
Thyrotoxicosis is characterised by the clinical 
syndrome of abnormally high levels of 
 circulating thyroid hormones, whereas 
 hyperthyroidism refers to the endogenous 
overproduction of thyroid hormones.1 Thyro-
toxicosis is a common occurrence in general 
practice, with varying prevalences in different 
countries according to iodine status. In 
iodine-rich countries such as Australia, the 
prevalence is 0.5%,2,3 whereas in iodine- 
deficient  countries the prevalence is higher, 
reaching 2% of population.4 Women are ten 
times more likely to be affected than men.5 

There are many causes of thyrotoxicosis, 
with Graves’ disease being the most common 
and accounting for 80% of cases (Box).6 
Graves’ disease is an autoimmune condition 
characterised by stimulatory antibodies bind-
ing to thyroid-stimulating hormone (TSH) 
receptors in the thyroid, resulting in thyroid 
over-stimulation. Occasionally, these anti-
bodies may also bind to retro-orbital tissue, 
resulting in inflammation with fibrosis (oph-
thalmopathy). Such antibodies may also  
be responsible for patches of red, swollen 

skin over the shins (dermopathy). Autono-
mous (hyperfunctioning) thyroid nodules are 
 common causes of thyrotoxicosis. 

Toxic multinodular goitre is more common 
in iodine-deficient areas and is the most 
 common cause of subclinical hyperthyroid-
ism.6 A single autonomous thyroid nodule 
causing thyrotoxicosis is referred to as toxic 
adenoma. Thyroiditis or inflammation of the 
thyroid gland is responsible for 10% of cases 
of thyrotoxicosis. In such situations, follicular 
destruction caused by the inflammatory 
 process results in high serum levels of  thyroid 
hormones from release of preformed thyroid 
hormones (predominately free  thyroxine [T4], 
but also includes free triiodothyronine [T3]). 
Thyroiditis can be caused by viral infection, 
autoimmunity, medications, iodine adminis-
tration and, rarely, trauma.7,8 

Clinical features
Signs and symptoms of thyrotoxicosis are 
determined by a patient’s age, severity of 
thyrotoxicosis and aetiology. The clinical 
spectrum ranges from asymptomatic cases 
to thyroid crisis and heart failure.9 Classic 
symptoms of thyrotoxicosis include easy 
fatigability, heat intolerance, profuse sweating, 
irritability, sleep disturbance and palpitations. 
Weight loss despite increased appetite is 
characteristic. Rarely, patients may present 
with weight gain due to hyperphagia. Goitre 
is a common finding in patients with thyrotox-
icosis, but may not always be evident on 
physical examination.

Symptoms of thyrotoxicosis in the elderly 
may be atypical and can include lethargy, 
reduced appetite, palpitations and weight loss. 
Apathetic thyrotoxicosis is the appropriate term 
for this form of thyrotoxicosis. It may be due to 
age-related decline in sympathetic response 
to the action of thyroid hormones.10,11 Symp-
toms may be subtle and therefore overlooked. 
Consequently, diagnosis can be delayed and 
complications may occur.10

Thyrotoxicosis-related morbidity and 

mortality arise from cardiovascular complica-
tions. Atrial fibrillation complicates 15% of 
cases and its incidence increases with 
age.12,13 Atrial fibrillation can lead to throm-
boembolism, myocardial ischaemia and heart 
failure.14,15  It is therefore important to control 
thyrotoxicosis before major surgery. Other 
complications include osteoporosis, men-
strual irregularities and infertility in women, 
gynaecomastia in men and thyrotoxic periodic 
paralysis.16-19 

Thyroid storm is a rare medical emergency 
due to under-treated severe thyro toxicosis, 
often precipitated by sepsis. It may occur 
following radioactive iodine treatment in 
patients with poorly- controlled thyrotoxicosis. 
Patients present with high fevers, excessive 
sweating, vomiting, diarrhoea, tachyarrhyth-
mias and reduced consciousness.20 Prompt 
recognition with treatment is vital, as this con-
dition carries a high mortality.

Thyroid function testing
Thyroid function testing (TFT) is the mainstay 
in the diagnosis of thyrotoxicosis (Table 1).  
A TSH level below 0.01 mIU/L is highly 
 sensitive and specific for thyrotoxicosis.21 
Mild increases in thyroid hormone result in 
 l owering or  suppression of TSH production. 
Occasionally, free T3 level is mildly elevated 
with normal free T4 and suppressed TSH 

ENDOCRINOLOGY TODAY 2017; 6(3): 37-40

Dr Al-Ameri is an Endocrinology Scholar 

and Associate Professor Ho is Consultant 

Endocrinologist at Macquarie University Hospital, 

Sydney, NSW.

SERIES EDITOR: Associate Professor Bernard 

Champion BEc, BScMed, MB BS(Hon 1), FRACP, 

MMedEd is an Endocrinologist and Associate 

Professor in Medicine at Macquarie University, 

Sydney, NSW.

Case scenarios are used in this section to 

educate doctors on the best approach to 

the diagnosis and management of patients 

with different endocrine problems. The 

appropriate selection of tests and correct 

interpretation of test results are discussed.

Investigating thyrotoxicosis
RAFID AL-AMERI MB ChB, FIBMS;  KENNETH HO MB BS(Hons), FRACP, PhD

INVESTIGATIONS  PEER REVIEWED   

Causes of thyrotoxicosis

• Graves’ disease
• Toxic multinodular goitre
• Toxic adenoma
• Thyroiditis
• Drugs (e.g. amiodarone, lithium)
• Gestational thyrotoxicosis
• Choriocarcinoma
• Hydatidiform mole
• Adenoma secreting thyroid-stimulating 

hormone 
• Others (e.g. neuroendocrine tumour,  

thyroid cancer)
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levels. This is referred to as T3 thyrotoxicosis 
and represents early hyperthyroidism, com-
monly due to Graves’ disease or toxic 
adenoma. 

In overt thyrotoxicosis, TSH is undetected 
with elevated free T4 and/or free T3 levels. In 
subclinical hyperthyroidism, TSH level is low 
but may be undetectable, whereas free T3 
and free T4 levels are within the normal range, 
by definition.1,21 

In seriously ill patients, TFTs may exhibit a 
distinct pattern with low free T3, normal or low 
free T4 and normal or low TSH levels. This is 
called sick euthyroid syndrome (also referred 
to as nonthyroidal illness) and may be part of 
the adaptive response to acute illness and 
starvation. Treatment of the underlying illness 
often resolves this unusual pattern of TFTs. 
If an initial TSH level is low but not  suppressed, 
it is prudent to repeat the TSH measurement 
at least a month later before assuming a 
 diagnosis of subclinical hyper thyroidism, as 
nonthyroidal illness states may be present 
instead. In thyroid hormone resistance, there 
is a mutation of the beta gene encoding thyroid 
hormone receptors, rendering peripheral 

 tissues resistant to thyroid hormones. Typical 
TFTs include normal or slightly elevated TSH 
with high free T3 and free T4 levels. Patients 
usually lack symptoms of  thyrotoxicosis, but 
tend to exhibit a goitre.22

Liver function tests
Mild liver enzyme elevations are common in 
thyrotoxicosis. Elevated alkaline phosphatase 
levels may be due to increased skeletal turnover. 
Excessive thyroid hormones may have a direct 
toxic effect on hepatocytes, leading to elevation 
of alanine amino transferase. Autoimmune liver 
diseases may occasionally coexist with autoim-
mune thyroid diseases.23 Very rarely, severe 
thyrotoxicosis may lead to progressive liver 
damage with centrizonal necrosis and perivenu-
lar fibrosis.24 The  association of acute liver injury 
with use of antithyroid drugs (ATDs) is well 
known.24  Proposed mechanisms include gen-
eration of reactive oxygen species, mitochon-
drial injury and DNA damage.25 Fortunately, 
reports of fulminant liver failure are rare with 
use of ATDs, although propylthiouracil is more 
implicated than carbimazole.24,26 In general, the 
lowest possible dose of ATD should be used in 
 managing people with thyrotoxicosis. 

Imaging 
Two imaging modalities are commonly used 
to investigate people with thyrotoxicosis. 
These are ultrasonography with colour flow 
doppler and nuclear medicine imaging. Ultra-
sonography examines thyroid morphology, and 
is usually indicated if there is a nodular goitre 
to examine nodular characteristics. It can be 
useful if the diagnosis of thyrotoxicosis is 
unclear clinically, as it differentiates thyroiditis 
from nonthyroidal disease states. Parenchymal 
echoheterogeneity is usually detected in auto-
immune thyroid diseases such as Graves’ 
disease and thyroiditis.27 Colour flow doppler 

allows estimation of thyroid blood flow. A highly 
vascular thyroid in a patient with thyrotoxicosis 
suggests active Graves’ disease rather than 
thyroiditis due to follicular destruction.21,28,29

Nuclear medicine imaging with technetium 
thyroid scanning uses technetium pertechnetate 
(Tc-99m) to evaluate thyroid activity.  Technetium 
pertechnetate is a molecule that mimics iodine 
and is readily taken up by the thyroid. The degree 
of uptake will differentiate between the hyper-
active thyroid of Graves’ disease (diffuse and 
intense) and the hypo active  thyroid in destructive 
thyroiditis (low or absent uptake). Tc-99m thyroid 
scanning can also localise autonomous thyroid 
nodules(s) in toxic multinodular goitre (TMNG) 
and toxic adenoma (Table 2). Nuclear medicine 
imaging is  contraindicated in pregnancy and 
breastfeeding.21 

Case 1. Graves’ disease 
A 38-year-old woman who was previously well 

presents to her GP with unexplained tiredness, 

palpitations and a 6-kg weight loss over two 

months. Examination reveals fine peripheral 

tremor with sweaty palms, regular pulse of 

126 beats per minute (bpm), blood pressure 

of 135/70 mmHg and respiratory rate of 

17 bpm. Her thyroid gland is mildly enlarged, 

painless, soft on palpation and without 

lymphadenopathy. Generalised bruits are 

auscultated over the thyroid gland. Her eyes 

appear enlarged, with exposure of conjunctiva 

around the irises. Her right upper eye lid is 

swollen with mild lid lagging on downward 

gaze. Thyroid function test results are shown 

in Table 3.

What do the test results show?

Graves’ disease can be diagnosed with confi-
dence pending TSH receptor antibody (TRAb) 
levels and if clinical and biochemical features of 
thyrotoxicosis are present, along with diffuse 

Table 1. Abnormal patterns of thyroid 
function tests and their causes

 Free 
T3

Free 
T4

TSH

Overt 
thyrotoxicosis

High High Low

T3 
thyrotoxicosis

High Normal Low

Subclinical 
hyperthyroidism

Normal Normal Low

Thyroiditis High High Low

Rare pituitary 
adenoma 
over-producing 
TSH

High High High

Sick euthyroid 
syndrome

Low Normal 
or low 

Normal 
or low 

Thyroid 
hormone 
resistance 

High High Normal 
or 
slightly 
high 

Abbreviation: TSH = thyroid-stimulating hormone.

Table 2. Technetium thyroid scans in patients with thyrotoxicosis

Diagnosis Appearance of scan

Toxic multinodular goitre Active nodules appear hot (or black)

Toxic adenoma Functioning nodule appears hot (or black) with uptake 
suppression of the entire gland

Graves’ disease Generalised increase in uptake

Thyroiditis No or minimal uptake
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goitre, bruits and orbitopathy. In this case, 
elevated TRAb levels are sensitive (96 to 97%) 
and specific (99%) for Graves’ disease.30 
Although orbitopathy is useful in the diagnosis 
of Graves’ disease, it is present in less than a 
quarter of newly diagnosed patients.30  Thyroid 
imaging is generally not necessary if classic 
signs of Graves’ disease are present, along with 
biochemical documentation of  thyrotoxicosis 
and raised TRAb levels. 

The initial TRAb titre indicates immunolog-
ical activity and serves as a baseline as it often 
normalises with use of ATDs. Graves’ disease 
is unlikely to remit if the TRAb titre is high at 
the end of the treatment.21 On the other hand, 
if the patient had a negative TRAb test, then 
technetium thyroid scanning with or without 
doppler flow ultrasound would be recommended 
to differentiate Graves’ disease from other 
causes of thyrotoxicosis (Figure 1).

How should this patient be managed?

A beta blocker such as propranolol 10 mg 
twice daily should be commenced to alleviate 
symptoms of thyrotoxicosis. Nonselective beta 
blockers are preferred because they reduce 
peripheral conversion of free T4 to free T3 at 
high doses. If beta blockers are contraindi-
cated, then  calcium channel blockers may be 
used.31 Antithyroid treatment with carbimazole 

10 mg twice daily should also be commenced, 
with TFT monitoring every six to eight weeks. 

After three months and once euthyroid 
status is achieved, carbimazole can be grad-
ually reduced to a  maintenance dose of 5 mg 
daily. After 12 to 18 months of treatment, 
when both TFTs and TRAb titres have normal-
ised,  car bi mazole may be discontinued. There-
after, monitoring with TFTs initially every two 
to three months and then four to six monthly is 
recommended.21 If TFTs remain normal after 
12 months of stopping ATDs, then yearly mon-
itoring may suffice. Agranulocytosis and hepa-
totoxicity are serious but rare adverse effects 
of ATDs. Liver function tests and white cell 
counts are recommended during treatment.21 

Relapse of Graves’ disease is common, 
and necessitates restabilisation on carbima-
zole and consideration for iodine-131 therapy 
or surgery as definitive treatment. Alternatively, 
patients may choose to keep taking ATDs 
indefinitely.21

Case 2. Toxic multinodular goitre 
A 78-year-old woman presents to her GP 

with palpitations, tiredness and shortness 

of breath. Her past medical history includes 

euthyroid multinodular goitre. On examination, 

she appears apathetic and tired with 

generalised weakness. Her blood pressure 

is 147/87 mmHg and her pulse is 128 bpm 

and irregular. Neck palpation reveals an 

asymmetrical nodular goitre. ECG confirms 

atrial fibrillation. 

What do the test results show?

TFTs show a nonsuppressed TSH level with normal 
free T4 and free T3 levels, suggesting subclinical 
hyperthyroidism (Table 4). Common causes of 
subclinical hyperthyroidism are TMNG and toxic 
adenoma. Classically, in this patient, there is a 
long-standing history of euthyroid multi nodular 
goitre, which may harbour autonomous nodules. 
Less common causes of subclinical hyperthyroid-
ism are Graves’ disease and thyroiditis. 

Subclinical hyperthyroidism is a biochemical 
entity and it does not mean the patient is truly 
asymptomatic as arrhythmias are common in 
these scenarios. The risk of atrial fibrillation 
increases with a TSH level below 0.1 mIU/L.

A thyroid ultrasound shows a multinodular 
goitre and a technetium thyroid scan shows 
patchy uptake suggesting TMNG (Figure 2). 
TRAbs are not detected. TRAb titre should be 
checked as Graves’ disease and multinodular 
goitre may coexist.

How should this patient be treated?

Nonselective beta blockers and carbimazole 
should be started, pending definitive treatment 

Table 3. Thyroid function test results in case 1

Test Patient’s value Reference interval

Thyroid-stimulating hormone (mIU/L) <0.005 0.40–3.50

Free T3 (pmol/L) 14.0 2.6–6.0

Free T4 (pmol/L) 24.5 9.0–19.0

TRAb (IU/L) 25.4 <1.0

Thyroid peroxidase antibodies (IU/mL) 20 <35

Abbreviation: TRAb = thyroid-stimulating hormone receptor antibodies.
Figure 1. Thyroid ultrasound with colour flow doppler showing 
Graves’ disease. Image courtesy of PRP Diagnostic Imaging.

Figure 2. Technetium 
thyroid scan showing 
a multinodular goitre 
(case 2).

Image courtesy of PRP 

Diagnostic Imaging.

Table 4. Thyroid function test results in case 2

Test Patient’s value Reference interval

TSH (mIU/L) 0.09 0.40–3.50

Free T3 (pmol/L) 5.2 2.6–6.0

Free T4 (pmol/L) 18.3 9.0–19.0

Abbreviation: TSH = thyroid-stimulating hormone.
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with surgery or radioactive iodine (RAI) treat-
ment. Thyroidectomy is indicated for large 
goitres causing compression of trachea or 
oesophagus resulting in obstructive symp-
toms. However, it is relatively contraindicated 
in elderly patients and those with reduced 
cardiovascular fitness. RAI is effective in treat-
ing TMNG but confers a significant risk of 
post-treatment hypothyroidism. 

In this case, there was no evidence of 
obstruction and, after careful discussion about 
the pros and cons of both treatment modalities, 
the patient chose RAI therapy. After three 
months, once euthyroid status was achieved, 

RAI therapy was administered. However, the 
patient developed post-RAI hypothyroidism 
six months later, and required lifelong thyroxine 
replacement.

Case 3. Painless thyroiditis 
A previously healthy 36-year-old man 

presents with thyrotoxicosis of a two-week 

duration. He has a diffuse, nontender goitre. 

Mild lid-lagging is evident without orbitopathy. 

Thyroid function testing and measurement 

of thyroid antibodies and inflammatory 

markers are performed (Table 5).

What is the diagnosis?

Lack of thyroid nodularity on examination does 
not exclude TMNG or toxic adenoma, as small 
nodules are not easily palpable. High free T4/
T3 ratio suggests thyroiditis. Thyroid peroxidase 
antibody titres are present in people with pain-
less thyroiditis.33 High titres generally indicate 
underlying autoimmune or Hashimoto’s thyroid-
itis. However, low titres may be detected in 10 
to 30% of the normal population.3,34 Low- titre 
TRAb likely excludes Graves’ disease, although, 
rarely, people with Graves’ disease may present 
with low-level or absent antibodies.30 

Thyroid ultrasound with colour flow doppler 
and technetium thyroid scanning often differen-
tiate thyroiditis from antibodies-negative Graves’ 
disease and concealed toxic adenoma. In this 
case, thyroid ultrasound with colour flow doppler 
reveals a heterogeneous gland without thyroid 
nodules, and diminished blood flow (Figure 3). 
Technetium thyroid scan demonstrates general-
ised low uptake (Figure 4), confirming thyroiditis 
in the thyrotoxic phase. 

What is painless thyroiditis and how is it 

treated?

Painless thyroiditis (also referred to as silent 
thyroiditis) is an uncommon cause of thyrotoxi-
cosis, comprising only 5% of all cases.35 It is an 
important diagnosis to consider as it is a rela-
tively self-limited condition. In contrast to sub-
acute thyroiditis, patients do not experience neck 
pain or constitutional symptoms. Inflammatory 
markers such as C-reactive protein and eryth-
rocyte sedimentation rate are typically normal.36 
Patients may present with thyrotoxicosis lasting 
two weeks to three months, typically followed 
by hypo thyroidism lasting up to six months. 

Although most cases recover, 10 to 20% 
of patients develop permanent hypothyroidism.33 
Propranolol 10 mg twice daily is the mainstay 
of treatment for thyroiditis in the thyrotoxic 
phase. ATDs are not used as they may lead 
to prolonged hypothyroidism.21

Conclusion 
A thyroid function biochemistry panel is 
 important in confirming the suspicion of 
 thyrotoxicosis. Certain clinical features and 
TFT patterns may provide accurate clues on 
the causes of thyrotoxicosis. Subsequent 
investigations such as thyroid antibodies 
 testing, thyroid ultrasound and technetium 
thyroid scanning may help to differentiate the 
aetiologies, particularly if classic signs and 
symptoms are absent.                                                          ET
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Table 5. Test results in case 3

Test Patient’s value Reference interval

Thyroid-stimulating hormone (mIU/L) <0.005 0.40–3.50

Free T3 (pmol/L) 8.7 2.6–6.0

Free T4 (pmol/L) 44.3 9.0–19.0

Thyroid peroxidase antibodies (IU/mL) 114 <35

TRAb (IU/L) 0.8 <1

Erythrocyte sedimentation rate (mm/hr) 6 <12

C-reactive protein (nmol/L) 28.6 <47.6

Abbreviation: TRAb = thyroid-stimulating hormone receptor antibodies.

Figure 3. Thyroid ultrasound with colour flow 
doppler (case 3).

Figure 4. Technetium thyroid scan showing 
absent uptake consistent with painless 
thyroiditis (case 3).

Images courtesy of PRP Diagnostic Imaging.

Key points

• Thyroid function testing is the initial 
step in confirming the suspicion of 
thyrotoxicosis. 

• Certain clinical features and patterns 
of thyroid function tests may provide 
accurate clues about the causes of 
thyrotoxicosis.

• Further investigations such as thyroid 
antibodies testing, thyroid ultrasound 
and technetium thyroid scanning may 
differentiate the aetiologies, especially 
if classic signs and symptoms are 
absent.

INVESTIGATIONS CONTINUED
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