a 
72-h fast is important. If you do not have the lux-
ury of an in-patient investigation facility, it may 
have to be a medical ward. Whatever the loca-
tion, it is crucial that there is a formal written pro-
tocol and that staff adhere to it. There needs to be 
regular monitoring and recording of patient’s 
symptoms and blood glucose levels (capillary 
and venous). There needs to be clear instructions 
on when to stop the fast – there is nothing more 
annoying than a patient having fasted for 48 h 
and for the test to be stopped when a capillary 
blood glucose reads 3.5 mmol/l, only for the for-
mal cotemporaneous laboratory venous glucose 
to return at 4.2 mmol/l. There also needs to be 

clear instructions on when, how and what 
‘addiitonal’ bloods are taken. Usually these will 
be bloods for insulin and c-peptide, and possibly 
bloods for sulfonylurea activity, pro-insulin and 
beta-hydroxybutyrate. In this case, measurement 
of IGF-2 and IGF-1 levels during hypoglycaemia 
will be crucial.  

    Establishing the Aetiology 
of Hypoglycaemia 
 The fi rst aim of the prolonged fast will be to 
establish that the patient has a hypoglycaemic 
disorder, by meeting the criteria of Whipple’s 
triad. There is no level of blood glucose which 
is diagnostic of hypoglycaemia, but the lower 
the glucose levels is below 3.5 mmol/l, the 
more likely it is to have pathological 
signifi cance. 

 As is shown in Table  18.2 , interpretation of 
insulin and c-peptide levels during the episode of 
hypoglycaemia then helps to refi ne the diagnosis. 
Strictly speaking, insulin and c-peptide should be 
interpreted in the context of the prevailing blood 
glucose levels, using a validated nomogram [ 1 ], 
because in normal individuals, the lower the 
blood glucose, the lower the insulin and c-pep-
tide levels should be. As a rough rule of thumb 
though, an insulinoma is likely if venous glucose 
is <3.0 mmol/l, plasma insulin >18 pmol/l, and 
c-peptide >0.2 nmol/l [ 2 ]. When insulin and 
c-peptide levels are both elevated, sulfonylurea 
activity should be measured even in non-diabetic 
individuals, as there are well-described instances 
of factitious or felonious administration of these 
drugs [ 3 ]. 

 Examination of the case records revealed that 
the patient had a neurofi brosarcoma resected 
4 years previously. The resection margins were 
clear, but there was evidence of vascular inva-
sion. CT scanning confi rmed signifi cant, bulky 
malignant disease in the liver (Fig.  18.1 ), and 
also low-volume pulmonary metastases. A liver 
biopsy confi rmed that the tumour deposits were 
metastatic neurofi brosarcoma. During the pro-
longed fast, the patient became symptomatically 
hypoglycaemic with a formal laboratory glucose 
of 2.6 mmol/l and her symptoms resolved com-
pletely following ingestion of Lucozade. Insulin 
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and c-peptide levels were undetectable (0.5 
pmol/l and <0.05 nmol/l respectively), but IGF-2 
levels were substantially elevated at 75.1 nmol/l 
(normal range 35–70 nmol/l). IGF-2:IGF-1 ratio 
was also elevated at 39.5 (normal <10).  

  This lady had metastatic neurofi brosarcoma. 
The elevated IGF-2 result was pathognomonic of 
non-islet cell tumour hypoglycaemia (NICTH). 
This classically occurs in the context of malig-
nant sarcomas, often later in the course of the dis-
ease when there is bulky local or distant disease 
[ 4 ]. NICTH can also occur with other tumour 
types, including hepatocellular carcinoma, 
hemangiopericytoma and mesothelioma. The 
tumour secretes an abnormal IGF-2 protein, 
which binds to insulin receptors causing 
hypoglycaemia. 

  The ideal scenario in NICTH is to resect or 
debulk the tumour. Most often though, as in this 
case, that is not possible because of the extensive 
nature of local or metastatic disease. Sarcomas 
tend to respond less well to conventional chemo-
therapy and radiotherapy. Embolisation therapies 
can be tried for liver metastases that are causing 
recurrent hypoglycaemia. 

 The endocrinology team is then left with the 
diffi cult task of reducing or preventing hypogly-
caemia. The patient should be counselled about 
the risks of hypoglycaemia and the potential for 
a further change or loss of warning symptoms. 
She should be taught how to monitor capillary 
blood glucose and should undertake this at least 
four times daily and do additional tests if there 
are any unusual symptoms. She should be given 
dietary advice on the treatment and prevention 
of hypoglycaemia. Nocturnal hypoglycaemia is 
of particular concern, and pre-bed testing is 
mandatory. She should be advised to consume a 
low glycaemic index snack before bed, such as 
porridge, and never to go to bed with a blood 
glucose below 6 mmol/l. Particular care and 
advice will also need to be given with regards to 
driving – testing blood glucose beforehand will 
be imperative. 

 Pharmacological prevention of hypoglycae-
mia is often of limited effi cacy. Diazoxide has no 
role, because this is an insulin-independent form 
of hypoglycaemia. Somatostatin analogues can 
be tried, but often are ineffective, presumably 
because of lack of coupling of IGF-2 secretion to 
somatostatin receptors at a cellular level. Human 
growth hormone therapy has been advocated by 
some to raise levels of IGF-2 binding proteins, 
but is a fl awed strategy (see below). In most 
instances, the most effective pharmacological 
therapy is high dose glucocorticoid therapy. In 
effect, the object of therapy here is to induce 
insulin resistance. The treatment does work, 
though as the tumour progresses, it tends to 
become less effective and the patient becomes 
increasingly Cushingoid. 

 NICTH has a poor prognosis. As the patient’s 
disease progresses, his or her life revolves 
around an increasingly futile battle to avoid 
hypoglycaemia. It is sometimes necessary to 
consider overnight nasogastric feeding, but 
often by this stage palliation of symptoms is the 
best option. 

 In this case, the patient was treated with dexa-
methasone 4 mg twice daily. This was effective in 
abolishing hypoglycaemia for many months and 
it was possible to wean down the dose of steroid. 
She became very Cushingoid and that caused her 

What is the fi nal diagnosis?

How would you manage this lady?

  Fig. 18.1    CT scan of liver showing bulky hepatic 
metastases       
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and her family distress. Growth hormone and 
octreotide were ineffective. She was followed up 
on a monthly basis in the endocrine clinic and, in 
between times, the patient and her family 
remained in e-mail and telephone contact with 
the endocrine nurse specialists. 

 As her disease progressed, the hypoglycaemia 
returned and her husband would routinely set his 
alarm for 2 and 4 am so he could check his wife’s 
blood glucose and administer oral carbohydrate 
as necessary. She declined an overnight nasogas-
tric tube and died peacefully through the night, 
almost 1 year to the day following her initial 
attendance at the endocrinology clinic.    

    Commentary 

 This was a classic case of NICTH. IGF-2 is an 
important growth factor in utero, but it appears to 
have little role following delivery. As with IGF-1, 

IGF-2 is bound in plasma primarily to IGFBP-3 
and is inactive in this bound state. Stable binding 
requires the presence of a third protein, called 
acid-labile subunit (ALS). As with many hor-
mones, IGF-2 is secreted as a pre-pro- hormone 
that undergoes post-translational glycosylation 
and cleavage to release IGF-2. In NICTH, there is 
a failure of normal glycosylation in tumour cells, 
which means that the IGF-2 is not cleaved at the 
appropriate sites, resulting in the secretion of big-
IGF-2. This protein cannot bind to ALS and, as a 
consequence, levels of free IGF-2 rise and hypo-
glycaemia occurs when it binds to insulin recep-
tors (Fig.  18.2 ). Raising levels of the binding 
proteins with agents such as growth hormone is, 
therefore, not likely to be an effective strategy to 
reduce hypoglycaemia, although growth hor-
mone could help hypoglycaemia by increasing 
insulin resistance.  

 It is not clear why NICTH occurs late in the 
disease course of malignant sarcomas. There is 

Normal IGF-2 processing

Pre-pro-IGF-2

Pro-IGF-2

IGF-2

Normal IGF-2 binding

Inactive IGFBP-3

Acid-labile subunit (ALS)

Abnormal IGF-2 processing in NICTH

Big IGF-2

Abnormal binding of big IGF-2 in NICTH

Active IGFBP-3

Acid-labile subunit (ALS)

a

b

c

d

  Fig. 18.2    Normal    and abnormal processing of IGF-2. 
Pre-pro-IGF-2 undergoes post-translational glycosylation 
(represented by  green diamonds ). This allows cleavage to 
release IGF-2 (a) and subsequent binding in plasma to 

IGFBP3 and ALS (b). In NICTH, normal glycosylation 
does not occur, resulting in abnormal cleavage and release 
of Big IGF-2 (c), which cannot bind to ALS. This results 
in increased levels of metabolically active free protein (d)       
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clearly a critical mass effect, but also presumably 
different oncogenes become activated, as the dis-
ease progresses, that result in abnormal IGF-2 
processing. 

 NICTH rarely causes diagnostic diffi culty. 
The extent of tumour burden may already be 
known and the hypoglycaemia is not subtle. It 
adds an additional burden to patients and family, 
over and above that of the cancer, and negatively 
impacts on quality of life. Often patients will die 
as a consequence of the hypoglycaemia, rather 
than from a mass effect of the tumour.     
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        Clinical History 

 A 12-year-old boy was being seen regularly by a 
paediatrician for the management of intractable 
constipation, and at the planned follow-up 
appointment his mother drew the paediatrician’s 
attention to a swelling in the left side of the neck. 

On examination the paediatrician found a 2-cm 
thyroid nodule. The boy was clinically euthyroid, 
and the lump was aymptomatic. On direct ques-
tioning the boy said that he had fi rst noticed the 
swelling about 6 months previously, but had not 
told anyone about it. 

 The only relevant past medical history was 
that the boy had been constipated since birth, 
with a poor response to oral laxative regimes. A 
rectal biopsy was carried out when he was 
6 months old, which ruled out Hirschprung’s dis-
ease. The pathology report had commented on 
the presence of transmural rectal ganglioneuro-
mas, of uncertain signifi cance. 
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 Case 19      Thyroid Nodule 
in a Child (MEN 2) 

           Roly     Squire     

    Abstract  

  MEN 2 syndromes are associated with an almost certain risk for the devel-
opment of medullary thyroid carcinoma (MTC), which results in a high 
mortality. Prophylactic thyroidectomy in childhood, prior to the develop-
ment of MTC is the best way to mitigate this risk. Identifi cation of chil-
dren with MEN at an early age requires vigilance: vigilance to identify a 
kindred with the MEN 2A gene from a single family member (index case) 
who presents with MTC in later life; vigilance to pick up MEN 2B in 
infancy from associated clinical features such as intractable constipation 
and phenotypic appearance. Only by identifying MEN 2 children before 
they present with their thyroid lump can we signifi cantly improve their 
clinical outcome.  

  Keywords  
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 Recently the boy had told his mother that he 
had an annoying lump on the side of his tongue. 

 

  The thyroid nodule was caused by medullary 
thyroid carcinoma (MTC). Transmural ganglio-
neuromatosis of the rectal submucosa is diagnos-
tic for MEN 2B syndrome [ 1 ], a genetic condition 
which typically has the following clinical 
 features: intestinal dysmotility and constipation 
secondary to the abnormal intestinal innervation; 
typical facial phenotype with swollen lips and 
eyelids; Marfanoid appearance; oro-glossal neu-
romas; skeletal problems such as kyphoscoliosis 
[ 2 ]. This boy should have been picked up as hav-
ing MEN 2B in infancy because of the intestinal 
pathology, which could have alerted clinicians to 
the probability of an underlying genetic abnor-
mality. MEN 2B could then have been confi rmed 
by a geneticist on phenotypic parameters, even 
prior to genetic testing. 

  The diagnosis of MTC should be confi rmed 
by measurement of the serum calcitonin. 

 Ultrasound of the neck is recommended pri-
marily to identify pathological lymph nodes, but 
also to identify multiple primary tumours. This 
can be supported by MRI or CT scan if there is 
any evidence of signifi cant extra-thyroid disease. 

 Genetic testing should be carried out to con-
fi rm the genetic abnormality; 99 % of MEN 2B 
have a germline abnormilty of the RET oncogene 
in codon 918 [ 3 ,  4 ]. Nearly all MEN 2B patients 
are new mutations, but a careful family history 
will quickly reveal evidence of an inherited 
abnormality. Referral to a geneticist will be 
required at some stage, but may be best delayed 

until after treatment of the primary pathology, 
since counselling relates predominantly to advice 
about the risk of MEN 2B in future children. In 
the rare circumstance, probably less than 5 %, 
where a new presentation of MEN 2B brings a 
family history to attention which suggests a pre-
viously unsuspected inherited germline abnor-
mality a more urgent genetics referral is indicated 
to ensure that other members of the family can be 
investigated without delay. 

 In older children it is wise to arrange a 24 h 
urine collection for urinary fractionated meta-
nephrines prior to any surgical interventions, to 
rule out simultaneous development of a phaeo-
chromocytoma [ 5 ]. There is an approximately 
50 % risk of a patient with MEN 2B developing a 
phaeo, but this is not likely to happen before 
10 years of age. If a patient has both a phaeo and 
MTC the phaeo should be treated fi rst to reduce 
the risk to the patient. 

  All cases of MEN 2B should undergo total 
thyroidectomy at the earliest opportunity [ 6 ]. In 
this boy, who has established MTC, the aim is to 
completely excise all the disease, and so there 
should be careful preoperative assessment and 
planning to decide on the extent of associated 
lymph node dissection. Surgical planning and 
management should be carried out in a specialist 
centre with experience of MTC, and with the sup-
port to manage thyroid surgery in childhood. 
There is no advantage to carrying out a pre- 
operative fi ne-needle aspiration (FNA) in this 
situation: the diagnosis is already strongly sus-
pected from the clinical presentation, and is con-
fi rmed by elevated serum calcitonin. In the 
unlikely circumstance that the calcitonin level is 
not elevated then FNA may be considered, but in 
this age group may require anaesthesia, and so 
many specialists proceed direct to resection, car-
rying out a lobectomy for frozen section histol-
ogy, expecting to complete the thyroidectomy at 
the same operation. If there are abnormal lymph 
nodes one of these can be sent for frozen section 
analysis at the start of the procedure to speed up 

What was the likely pathological diagnosis 
of the thyroid nodule, and what was the 
underlying condition?

What are the typical clinical features of this 
condition?

What investigations should be carried out?

What treatment should be carried out?
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the process. The role of lymph node dissection is 
controversial: it is not recommended for prophy-
lactic thyroidectomies in MEN syndromes when 
carried out at an age when MTC is unlikely to 
have developed. Lymph node dissection is rec-
ommended if the adjacent lymph nodes are 
abnormal in a child like this with a thyroid 
 nodule. The value of lymph node dissection in 
late prohylactic thyroidectomy is not clear [ 7 ]. 

 The preparation for total thyroidectomy 
should follow the standard procedure appropriate 
for all age groups. The patient and parents/guard-
ians should be warned of the risk of damage to 
the recurrent laryngeal nerves, and of postopera-
tive hypocalcaemia as a result of damage to the 
parathyroid glands. For the experienced surgeon 
the risk to the recurrent laryngeal nerves is low in 
children, who tend to have clean tissue planes in 
thinner necks without invasive disease. It is good 
practice to carry out pre-operative cord assess-
ment in older children and adolescents, but this 
should not delay the surgery. The risk of postop-
erative hypocalcaemia is greater in children than 
in adults, possibly because the blood supply to 
the parathyroid in this age group is less well 
developed [ 8 ]. Baseline calcium measurement 
can be carried out immediately preoperatively, 
after induction of anaesthesia, in order to mini-
mise preoperative interventions and distress. It is 
wise to ask the anaesthetist to insert two substan-
tial cannulae to assist with postoperative manage-
ment, keeping one for blood sampling. Regular 
postoperative calcium levels should be measured 
for at least 48 h, longer if the calcium level is not 
stable. Children are poor at reporting symptoms 
of hypocalcaemia, and so it is preferable to rely 
upon blood levels, using symptom reporting as an 
adjunct, rather than the opposite. 

  Following total thyroidectomy he will need 
thyroid replacement therapy under the supervi-
sion of a paediatric endocrinologist. Since there 
is no role for radioactive iodine in the manage-
ment of MTC it is usual to start with levothyrox-
ine (T4) in the immediate postoperative period. 

 This boy will need lifelong follow-up to 
screen for progression or recurrence of his MTC, 
and also to screen for development of phaeochro-
mocytoma. This will involve regular measure-
ment of calcitonin and 24-h urinary metadrenaline 
and normetadrenaline levels. It is not unusual for 
the serum calcitonin level to remain elevated fol-
lowing thyroidectomy, signifying residual MTC 
[ 9 ]. If the postoperative calcitonin does not return 
to normal, or if there is a subsequent recurrence 
of elevated calcitonin, reinvestgation can be car-
ried out with cross-sectional imaging and selec-
tive venous sampling to guide reoperation in an 
attempt to achieve a surgical cure. 

 The boy and his family should be referred for 
genetic counselling.  

    General Discussion 

 MEN syndromes include MEN1, 2A and 2B. It is 
rare for children to develop features of MEN1, 
which does not involve the thyroid gland and is 
not discussed further in this chapter. 

 The clinical features and risks for MEN 2A 
and 2B are listed in Table  19.1 .

   MEN 2 syndromes are autosomal dominant, 
although with variable penetrance particularly in 
MEN 2A. This can mean that the age of develop-
ing MTC in untreated family members who have 
the RET mutation can vary widely. Autosomal 
dominance means that statistically 50 % of chil-
dren of a family member with the RET mutation 
will also have MEN 2. 

 MEN2A is more prevalent than MEN2B, and in 
children almost exclusively presents as a genetic 
diagnosis following investigation of the kindred of 
an adult  index  case of MTC. More recently chil-
dren are also being identifi ed by screening children 
with Hirschprung’s disease, since Hirschprung’s is 
sometimes be caused by the same the RET muta-
tion as MEN 2A [ 10 ,  11 ]. Ninety seven percent of 
individuals with MEN2A have a germline muta-
tion of the RET oncogene [ 12 ,  13 ]. Historically 
families were screened for the development of 
early MTC using calcitonin screening, but this is 
unreliable [ 14 ], and outcome studies have shown 
that this approach results in late  diagnosis and 

What is the post-operative management?
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 ineffective prophylactic thyroidectomy. With 
appropiate genetic testing of children identifi ed as 
being at risk within an MEN 2A family it is possi-
ble to select children with the RET mutation who 
will have more-or-less a 100 % future risk of MTC 
development [ 15 ]. Current advice is that these chil-
dren should undergo prophylactic total thyroidec-
tomy before the fi fth birthday, since pathological 
specimens after this age sometimes show that small 
foci of MTC have already developed. Even by age 
5 most show signifi cant C-cell hyperplasia. Rarely 
MEN2A children have been reported as developing 
MTC as early as age 3, and it is increasingly pos-
sible to stratify patients by genotype to select chil-
dren who are at risk of earlier MTC development 
[ 16 ]. These children should be offered earlier thy-
roidectomy. There is still no unequivocal evidence 
to show that prophylactic thyroidectomy confers a 
survival advantage in MEN2A, but since complete 
resection is the only curative option for MTC it is 
impossible to argue against the logic of carrying 
out prophylactic surgery before MTC has devel-
oped, at least until there is evidence to the 
contrary. 

 Children with MEN2B develop MTC much 
earlier, often by age 1 year [ 6 ]. However only 
5 % are identifi ed as a result of kindred testing. 
The typical facies assist in early identifi cation of 
affected individuals, and in these children neona-
tal testing and prophylactic thyroidectomy under 
the age of 6 months is recommended. The pres-
ence of transmural ganglioneuromatosis in 90 % 
of MEN 2B individuals can fortuitously lead to 
identifi cation of affected children as a result of 
intestinal biopsy to investigate possible 
Hirschprung’s. As should have happened in the 
boy described in this case study, intestinal 

 ganglioneuromatosis should alert pathologists 
and clinicians to the possibility of underlying 
genetic conditions, which include MEN2B and 
neurofi bromatosis. In MEN2B the ganglioneuro-
mas are transmural. Early identifi cation of a child 
with a new MEN2B mutation can allow prophy-
lactic thyroidectomy to be carried out at an age 
where it is most likely to be effective. 

 Following prophylactic thyroidectomy all 
MEN 2 children will need regular long-term fol-
low up with screening not just for development of 
MTC despite the thyroidectomy, but also for pha-
eochromocytoma in both MEN 2A and 2B, and 
parathyroid overactivity in MEN 2A. Most cen-
tres will screen for phaeochromocytoma with 
6 monthly urinary fractionated metanephrines 
from 5 years of age, although in reality develop-
ment of a phaeo in MEN is unlikely before the 
age of 10 years. Fortunately, parathyroid adeno-
mas do not generally appear until late adoles-
cence at the earliest.     
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        Case 

 Jennifer was found to have raised blood glucose 
at the age of 20 whilst suffering from an intercur-
rent illness. She had a random blood glucose of 
27 mmol/L and urine ketones +++. Her weight 
was 60 kg (BMI 22.5 kg/m 2 ). There was no his-
tory of osmotic symptoms or weight loss. 

  Despite the high blood glucose she did not 
complain of previous symptoms of hyperglycae-
mia. A diagnosis of type 1 diabetes was made and 
she was commenced on human soluble and 
 isophane insulins, later changed to basal bolus 
analogue insulin. 

 She was followed up in the young adult diabe-
tes clinic, but was depressed by having diabetes 
and poorly engaged with the clinic, frequently 
missing appointments. Insulin treatment (1 unit/
kg) lead to weight gain of 20 kg over the years 

What is your preliminary diagnosis?
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    Abstract  

  This patient was diagnosed with assumed type 1 diabetes at the age of 20. 
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(BMI 30 kg/m 2 ) and she maintained a moderate 
HbA1c of 65–80 mmol/mol (8.1–9.5 %). 

 Six years after her diagnosis, the Specialist 
nurse team were contacted by a local GP surgery 
asking for telephone advice because Jennifer’s 
brother had been diagnosed with type 2 diabetes 
at the age of 25. He was apparently lean and 
asymptomatic. The surgery commenced metfor-
min treatment but chose not to refer to secondary 
care. 

  The appearance of two different types of 
young-onset diabetes in the same sibship made 
us reconsider the aetiology of the diabetes. With 
an assumed diagnosis of type 1 diabetes, Jennifer 
would be expected to have positive β-cell anti-
bodies and an absence of endogenous insulin 
secretion post-honeymoon period. GAD anti-
bodies were negative and a random plasma 
C-peptide was found to be 0.49 nmol/L (fasting 
reference range 0.27–1.28 nmol/L) with a paired 
glucose of 7.8 mmol/L. Further collateral history 
revealed that Jennifer’s mother had been diag-
nosed with type 2 diabetes during pregnancy 
aged 24 and was currently treated with oral 
agents (Fig.  20.1 ).  

  Evidence now suggested that Jennifer did 
not have type 1 diabetes. We then considered 
whether she had evidence for type 2 diabetes. 
This seemed unlikely as she was lean at onset 
and had no other features of insulin resistance 
(i.e., was normotensive, no dyslipidaemia or 
symptoms of polycystic ovarian syndrome). 
The clinical picture of  familial young-onset 
diabetes with negative β-cell antibodies, 
C-peptide positivity several years after 
 diagnosis and no signs of insulin  resistance was 
very suggestive of a diagnosis of MODY 
(Table  20.1 ).

   A mutation in the gene hepatocyte nuclear 
factor 1-alpha (HNF1A), the commonest form of 
MODY in adults [ 1 ,  2 ], was confi rmed in Jennifer, 
her brother and her mother. All three were 
reviewed in the genetic diabetes clinic and the 
diagnosis explained. 

  Those with HNF1A-MODY have been shown 
in an RCT [ 3 ] to be very sensitive to low-dose 
sulphonylurea (SU) treatment and this is the fi rst 
line recommended treatment for diabetes due to 
 HNF1A  (and  HNF4A ) mutations [ 4 ]. Patients 
treated with insulin from diagnosis (on the 
assumption that they have type 1 diabetes) have 
successfully transferred to SU even many years 
after diagnosis [ 5 ]. 

Is this relevant to our original case?

What is your diagnosis now?

Would you change the treatment of this 
patient?

Marian
T2DM age 24
BMI 21
Metformin & Gliclazide 

Melanie
Not diabetic age 22

Stephen
T2DM age 25
BMI 24
Metformin

Jennifer
T1DM age 20
BMI 22
QDS insulin

2

  Fig. 20.1    Family pedigree        

K.R. Owen



165

 Jennifer agreed to a trial of SU. Her basal 
bolus insulin was stopped and gliclazide 40 mg 
commenced (see   http://www.diabetesgenes.org/
content/guidance-transferring-hnf1a-or-hnf4a- 
patients-insulin-sulphonylureas     for advice on 
how to do this). Stopping insulin can cause great 
anxiety in those previously told they have type 1 
diabetes, so daily contact with our local Genetic 
Diabetes Nurse [ 6 ] was offered during the transi-
tion period. Happily she was able to transfer to 
gliclazide with no problems. Over the next few 
months Jennifer lost all the weight she had gained 
on insulin and her HbA1c fell to 40 mmol/mol 
(5.8 %). She reported very infrequent 
hypoglycaemia. 

  Jennifer’s brother, Stephen, had been com-
menced on metformin shortly after diagnosis in 
the assumption that he had type 2 diabetes. He 
had a suboptimal HbA1c on metformin treatment 
(60 mmol/mol, 7.6 %) and his GP had then 
added gliclazide 80 mg daily. This had caused 
severe hypoglycaemic episodes and the glicla-
zide had been stopped. When he was diagnosed 
with HNF1A-MODY, we suggested stopping 
 metformin and commencing a very low dose of 

gliclazide (20 mg increasing to 40 mg). This had 
the effect of controlling his diabetes without 
hypoglycaemia and HbA1c improved to 
48 mmol/mol, 6.5 %. 

 Their mother, Marian, was already treated 
with metformin 1 g and gliclazide 40 mg daily 
with a good HbA1c (45 mmol/mol, 6 %), so no 
treatment changes were suggested. 

  Melanie is at 50 % risk of inheriting the 
 HNF1A  mutation from her mother. Melanie did 
not have diabetes, so we also discussed the pros 
and cons of predictive genetic testing with her. 
Predictive testing is a diagnostic genetic test in 
someone who has not yet inherited the disease. 
An informed decision should be made to have 
predictive test: clinical genetic services can be 
involved if necessary and we always recommend 
this for those under age 18. Melanie decided to 
go ahead with predictive testing to inform her 
risk of developing diabetes in the future. She was 
not found to carry the mutation and so her life-
time risk of developing diabetes is the same as 
the general population. 

What about treatment of Jennifer’s brother 
and mother?

Jennifer and Stephen have a younger sister, 
Melanie, who is healthy, and Jennifer wants 
to know whether she requires screening. 
What advice would you give her?

   Table 20.1    Characteristics of MODY compared to type 1 and type 2 diabetes   

 HNF1A- and HNF4A 
MODY  GCK-MODY  Type 1 diabetes 

 Type 2 
diabetes 

 Typical age of onset  Second-fourth decade  Lifelong fasting 
hyperglycaemia 

 First-third decade  >25 years 

 Beta-cell antibodies  Usually negative  Usually negative  Usually positive  Negative 
 Diabetic ketoacidosis  Rare  Rare  Common  Rare 
 Presence of metabolic 
syndrome 

 Unusual  Unusual  Unusual  Common 

 Family history of 
diabetes 

 Parent usually affected, 
but not always reported 

 Usually fasting 
hyperglycaemia in one 
parent, but may be missed 

 10–15 %  Common 

 C-peptide  Normal  Normal  Low or undetectable 
(post-honeymoon) 

 Normal/high 

 CRP  HNF1A-MODY Very 
low 
 HNF4A-MODY Normal 

 Normal  Normal  Frequently 
chronically 
elevated 

 First-line treatment  Low-dose sulphonylurea  Nil  Insulin  Metformin 

Case 20 What Kind of Diabetes?
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 In non-diabetic family members who either 
carry the mutation or do not know their mutation 
status, we recommend annual screening for dia-
betes using either oral glucose tolerance test 
(OGTT; this tends to become abnormal fi rst in 
HNF1A-MODY) or a combination of fasting 
blood glucose (FPG) and HbA1c. 

 Marian’s brother also has diabetes, diagnosed 
in his late 40s. He declined further investigation. 

 Five years later, Jennifer remains on gliclazide 
40 mg, with no deterioration in HbA1c. She mar-
ried recently and attended the diabetes clinic for 
pre-conception advice. She was anxious about 
the prospect of restarting insulin for pregnancy. 

  There are no studies of pregnancy outcomes in 
those with HNF1A-MODY, or specifi c advice in 
national guidelines, so advice was given based on 
evidence in type 1 and type 2 diabetes and expert 
opinion. Glibenclamide is considered safe in 
pregnancy in type 2 diabetes, although it is not 
currently recommended by NICE guidelines. 
Given that Jennifer had maintained much better 
control on low dose gliclazide than she did on 
insulin, we were happy to advise that the bene-
fi ts of transferring to glibenclamide pre- 
conceptionally, and for as long as good control 
was maintained during pregnancy, would out-
weigh any risks associated with glibenclamide 
treatment. This needs to be an informed decision, 
made on a one to one basis with patients with 
HNF1A (and HNF4A-MODY), until defi nite 
outcome data is available. Jennifer remained on a 
low dose of glibenclamide until week 16 of her 
pregnancy, when her blood glucoses were rising 
and she agreed to go back onto basal bolus insu-
lin. She delivered a healthy baby boy at 38 weeks 
and returned to low-dose gliclazide treatment.  

    Clinical Features of HNF1A-MODY 

 HNF1A is a transcription factor controlling regu-
lation of genes in the liver, gut and kidney as well 
as the pancreas. Patients are normoglycaemic 
in childhood, but develop progressive β-cell 

 dysfunction and diabetes in their second-
fourth decade. Diabetes complications frequently 
develop if diabetes control is suboptimal. 

 The expression of  HNF1A  in other tissues 
leads to some extra-pancreatic features that are 
unique to HNF1A-MODY. There is decreased 
expression of the high affi nity low capacity 
sodium-glucose transporter-2 (SGLT2) in the 
proximal renal tubule. Therefore  HNF1A  muta-
tions result in decreased glucose reabsorption 
and a low renal threshold for glucose in HNF1A- 
MODY leading to glycosuria inappropriate for 
the blood glucose levels [ 7 ]. This feature is used 
in clinical practice to identify non-diabetic muta-
tion carriers who are developing hyperglycaemia 
[ 8 ]. A number of secreted liver proteins are 
altered in HNF1A-MODY. Apolipoprotein M [ 9 ] 
and C-reactive protein [ 10 ] both have lower 
serum levels than healthy controls and there is 
interest in CRP as a potential clinical biomarker 
for selecting those in the clinic at high risk of 
having an  HNF1A  mutation [ 11 ,  12 ].  

    Other Aspects of Management 
of HNF1A-MODY 

 As already discussed, those with HNF1A-
MODY are exquisitely sensitive to SU treatment, 
but with time secondary SU failure usually 
occurs. At that point other oral medication or 
insulin can be used: there is no particular evi-
dence to recommend one treatment above 
another. There is little data available on cardio-
vascular outcomes, but generally CV risk factors 
are managed in the same way as type 1 diabetes, 
with statin treatment recommended in those who 
have had diabetes for a number of years or who 
have other risk factors. Features of the metabolic 
syndrome are less commonly seen than in type 2 
diabetes [ 13 ].  

    Differential Diagnosis of Diabetes 
Arising in Young Adults 

 Most of the monogenic causes of diabetes 
 present in the young-adult age range. Clinical 
features overlap between the various subtypes 

What advice would you give the patient?
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of monogenic diabetes and type 1 and type 2 
 diabetes. This can make clinical diagnosis of 
aetiology very challenging. 

 There are two major forms of MODY seen in 
practice. HNF1A-MODY accounts for about 
50 % of cases in the UK [ 1 ] and shares many 
clinical features with HNF4A-MODY (10 % of 
UK cases), including SU sensitivity. One impor-
tant difference is that  HNF4A  mutations are asso-
ciated with fetal hyperinsulinaemia, macrosomia 
and neonatal hypoglycaemia [ 14 ]. This remits 
after a variable period and re-presents as diabetes 
some years later. The cause is unknown. Low 
renal glucose threshold and reduced CRP are not 
observed in HNF4A-MODY. 

 Glucokinase (GCK) mutations are the com-
monest cause of MODY in children and account 
for 30 % of UK MODY cases [ 1 ]. GCK-MODY 
has a phenotype of mild, lifelong, fasting hyper-
glycaemia (range 6–8 mmol/L) caused by a reset-
ting of the normal threshold for glucose-stimulated 
insulin secretion. Insulin secretion remains 
 regulated, but blood glucose remains around 
2 mmol/L higher than normal. The increment of 
post-carbohydrate glucose rise is similar to that 
seen in the non-diabetic population [ 15 ], mean-
ing that post-prandial excursions are not marked 
and HbA1c is only mildly elevated (≤60 mmol/
mol, 7.6 %). Treatment is not indicated and is 
probably ineffective. Observational studies in 
patients suggest they do not develop signifi cant 
microvascular complications [ 16 ]. 

  HNF1B  mutations account for about a further 
10 % of MODY cases, and are associated with a 
distinct phenotype of renal cystic disease and 
other developmental anomalies of the GU tract. 
Diabetes rarely occurs alone. Insulin treatment is 
usually required. 

 Mutations in the mitochondrial genome also 
commonly cause diabetes. This is usually accom-
panied by neurological manifestations, particu-
larly deafness as in the maternally inherited 
diabetes and deafness (MIDD) syndrome. 
Myopathy, retinal dystrophy, renal disease and a 
number of other complications are also seen with 
mitochondrial disease [ 17 ]. The clinical picture 
is complicated by the variable content of the 
 abnormal mitochondria in different tissues and it 
is recommended that specialist mitochondrial 

services are involved. Metformin is relatively 
contra-indicated due to risk of lactic-acidosis 
and early progression to  insulin  requirement 
often occurs. 

 Severe insulin resistance syndromes and 
 lipodystophies present a contrasting clinical 
 phenotype to MODY. The commonest mutations 
are in the genes  LMNA  and  PPARG , associated 
with early onset metabolic syndrome and body 
fat distribution abnormalities [ 18 ]. BMI may not 
be elevated, but patients have marked central 
obesity.  

    Investigations in Young Adult- 
Onset Diabetes 

 Diagnostic molecular genetic testing is available 
in the UK for all the monogenic causes of diabetes 
described above. Prior to requesting genetic test-
ing, standard laboratory biochemical and immu-
nological tests can be performed to identify those 
at high risk of having monogenic diabetes. 
Negative β-cell antibodies (e.g., GAD, IA2 and 
ICA) and presence of C-peptide are suggestive of 
a non-type 1 diabetes aetiology. C-peptide can be 
measured in blood or urine and a random or post- 
prandial sample (with a paired glucose sample if 
measuring in blood) is recommended to show 
presence of endogenous insulin secretion. 
Dyslipidaemia and a C-peptide above the normal 
range are suggestive of insulin resistance, which 
could indicate young type 2 diabetes or mono-
genic severe insulin resistance depending on other 
clinical features. The MODY probability calcula-
tor (  http://www.diabetesgenes.org/content/mody-
probability-calculator    ) can also be used to help 
judge the probability that your patient has MODY 
according to clinical features.  

    Summary 

 Assessment of aetiology should be included in 
care pathways for newly-diagnosed diabetes to 
allow patients to benefi t from molecular advances 
in diagnostics and personalised  medicine. 
Identifying the correct aetiology in young adults 
with diabetes allows for optimal treatment deci-
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sions, e.g., sulphonylureas in HNF1A/HNF4A- 
MODY, diet treatment in GCK-MODY, insulin in 
Type 1 diabetes and mitochondrial diabetes, and 
insulin sensitisers in type 2 diabetes and severe 
insulin resistance. Additionally information 
about treatment course and prognosis can be 
shared with patients and family members can be 
followed up appropriately.  

    Key Points 

•     Monogenic diabetes is often misdiagnosed as 
type 1 or type 2 diabetes. It’s always worth re- 
visiting the diagnosis if new information sug-
gests the wrong aetiology has been assigned.  

•   Family history of apparently mixed forms of 
young-onset diabetes could have a unifying 
diagnosis of MODY  

•   Presence of C-peptide indicating endogenous 
insulin secretion in those with a clinical label 
of type 1 diabetes post honeymoon period is 
unusual and should prompt consideration of a 
different aetiology.  

•   Apparent type 2 diabetes in young, lean adults 
is unusual and should prompt consideration of 
a different aetiology  

•   Patients with HNF1A/HNF4A -MODY are 
sensitive to low-dose SU and experience 
hypoglycaemia on standard doses; SUs are the 
fi rst-line treatment and can often be substi-
tuted for insulin.        
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        Case 

 A 35-year-old African lady with no apparent 
past medical history of diabetes mellitus 
attended at the end of the day to the diabetes 
clinic after being referred by her General 
Practitioner for a high capillary blood glucose 
reading at his practice. She spoke little English 
and had only recently moved to the area. She 
had attended her General Practitioner as she 
suspected that she was pregnant due to her 
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    Abstract  

  We discuss a case of diabetes in pregnancy that illustrates the thought 
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cant clinical benefi t in terms of obstetric outcomes and fetal health bene-
fi ts. However, there are still controversies on how best to conduct screening 
for gestational diabetes mellitus, the optimal dietary recommendations, 
and uncertainty over whether oral hypoglycemic agents should be given a 
larger role to play in the treatment of diabetes in pregnancy. The continued 
presence of large for gestational age (LGA) babies in women with seem-
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question of whether there are other contributing factors we are not yet 
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increasing abdominal girth and missed periods. 
She was unsure of the date of her last menstrual 
period but looked like she was into her third tri-
mester of pregnancy. She had no hand-held 
notes and had no evidence of having undergone 
an oral glucose tolerance test. Her capillary glu-
cose performed in the diabetes clinic was 
28 mmol/L, and a urine dipstick revealed glu-
cose of 4+ and was negative for ketones. Her 
BMI was 36 kg/m 2 , her blood pressure normal, 
hydration status was good, physical examina-
tion was unremarkable apart from a palpable 
gravid uterus and she looked well. 

  It is likely that this lady has diabetes mellitus 
and is into the third trimester of her pregnancy. 
We are unsure if she has developed gestational 
diabetes or has pre-existing diabetes mellitus, as 
the severity of hyperglycemia does not reliably 
differentiate between gestational or pre-existing 
diabetes mellitus. 

 An obstetric history, in particular of any mis-
carriages, fetal abnormalities, fetal macrosomia, 
previous gestational diabetes mellitus and a fam-
ily history of type 2 diabetes mellitus would sug-
gest the possibility of pre-existing type 2 diabetes 
mellitus that was previously not detected. 
Previous fetal macrosomia and a family history 
of type 2 diabetes mellitus or a previous preg-
nancy complicated with gestational diabetes mel-
litus could suggest gestational diabetes mellitus 
(GDM). A family history of type 1 diabetes mel-
litus could also be present, although less fre-
quently than in type 2 diabetes mellitus, if this 
lady has type 1 diabetes mellitus. 

 Her BMI of 36 kg/m 2  does suggest the presence 
of a degree of insulin resistance and the possibility 
of GDM or type 2 diabetes mellitus, although con-
current insulin resistance can occur in overweight 
or obese patients with type 1 diabetes mellitus. 
Other clues on physical examination that suggest 
insulin resistance would be the presence of acan-

thosis nigricans. Features of any other autoimmune 
disease would on the other hand suggest the possi-
ble diagnosis of type 1 diabetes mellitus. 

  In view of her signifi cantly high capillary 
blood glucose, the clinical concern would be 
whether she was in diabetic ketoacidosis, 
although the fact she had urine that was negative 
for ketones, makes this unlikely. As she might 
have had pre-existing diabetes mellitus and hence 
hyperglycemia during conception and the fi rst 
two trimesters of pregnancy, another concern 
would be whether there are any diabetes related 
fetal complications like organ malformations, 
macrosomia or stillbirth. 

  The fi rst priority is to ensure that this lady is 
not in diabetic ketoacidosis or progressing 
towards this serious complication. 

 Thereafter, normalising her blood glucose lev-
els for the rest of the pregnancy and arranging for 
a fetal ultrasound to assess fetal gestational age, 
well-being and size would be pertinent to plan 
further management. 

 As she was well with no apparent osmotic 
symptoms and no ketones in her urine, she was 
commenced on self-monitored capillary blood 
glucose testing and basal-bolus subcutaneous 
insulin and reviewed by the diabetes specialist 
nurse (DSN) the following morning. Her fast-
ing capillary blood glucose in the morning was 
20 mmol/L and the decision was made to admit 
her to the antenatal ward to optimize blood glu-
cose control and to expedite the assessment of 
the fetus. She was still feeling well then and 
inpatient investigations (including urinary 
ketones and blood gases for pH) again excluded 
diabetic ketoacidosis. Fetal ultrasound revealed 
that she was 34 weeks pregnant but that the 

What further history and examination fi nd-
ings would you, as the managing diabetolo-
gist at the clinic, like to know?

What are the important clinical issues in 
this lady?

What would be your management plan for 
her at this point?
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pregnancy was non-viable as there was no fetal 
heartbeat or movement. Induction of labour 
was performed and she delivered a stillborn 
macrosomic male infant. Immediately follow-
ing delivery, her venous blood glucose level 
was 4.2 mmol/L. Her HbA1c came back at 
9.6 %. Her 6 week postnatal oral glucose toler-
ance test revealed a fasting glucose of 
4.3 mmol/L and 2 h glucose of 5.6 mmol/L. Her 
anti-GAD and islet cell antibodies were 
negative. 

  After delivery of the infant, this patient’s 
OGTT revealed normoglycaemia, confi rming the 
diagnosis of gestational diabetes mellitus. 

  Gestational diabetes mellitus resolves after 
delivery as the hormones responsible for its 
appearance relinquish to their normal non- 
pregnant levels after the placenta is delivered. 
Hence, no medical therapy is required at this 
stage. However, vigilance must be kept as these 
patients are at high risk of developing type 2 
diabetes mellitus in future (50 % within 5 years) 
or gestational diabetes mellitus during any 
future pregnancies and advice should be given 
to these patients to help them delay the onset of 
type 2 diabetes mellitus, including the impor-
tance of healthy weight loss and exercise. In 
addition it is advised that they are screened 
yearly for diabetes with a fasting glucose or 
HbA1c. 

 As this patient was keen to plan for another 
pregnancy an appointment was made for her for 
the diabetes pre-conception clinic. She continued 
having normal capillary blood glucose readings 
and conceived 3 months later. Capillary blood 
glucose readings remained normal during the 
fi rst trimester of pregnancy and an OGTT done at 

14 weeks of gestation was normal (0-h glucose 
of 4.1 mmol/L and 2-h glucose of 6.5 mmol/L). 
A repeat OGTT at 26 weeks of gestation revealed 
a 0-h glucose of 6.4 mmol/L and 2-h glucose of 
10.9 mmol/L. 

  She has developed gestational diabetes melli-
tus again in this pregnancy. She should be man-
aged with dietary advice, and if necessary, 
medical therapy and regular fetal ultrasound 
scans to monitor fetal growth. 

 She was started on subcutaneous insulin 
1 week later as her capillary blood glucose read-
ings were still not optimal with lifestyle modifi -
cation. Serial fetal ultrasound scans revealed 
normal fetal growth and she delivered a healthy 
male infant of 3.5 kg at 38 weeks of gestation. 
Her 6-week postnatal OGTT had a 0-h glucose of 
4.4 mmol/L and 2-h glucose of 6.5 mmol/L. 

 She had a further pregnancy, during which she 
similarly developed gestational diabetes mellitus 
in the second trimester, was managed with insulin 
and delivered a healthy female infant. Six- week 
postnatal OGTT remained normal. She was not 
planning a further pregnancy and understood the 
importance of preconception care having received 
it previously. She was henceforth discharged to 
her general practitioner, with advice to lose 
weight, have her venous blood glucose checked 
yearly by her GP, earlier if planning a further 
pregnancy and was informed of the need to have 
an early OGTT if she became pregnant in future. 

 She telephoned the diabetes clinic a year later, 
informing the team that she was 6 weeks preg-
nant. She gave a history of 3 weeks of thirst and 
polyuria. Capillary blood glucose in clinic was 
high. A venous blood glucose was performed and 
came back at 32 mmol/L, she had urine ketones 
of 4+. She was admitted immediately and was 
found to have a metabolic acidosis and managed 
for diabetic ketoacidosis. Her HbA1c done at that 
point was 9.8 %. She chose to terminate the 
pregnancy. 

What does the patient’s progress suggest 
about the diagnosis?

What would your treatment plan be from 
this stage?

What is the diagnosis and how would you 
manage this lady?
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 Capillary blood glucose readings remained 
elevated postnatally at 8–10 mmol/L. Her anti- 
GAD and islet cell antibodies were again nega-
tive and she was diagnosed with ketosis prone 
type 2 diabetes mellitus and commenced on met-
formin 500 mg three times a day. HbA1c 
improved to 6.2 % with metformin and dietary 
and lifestyle modifi cation. She remained in con-
tact with the diabetes team and a year later 
planned a subsequent pregnancy after receiving 
multidisciplinary diabetes preconception care. 

 In her subsequent planned pregnancy, she was 
managed with metformin and insulin and deliv-
ered a healthy female infant. She underwent ster-
ilization and was henceforth discharged to the GP 
on metformin. 

  Patients with type 2 diabetes mellitus can 
present with diabetic ketoacidosis. However, 
these patients are often in the advanced stage of 
the disease and insulin defi cient. This lady’s dia-
betes had been adequately controlled with met-
formin and lifestyle modifi cation and was not 
insulin-dependent. A presentation with diabetic 
ketoacidosis without any precipitating cause 
except perhaps the stress of pregnancy would be 
clinically unusual. The consideration of the diag-
nosis of possible ketosis-prone diabetes should 
be made, because of the unusual presentation of 
this lady in a decompensated state of DKA with-
out an obvious precipitant, compounded with the 
fact that she is of African descent. 

 The understanding of atypical forms of diabe-
tes in particular ketosis prone diabetes has 
advanced considerably over the years. Ketosis- 
prone diabetes is being increasingly recognized, 
initially in African persons and in African- 
American individuals in the United States [ 1 ], 
and now also in Native-Americans, Japanese, 
Chinese, Hispanic and white populations [ 2 ]. 
Patients often present initially with DKA or 
unprovoked ketosis despite lacking the classic 

phenotype of autoimmune type 1 diabetes, and 
the majority (76 %) eventually can attain insulin- 
independence within weeks to months despite 
presenting in DKA, in contrast to “classic” auto-
immune type 1 diabetes. They have been referred 
to as having diabetes type 1B, idiopathic type 1 
diabetes, atypical diabetes, Flatbush diabetes, 
type 1.5 diabetes, and more recently, ketosis- 
prone type 2 diabetes [ 2 ]. 

 DKA is known to recur during periods of 
stress or infection or even without precipitating 
cause in ketosis prone diabetes and hence patients 
should be educated about this possibility and 
taught to check for ketones if ill and having dete-
rioration in glycemic control, and seek medical 
help if unwell.  

    Clinical Update 

 Although it is certain that treating hyperglycemia 
in pregnancy translates to signifi cant clinical ben-
efi t in terms of obstetric outcomes and fetal health 
benefi ts, there is still controversy over how best 
to conduct screening for gestational diabetes 
mellitus, the optimal dietary recommendations, 
and uncertainty over whether oral hypoglycemic 
agents should be given a larger role to play in the 
treatment of diabetes in pregnancy. The contin-
ued presence of large for gestational age (LGA) 
babies in women with seemingly excellent con-
trol of blood glucose during pregnancy also begs 
the question of whether there are other contribut-
ing factors we are not yet adequately addressing. 
We will be addressing these clinical questions in 
the discussion below. 

  Internationally, there are at least six differ-
ent criteria for the diagnosis of gestational diabe-
tes (Table  21.1 ) These include the 50 g 1-h oral 
glucose challenge test (50 g 1-h OGCT) without 
regard to timing of last meal, with a glucose thresh-
old of 7.2 mmol/L, 7.8 mmol/L, 8.0 mmol/L or 
10.3 mmol/L, the 2-h 75 g oral glucose tolerance 

What are the possibilities behind this lady 
with features of type 2 diabetes mellitus 
presenting with diabetic ketoacidosis in 
pregnancy?

Which screening test should be done for 
gestational diabetes mellitus, and when?
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test (2 h 75 g-OGTT) taking either the 0-h or 2-h 
glucose or 0-, 1- or 2-h glucose levels, and 3-h 
100 g OGTT with different cut-off values for diag-
nosis depending on criteria. The most commonly 
used test is the 2-h 75 g OGTT used by the WHO 
(World Health Organisation) taking a 0 h glucose 
cut-off of 7.0 mmol/L or 2-h glucose cut- off of 
7.8 mmol/L for diagnosis of impaired glucose 
tolerance (IGT) in pregnancy, and the IADPSG 
(International Association of Diabetes and 
Pregnancy Study Group) and ADA (American 
Diabetes Association), who use a cut-off of 
either a fasting glucose more than 5.1 mmol/L, 
1-h glucose of more than 10.0 mmol/L or 2-h glu-
cose of more than 8.5 mmol/L [ 3 ]. The WHO, 
in its latest recommendation in August 2013 has 
also adopted the same diagnostic criteria recom-
mended by the IADPSG [ 4 ]. This latest recom-
mendation by the IADPSG and ADA was based 
on the largest prospective trial to date – the 
HAPO (Hyperglycemia and Adverse Pregnancy 
Outcomes) Study Cooperative Research Group 
[ 5 ]. The IADPSG- recommended diagnostic 
thresholds are the average glucose values at 
which odds for birth weight, cord C-peptide, and 
percent body fat, each >90th percentile reached 
1.75 times the estimated odds of these outcomes 
at mean fasting, 1-h, and 2-h OGTT glucose 
values, based on fully adjusted logistic regres-
sion models. It is also important to know that 
the HAPO study showed that the associations 
of glucose values and outcomes are continuous 

and linear. Women who have slightly raised glu-
cose levels but not beyond the thresholds also 
have an increased risk of a high birth weight, 
cord C-peptide and percent body fat compared to 
women who are normoglycaemic and according 
to good clinical practice, should be given dietary 
and lifestyle advice to normalize glucose levels 
as much as possible to achieve good pregnancy 
outcomes. HbA1c is not recommended for diag-
nosing diabetes during pregnancy.

   The second controversy would be over 
whether universal or selective screening should 
be done. The selective principle means that the 
screening model would be limited only in the 
selected group of pregnant women with various 
risk factors for GDM that existed before preg-
nancy or are developed during pregnancy. It has 
been shown that a consequence of risk factor 
screening is that a signifi cant number of women 
with impaired carbohydrate metabolism would 
remain unrecognized and at risk of perinatal 
complications [ 6 ,  7 ]. There is no properly con-
ducted randomized control trial with a suffi cient 
number of patients examined for the benefi t of 
selective or universal screening for GDM com-
pared with no screening. Moreover, performances 
of screening would also vary according to the 
population studied, frequency of risk factors and 
the thresholds used. Most publications show that 
between 3 and 10 % of women with GDM are not 
diagnosed by selective screening but this can go 
to as high as 30–50 % in some series. 

   Table 21.1    Screening 
tests for diabetes 
mellitus in pregnancy    Test 

 Number of 
abnormal 
values  Threshold (equal or greater than) in mmol/L  Organisation 

 0 h  1 h  2 h  3 h 

 50 g OGCT  1  –  7.2  –  –  CC, IWC 
 1  –  7.2 or 7.8  –  –  ACOG 
 1  –  7.8 or 8.0  –  –  ADIPS 
 1  –  7.8 or 10.3  –  –  CDA 

 75 g OGTT  1 or more  5.1  10.0  8.5  –  IADPSG/ADA 
 1  6.1 for IGT 

 7.0 for DM 
 –  7.8 for IGT 

 11.1 for DM 
 –  WHO 

 1  5.5  –  8.0 or 9.0  –  ADIPS 
 2 or more  5.3  10.6  8.9  –  CDA 

 100 g OGTT  2 or more  5.3  10.0  8.6  7.8  CC & IWC 
 2 or more  5.8  10.5  9.1  8.0  NDDG 
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 Currently, the ACOG, SOGC and NICE rec-
ommend routine risk-factor-based screening, 
whereas the USPSTF, ADA, IADPSG, ADIPS, 
CDA and ATLANTIC DIP network recommend 
universal screening in asymptomatic pregnant 
women at 24–28 weeks of gestation, followed by 
defi nitive testing only in those women who are 
labeled as high-risk population. 

 Timing of screening most commonly men-
tioned in the literature is between 24 and 
28 weeks, but it has to be emphasized that this 
recommendation specifi cally refers to healthy 
women without anamnestic risk factors. GDM 
classically occurs in the third trimester of preg-
nancy (from 24 weeks) due to physiopathological 
changes in glucose metabolism during preg-
nancy, including progressive insulin resistance 
caused by increased placental secretion of diabe-
togenic hormones growth hormone (GH), corti-
cotropin releasing hormone (CRH) which drives 
release of adrenocorticotrophic hormone (ACTH) 
and cortisol, human placental lactogen and pro-
gesterone and a postreceptor defect. It is not logi-
cal to screen after 28 weeks of pregnancy because 
the initial phase of fetal growth acceleration has 
already begun. 

 Early GDM accounts for between 15 and 
20 % of cases, although a high proportion of 
early GDM cases are probably undiagnosed 
type 2 diabetes mellitus. Screening for overt 
diabetes not diagnosed before pregnancy before 
20 weeks of gestation is in general consensus 
recommended for populations at high risk for 
type 2 diabetes mellitus. These include women 
with a previous diagnosis of gestational diabe-
tes, a fi rst- degree relative with diabetes, a family 
origin with a high prevalence of diabetes, poly-
cystic ovarian syndrome (PCOS), a previous 
large for gestational age baby and severe obe-
sity. The NICE guidelines recommend screen-
ing for women with a previous diagnosis of 
GDM at 16–18 weeks [ 8 ]. Other guidelines by 
the ADA recommend screening either fasting or 
random glucose levels, 2-h glucose post OGTT 
or the HbA1c in such populations at fi rst book-
ing [ 9 ]. 

  For healthy pregnant women, energy needs 
are no higher than the estimated energy require-
ment for nonpregnant women until the second 
trimester [ 10 ]. The extra energy need is 340 kcal 
in the second and 450 kcal in the third trimester. 
Prepregnancy body mass index, rate of weight 
gain, maternal age, and appetite must be consid-
ered when tailoring this recommendation to the 
individual. Moreover, for obese women with 
GDM, caloric restriction of 30 % may improve 
glycemic control without increasing ketonuria. 

 There is scant level 1 evidence to support 
most aspects of nutritional prescription for 
GDM. However, it does make clinical sense that 
the goals of medical nutritional therapy should 
be to achieve normoglycaemia, prevent ketosis, 
provide adequate weight gain based on their 
body mass index and contribute to fetal well-
being. Nutrition therapy has been shown to 
improve glycemic control for people living with 
overt diabetes and for women with gestational 
diabetes [ 11 ]. Hence, nutritional therapy is 
widely recommended as an integral part of the 
treatment of women with gestational diabetes 
mellitus. 

  The acceptable macronutrient distribution 
ranges for consumption of carbohydrates, protein 
and fat as a percentage of total energy intakes for 
healthy pregnant women are estimated to be 
45–65 % for carbohydrate, 10–35 % for protein 
and 20–35 % for fat. 

 The conventional diet approach to gestational 
diabetes mellitus (GDM) advocates carbohydrate 
restriction (35–40 % of total calories) [ 12 – 14 ], 
with carbohydrate intake distributed across meals 
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and snacks in order to blunt postprandial glucose 
and mitigate glucose-mediated fetal macrosomia. 

 For women with type 1 diabetes, a lower pro-
portion of carbohydrate during pregnancy such as 
40 % of energy (moderate-low carbohydrate diet) 
has also been suggested to result in normoglycae-
mia and excellent pregnancy outcome [ 15 ]. 

 Few studies have been done in pregnant 
women with type 2 diabetes mellitus with regards 
to which dietary treatment would give the best 
outcome for mother and fetus. A low carbohy-
drate diet with 35 % of the calories as carbohy-
drates was described to reduce the incidence of 
hyperglycemia in women with type 2 diabetes 
mellitus during pregnancy, with a reduced need 
for insulin treatment and a signifi cant reduction 
in the incidence of macrosomia [ 16 ]. Nonetheless, 
the same principles of avoiding excessive weight 
gain and controlling postprandial glucose levels 
apply, as in gestational diabetes mellitus and type 
1 diabetes mellitus, and again, the long term fetal 
and maternal outcomes of these interventions are 
not yet conclusively known. 

 It is worth noting that although carbohydrate 
restriction is often useful in the management of 
diabetes in pregnancy, it should not be done 
excessively. The IOM (Institute of Medicine) 
clinical guidelines recommend a minimum intake 
of 175 g carbohydrate/day to ensure suffi cient 
supplementation of glucose to the mother and 
fetus including 33 g/day for the fetal brain and 
avoid the possibility of low carbohydrate diet 
induced ketogenesis that may be associated with 
a decrease in intelligence and fi ne motor skills in 
the offspring [ 17 ]. 

 On the other hand, perhaps carbohydrate 
restriction is not the only component in the equa-
tion when working towards better glycemic 
 control in women with diabetes in pregnancy. 
Carbohydrate restriction often results in higher 
fat intake, given that protein intake is remarkably 
constant at 15–20 %. Outside of pregnancy, a 
high-fat diet typically increases serum free fatty 
acids, promoting insulin resistance. In nonhuman 
primates and in some human studies, a maternal 
high-fat diet increases fetal fat accretion and 

infant adiposity, promotes hepatic steatosis, 
increases infl ammation and oxidative stress, and 
impairs skeletal muscle glucose uptake. This 
might explain why in a recent randomized con-
trolled trial of carbohydrate restriction to 40 % 
(with 40 % fat) versus 55 % (with 25 % fat) in 
women with gestational diabetes, there was no 
signifi cance difference in the need for insulin 
treatment or pregnancy outcomes [ 18 ]. Perhaps, 
also, the choice of carbohydrate, in particular the 
glycemic index of carbohydrate, plays an equally 
important role in attaining good glycemic 
control. 

  Several studies have revealed that a diet that is 
high in carbohydrates of low glycaemic index 
improves overall glucose control and reduces 
postprandial glucose excursions in pregnant 
women with no diabetes [ 19 ], gestational diabe-
tes mellitus [ 20 ], nonpregnant individuals with 
type 1 diabetes mellitus and type 2 diabetes mel-
litus [ 21 ,  22 ] and reduces the need for insulin in 
gestational diabetes [ 23 ]. However, evidence for 
obstetric and fetal advantages are still lacking. 
Currently, only three published randomized con-
trolled trials have studied fetal and obstetric out-
comes between pregnant women with gestational 
diabetes treated with a diet with low-moderate 
glycaemic index and controls on moderate-high 
glycemic index carbohydrates. These have shown 
no signifi cant differences in rates of macrosomia, 
large for gestational age infants, caesarean sec-
tion, operative vaginal birth and normal vaginal 
birth [ 23 – 25 ]. The ROLO study of 800 women 
without diabetes but with a previous infant 
weighing greater than 4 kg showed that a low 
glycaemic index diet in pregnancy did not reduce 
the incidence of large for gestational age infants, 
but did have a signifi cant positive effect on gesta-
tional weight gain and maternal glucose toler-
ance [ 26 ]. At this moment, there are no studies or 
data with regards to long-term fetal and maternal 
health outcome data in women with gestational 
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diabetes prescribed a pregnancy diet high in car-
bohydrates of low glycaemic index. 

  Carbohydrate counting is a very essential 
strategy for the improvement of glycemic control 
in non-pregnant patients with type 1 diabetes and 
is frequently used together with insulin pump 
treatment for pregnant as well as for non- pregnant 
patients. Although data on the effect in pregnancy 
are lacking, it makes clinical sense for the con-
tinuation of accurate carbohydrate counting with 
intensive reviews of these patient’s postprandial 
glucose levels as these will intuitively impact on 
macrosomia. 

  Regular insulin, the rapid-acting insulin ana-
logues aspart and lispro, the long-acting insu-
lin analogue levemir and human insulin are 
licensed for use in gestational diabetes mellitus 
and pre- existing diabetes mellitus in pregnancy. 
Metformin is not licensed for use in gestational 
diabetes mellitus and pre-existing diabetes mel-
litus in pregnancy but certain national institutes 
like the England and Wales National Institute for 
Health and Clinical Excellence included metfor-
min and glyburide as GDM and type 2 diabetes 
in pregnancy treatment options, with the proviso 
that it is not licensed for these indications and 
that there should be informed consent on the use 
of metformin or glyburide if the managing dia-
betologist would like to use it due to strong evi-
dence for its effectiveness and safety so far [ 8 ]. 

 The lure of using metformin in pregnancy is 
its low cost, easy administration without need for 
much patient training (unlike insulin), low risk of 
hypoglycaemia, especially when used as mono-
therapy, and potential for prevention of excessive 
weight gain, a useful advantage when used in 

patients requiring insulin, or if used instead of 
insulin for glycaemic control. Its disadvantage 
would be its failure rate of about 40–50 % of 
patients (the proportion being dependent on the 
population studied), and the lack of long-term 
safety data. 

 The use of metformin in early pregnancy in 
several randomized controlled trials of pregnant 
women with polycystic ovary syndrome has 
revealed no increased risk of major congenital 
malformations and in fact showed reduction in 
adverse pregnancy outcomes, reduction in the 
incidence of gestational diabetes and higher 
pregnancy and live birth rates [ 27 – 30 ]. 

 The non-inferiority in terms of effectiveness 
and safety of metformin compared to insulin in 
the treatment of gestational diabetes was also 
proven in the Metformin in Gestational Diabetes 
(MiG) trial [ 31 ]. In this randomized control trial 
of 751 women with gestational diabetes ran-
domly allocated to open-label treatment with 
metformin (1,000–2,000 mg daily) or to insulin 
alone, there was no signifi cant difference in the 
primary outcome (composite of neonatal compli-
cations including hypoglycaemia, respiratory 
distress, phototherapy, birth trauma, low APGAR 
and prematurity). In fact, severe neonatal hypo-
glycaemia occurred more commonly in the insu-
lin group than in the metformin group. There 
were no differences in the number of congenital 
abnormalities between groups. There was also 
less maternal weight gain (metformin 0.4 vs. 
insulin 2.0 kg, p = 0.001) and more treatment sat-
isfaction in favour of metformin. Seven more 
recent but smaller trials have also largely con-
fi rmed the safety and effi cacy of metformin in 
gestational diabetes compared to insulin 
[ 32 – 35 ]. 

 There also seems to be potential in the addi-
tion of metformin to insulin therapy in women 
with type 2 diabetes mellitus with pregnancy. 
A recent randomized controlled trial on 90 
women with either gestational or pre-existing 
diabetes mellitus having poor glycaemic control 
at a daily dose of insulin of ≥1.12 units/kg 
(defi ned as having insulin resistance in this 
study) showed that adding metformin to insulin 
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therapy in these women achieved good glyce-
mic control in 75 % of without needing an 
increased insulin dose [ 36 ]. Addition of metfor-
min was also associated with a reduction in hos-
pital stay, maternal hypoglycemia, neonatal 
hypoglycemia, NICU admission and neonatal 
respiratory distress syndrome. We await the 
results of the Metformin in Women with Type 2 
Diabetes in Pregnancy (MiTy) trial of 500 preg-
nant women with type 2 diabetes recruited from 
25 centres in Canada who will be randomized to 
receive metformin or placebo in addition to their 
usual regimen of insulin. This study will clarify 
whether adding metformin to insulin in women 
with type 2 diabetes will be benefi cial to the 
mothers and infants (Clinical Trials Registry 
No; NCT 01353391). 

 The long-term follow-up of the MiG study 
will also provide important insights into the long- 
term consequences including potential benefi ts 
on the offspring of mothers with diabetes melli-
tus exposed to metformin in utero. The fi rst fol-
low- up of infants of women with GDM 
randomized to receive either metformin or insu-
lin during pregnancy has been done at 2 years of 
age [ 37 ]. Offspring exposed to metformin in 
utero had increased subscapular and biceps skin-
folds when compared with the unexposed infants, 
while total body fat was similar. The hypothesis 
is that this represents a possible benefi t as this 
may signal a healthier fat distribution. Longer 
term studies will examine this question of 
whether children exposed to metformin will 
indeed develop less visceral fat and ben more 
insulin sensitive. 

  The glucose level at which the benefi ts of ini-
tiating insulin therapy outweigh its disadvantages 
has not been defi nitively determined and there is 
little consensus in the literature. The American 
Diabetes Association (ADA) [ 9 ] and the 
American College of Obstetricians and 

Gynecologists (ACOG) [ 38 ] recommend the fol-
lowing upper limits for glucose levels, with insu-
lin therapy initiated if they are exceeded:
•    Fasting blood glucose concentration 

≤5.3 mmol/L  
•   One-hour postprandial blood glucose concen-

tration ≤7.8 mmol/L  
•   Two-hour postprandial glucose concentration 

≤6.7 mmol/L    
 These targets represent the upper limit of 

desirable glucose concentration, well above the 
mean glucose values in nondiabetic pregnant 
women described in a 2011 literature review of 
studies of the normal 24-h glycemic profi le of 
pregnant women [ 39 ]. If two standard deviations 
are added to the means of these nondiabetic preg-
nant women, the upper limit of normal fasting 
glucose would be 4.8 mmol/L, 1-h postprandial 
value 7.5 mmol/L and 2-h value 6.6 mmol/L. 

 The NICE guidelines recommend that if it is 
safely achievable, women with diabetes should 
aim to keep fasting blood glucose between 3.5 
and 5.9 mmol/L and 1-h postprandial blood glu-
cose below 7.8 mmol/L during pregnancy [ 8 ]. 
These recommendations were based on studies 
that examined the relationship between birth 
weight, respiratory distress, congenital malfor-
mations, stillbirth and neonatal death and blood 
glucose control during pregnancy that revealed 
that postprandial blood glucose levels have a 
stronger association with incidence of macroso-
mia than HbA1c during the second and third tri-
mesters and monitoring of postprandial blood 
glucose produced better outcomes than prepran-
dial monitoring. 

 The HAPO study showed a continuous rela-
tionship between maternal glucose and adverse 
outcomes, with a fasting plasma glucose level of 
5.6–5.8 mmol/L associated with a risk of macro-
somia fi ve-fold greater than that with a fasting 
glucose level less than 4.2 mmol/L [ 5 ]. Whether 
there would be benefi t to lowering the targets for 
initiating therapy in GDM in an effort to further 
lower the increased prevalence of large for gesta-
tional age infants is a hypothesis which could be 
tested, bearing in mind that there is evidence that 
overly tight metabolic control in GDM with 
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insulin (i.e., average blood glucose levels 
≤4.8 mmol/L) can result in an increase in small 
for gestational age offspring [ 40 ]. Nonetheless, 
from the preliminary good results from dietary 
interventions in this group of women, it will be 
good clinical practice to institute dietary changes 
and exercise as this has been shown increasingly 
to improve both maternal and fetal outcomes. 

  It is important for healthcare professionals 
and women with diabetes to realize that compli-
cations associated with diabetes in pregnancy can 
be avoided and the risks reduced down to that 
seen in the background population by receiving 
structured multidisciplinary preconception care. 
The key aim of this is to achieve tight glycemic 
control (HbA1c <6.1 %; 43 mmol/mol), where 
safely achievable, prior to conception. 

 Other aims of preconception care are to assess 
and address pre-existing complications of diabe-
tes mellitus, including addressing any diabetic 
retinopathy and nephropathy and complications 
of treatment like hypoglycemia, which can prove 
even more problematic in pregnancy due to the 
reduced hypoglycemic awareness, especially in 
the fi rst trimester. Indeed screening for retinopa-
thy is recommended in each trimester throughout 
pregnancy. 

 Medications that the patient is currently on 
should also be reviewed and potential teratogenic 
agents should be stopped at the point of consulta-
tion if unnecessary or switched to other medica-
tions more suitable for pregnancy if required for 
control of the patient’s medical conditions. 

 Women with diabetes are known to have an 
increased risk of having a baby with a neural tube 
defect. Studies in women with a previous poor 
pregnancy outcome have shown that being on 
folic acid supplementation prior to pregnancy 
was associated with a reduced risk of poor preg-
nancy outcomes. Although these studies were not 
done exclusively in women with diabetes in preg-
nancy, it is recommended that folate should be 

supplemented at a higher dose of 5 mg per day 
until organogenesis is complete (12 weeks gesta-
tion) [ 8 ]. 

 A point that should not be overlooked is the 
management of obesity before conception, with a 
continuing aim to control overt weight gain dur-
ing pregnancy. The body mass index (BMI) of 
the mother affects baby’s outcome signifi cantly. 
Over time with better glucose control of women 
with diabetes mellitus, the risk for congenital 
malformations has decreased but not the risk for 
large for gestational age (LGA) [ 41 ]. Obesity is 
also associated with increased rates of gestational 
hypertension, preeclampsia, GDM and retained 
weight postpartum [ 42 – 44 ]. A retrospective anal-
ysis of the records of 9.835 women has shown 
that obese GDM women had a 5.5-fold increased 
risk of LGA, whereas obesity alone or GDM 
alone had a 1.7 or 2.0-fold increased risk of LGA, 
respectively, similar to the HAPO report [ 45 ]. 
Overall, however, obesity and overweight 
accounted for 21.6 % of LGA and when GDM 
was added to obesity or overweight the combina-
tion accounted for a total of 23.3 % of LGA. Most 
LGA occurs independently of obesity and hyper-
glycemia and it remains to be seen what other 
factors contribute to LGA. Preconception BMI 
infl uences the incidence of LGA more so than 
weight gain during pregnancy and so the role of 
public awareness of the adverse consequences of 
obesity for the baby and the role of the diabetolo-
gist in optimizing the mother’s starting body 
weight before conception is important. Providing 
advancing maternal age or other time-related 
pressures are not an issue it is well worth helping 
women to lose weight as part of their preconcep-
tion care. This has the added benefi t of helping 
improve their glycemic control reducing the need 
for drugs in pregnancy. In women with type 2 
diabetes who have suboptimal glycemic control 
on metformin the only safe option to optimize 
glycemic control preconception is to add in insu-
lin. However, this almost inevitably leads to sig-
nifi cant weight gain in these women which can 
negatively impact on their chances of pregnancy 
particularly if they are requiring fertility treat-
ment. In these situations it is worth trying GLP-1 
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agonists in preference to insulin, provided the 
woman is counselled not to become pregnant 
whilst using it and use of adequate contraception 
is discussed. The benefi ts are that over a 6 month 
period, there is a chance of signifi cant weight 
loss, together with tighter glycemic control. The 
GLP-1 agonist is then stopped electively prior to 
actively trying for pregnancy and the woman 
with type 2 diabetes has a far healthier pre preg-
nancy baseline with regard to weight, glycemic 
control and unnecessary medications. 

 Last but not least, although it may seem 
counterintuitive, contraception is an important 
component of diabetes preconception care It 
needs discussing regularly with all women with 
diabetes of child bearing age including those 
who have not yet achieved tight enough glycae-
mic control or a healthy weight before attempt-
ing conception, and women with diabetes who 
have just had a baby, in order to prevent an 
unplanned pregnancy whilst their glucose con-
trol is suboptimal.     
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        Case 

 A 67-year-old woman presents to the endocrine 
clinic with inability to lose weight. She is 
referred from the orthopaedic department. A hip 

 replacement is being deferred until she manages 
to lose suffi cient weight. Her mobility has 
decreased especially in the last year. She is 
 frustrated as she feels that she has no life or future 
unless you can help her. She feels she had done 
everything she could to lose weight, has attended 
weight loss organisations, tried several diets and 
lately also used meal replacements. Latter helped 
in achieving her biggest weight loss of two 
stones. Since then her weight crept up and she is 
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    Abstract  

  More than a quarter of adults in the UK are obese and whilst previously 
endocrinologists may have seen the occasional case of unexplained weight 
gain, weight management clinics have become increasingly common 
place. Even without working in an obesity clinic many clinicians will be 
dealing with weight related complications. For this purpose the current 
chapter is not only aimed to help understanding of the principles of weight 
management but gives an overview of the issues faced when managing 
subjects with weight problems. This includes patients’ concerns and wor-
ries which may infl uence outcome and enable holistic management. 
Furthermore, in line with current NICE guidance, there is a discussion of 
surgical practise and postoperative care. Keeping endocrinology in mind, 
there is also a review of typical hormonal changes with obesity especially 
the interpretation of some laboratory fi ndings which may become a 
challenge.  
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heavier than ever before. At consultation her 
weight is recorded as 148 kg (23 st 4 lb) and the 
body mass index (BMI: calculated as weight/
height 2 ) BMI 49.5 kg/m 2 . 

  Information is required about the duration of 
the weight problem, a list of current and past med-
ications which will not only reveal her medical 
history but may contain drugs which are making 
weight loss diffi cult such as steroids, tricyclic 
antidepressants and atypical antipsychotics. A 
history of dietary shortfalls which include food 
preferences and drink history (not just alcohol) 
will help to guide in individualised diet and behav-
ioural intervention planning. A non- judgemental 
question on what makes the patient eat will help 
explore potential emotionally triggered disordered 
eating behaviours and should include attention to 
loss of control over eating, a feature of binge eat-
ing. A history of depression, anxiety, mental ill-
ness and psychological trauma or abuse will elicit 
the need of an individual psychology and/or psy-
chiatric assessment prior surgery. The smoking 
history is important as smoking can be used for 
weight control and smoking cessation can lead to 
considerable weight gain (see SIGN guidelines 
[ 1 ]). Current alcohol and substance abuse are con-
traindications to weight loss surgery (see below). 

  The risk of diabetes exponentially increases 
with every single increment in BMI. Obesity 
accounts for 80–85 % of the overall risk for 
developing Type 2 diabetes. Obstructive sleep 
apnoea should be excluded, e.g., by screening 
with the Epworth questionnaires which estab-
lishes the degree of tiredness and if scoring high, 
the diagnosis established with sleep studies such 
as pulse oxymetry. Treatment of this condition 
with continuous positive airway pressure (CPAP) 
devices can improve physical activity of affected 
subjects by improving their day time tiredness. 
Other  conditions which should be considered are 

liver  steatosis by assessment of liver function. 
Women with menstrual disturbances should be 
screened for polycystic ovary disease, infertility 
and/or hirsutism. In presence of cushingoid fea-
tures, e.g., purple stretch marks, bruising and 
stretch marks, screen for Cushing’s disease with 
24-h urine collections or an overnight dexameth-
asone suppression tests. Hypothyroidism needs 
to be excluded, however, is rarely the cause of 
morbid obesity per se. Many obese subjects suf-
fer from depression and anxiety and a simple 
questionnaire may help to establish yet undiag-
nosed problems. 

  Several studies have shown an association 
with lower SHBG and free testosterone levels 
with increased fat mass and their improvement 
after bariatric surgery. Adipose tissue increases 
aromatisation of androgens to oestradiol and oes-
trogen levels can be higher than in normal weight 
women. Obesity can cause relative hypogonad-
ism with low LH and FSH levels even when clas-
sical signs of PCOS and hyperandrogenism are 
lacking and many morbidly obese women have 
amenorrhea which can normalise after weight 
loss. In men, low levels of testosterone with low/
normal FSH and LH are commonly seen. Cortisol 
levels can be elevated as result of obesity but the 
circadian rhythm of cortisol remains normal in 
subjects with obesity. Vitamin D levels are typi-
cally lower in obesity, however there is currently 
no specifi c guidance in replacing low Vitamin D 
levels in obesity whilst replacement especially 
after malabsorptive bariatric surgery is recom-
mended [ 1 ,  2 ]. 

Which questions will help to establish the 
cause of her weight problem?

Which medical conditions would you like to 
exclude? Which tests do you consider?

Which hormones may be abnormal as a 
result of her obesity?

You have excluded a medical condition as 
cause of obesity and suggest a lifestyle pro-
gramme. She feels that she is unable to 
engage due to her joint problems. She feels 
that she had already done all she could to lose 
weight. She strongly emphasises that you are 
her last hope as she no longer could lose 
weight herself. How would you proceed?
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  Your consultation skills are being challenged 
and it is worthwhile to consider motivational 
interviewing techniques. Motivational inter-
viewing is a person centred approach in which 
the motivation of change is elaborated, a change 
plan negotiated and commitment consolidated 
by use of specifi c interviewing techniques. It 
incorporates careful expectation management 
and empowerment of the patient by working on 
the readiness of change and increasing the con-
fi dence in making required changes. A past his-
tory of successful weight loss may be a useful 
stepping stone to help building confi dence in 
the ability to lose weight. A demonstration of 
commitment towards lifestyle changes before 
referring for surgery evidenced by some weight 
loss is a requirement in most specialists medical 
obesity services (see below). Most weight man-
agement services work with a dedicated dietetic 
and psychologist team who can help identify 
and break down emotional barriers to healthy 
eating. Involving family and partners in consul-
tations as well as peer support gained in weight 
management group sessions can offer addi-
tional help. 

  The National Institue of Clinical Excellence 
(NICE) does not limit bariatric surgery to an age 
target. Provided that she does not have any par-
ticular anaesthetic risk and there is no local fund-
ing limitation her age does not disqualify her 
from surgery. The BMI criteria for surgery 
according to NICE are equal or more than 35 kg/
m 2  in patients and other signifi cant disease (see 
below) or equal or more than 40 kg/m 2  in subjects 
with no co-morbidities, but there may be regional 
variations due to funding issues. Her osteoarthri-
tis will, in some centres, be considered as signifi -
cant co-morbidity [ 3 ]. 

  There are no clear contraindications other 
than the typical anaesthetic risk, however, 
 subjects with sugar cravings and disordered 
 eating traits are prone to develop complications 
such as gastric pouch dilatation leading to band 
slippage and erosions; as such a greater compli-
ance is required to reduced calorie than with a 
gastric bypass. Contraindications to surgery are 
current drug and alcohol abuse and resistant psy-
chiatric illness as well as lack of commitment to 
a healthy lifestyle change (see below). 

 In ladies of child bearing age a gastric band 
may be chosen in preference in order to avoid 
the possibility of malabsorption and foetal 
 malnutrition during pregnancy. Many patients pre-
fer a gastric band as a less invasive and reversible 
procedure. They may be unaware of the need of 
prolonged follow up for band refi lls and a lower 
net weight loss than with gastric band. A surgical 
revision of band to bypass is possible however not 
routinely funded by the NHS unless this is due to 
technical failure of the band itself. Currently there 
is a tendency of bariatric surgeons preferring 
 recommendation of gastric bypass and gastric 
sleeve procedures. 

  You may want to consider the addition of glu-
cagon like peptide-1 (GLP-1) analogues in the 
medical management of diabetes to aid weight 
loss, in case her fi rst line hypoglycaeamic 
 therapy fails to control glucose levels. This 
should not overshadow the need to establish sus-
tainable lifestyle changes. GLP-1 analogues are 
gaining license for use in weight management in 
patients without diabetes. Gastric bypass has 
been shown to be more successful in remission 
of Type 2  diabetes which has been reported to 
range from 40–80 % depending on the duration 
of  diabetes and defi nition of remission [ 4 ]. The 
mechanism is in part due to caloric/energy 
restriction which improves hepatic insulin 
 sensitivity and improved β cell function by exag-
gerated GLP-1 secretion [ 4 ]. Updated NHS 
guidelines recommend an expedited referral to 
bariatric surgery in subjects with diabetes of less 

She is wondering about bariatric surgery 
and whether she is too old for surgery? 
What are the NICE criteria for funding of 
bariatric surgery?

She would like to have gastric banding, can 
you think of any contraindications?

Blood results confi rm that she has diabetes, 
would that change your management?

Case 22 Inability to Lose Weight



186

than ten years duration and consideration of 
weight loss surgery from a BMI of 30 kg/m 2 . 

  She may have experienced a hypoglycaemic 
episode after energy dense carbohydrate intake 
known as late Dumping syndrome characterised 
by postprandial reactive hypoglycaemia. Hypo-
glycaemic episodes can be common in the fi rst 
few months after surgery and in most cases cease 
after dietary adjustments and can occur in bariat-
ric patients with or without previous diabetes. 
The diagnosis can be confi rmed by recording of 
hypoglycaemia in a prolonged oral glucose 
 tolerance test typically up to at least 4 h. Hypo-
glycaemia is thought to be a result of the increased 
GLP-1 production and subsequent inappropriate 
high insulin levels. If symptoms persist and 
dietary changes are insuffi cient to resolve symp-
toms acarbose, diazoxide and calcium channel 
antagonists can be tried and in resistant cases 
somatostatin analogues may be helpful [ 5 ]. In 
refractory cases subjects may need further sur-
gery for introduction of a restriction or recon-
struction of gastrointestinal continuity. In few 
subjects with extensive hypertrophy of islets and 
development of nesidioblastosis (insulinoma like 
symptoms with excessive islet cell hyperplasia of 
the pancreas) partial or total pancreatic resections 
have been used which should remain the last 
treatment option [ 6 ].  

    Summary 

 Obesity is defi ned by a BMI above 30 kg/m 2 . 
Most weight management clinics accept referral 
of patients with a BMI equal or above 40 kg/m 2  
or equal or above 35 kg/m 2  with co-morbidities 
as suggested by NICE guidelines [ 3 ]. However 

due to funding implications there are wide 
regional variations especially in the defi nition of 
co-morbidites though typically include Type 2 
diabetes and uncontrolled hypertension. 

 Monogenetic disorders (leptin mutation caus-
ing leptin defi ciency, melanocortin receptor four 
mutation) or pleiotropic genetic syndromes as 
causes of obesity are rare and usually present in 
childhood. People with extreme obesity from 
early childhood, learning diffi culties and insatia-
ble hunger are potential candidates for screening 
of genetic disorders as well as, for Prader-Willi 
syndrome and Bardet-Biedl syndrome. 

 Obesity is typically acquired by prolonged 
energy surplus by inappropriate high dietary 
intake and inadequate physical activity. Food 
intake is typically underreported and commer-
cials imply a bigger need of energy as what is 
typically required for a sedentary lifestyle which 
frequently blurs the estimates of what is a normal 
portion and meal size. This is not helped by the 
fact that being overweight has become the norm 
(more than 60 % of UK adults are overweight or 
obese). As we tend to compare our portion size 
with others, the acknowledgement that a man’s 
daily energy need is up to a third higher than that 
of a woman of the same age and weight is fre-
quently lost. The decreased energy need with age 
is not adjusted for. In addition, most people now-
adays work in sedentary jobs and the requirement 
not adjusted from when people were younger and 
more physically active. 

 Frequently people with obesity eat because of 
emotional needs such as comfort, boredom, lone-
liness and feeling low. Stress without adequate 
time for eating contributes to the modern “obeso-
genic” lifestyle. Increasingly people rely on meal 
deals, ready-made meals and have no peace to eat 
undisturbed without distraction such as watching 
TV or working on the computer whilst consum-
ing their meals. Subjects who suffer from extreme 
obesity have frequently suffered traumatic life 
events or abuse which may not have been suffi -
ciently emotionally resolved and need attention 
before being able to commit to sustained lifestyle 
changes. Obesity commonly coexists in several 
family members and engaging the whole family 
in the treatment is recommended. 

Two years have passed; she underwent a 
laparoscopic gastric bypass operation 
4 months ago and was admitted with a col-
lapse to the A&E department. What are the 
likely diagnoses and what would be your 
management plan?
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 At diagnosis and clinical assessment it is 
important to keep in mind the above mentioned 
endocrine disorders and beside an occasional 
new diagnosis of diabetes in the weight manage-
ment clinic the screening for Cushing’s disease 
can be limited to those with unexplained weight 
gain, a suggestive body composition and appear-
ance and purple stretch marks. 

 The term obesity or being called obese can be 
perceived as insulting and some patients feel 
embarrassed about attending an obesity clinic or 
let others know about it. Care has also to be taken 
when obtaining a family history of obesity and 
when dealing with family members. 

 The objective of weight management clinics is 
to target on sustainable life style changes rather 
than to provide extreme diets after which the 
weight loss may not be possible to be maintained. 
Both NICE and the SIGN guidelines recommend 
a 600 kcal defi cit diet that is tailored to individual 
preference; this by reducing the intake of energy 
dense foods, by minimizing the consumption of 
fast foods and alcohol intake and introduction of 
a balanced diet [ 1 ]. 

 Setting realistic goals and clear weight tar-
gets with every visit will aid success. This will 
typically be no more than 0.5–1 kg per week 
leading to a weight loss of 5–10 % in a year. 
Behaviour interventions and physical activity 
alongside dietetic guidance will help in this pro-
cess. For further information on food composi-
tion and behaviour intervention see the SIGN 
guidance [ 1 ]. 

 There is a lack of approved pharmaceutical 
treatment for obesity and Orlistat is the only 
agent currently licensed in the UK. This should 
only be prescribed after adequate concomitant 
advice on fat intake reduction and counselling to 
its side effects to ensure adequate adherence. 
GLP-1 analogues which substitute the reduced 
levels of the gut hormone glucagon like peptide-
 1 in obesity and diabetes can help to promote 
weight loss by their action on stomach emptying 
and central inhibition of appetite in subjects with 
diabetes. Currently these agents are soon going to 
be available for weight reduction in non-diabetic 
individuals clinical trials suggest that they may 
be an effective adjunct to weight management. 

 In adult patients with a BMI equal or above 40 
or 35 kg/m 2  with signifi cant co-morbidities such 
as Type 2 diabetes in whom appropriate non sur-
gical measures were unsuccessful are according 
to NICE recommended to have surgery with the 
exception of subjects with a BMI more than 
50 kg/m 2  in whom surgery is recommended as a 
fi rst-line option [ 4 ]. Weight loss prior surgery and 
improvement of glycaemia in subjects with dia-
betes improves surgical outcomes. The recently 
updated NICE guideline advises to expedite sub-
jects with recent diagnosis of diabetes of less 
than 10 years duration to surgery and already 
consider surgery if the BMI is less than 30kg/m 2 . 

 Contraindications to surgery are current drug 
and alcohol abuse and resistant psychiatric ill-
ness as well as lack of commitment to a healthy 
lifestyle change. A commitment to follow up and 
lifelong follow up post bariatric surgery should 
be established not only to ensure commitment to 
adequate mineral and vitamin supplementation 
but also to be able to intervene early to slips in the 
newly developed eating habits to prevent surgical 
failure, weight regain and complications. 
Depression, binge eating disorders and past his-
tory of substance abuse are not an absolute con-
traindication to surgery [ 1 ]. There is however an 
increased risk of suicide, self-harm and divorce 
after bariatric surgery and issues with body image 
may either not resolve or may become worse due 
to remaining skin fl aps after bariatric surgery. 
Bariatric surgery should not be used for the treat-
ment of body image issues associated with obe-
sity and depending on presurgical BMI not all 
patients can expect to be able to reach their ideal 
body weight with bariatric surgery. The risk of 
postsurgical alcohol abuse is increased after 
bypass surgery and alcohol tolerance reduced. 

 Even if during the medical weight manage-
ment a certain amount of weight has been lost, 
surgeons commonly subject patients to a low 
calorie diet known to most as the “liver shrinkage 
diet” in an attempt to reduce the size of the liver 
before surgery by reducing its glycogen stores, 
consequently helping to enhance safety of the 
surgical procedure. 

 Most common  bariatric surgical procedures  
are laparoscopic adjustable banding or laparoscopic 
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Roux-en-Y gastric bypass (RYGB; see Fig.  22.1  
and Table  22.1 ) which till recently used to make 
up more than 90 % of the surgical bariatric inter-
ventions. RYGB has gained increasing popularity 
in recent years. Figure  22.1  demonstrates the 
anatomic changes of the surgical bypass proce-
dures. Extremely obese subjects sometimes start 
with a gastric balloon which is fi tted endoscopi-
cally before it is infl ated to fl oat freely in the 
stomach. This is used in subjects in whom other 
types of surgery are unsafe or technically not 

possible. The balloon will be kept in place till 
suffi cient weight is lost (but not longer than 6 
months) to enable a safe operation and proceed 
with another procedure. A gastric sleeve is an 
alternative for heavier subjects, e.g., above a BMI 
of 50 kg/m 2  and is typically part of a two- stage 
procedure followed by a malabsorptive proce-
dure after a year or 2. However, if good weight 
loss results are achieved a second operation may 
not be needed. At the time of writing this article, 
the gastric sleeve is gaining popularity in the 

   Table 22.1    Comparison of the characteristics of the two most common surgical interventions   

 Characteristics  Laparoscopic 
adjustable gastric banding- LAGB 

 Laparoscopic Roux en Y gastric bypass- RYGB 

 Estimated cost  Circa £7,000 with band fi lls  £8,000–15,000 
 Principle technique  Reversible and restrictive  Irreversible, restrictive and malabsorptive 
 Weight loss  About 50 % EWL at 1 year  About 70 % EWL at 1 year 
 Type 2 diabetes  Higher than with diet but less than RYGB  Improvement or remission shortly after 

surgery (40–80 %) 
 After care  Repeated follow up requirement for band 

adjustments 
 Lifelong mineral and vitamin supplementation 

 Common 
complications 

 Band erosions, ulceration, band slippage, 
pouch dilation, wound infections 

 Anastomotic leaks, internal hernias, 
pulmonary embolus, sepsis, wound infections 

 Side effects  Nausea, vomiting, dyspepsia  Nausea, vomiting, dumping syndrome, 
vitamin defi ciencies, malnutrition 

 Surgical mortality  0.05 %  0.5 % with higher risk of intra-operative 
complications 

 Revision  Required in 10–25 %, this typically to RYGB  Less common and technically diffi cult 

Inflation port

Gastric pouch

Biliopancreatic, digestive
juice limb (75-175 cm)

Alimentary limb (75-
175 cm)

Stapled, sealed off
stomach

a b

  Fig. 22.1    The two most common surgical procedures. ( a ) Adjustable gastric banding. ( b ) Roux en Y gastric bypass       
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USA as a stand alone procedure. The surgical 
risk is lowest with a gastric band, but also requires 
more patient self discipline and dietary adher-
ence in order to be successful in weight loss and 
the follow up without complications. The table 
below compares the characteristics of the two 
most common types of surgery. Rapid weight 
loss and with this any bariatric  surgery also 
increases the risk of gall stones and cholelecysti-
tis especially in men and also  predisposes to gout. 
Patients with frequent attacks of gout may benefi t 
from prophylactic medication to avoid an acute 
attack after bariatric surgery. 

   Postsurgically, the patient will undergo a grad-
ual change from fl uid to solid food intake impor-
tant in restrictive surgery to minimise symptoms 
like vomiting which can lead to refl ux and 
increase the danger of rupture of surgical anasto-
moses. Adequate protein content is necessary as 
patients do not only lose adipose tissue but also 
lose lean body mass with surgery especially after 
malabsorptive procedures. 

 Nutritional reinforcement of healthy eating 
behaviour and food composition with exclusion 
of carbohydrate dense meals and drinks is neces-
sary also after RYGB to avoid or reduce gastroin-
testinal symptoms such as Dumping syndrome 
including abdominal pain, nausea, diarrhoea, 
cramps, fl ushing, light-headedness and syncope 
([ 2 ]; see also above). 

 Lifelong mineral and vitamin supplementa-
tion after bariatric surgery is necessary which 
includes supplementation of calcium and vita-
min D to ensure adequate bone health [ 1 ]. About 
30–40 % of patients will develop vitamin B12 
defi ciency after RYGB. Iron defi ciency is com-
mon in women with menorrhagia or heavy men-
strual bleeding. Adequate blood tests should be 
repeated 6 monthly. 

 Figure  22.2  shows the typical weight loss tra-
jectory after bariatric surgery. Weight regain after 
bariatric surgery may necessitate revision in 
10–25 % of subjects after gastric banding, which 
is typically a conversion to RYGB. Failure of 
RYGB is less common, revision is technically 
more diffi cult. In such cases biliopancreatic 
diversion with duodenal switch as well as restric-
tion procedures such as the addition of a silicon 
gastric band are possibilities.  

 RYGB is very effective in remission of Type 2 
diabetes (see above) even before weight loss 
occurs whilst the metabolic improvement with 
LAGB is linked directly with weight loss. 
Evidence from a head to head comparison is 
lacking and dependent on severity and duration 
of diabetes [ 4 ]. 

 Bariatric surgery improves overall mortality 
[ 7 ] and is cost-effective, especially at higher 
BMIs and is measured in cost-effectiveness 
ratios (£ per quality-adjusted life year (QALY) 
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  Fig. 22.2    General pattern 
of weight regain following 
bariatric surgery. The nadir 
of weight recordings is 
reached at 12–18 months 
postsurgery, after which 
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gained). It is greatest in people with BMI 40 kg/
m 2  or more followed by those with BMI 30 kg/
m 2  or more (and less than 40 kg/m 2 ) with type 2 
diabetes [ 8 ]. It is also an effective, safe and 
cost- effective treatment of Type 2 diabetes in 
obesity [ 9 ].     
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        Case 

 A 55-year-old heavy goods vehicle driver has 
been referred to the obesity clinic for further 
management of his weight. He has been recently 
made redundant and has a past medical history of 

type 2 diabetes mellitus, hypertension, ischemic 
heart disease and hypercholesterolaemia. He is a 
smoker with a 35-pack-per-year history, and he 
does not drink alcohol. He is married with two 
biological children. His current medications 
include Metformin, Exanetide, Simvastatin, 
Atenolol and Ramipril. His glycaemic control is 
poor, and his most recent glycated haemoglobin 
(HbA1c) was 88 mmol/mol. On examination his 
weight was 135 kg; his height was 1.76 m with a 
body mass index of 43.58 kg/m 2 . His waist cir-
cumference was 102 cm, and his blood pressure 
146/89 mmHg. 

 He complains of feeling extremely tired dur-
ing the day and admits to waking up in the middle 
of the night multiple times to pass urine. He 
always feels tired, and this has put a strain on his 
relationship with his wife recently. He has 
attempted to improve his personal life and inti-
macy with his wife, but he has been experiencing 
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  Abstract  

  The incidence of obesity and overweight is increasing worldwide. Obesity 
predisposes to the development of co-morbidities such as diabetes melli-
tus, hypertension, cardiovascular disease and malignancy. This chapter 
will focus on identifying and diagnosing common medical problems that 
obese patients encounter with an overview of managing these conditions.  
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a low libido and has symptoms suggestive of 
erectile dysfunction. This has made him increas-
ingly depressed, and his General Practitioner has 
recently prescribed amitriptyline. 

   Obesity and overweight are defi ned as abnor-
mal or excessive fat accumulation that may 
impair health [ 1 ]. This usually results from an 
imbalance between energy consumption and 
expenditure. According to the World Health 
Organisation (WHO), it is one of the leading 
causes of global deaths, with deaths of up to 3.4 
million annually [ 1 ]. 

 Body mass index (BMI) is used to classify 
these terms. The WHO defi nition is as follows: 
BMI >25-Overweight, BMI >30 –Obesity. 

 The use of BMI has great advantages in terms 
of ease of measurement and low cost, however 
there are drawbacks which exist with its use in eth-
nic populations. The WHO threshold was based 
largely on Caucasian populations, however it is 
now recognised that patients from Asian, black 
and other ethnic minority groups are at risk of obe-
sity associated co-morbidities at lower BMI 
thresholds [ 2 ]. 

 BMI alone is not a good refl ection of the sever-
ity or extent of obesity related comorbidities. 
Figure  23.1  is a diagram of the Edmonton Obesity 
staging system, a clinical tool to compliment 

BMI. Both the National Institute of Clinical 
Excellence (NICE) and WHO have recommended 
the use of combined BMI and waist circum-
ference categories for identifying an individual’s 
risk of obesity-related ill health [ 1 ,  2 ].  

   When assessing an obese patient, weight his-
tory is important and the following factors need 
to be considered [ 3 ].
•    History from birth and life-changing events  
•   Previous strategies for weight loss and 

success  
•   Lifestyle habits, i.e., smoking, alcohol excess, 

eating and exercise  
•   Family history of obesity  
•   Comorbidities  
•   Symptoms suggestive of secondary causes of 

obesity such as Cushing’s syndrome, acro-
megaly and hypothalamic disorders  

•   Psychological states and depression  
•   Medications    
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  Fig. 23.1    Edmonton 
obesity staging system 
(Reprinted by permission 
from Macmillan Publishers 
Ltd.: Sharma and Kushner 
[ 27 ] copyright 2009)       

What is the defi nition of obesity?

What are the main obesity-related co- 
morbidities in this patient?

What are the main points that should be con-
sidered when taking the medical history?
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      Hypogonadotrophic Hypogonadism 

 The patient has a low libido and inability to 
maintain erections. Hypogonadotrophic hypo-
gonadism (HH) is defi ned as subnormal free tes-
tosterone in the presence of inappropriately low 
gonadotrophins [ 4 ]. The clinical manifestations 
include low libido, erectile dysfunction, fatigue, 
loss of muscle mass, reduced bone density and 
depression [ 4 ]. 

 About 25–40 % of men with type 2 diabetes 
mellitus (DM) have been found to have HH [ 5 , 
 6 ]. The mechanism behind this is thought to be 
due to insulin resistance rather than hypergly-
caemia itself [ 4 ]. Studies in mouse models have 
demonstrated that insulin facilitates secretion of 
gonadotrophin-releasing hormone (GnRH) from 
neuronal cells. Therefore insulin resistance 
would affect GnRH secretion, thus testosterone 
levels [ 7 ]. There have also been reports of raised 
infl ammatory markers being associated with 
HH, suggesting an underlying infl ammatory 
response [ 7 ]. 

 Obesity is also associated with HH, with stud-
ies showing an inverse relationship between free 
testosterone and body mass index [ 8 ]. The pro-
posed mechanism is related to an increase in adi-
pose tissue which leads to increased oestradiol 
levels due to enhanced aromatase activity, thus 
leading to suppression of GnRH release [ 4 ]. 
Diabetes in conjunction contributes to low free 
testosterone levels, however studies have shown 
that low circulating testosterone levels are also 
observed in non-diabetic obese men [ 9 ]. 

 Furthermore, low sex hormone binding globu-
lin (SHBG) levels are observed in such patients 
[ 9 ]. Since a signifi cant proportion of circulating 
testosterone is bound to SHBG, a low serum 
SHBG level will invariably result in lower total 
testosterone levels [ 9 ]. 

 Another possible explanation for low free tes-
tosterone levels observed in obese diabetic and 
non-diabetic patients is an abnormal scrotal tem-
perature [ 10 ]. Embryological descent of the tes-
tes outside the body aims to maintain scrotal 
temperatures at 2 °C less than core body tempera-
ture to facilitate adequate testosterone production 
[ 10 ]. In obese patients, an increase in abdominal 

fat envelopes the scrotum between the thighs and 
abdomen. This results in temperatures similar to 
that of core body temperature thus impeding tes-
tosterone production [ 10 ]. 

 In summary, diabetes and obesity are indepen-
dent factors for developing hypogonadotrophic 
hypogonadism. However, obesity in the presence 
of type 2 DM adds to that risk [ 4 ,  8 ]. This patient 
has two biological children so it is unlikely that 
he suffers from primary infertility. 

   Studies have shown a link between erectile 
dysfunction (ED), hypogonadotrophic hypogo-
nadism, type 2 diabetes and obesity [ 11 ]. Both 
type 2 diabetes and obesity represent indepen-
dent risk factors for development of ED [ 4 ]. The 
mechanisms involved are metabolic, neurogenic 
and vascular. 

 Hyperglycaemia, hyperlipidaemia and poor 
metabolic control give rise to biochemical pertur-
bations that lead to microvascular changes [ 12 ]. 

 In diabetic patients, there is impaired neuro-
genic and nitric oxide mediated endothelial 
relaxation of smooth muscle. As a result auto-
nomic neuropathy and arterial disease lead to ED 
[ 12 ]. In obese patients, androgen defi ciency due 
to increased aromatase action and microvascular 
changes are contributors [ 4 ]. 

 In people with diabetes, it is also possible that 
use of beta-blockers might be contributing to ED. 
Furthermore an increase in nocturnal urinary fre-
quency suggests benign prostatic hypertrophy. 

   This man is likely to have Obstructive sleep 
apnoea (OSA), which is usually underdiagnosed. 
OSA is defi ned as spectrum of breathing disor-
ders which occur during sleep. This ranges from 

What are the mechanisms for the erectile 
dysfunction in this patient?

Other than the metabolic/hormonal abnor-
malities, what else could be contributing to 
his tiredness?

Case 23 Medical Problems in Obesity



194

snoring to hypoapnoea and apnoea [ 13 ]. It results 
from collapse of the upper airways leading to 
upper airway resistance, airfl ow impedance and 
ultimately oxygen desaturation [ 13 ,  14 ]. 

 The patient typically has interrupted sleep due 
to periods of apnoea and wakes up feeling unre-
freshed in the morning; this leads to daytime 
somnolence [ 13 ,  14 ]. 

 OSA has been linked to obesity, hypertension 
and diabetes. Risk factors for developing OSA 
include age, obesity and male sex. Also certain 
craniofacial characteristics such as changes asso-
ciated with acromegaly increase the risk [ 13 ]. 

 Other respiratory disorders that are associated 
with in obesity include obesity hypoventilation 
syndrome in which patients develop night time 
hypoxia and daytime hypercapnia [ 15 ]. 

 It is likely that the patient has OSA, therefore 
a referral to the Respiratory physicians for further 
assessment and treatment will be necessary. 
Weight loss tends to alleviate symptoms. 

   This patient has been diagnosed with 
 depression by his general practitioner which has 
resulted in a poor quality of life. Studies have 
shown that 55 % of obese patients have an 
increased risk of developing depression [ 16 ]. 
People who are depressed have a 58 % risk of 
becoming overweight [ 16 ]. Large epidemiologi-
cal studies have found a relationship between 
socioeconomic factors, chronic disease and psy-
chological stress [ 17 ]. Some alleviation might be 
achieved through management of each chronic 
disease; however in severe cases of depression 
management with pharmacological therapy 
might be necessary. 

       Diet and Eating Behaviour 

 It is important to identify potential eating behav-
iour contributing to the maintenance of obesity. 
It is also crucial to consider diabetes manage-
ment which may be more relevant than aiming to 
quantify calorie intake or specifi c meal composi-
tion. Below is a list of eating behaviours that can 
contribute weight gain [ 18 ].
•    Skipping meals  
•   Snacking/grazing  
•   Lack of structured eating patterns  
•   Night eating  
•   Inconsistent dieting behaviour  
•   Emotional eating    

 It is recommended that patients have contact 
with a dietitian to provide a detailed assess-
ment of dieting history so as to identify 
 problem areas or misconceptions that can be 
rectifi ed [ 2 ].  

    Exercise 

 Evaluation of the amount of daily exercise and 
exercise tolerance is necessary. Some obese 
patients experience diffi culty increasing physical 
activity level due to various co-morbidities such 
as the pain associated with osteoarthritis and 
fi bromyalgia. They might also experience 
increased shortness of breath due to cardiac and 
respiratory disease.  

    Smoking 

 It would also be important to determine the his-
tory of pack years in smoking. Some observa-
tional studies have shown an increase in 
abdominal and visceral obesity in overweight 
smokers [ 19 ]. Combining smoking and obesity 
increases the risk of developing cancer as well as 
a tenfold increase in premature death [ 20 ]. 
However cessation of smoking can increase 
appetite and therefore cause weight gain which 
may be moderate and temporary if appropriate 
management is pre-empted [ 20 ]. 

This man is feeling low in mood. How 
would this contribute to his clinical 
presentation?

What questions would you ask about 
lifestyle?
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   General examination of an obese patient 
should include height and weight to determine 
BMI [ 1 ,  2 ]. Also it is useful to measure waist cir-
cumference to determine the waist to hip ratio. 
Body composition analyser helps to determine 
general distribution of fat [ 2 ]. It is however 
important to note that waist circumference deter-
mination becomes unreliable when BMI exceeds 
35 kg/m 2  due to the effects of gravity on central 
adiposity creating folds of fat across the abdomen 
[ 2 ]. Neck circumference evaluation is necessary 
for those who are likely to suffer from OSA. 

 Assessment should include a skin examina-
tion for signs of insulin resistance such as acan-
thosis nigricans, skin tags and intertrigo. Also 
signs of dyslipidaemia such as xanthalesma and 
eruptive xanthoma should be sought [ 3 ]. 
Assessment of cardiovascular status is necessary 
with blood pressure and an electrocardiogram. 

 Examination of the abdomen might reveal 
hepatomegaly caused by fatty liver disease. 
Finally assessment of the musculoskeletal system 
is important to determine the presence of gout or 
osteoarthritis as this can affect future ability to 
exercise and attend rehabilitation programmes 
[ 3 ]. With regards to diabetes it is important to 
assess whether the patient has established micro-
vascular and macrovascular complications. 

   During the assessment it is also important to 
rule out secondary causes of obesity as treatment 
of the underlying condition is also necessary [ 3 ]. 
Table  23.1  presents a summary of potential 
 secondary causes.

   Summary of possible medical conditions this 
patient has:
•    Super-obesity  
•   Obstructive sleep apnoea  

•   Hypogonadotrophic hypogonadism  
•   Cardiovascular disease leading to impotence  
•   Benign prostatic hypertrophy  
•   Depression    

       Anterior Pituitary Tests 

 Measurement of luteinising hormone (LH), fol-
licular stimulating hormone (FSH), testosterone, 
Oestradiol, prolactin and cortisol is necessary 
to confi rm hypogonadotrohic hypogonadism 
[ 3 ]. However if pituitary disease is suspected 
then a complete pituitary hormone profi le will 
be required. Typically a subnormal testosterone 
level is observed with inappropriately normal 
levels of FSH and LH [ 3 ]. Oestradiol levels might 
also be raised due to increased aromatase activity 
from excessive adipose tissue [ 4 ]. 

 To rule out a pituitary cause for HH, an insulin 
tolerance test (ITT) should be considered to assess 
cortisol and growth hormone reserve. Typically a 
dose of 0.15 U/kg of insulin is used, however due to 
insulin resistance patients with obesity, diabetes, 
acromegaly or Cushing’s require a higher dose of 
0.2–0.3 U/kg to induce adequate hypoglycaemia 
<2.2 mmol/l [ 3 ]. 

   Table 23.1    Summary of potential secondary causes of 
obesity   

 Endocrine disorders  Cushing’s syndrome 
 Hypothyroidism 
 Type 2 diabetes 
 Acromegaly 

 Genetic  Prader-Willi syndrome 
 Cohen syndrome 
 Bardet-Biedel syndrome 

 Central nervous system  Hypothalamic disorders 
 Drugs  Atypical antipsychotics 

 Tricyclic antidepressants 
 Other  Bulimia 

 Binge-eating disorder 

How would you physically assess an obese 
patient?

What are the secondary causes of obesity?

What investigations would you consider to 
reach your diagnosis?

Case 23 Medical Problems in Obesity
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 If there are any contraindications to an ITT 
such as epilepsy, ischaemic heart disease, hypo-
thyroidism or hypocortisolism, then a glucagon 
stimulation test might be considered [ 3 ]. However 
the growth hormone response to glucagon stimu-
lation tends to be attenuated in obese patients, 
therefore care will be needed in interpreting the 
results.  

    Imaging 

 Magnetic resonance imaging might be required 
to rule out pituitary lesions. In most cases of HH 
no abnormalities are found [ 21 ] but pituitary inci-
dentalomas might be discovered, instigating a 
plethora of further investigations which can com-
plicate the diagnosis.  

    Sleep Studies 

 Diagnosis of OSA is by use of polysomnography 
or sleep studies. To assess severity, the Epworth 
sleepiness scale is used. This entails a series of 
questions with a maximum score of 24. A score 
of 15 is classed as moderate and a score above 18 
is classed as severe [ 14 ].  

    Prostate-Specifi c Antigen 

 This patient also describes urinary symptoms so 
it will be important to assess him with a detailed 
clinical history and a digital rectal examination. 
A baseline PSA is also required especially in the 
context of possible testosterone replacement. 
This will be discussed in detail later in the 
chapter.  

    Full Blood Count 

 Assessment of haemoglobin and haematocrit is 
necessary as polycythaemia can occur due to 
OSA. In the context of testosterone replacement 
therapy it is also necessary to determine the 
 baseline haematocrit.  

    Annual Diabetes Screen 

 As part of the recommendation by NICE, patients 
with diabetes require at least an annual retinal 
screen, foot examination, urinary micro albumin 
as well as biochemical tests such as HbA1c, fast-
ing lipid profi le, liver function tests, estimated 
glomerular fi ltration rate (EGFR), urea and elec-
trolytes [ 22 ].  

    Other Tests 

    24-h Urinary Cortisol 
 If clinical Cushing’s syndrome is suspected then 
a 24 h urinary cortisol can be requested. It is 
important to note that the test has 98 % specifi c-
ity and 95 % sensitivity. False positive results can 
occur due to pseudo-Cushing’s which can be 
present in patients who are obese, consume alco-
hol in excess and suffer from depression [ 3 ]. 

        Weight Management Services 

 Patients are more likely to have a successful out-
come when referred to a structured weight man-
agement service. The availability of such services 
varies between regions and can either be available 
in the community or the hospital setting. This 
typically comprises of a multi-disciplinary team 
of dietitians, psychologists, physiotherapists and 
specialist weight management physicians [ 2 ]. 

 Commercial programmes also exist with each 
attesting to varying degrees of success. The deci-
sion as to where to refer the patient to will depend 
on the patient’s preference. However if signifi -
cant co-morbidities exist, then it will be advis-
able to refer to a programme in the hospital 
setting. 

 The fi rst step to weight control is the “willing-
ness to change” in the patient. Once this has been 
established the intervention strategy has various 

How will you aid this patient to reduce his 
weight?
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components involving behavioural strategies and 
life style changes [ 2 ,  18 ]. 

 Dietary advice should be individually tailored 
with a focus on the concept of healthy eating. The 
total energy intake should be less than energy 
expenditure. For sustainable weight loss, diet 
should have a 600Kcal/day defi cit, ensuring that 
all other nutritional needs are met. Diets which 
involve more restriction of calories should be 
undertaken with clinical supervision [ 2 ]. 

 With regards to exercise, the NICE recom-
mendation is that of 30 min of moderate exercise 
5 days a week. Due to increasing demands on 
time, the recommendation is to encourage that 
this physical activity is incorporated into daily 
life. To maintain weight loss exercise duration of 
60–90 min might be needed with a combination 
of cardiovascular high intensity exercises and 
weight resistance exercise [ 2 ]. 

   Apart from lifestyle intervention, pharmaco-
logical and surgical management of obesity can 
be considered. 

 Drug therapy can be used in patients after 
dietary, exercise and behavioural approaches 
have been started and evaluated. It can also be 
considered in patients who have not reached their 
target weight loss or have plateaued on life style 
intervention [ 2 ]. 

 The NICE criteria for prescribing drug therapy are
•    BMI of 28.0 kg/m 2  or more with associated 

factors  
•   BMI of 30.0 kg/m 2  or more [ 2 ]    

 Currently, the only licensed product in the 
United Kingdom is Orlistat, which functions as 
a lipase inhibitor. It has also been shown to 
improve glycaemic control in patients with type 
2 DM [ 23 ]. 

 This patient is on a GLP-1 analogue for man-
agement of his diabetes, although it is not licensed 
for obesity management, systematic reviews and 
meta-analyses have shown that it can promote 
weight loss [ 24 ]. 

   Bariatric surgery is considered as second- or 
third-line therapy. It is usually recommended for 
patients who [ 2 ]:
•    Have failed to achieve or maintain clinically 

benefi cial weight loss despite appropriate 
non- surgical measures.  

•   Have a BMI of 40.0 kg/m 2  or more and as fi rst 
line in those with a BMI of 50.0 kg/m 2   

•   BMI of between 35 and 40 kg/m 2  with signifi -
cant co-morbidities  

•   Generally fi t for surgery and anaesthesia  
•   Show commitment to the need for long-term 

follow-up    
 There are data to suggest that patients have a 

better outcome with bariatric surgery compared to 
lifestyle intervention alone, as patients are more 
likely to achieve a greater amount of weight loss 
with remission of type 2 DM. This will be dis-
cussed in greater detail in Chap.   25     in this book. 

       Diabetes Management 

 This patient is likely to need insulin however it is 
important to note that use of insulin can stimulate 
weight gain lead to a cycle of weight gain and 
increased doses of insulin. The approach should 
be a balance between aiming for reasonable gly-
caemic control as well as weight loss. He will 
need education on portion control as well as other 
lifestyle changes mentioned above.  

    Testosterone Replacement 

 This patient describes a constellation of symp-
toms consistent with ED, HH and benign 
 prostatic hypertrophy (BPH). Management 
should include testosterone replacement therapy. 

How would you manage his other 
co-morbidities?

What other management options are 
available?

When would you consider bariatric surgery 
as a management option?

Case 23 Medical Problems in Obesity
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A baseline measurement of 9 am testosterone 
will be required using a reliable assay. Once 
treatment has been initiated, further evaluation 
of testosterone levels should be undertaken at 3 
and 6 months [ 25 ]. The risks and benefi ts should 
be discussed with the patient as well as the vari-
ous preparations available. In view of possible 
BPH further urological assessment is required 
prior to commencing therapy. This would include 
a baseline PSA and digital rectal examination. 
Patients who have known prostate cancer should 
not be offered testosterone replacement [ 25 ]. 

 Annual monitoring of PSA is required with a 
PSA rise of no more than 1.4 ng/mL/year [ 25 ]. A 
greater increase than this should prompt urgent 
referral to urological services. There have been 
controversies regarding testosterone replacement 
in relation to prostate cancer. It is now accepted 
however that testosterone replacement does not 
result in the development of prostate cancer, but 
can accelerate pre-existing malignant prostatic 
lesions. In the context of BPH it can exacerbate 
prostatic symptoms. 

 Monitoring of haematocrit is also necessary 
with a haematocrit greater than 0.55 prompting 
either withdrawal of therapy or reduction of tes-
tosterone dose [ 25 ]. A rise in haematocrit above 
the recommended reference range can lead to an 
increased risk of thrombotic events [ 25 ].  

    Erectile Dysfunction 

 Phosphodiesterase inhibitor therapies such as 
sildenafi l exist for management of ED. These 
promote penile smooth muscle relaxation, 
thereby helping to achieve erection. Careful con-
sideration is needed in patients who have co- 
existing ischaemic heart disease particularly 
those on nitrate therapy [ 12 ].  

    Smoking Cessation 

 Smoking cessation advice and pharmacotherapy 
should be offered if necessary, to reduce the risk 
of both microvascular and macrovascular com-
plications [ 19 ].  

    Obstructive Sleep Apnoea 

 Continuous positive air pressure (CPAP) is the 
most cost-effective treatment. However, surgical 
alternatives can be used with the aim of  increasing 
pharyngeal calibre and reducing pharyngeal air-
fl ow obstruction during sleep [ 14 ,  26 ].   

    Summary 

 Management of obesity often requires individual 
management of associated co-morbidities as well as 
aiding weight loss. Patients who are managed under 
a structured weight management programme led by a 
multi-disciplinary team have been shown to achieve 
better overall outcomes. Obesity is a chronic illness 
that requires long- term follow-up. The frequency and 
duration may vary amongst individuals depending on 
parameters such as improvement of co-morbidities, 
degree of weight loss and evidence of permanent 
behavioural and lifestyle modifi cation. 

 In this patient a 6-monthly review would be 
acceptable. Once all the medical, psychological and 
behavioural problems highlighted in the chapter have 
been adequately addressed, he can be subsequently 
discharged back to his primary care physician.     
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        Case 

 A previously well 52-year-old female was 
referred by her general practitioner with a 3-day 
history of confusion, and cough and vomiting of 
several days duration. She had recently returned 
from a holiday in Spain. She was known to be 
hypertensive and her blood pressure was rela-
tively well controlled on Bendrofl umethiazide 

2.5 mg od. Her family history was insignifi cant 
and she was a non-smoker and drank very little 
alcohol. 

   The common differential diagnoses of confu-
sion are very wide and include:
    1.    Infection/infl ammation – meningitis, enceph-

alitis, sepsis, abscess   
   2.    Vascular causes – intracerebral bleed, cerebral 

infarction, subarachnoid haemorrhage   
   3.    Organ failure – renal failure, hepatic failure, 

respiratory failure (both type 1 and type 2)   
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    Abstract  

  Hyponatraemia is the commonest electrolyte abnormality in hospitalised 
patients and is associated with increased mortality and inpatient stay. 
Evaluation and management of patients with hyponatraemia can be chal-
lenging as patients with hyponatraemia may be hypovolaemic, euvolaemic 
and even hypervolaemic.  
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What are the differential diagnoses at this 
stage?
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   4.    Biochemical causes – hypoglycaemia, elec-
trolyte disturbances (hyponatraemia), vitamin 
defi ciencies – Wernicke’s Korsakoff psychosis   

   5.    Intracranial space-occupying lesions – pri-
mary malignancy and secondaries   

   6.    Toxins – alcohol   
   7.    Drugs – hypnotics, tricyclic antidepressants   
   8.    Endocrine causes – myxoedema, thyrotoxico-

sis, Addisonian crisis     
 On examination her heart rate was 90/min, 

regular in rhythm and blood pressure was 
100/60 mmHg. The abbreviated mental test score 
was (AMTS) 4/10 and systemic examination was 
otherwise unremarkable. 

   The biochemistry laboratory contacted the 
acute medical team as serum sodium was 
< 100 mmol/L. The patient was noted to be clini-
cally volume depleted and Bendrofl umethiazide 
was stopped. A diagnosis of possible acute hypo-
natraemia was made in the absence of any previ-
ous available electrolyte results. 

   Further investigations showed serum osmolal-
ity of 211 mOsm/kg, urine osmolality of 
444 mOsm/kg and urine sodium excretion was 
77 mmol/L. A short synacthen test (SST) was 
performed and serum cortisol was 390 nmol/L on 
the basal sample peaking to 900 nmol/L at 
30 minutes confi rming adequate cortisol 
response. The serum thyroid stimulating hor-
mone (TSH) was 1.3 m IU/L. The patient was 
commenced on 0.9 % saline 500 mLs 2 hourly 
initially and then 1.8 % saline 500 mL over 12 h. 
This intravenous fl uid regimen of 2 litres over 24 
hours was continued for 6 days. The change in 
serum sodium concentration over the subsequent 
days is tabulated in Table  24.1 . On day 10, the 
patient was noted to be unresponsive and had 
developed a quadriparesis.

     Central pontine myelinolysis (CPM), also 
known as osmotic demyelination syndrome 
(ODS), is a potentially preventable complication 
of rapid sodium correction in hyponatraemic 
patients. ODS is associated with high mortality 
and morbidity and can be averted with early iden-
tifi cation and management of patients with severe 
hyponatraemia. 

 An urgent magnetic resonance imaging (MRI) 
of the head confi rmed the diagnosis of central 
pontine myelinolysis and the patient unfortu-
nately died within a week of being diagnosed.  

   Table 24.1    Changes in serum sodium since admission   

 Days  Na mmol/L  Comments 

 On admission  <100 
 Day 1  106 
 Day 1  114 
 Day 1  119 
 Day 2  123  Confusion better 
 Day 3  128 
 Day 4  129 
 Day 6  129  IV fl uids stopped 
 Day 8  131 

What further investigations are needed to 
investigate the aetiology of hyponatraemia?
    1.    Serum and urine osmolality   
   2.    Urine sodium   
   3.    Thyroid function tests   
   4.    Total protein, albumin, albumin globulin 

gap   
   5.    Plasma cortisol   
   6.    CT brain   
   7.    Lipids (Cholesterol, Triglycerides)    

What are the initial investigations needed 
to reach a diagnosis?
     1.    Urea and electrolyte profi le   
    2.    Liver function tests   
    3.    Full blood count   
    4.    Plasma glucose   
    5.    C- reactive protein   
    6.    Serum calcium   
    7.    Mid-stream urine- culture and sensitivity   
    8.    Blood culture and sensitivity   
    9.    Chest x-ray   
   10.    Arterial blood gases    

What complication has the patient 
developed?
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    Introduction 

    Physiology 

 Sodium is an extracellular cation. The renin angio-
tensin system is the major regulator of sodium con-
centration in the body. Decreased renal blood fl ow 
can lead to increased renin with consequent conver-
sion of angiotensinogen to angiotensin І and then to 
angiotensin ІІ by angiotensin converting enzyme 
(ACE) in the lung. Angiotensin ІІ stimulates aldo-
sterone production from the adrenal cortex leading 
to increased sodium reabsorption from the distal 
convoluted tubule. Water homeostasis through stim-
ulation of thirst and antidiuretic hormone (ADH) 
also plays a crucial role in the determination of 
sodium concentration in the body. 

 Hyponatraemia is defi ned as the presence of 
serum sodium of < 136 mmol/L [ 1 ]. Hyponatraemia 
is the commonest electrolyte abnormality in in-
patients [ 1 ] (prevalence ranging from 5 to 15 %) 
and is more prevalent in some groups of patients 
including the elderly and postoperative patients 
[ 2 ]. Hyponatraemia has been linked with pro-
longed in-patient stay [ 3 ] particularly in patients 
with metastatic malignancy and heart failure [ 4 ]. 
Hyponatraemia has been shown to be an inde-
pendent variable of increased mortality [ 5 ,  6 ] and 
the increased mortality may be secondary to the 
acute electrolyte disturbance and its management 
or the underlying aetiology of hyponatraemia [ 7 ]. 
Acute hyponatraemia is defi ned as onset of hypo-
natraemia of < 48 hours duration and chronic as 
the presence of hyponatraemia > 48 hours duration 
[ 5 ]. Hyponatraemia is further classifi ed as mild 
(130–135 mmol/L), moderate (125–129 mmol/L) 
and severe (< 125 mmol/L). Patients with hypona-
traemia are usually symptomatic when serum Na 
< 120 mmol/L. 

 The diagnosis of hyponatraemia is under 
reported [ 8 ] as its signs and symptoms are non- 
specifi c and require a high index of clinical suspi-
cion. The signs and symptoms of hyponatraemia 
depend on the duration of onset and the degree of 
severity [ 1 ]. The clinical spectrum of hyponatrae-
mia may range from nausea, vomiting, weakness 
and lethargy to symptoms like falls and increased 
fracture risk, impaired memory and cerebral 

oedema [ 9 ]. Hyponatraemia may be more than 
just a biochemical entity and may be a marker of 
sinister underlying pathology [ 2 ] (e.g., presence 
of congestive cardiac failure, chronic liver dis-
ease and malignancy). 

 Hyponatraemia may be secondary to excess 
water (secondary to excess infusion of hypotonic 
fl uids or isotonic fl uids like dextrose that are 
metabolised to water), low solute (salt losing 
conditions), artefactual (analytical or contami-
nated sample with intravenous fl uids), high con-
centration of osmotically active substances (e.g., 
glucose and mannitol) and SIADH (syndrome of 
inappropriate ADH secretion). The common 
causes of hyponatraemia are tabulated in 
Table  24.2 . Institution of appropriate therapy 
depends on the underlying aetiology and can be 

   Table 24.2    Causes of hyponatraemia   

 Pseudohyponatraemia: 
   1. Hypertriglyceridaemia 
   2. Paraproteins- multiple myeloma 
 Hypertonic hyponatraemia: 
   1. Hyperglycaemia 
   2. Mannitol infusion 
 Hypotonic hyponatraemia: 
 Hypovolaemic hyponatraemia: 
   1. Diarrhoea and vomiting 
   2. Addison’s disease 
   3. Cerebral salt wasting 
   4. Diuretics 
   5. Excess sweating, burns 
 Euvolaemic hyponatraemia: 
   1. SIADH- secondary to drugs (chlorpropamide, 

cytotoxics), malignancy (small cell lung 
carcinoma, intracranial causes (meningitis, 
cerebral or subarachnoid haemorrhage space 
occupying lesions), pulmonary causes 
(pneumonia, tuberculosis) and porphyria. 

   2. Stress – recent surgery 
   3. Endocrine causes – hypothyroidism, cortisol 

defi ciency 
   4. Drugs- SSRI (selective seratonin reuptake 

inhibitors), diuretics, barbiturates, anticonvulsants 
and opiates. 

   5. Chronic renal failure 
 Hypervolaemic hyponatraemia: 
   1. Congestive cardiac failure 
   2. Decompensated chronic liver disease 

Case 24 A Case of Severe Hyponatraemia
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dramatically different  ranging from restricting 
fl uid intake to administering fl uids.

   Plasma osmolality = 2× (serum sodium 
+ serum potassium) + urea + plasma glucose 
mOsm/Kg. Plasma osmolality is predominantly 
determined by plasma cations- sodium and 
potassium. In hyponatraemia, the fall in extra-
cellular tonicity leads to an osmotic pressure 
gradient with movement of water into the intra-
cellular compartment and consequent cerebral 
oedema if hyponatraemia is acute in onset [ 2 ]. 
The cerebral adaptation to the development of 
hyponatraemia involves movement of sodium, 
potassium and organic osmolytes from the 
intracellular to extracellular compartment to 
reduce intracellular tonicity [ 2 ]. This adapta-
tion may take upto 48 h and hence the need for 
more cautious correction of sodium in patients 
with chronic symptomatic hyponatraemia [ 2 ]. 
However, hyponatraemia is also seen in hyper-
osmolar states (i.e., hyperglycaemia) where 
there is movement of water from the intracellu-
lar to the extracellular compartment with dilu-
tion of serum sodium concentration. 

   Hyponatraemia can be rarely secondary to the 
presence of paraproteins or elevated triglycerides 
causing analytical interference in the routine 
methodology used to measure serum sodium. 
Sodium is measured in plasma water (indirect ion 
selective electrode). Any condition associated 
with increased plasma solids like hypertriglyceri-
daemia or paraproteins lead to decreased plasma 
water. However, the effect of sample dilution 
prior to measurement and the assumption of con-
stant proportion of plasma water and solids in the 
sample lead to artefactual hyponatraemia. The 
presence of normal plasma osmolality is a valu-
able clue to diagnose pseudohyponatraemia. 
When pseudohyponatraemia is suspected alter-
native methods to measure serum sodium may 
give an accurate measurement of sodium (direct 
ion selective electrode). 

   The most common cause of hyponatraemia is 
inappropriate hypotonic fl uid replacement in 
postoperative patients (prevalence 1 %). Dextrose 
is essentially metabolised to free water leading to 
iatrogenic hyponatraemia [ 9 ]. There is suffi cient 
literature on the need for judicious use of intrave-
nous fl uids in postoperative patients. Dilutional 
hyponatraemia is also seen in patients with exces-
sive sweating and who drink plain water. 

   Hypovolaemic hyponatraemia is the loss of 
excess salt in relation to water. Loss of circulating 
volume leads to an increased plasma osmolality 
and accompanied with activation of renin angio-
tensin system (RAS) stimulates thirst and release 
of ADH. The net effect of RAS is increased 
sodium reabsorption from the distal convoluted 
tubule with sodium preservation and urine sodium 
excretion of < 10 mmol/L in extra-renal causes 
(e.g., diarrhoea and vomiting). However with 
diuretic therapy and salt losing kidney disease 
there is persistent natriuresis and hyponatraemia 
is further compounded by the stimulation of thirst 
mechanism leading to increased fl uid intake. 

   Cerebral salt wasting is characterised by 
massive natriuresis, dehydration and hypona-
traemia and seen in patients with hypotha-
lamic damage. It typically occurs after 
sub-arachnoid haemorrhage and is mediated 
by b-type natriuretic peptide. The patient’s 
volume status, but not serum and urine elec-
trolytes and osmolality, is crucial for making 
this diagnosis [ 10 ].  

What is pseudohyponatraemia?

What is the commonest cause of dilutional 
hyponatraemia?

What is hypovolaemic hyponatraemia?

What is cerebral salt wasting?
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    What is hypervolaemic hyponatraemia? 

 In congestive cardiac failure, the reduction in car-
diac output leads to release of ADH and stimula-
tion of RAS with aldosterone-mediated water 
and salt retention. In cirrhosis of liver, peripheral 
vasodilatation leads to a reduction in cardiac out-
put and activation of mechanisms similar to con-
gestive cardiac failure. 

   Syndrome of inappropriate ADH is thought to 
be the most common cause of hyponatraemia and 
was fi rst described by Bartter and Schwartz [ 11 ]. 
The diagnostic criteria for SIADH are tabulated 
in Table  24.3 . SIADH is a diagnosis of exclusion. 
In SIADH the concentration of ADH is inappro-
priately high leading to water retention and con-
sequent hyponatraemia. The main stimulants of 
ADH secretion are increased plasma osmolality 
and decreased intravascular volume. ADH binds 
to the V2 receptor in the collecting duct and leads 
to passive reabsorption of water from the collect-
ing duct. In patients with SIADH, sodium han-
dling by aldosterone and atrial natriuretic peptide 
(ANP) remains intact. Despite the reabsorption 
of water patients are not oedematous as the water 
is dispersed equally between the intra and extra-
vascular compartments.

   However, it has been debated that SIADH is 
a misnomer as not all patients have high con-
centrations of ADH and the term ‘syndrome of 
inappropriate antidiuresis’ is being proposed 
[ 12 ]. Fluid restriction (500–1000 mL) is the 

hallmark of SIADH treatment. Other treatment 
options include demeclocycline which produces 
an iatrogenic form of nephrogenic diabetes 
insipidus. Lithium is also used occasionally, 
although it is unlicensed for use. Vasopressin 
antagonists have been approved by NICE for 
oral use in adult patients with hyponatraemia 
secondary to SIADH. Their mode of action is 
to block binding of arginine- vasopressin to V2 
receptors with resultant free water clearance 
without sodium depletion [ 13 ]. The vasopressin 
antagonists are expensive and need to be initi-
ated with close monitoring of serum sodium and 
volume status [ 13 ].   

  Osmotic demyelination syndrome (ODS) is a 
serious complication associated with high mor-
tality and morbidity and is seen with rapid sodium 
correction in chronic severe hyponatraemic 
patients [ 14 ]. It is a well-described phenomenon 
in particular groups of patients like chronic alco-
hol excess, malnutrition [ 14 ,  15 ], patients on 
diuretics and post liver transplant. The recent 
joint European guideline on the management of 
hyponatraemia recommends limiting the sodium 
increment to < 10 mmol/L in the fi rst 24 hours 
and < 18 mmol/L in 48 hours [ 16 ]. However, 
determination of sodium increment completely 
free of risk may be improbable [ 15 ]. The rapid 
correction of chronic hyponatraemia leads to an 
increased osmolality with defi cit of organic 
osmolytes and predisposes the oligodendrocytes 
to cell shrinkage and demyelination [ 15 ,  17 ]. The 
signs and symptoms of ODS are variable and 
infl uenced by the focus of demyelinating lesions 
[ 15 ,  17 ]. Treatment is conservative and the clini-
cal outcome of patients with ODS is variable. 

   Table 24.3    Diagnostic criteria for syndrome of inappro-
priate ADH secretion   

 1. Clinically euvolaemia 
 2.  Low plasma osmolality (Plasma osmolality 

< 275 mOsm/kg) 
 3. High urine osmolality (> 100 mOsm/kg) 
 4. Natriuresis (urine Na > 40 mmol/L) 
 5. Normal renal, adrenal, thyroid and liver function 

What is the commonest cause of euvolae-
mic hyponatraemia?

What are the fl aws in current clinical algo-
rithms for the management of hyponatraemia?

How to prevent osmotic demyelination 
syndrome?

Case 24 A Case of Severe Hyponatraemia
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   There are different algorithms for diagnosis of 
hyponatraemia in review articles and medical 
textbooks [ 18 ]. The common parameters used in 
these algorithms clinical assessment of the 
extracellular fl uid (ECF) volume and laboratory 
data [ 18 ]. The fl aws in current algorithms include 
failure of inclusion of chronicity of low Na, reli-
ance of correct estimation of volaemic state and 
the lack of consideration of underlying patho-
physiology [ 18 ]. The commonly used equations 
for sodium correction fail to consider the effects 
of the added water and solutes and assume that 
there is no ongoing loss of fl uid [ 18 ]. The 
European Society of Endocrinology, the 
European Society of Intensive Care Medicine 
(ESICM), and the European Renal Association – 
European Dialysis and Transplant Association 
have developed a new joint guideline on manage-
ment of hyponatraemia [ 16 ]. The new joint clini-
cal guideline suggests the use of urine osmolality 
and urine sodium initially and then assessment of 
volaemic status to categorise the various aetiolo-
gies of hyponatraemia [ 16 ]. Though the clinical 

assessment of fl uid status is subjective, we 
 however, propose an algorithm with fl uid status 
as the key determinant to classify the different 
aetiologies (Fig.  24.1 ).       
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        Introduction 

 The rising incidence of worldwide obesity has 
resulted in an increase in the number of bariatric 
surgical procedures. The number of National 
Health Service (NHS)-commissioned bariatric 
procedures has increased by 530 % in the last 6 
years with 5,407 procedures done in 2011, com-
pared to 858 procedures in 2006 [ 1 ,  2 ]. The esti-
mated annual cost for the NHS is £85 million [ 1 ]. 

There is emerging evidence to show that bariatric 
surgery is more effective in inducing and sustain-
ing weight loss. In addition to this it improves 
weight-related metabolic conditions and quality 
of life [ 3 ].  

    Consideration of Bariatric Surgery 

 Lifestyle measures and pharmacotherapy are the 
current options which can be used to aid weight 
loss. However the National Institute of Clinical 
Excellence (NICE) have made recommendations 
for when to consider surgery [ 4 ]. The referral cri-
teria are as follows:
•    BMI of 40 kg/m 2  or more  
•   BMI 35–40 kg/m 2  with other signifi cant co- 

morbidities which can be improved with 
weight loss  

        C.   Rajeswaran ,  MBBS, FRCP(UK), MSc      (*) 
   T.   Shonibare ,  Bsc, MBchB, MRCP      
  Department of Diabetes, Endocrinology and Obesity , 
 Dewsbury District Hospital ,   Halifax Road ,  Dewsbury , 
 West Yorkshire   WF13 4HS ,  UK   
 e-mail: Chinnadorai.rajeswaran@midyorks.nhs.uk; 
tshons7@doctors.org.uk  

 Case 25      Medical Problems 
Post Bariatric Surgery 

           Chinnadorai     Rajeswaran       
and     Tolulope     Shonibare     

    Abstract  

  Bariatric surgery is a cost effective way of reducing weight and improving 
weight related complications. It also improves the quality of life to some 
extent. However it can precipitate a constellation of metabolic complica-
tions which can have serious consequences. This chapter will focus on the 
role and types of bariatric surgery and will discuss the advantages and 
complications of these surgical procedures.  

  Keywords  

  Obesity   •   Bariatric surgery   •   Nutrition complications   •   Metabolic compli-
cations   •   Depression   •   Eating disorder   •   Metabolic bone disease  

mailto:Chinnadorai.rajeswaran@midyorks.nhs.uk
mailto:tshons7@doctors.org.uk


210

•   When appropriate non-surgical measures have 
failed to achieve or maintain clinically benefi -
cial weight loss for 6 months  

•   Fit for general anaesthesia    
 Patients also need to show commitment to fol-

low up and not have pre-existing psychiatric ill-
ness which can affect their outcome 
post-surgery. 

 Bariatric surgery and follow-up postopera-
tively should be undertaken by a specialist 
 multi- disciplinary surgical team consisting of a 
bariatric surgeon, bariatric physicians (either an 
endocrinologist or gastroenterologist), physio-
therapist and clinical psychologist [ 3 ].  

    Types of Bariatric Surgery 

 Surgery can be broadly divided into restrictive 
and malabsorptive procedures: In the United 
Kingdom, the three most common procedures car-
ried out are laparoscopic adjustable gastric band-
ing, gastric bypass and sleeve gastrectomy [ 2 ]. 

    Restrictive Procedures 

 These rely on restricting the stomach capacity, 
thereby reducing oral intake and inducing early 
satiety. The anatomical continuity of the stomach 
and intestines are maintained, as a result the inci-
dence of malabsorption and nutritional defi cien-
cies are minimal [ 3 ]. 

    Adjustable Gastric Band 
 This relies on restricting the stomach capacity by 
use of an adjustable gastric silicone band which 
is laparoscopically placed at the stomach fundus. 
The band contains saline, the volume of which 
can be altered via an external port which is tun-
nelled through the skin. Adjustment of the band 
width is made by injection or removal of the 
saline to alter the stomach capacity. This proce-
dure is reversible [ 3 ].  

    Sleeve Gastrectomy 
 A vertical sleeve is created by removing 70–80 % 
of the stomach along the greater curvature and 

suturing the residual portion. This is a non- 
reversible procedure [ 3 ].  

    Intragastric Balloon 
 This reversible procedure is often as a bridge 
towards more complex bariatric surgery. A 
 balloon is placed endoscopically in the stomach 
thereby restricting the stomach capacity [ 3 ].   

    Malabsorptive Procedures 

 These procedures employ a combination of mal-
absorptive and restrictive techniques to induce 
weight loss. Stomach capacity is reduced and 
intestinal reconstruction results in reduced food 
capacity and absorption. The incidence of nutri-
tional defi ciencies is much higher [ 3 ]. 

    Roux-en-Y Gastric Bypass 
 This involves creating an anastomosis between 
the proximal segment of the stomach (gastric 
pouch) and the distal small bowel. As a result the 
proximal intestine (ileum and jejunum) are 
bypassed. This creates a blind end of proximal 
small bowel which is surgically re-attached at the 
distal small intestine. This is called the Roux 
limb, which acts as a secretory limb for digestive 
juices [ 3 ].  

    Bilio-Pancreatic Diversion 
with Duodenal Switch 
 A portion of the stomach is resected to create a 
small pouch which is anastomosed to the distal 
end of the small intestine, thereby bypassing the 
duodenum and jejunum [ 3 ].    

    Case 

 A 38-year-old married lawyer was referred to the 
medical bariatric clinic following a Roux-en-Y 
procedure. Her body mass index prior to surgery 
was 44.92 kg/m 2  with a weight of 134 kg and a 
height of 5 ft 8 in. She has a past medical history 
of type 2 diabetes mellitus, hypertension, menor-
rhagia and mild depression. Her blood pressure 
was 167/90 kg/m 2  and glycated haemoglobin 
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(HbA1c) was 77 mmol/mol. There were no imme-
diate surgical complications post-operatively. 

 At her fi rst follow up 6 months post surgery, 
her weight had reduced to 112 kg (BMI 37.54 kg/
m 2 ). Her blood pressure was 149/88 and HbA1c 
55 mmol/mol. She complained of hair falling out 
with brittle nails. 

      Medication History 

 Her blood pressure and glycaemic control have 
improved. A medication review is warranted to 
assess the need for insulin and oral metformin. It 
would be worthwhile enquiring about frequent 
hypoglycaemic events. 

 Several studies have shown that bariatric sur-
gery improves glycaemic control in people with 
type 2 diabetes mellitus [ 5 ]. A meta-analyses 
cited a 78.1 % rate of remission and an 86.6 % 
rate of resolution in severely obese patients [ 6 ]. 
The rate of remission in patients who have under-
gone biliopancreatic diversion is highest fol-
lowed by gastric bypass and banding [ 7 ,  8 ]. 
Remission is defi ned as a HbA1c less than 
48 mmol/mol (6.5 %) when not on hypoglycae-
mic therapy [ 9 ]. 

 A large observational study has however 
shown that 50 % of these patients suffer a relapse 
after 10 years apart from those who have had bil-
iopancreatic diversion [ 7 ]. 

   She describes symptoms of nutritional defi -
ciency: thinning hair, brittle nails and lethargy all 
point to zinc and iron defi ciency. It is important 
to specifi cally ask about these symptoms. 

 Screening for nutritional defi ciencies in 
patients who have undergone malabsorptive sur-
gery is necessary due to the anatomic changes 
that occur. The extent of nutritional evaluation is 
usually guided by the form of bariatric surgery 

undertaken [ 10 ]. Frank defi ciencies are less com-
mon in patients who have undergone restrictive 
surgery compared with malabsorptive proce-
dures. Approximately 30 % of bariatric surgery 
patients will develop a nutritional defi ciency fol-
lowing their operation [ 11 ,  12 ]. 

 The types of nutritional defi ciency can be 
broadly divided into macro-nutrient or micro- 
nutrient defi ciencies. They can be further be clas-
sifi ed into the following categories:
•    Vitamin defi ciency  
•   Mineral defi ciency  
•   Trace element defi ciency  
•   Protein defi ciency  
•   Calorifi c defi ciency    

 In practice patients are given dietary and 
multivitamin supplementation shortly after 
surgery [ 13 ]. Best practice guidelines recom-
mend a lifelong daily multivitamin and cal-
cium supplementation with added vitamin D 
[ 10 ]. A typical multivitamin preparation would 
consist of fat and water-soluble vitamins, 
alongside trace and minerals elements. It is 
also important to note that patients who have 
had Roux-en-Y surgery develop vitamin B12 
defi ciency due to bypass of the lower stomach 
thereby leading to impaired formation of 
intrinsic factor. Additional intramuscular prep-
arations of vitamin B12 are usually needed in 
such patients. Iron defi ciency is common in 
menstruating women [ 10 ]. 

 Furthermore, studies have shown that daily 
multivitamin preparations are insufficient to 
prevent selective nutritional deficiencies. 
Therefore it is necessary to screen patients 
and tailor supplementation to the patient’s 
requirements [ 12 ]. 

What questions would you ask?

What signs would you look for?

What investigations do you need to reach a 
diagnosis?
•    Haemoglobin,  
•   Ferritin  
•   Mean cell volume  
•   Zinc  
•   Vitamin B12   

Case 25 Medical Problems Post Bariatric Surgery
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       Screening in Practice 

 Patients are routinely screened at 6-monthly 
intervals following surgery. Specifi c nutritional 
defi ciencies can also be determined based on the 
patient’s symptoms. 

 Table  25.1  presents nutrients and corres-
ponding symptoms in defi ciency.

   At her second follow-up at 12 months follow-
ing surgery, she revealed that she had recently split 
from her husband and had been drinking excessive 
amounts of alcohol. She had also received an offi -
cial caution from work, pending a disciplinary 
hearing. Her depression had worsened and on 
examination she had a slight tremor. She admitted 
to not taking her vitamin supplements. 

   This patient has developed an addiction to 
alcohol which has resulted in marital breakdown 
and problems at work. She is also non-compliant 
with her medication.  

    Premorbid Psychological Health 

 A range of psychological co-morbidities occur in 
obese individuals such as depression, anxiety and 
low self- esteem [ 14 ]. Also, obese patients tend 
to have psychosocial challenges that result in 
social isolation and tendency to belong to a lower 
socio-economic class [ 14 ,  15 ]. Furthermore, they 
are less likely to be in full time employment com-
pared to non-obese counter parts [ 14 ]. 

 Prior to bariatric surgery, a psychological 
evaluation is undertaken to assess readiness for 
surgery and manage patient’s expectations fol-
lowing their operation. Also it is an opportunity 
to identify any potential contraindications such 

   Table 25.1    Nutrients and symptoms in defi ciency   

 Nutrient  Biomarker(s)  Symptoms of defi ciency 

 Vitamin A  Visual impairment reduced night vision 
 Vitamin B 1   Wernicke encephalopathy Nystagmus, ataxia Ophthalmoplegia 

 Peripheral neuropathy 
 Vitamin B 12   Serum vitamin B 12   Anaemia 

 Peripheral neuropathy 
 Vitamin D  Serum 25(OH) vitamin D, 

calcium, 
 Osteomalacia 

 Parathyroid hormone  Secondary hyperparathyroidism 
 Phosphate 

 Vitamin E  Ataxia 
 Neuropathy 

 Vitamin K  Clotting screen  Bleeding 
 Bruising 

 Folate  Red blood cell folate  Anaemia 
 Iron  Serum ferritin, total iron binding 

capacity, 
 Microcytic anaemia 

 Zinc  Plasma zinc  Acrodermatitis 
 Taste alterations 
 Alopecia 
 Glossitis 

 Copper  Serum copper  Anaemia 
 Neuropathy 

 Selenium  Serum selenium  Cardiomyopathy 
 Protein  Serum albumin  Oedema 

 Poor wound healing 

  Reprinted from Xanthakos [ 33 ], Copyright © 2009, with permission from Elsevier  

What are the main problems highlighted 
from this consultation?
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as active suicidal behaviour, hallucinations, delu-
sions and severe cognitive impairment [ 16 ].  

    Post-operative Psychological Health 

 A prospective controlled study involving 4,047 
obese patients showed a signifi cant improvement 
in quality of life and a decrease in depression and 
anxiety in the fi rst year following surgery com-
pared to obese controls treated with diet and 
counselling [ 8 ,  17 ]. 

 However, there are reports of patient’s mental 
health returning to their pre-operative state or 
even deteriorating after 2–3 years [ 18 ].  

    Eating Disorders 

 There is also evidence to suggest that some 
patients do develop post-surgical eating disorders 
such as anorexia nervosa and bulimia. The sug-
gested mechanism behind this is that patients 
either develop eating avoidance behaviours due 
to discomfort from early satiety induced by gas-
tric restriction or patients fail to psychologically 
adjust to food portion sizes leading to bulimia 
[ 19 ,  20 ].  

    Addiction 

 There is some anecdotal evidence to suggest that 
patients develop a “transfer addiction,” i.e., from 
food to alcohol after bariatric surgery. Alcohol 
has been recognised as a high risk substance of 
abuse in bariatric patients. Gastric bypass opera-
tions alter the metabolism of alcohol, which may 
enhance its effects [ 19 ,  21 ,  22 ]. 

 The choice of alcohol is affected as patients 
prefer to abuse spirits as opposed to beer which 
require larger amounts to achieve the desired 
effects. It would be prudent in such patients to 
also screen for thiamine defi ciency as there is a 
risk of developing Wernickes-Korsakoff syn-
drome from both the bariatric surgery and alco-
hol abuse [ 10 ]. A negative change in behaviour 
could potentially exacerbate psychosocial prob-
lems both at home and the work place.  

    Interpersonal Relationships 

 There have been reports of high divorce rates and 
relationship break downs following surgery. This 
can be attributable to the patient and their partner 
struggling with their new body image. 
Relationship dynamics can change if the patient 
gets more attention from other suitors thereby 
boosting their self-esteem, resulting in promiscu-
ity. Finally, new-gained self- confi dence can trig-
ger patients to leave particularly abusive 
relationships in search of a better life [ 23 ]. 

  At her third follow up her weight had increased 
to 170 kg. She was notably breathless during the 
consultation. She revealed that she has been 
experiencing dizziness and sweatiness following 
a meal. This was relieved by eating a snack. As a 
consequence her appetite had increased. She 
also complained of increased breathlessness on 
minimal exertion and had suffered from paroxys-
mal nocturnal dyspnoea for the last 2 months. On 
examination there was evidence of bilateral pit-
ting oedema with a splint on her left wrist follow-
ing a hairline fracture after a fainting episode.  

       Dumping Syndrome 

 This patient is describing features of dumping syn-
drome. This phenomenon arises as a result of food 
high in sugar and fat being delivered largely undi-
gested to the small intestine causing osmotic over-
load. Fluid is drawn into the intestinal lumen by 
osmosis stimulating a vagal reaction [ 24 ]. Patients 
present with abdominal cramps,  sweating, nausea, 
diarrhoea, fl ushing, tachycardia and syncope [ 10 ]. 
Dumping syndrome can occur in up to 70–76 % of 
patients who have had RYGB [ 5 ,  10 ,  25 ]. 
Symptoms tend to become less prominent with 
time, however if proven diffi cult, avoidance of 
energy dense foods can be effective [ 10 ]. Medical 
treatment includes Octreotide and Arcabose. 
Patients who suffer from frequent episodes of 
dumping syndrome should not be offered slow 
release preparation of tablets due to incomplete 
absorption by the digestive tract [ 3 ].  

What is the differential diagnosis?
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    Cardiomyopathy 

 This patient appears to be developing symptom-
atic cardiac failure. She has admitted to not tak-
ing her vitamin supplements and it is likely that 
she has developed Selenium defi ciency which 
can lead to cardiomyopathy. Selenium is a trace 
element which is a component of glutathione per-
oxidase, an enzyme that may help prevent oxida-
tive damage to cells. There have been numerous 
case reports of congestive cardiomyopathy as a 
result of Selenium defi ciency. This is fully rever-
sible upon selenium supplementation [ 26 ,  27 ].  

    Metabolic Bone Disease 

 She has developed a fracture following a syncopal 
episode due to dumping syndrome. This fracture 
is as a result of metabolic bone disease secondary 
to bariatric surgery. Voluntary weight loss due to 
any cause in an obese person results in approxi-
mately 1–2 % bone loss in all sites [ 28 ]. This cor-
relates with the speed of weight loss [ 29 ]. 

 Metabolic bone disease in obese patients is due 
to a number of factors such as inadequate intake 
of calcium and vitamin D post-operatively [ 30 ]. 
Also malabsorptive bariatric surgery results in 
reduced absorption of calcium and vitamin D due 
to bypass of the duodenum and proximal jejunum 
[ 30 ]. This results in a rise in Parathyroid hormone 
(PTH), i.e., secondary hyperparathyroidism, lead-
ing to increased bone resorption [ 28 ]. 

 It is a phenomenon which has been demon-
strated in large studies with up to 70 % of 
patients who have had malabsorptive surgery 
being affected [ 28 ,  31 ]. Patients can present 
with bone and joint pain, muscle weakness and 
fatigue. In extreme cases they present with 
bone fractures [ 30 ]. 

 Monitoring of patients can be carried out by 
measuring calcium, PTH and vitamin D levels 
every 6 months for the fi rst 2 years then annually. 
Objective measurements of bone mass density 
can be carried out by using annual dual-energy 
x-ray absorptiometry (DEXA) scan to quantify 
the degree of bone loss pre and post operatively 
until bone mineral density is stable [ 10 ,  28 ]. 

 Management of this condition is mainly pre-
ventative by giving vitamin D and calcium sup-
plements. There is a scarcity of data on the use of 
bisphosphonates in such patients who have had 
bariatric surgery [ 28 ].  

    Weight Regain 

 This patient has started to regain weight. The vast 
majority of weight loss occurs in the fi rst year. At 
18–24 months most patients reach a weight loss 
plateau and in some cases, suffer from weight 
regain [ 10 ,  24 ]. 

 Patients need to be regularly reviewed by a 
dietitian to re-enforce changes in nutritional hab-
its such as avoiding or minimising carbohydrate 
dense foods which can lead to dumping. One of 
the symptoms of dumping syndrome is hunger, as 
a result patients tend to continuously eat to allevi-
ate symptoms leading to weight gain [ 10 ]. 

 See Table  25.2  for the causes of and ways of 
preventing weight re-gain

     Obesity is associated with co-morbidities such 
as type 2 diabetes mellitus, hyperlipidaemia, 
hypertension, obstructive sleep apnoea, cerebro-
vascular accidents and cardiovascular disease, 
degenerative joint problems and malignancy [ 6 ]. 
These co-morbidities result in 2.5 million deaths 
per year worldwide [ 32 ]. 

   Table 25.2    Causes and prevention of weight gain   

 Causes  Prevention 

 Non-compliance with 
dietary/lifestyle restrictions 

 Dietary and lifestyle 
compliance 

 Insulin use  Regular clinic follow-up 
 Surgical failure  Regular physical 

activity 150 min/week 
 Psychological factors  Surgical revision 
 Dumping syndrome  Avoid high sugar/fat 

containing food 

  Adapted from Heber et al. [ 10 ]  

Do obesity-related complications resolve 
following bariatric surgery?
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 In addition to weight loss, the added benefi ts 
of bariatric surgery include an improvement of 
life expectancy post-surgery. This is achieved by 
an improvement in the severity of some of the 
obesity-related complications [ 8 ]. 

 A Swedish study which was a large prospec-
tive study of obese patients, followed 4,047 obese 
subjects for an average of 10 years. These sub-
jects were control matched to obese patients who 
were treated conventionally. This study showed 
an 80 % decrease in the annual mortality of dia-
betic patients who had surgery. After 9 years, the 
surgical group had a 9 % mortality compared to 
the control group which had a 28 % mortality 
[ 6 ,  8 ]. Improvements in glycaemic control have 
been observed with some patients discontinuing 
insulin [ 10 ]. It is however important to note that 
the longer the duration of diabetes, the less likely 
the patient would respond to surgically induced 
weight loss due to poor beta cell reserve. 

 A Meta-analysis has shown the percentage of 
patients who experience an improvement in hyper-
lipidaemia is 70 %. The maximum improvements 
were noted in patients who have had biliopancre-
atic diversion or duodenal switch [ 6 ]. The total 
amount of patients with resolution or improve-
ment of hypertension was 78.5 %, and those with 
obstructive sleep apnoea were 83.6 % [ 6 ]. 

 Table  25.3  summarises the co-morbidity out-
comes post-surgery.

     The operative risk needs to be balanced 
against the benefi ts that occur following sur-
gery. A meta-analysis has shown that the oper-
ative mortality at 30 days or less was 0.1 % 
for purely restrictive procedures, 0.5 % in 
patients undergoing a gastric bypass procedure 
and 1.1 % in those undergoing biliopancreatic 
diversion or duodenal switch procedures [ 6 ]. 
Finally, there is emerging evidence to suggest 
a link between bariatric surgery and colorec-
tal carcinoma. A retrospective register-based 
cohort study on post bariatric surgery patients 
has demonstrated an increased risk of develop-
ing colorectal carcinoma [ 32 ]. 

 Table  25.4  summarises complications that can 
occur following bariatric surgery.

   Table 25.3    Co-morbidity outcomes   

 Co-morbidity  Outcome (meta-analysis 
mean) 

 Diabetes (resolution)  76.8 % (95 % C.I. 
70.7–89.2 %) 

 Diabetes (resolution or 
improvement) 

 86.0 % (95 % C.I. 
78.4–93.7 %) 

 Reduction in total 
cholesterol 

 33.20 mg/dL (95 % C.I. 
23.17–43.63 mg/dL) 

 Hypertension (resolution)  61.7 % (95 % C.I. 
55.6–67.8 %) 

 Hypertension (resolution 
or improvement) 

 78.5 % (95 % C.I. 
70.8–86.1 %) 

 OSA (resolution)  85.7 % (95 % C.I. 
79.2–92.2 %) 

 OSA (resolution or 
improvement) 

 83.6 % (95 % C.I. 
71.8–95.4 %) 

  Adapted from Buchwald et al. [ 6 ]  

   Table 25.4    Complications of bariatric surgery   

 Immediate 
   Bleeding 
   Wound infection 
   Anaesthetic complications 
 Early 
   Leakage from staple lines 
   Thromboembolism 
   Infection 
   Bleeding 
 Late 
   Gall stones 
   Ulcers at anastomotic sites 
   Anastomotic strictures 
   Intestinal adhesions/obstructions 
   Dumping syndrome 
   Diarrhoea 
   Band erosion or slippage after gastric band surgery 
   Nutritional defi ciencies 
   Weight regain 
   Excess skin following weight loss 
   Psychological or psychiatric issues 

  Reprinted from Rajeswaran et al. [ 3 ]. Copyright © 2013, 
MA Healthcare Limited  

What are the complications of bariatric 
surgery?
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        Summary 

 As the incidence of obesity increases, more 
patients will begin to fi t the criteria for bariat-
ric surgery. The increasing popularity stems 
from the evidence which shows that it is indeed 
a viable option for weight loss, with the added 
benefi t of ameliorating the severity of the associ-
ated co- morbidities. However, clinicians should 
also be mindful of the potential post-operative 
complications and their respective management. 
To ensure long-term success, patients should be 
managed by a specialist multi-disciplinary team 
prior to surgery and thereafter. Finally patients 
should be reminded of the need for life-long 
supplementation.     
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  A 
  ABPM.    See  Ambulatory blood pressure monitoring 

(ABPM) 
   Acromegaly.    See also  Headache and joint pain 

 AIP mutations , 62  
 blood tests , 58  
 bones and joints , 62  
 diagnosis of , 58–59  
 gastrointestinal , 62  
 glucose metabolism , 61–62  
 headache , 58  
 hyperparathyroidism , 62  
 hypertension , 62  
 kidney stone , 62  
 medical therapy for , 60–61  

   ACTH.    See  Adrenocorticotrophic hormone (ACTH) 
   Addison’s disease , 93–94, 96  
   ADH.    See  Antidiuretic hormone (ADH) 
   Adrenal crisis , 93, 94  
   Adrenal insuffi ciency 

 background , 93–94  
 causes of , 92  
 clinical features of , 92  
 glucocorticoid , 96  
 hydrocortisone , 96  
 laboratory investigations , 94–95  
 treatment , 95–96  

   Adrenocorticotrophic hormone (ACTH) , 39, 92–95  
   AFC.    See  Antral follicle count (AFC) 
   AIP gene.    See  Aryl hydrocarbon receptor-interacting 

protein (AIP) gene 
   Aldosterone , 203  
   Ambulatory blood pressure monitoring (ABPM) , 80, 85  
   Amenorrhea , 112  
   AMH.    See  Antimullerian hormone (AMH) 
   Androgen-secreting tumours , 102  
   Anovulation , 107  
   Antidiuretic hormone (ADH) , 73–74, 203  
   Antimullerian hormone (AMH) , 129  
   Antral follicle count (AFC) , 129  
   Arginine vasopressin , 73  
   Aryl hydrocarbon receptor-interacting protein (AIP) 

gene , 62  

    B 
  Bariatric surgery, medical problems 

 addiction , 213  
 adjustable gastric band , 210  
 bilio-pancreatic diversion with duodenal 

switch , 210  
 cardiomyopathy , 214  
 case , 210–215  
 co-morbidity outcomes , 215  
 complications of , 215  
 consideration of , 209–210  
 dumping syndrome , 213  
 eating disorders , 213  
 intragastric balloon , 210  
 malabsorptive procedures , 210  
 medication history , 211  
 metabolic bone disease , 214  
 nutrients , 212  
 post-operative psychological health , 213  
 premorbid psychological health , 212–213  
 restrictive procedures , 210  
 Roux-en-Y gastric bypass , 210  
 screening , 212  
 sleeve gastrectomy , 210  
 symptoms of defi ciency , 212  
 types of , 210  
 weight regain , 214–215  

   Benign prostatic hypertrophy (BPH) , 197  
   Bitemporal hemianopia , 67  
   Blood pressure , 80.     See also  Hypertension 
   Body mass index (BMI) , 192  
   BPH.    See  Benign prostatic hypertrophy (BPH) 

    C 
  Calcitriol , 137, 138  
   Central obesity , 101, 102  
   Chronic obstructive airway disease (COAD), 

hypothyroid coma , 9–10  
   Clinical activity score , 31–33  
   Congenital adrenal hyperplasia, classical 

21-hydroxylase defi ciency , 118–119  
   Corticotropin releasing hormone (CRH) , 39, 40  

                       Index 
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   Cortisol levels, adrenal insuffi ciency , 92  
   Cushing’s disease , 38, 184  
   Cushing’s syndrome 

 aetiology , 38  
 case , 38–42  
 complications of , 38  
 diagnosis and treatment of , 43–44  
 differential diagnoses , 38  
 exogenous Cushing’s syndrome , 38  
 and infertility , 125  
 investigation results , 39  
 management/complications , 42  
 pseudo-Cushing’s , 38  
 signs , 38–39  

    D 
  DA.    See  Dopamine agonists (DA) 
   Depression , 210, 212  
   Dexamethasone suppression test (DST) , 39  
   Diabetes insipidus (DI) 

 biochemical changes in , 75  
 causes of , 74  
 central DI , 73–74  
 diagnosis , 72  
 electrolyte imbalances , 74  
 hypercalcaemia , 74  
 nephrogenic DI , 74–75  
 urine osmolality , 75  
 water deprivation test , 75–76  

   Diplopia , 34, 35  
   Dizziness , 91, 92.     See also  Adrenal insuffi ciency 
   Dopamine agonists (DA) , 51, 53–54  

 on foetal development , 54  
 tumour responses , 54  

   DST.    See  Dexamethasone suppression test (DST) 

    E 
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