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Notes on the development and use of the guidelines

The guidelines development group

The Use of Thyroid Function Tests Guidelines Development Group was formed in
2002 under the auspices of the Association for Clinical Biochemistry (ACB), the
British Thyroid Association (BTA) and the British Thyroid Foundation (BTF).

Purpose of the guidelines

It is hoped that the document will provide guidance for primary care physicians,
specialist physicians, endocrinologists, and clinical biochemists. The accompanying
patient information sets have been especially designed to explain thyroid function
testing and to summarise the main recommendations in the guidelines in everyday
language. The purpose of the guidelines is to encourage a greater understanding of
thyroid function testing amongst all stakeholders with a view to the widespread
adoption of harmonised good practice in the diagnosis and management of patients
with thyroid disorders. The guidelines are also intended to provide a basis for local
and national audit and each section offers recommendations that are suitable for the
audit process.

The document should be considered as guidelines only; it is not intended to serve as a
standard of medical care. The doctors concerned must make the management plan for
an individual patient. The focus of the document is thyroid function testing, and it is
not intended to be a comprehensive text on thyroid disorders.

The process of development

The guideline development group met on several occasions. It was agreed to adopt
the literature review accompanying the 2002 publication of The National Academy of
Clinical Biochemistry entitled ‘Laboratory support for the Diagnosis and Monitoring
of Thyroid Disease’ and to supplement this with publications occurring during and
after 2001. Subgroups took responsibility for individual chapters and the whole group
considered each draft. Patient representatives were full members of the development
group throughout the development process.

After completion by the development group, the guidelines were subjected to external
refereeing by individuals with a range of interests, including patients, GP’s,
physicians and laboratory specialists in district general hospitals and teaching centres
as well as international experts. In addition the draft guidelines were posted on the
websites of the ACB and BTA, with appropriate links, for a limited period, during
which comments were invited and received. Subsequent to this the development
group reviewed the comments and recommendations and appropriate revisions were
made. All members of the group approved the guidelines.



Mechanism for updating

The guidelines were completed in June 2006. Comments on their accuracy and
relevance are invited during the first year after publication and should be directed to
gbeastall@gri-biochem.org.uk. It is intended that a full review will take place after
three years.

Additional information

The format and style of the guidelines has been modelled on the complementary
document entitled ‘Guidelines for the Management of Thyroid Cancer in Adults’,
which was published in 2002 by The Royal College of Physicians.

The British Thyroid Foundation funded the project. No declarations of interest were
received from any of the professional members of the development group.

These guidelines and the accompanying patient information sets may be downloaded
from the ACB and BTA websites:

www.acb.org.uk

www.british-thyroid-association.org




Types of evidence and the grading of recommendations

The definition of types of evidence and the grading of recommendations used in the
guidelines follows that of the Agency for Health Care Policy and Research (AHCPR),
as set out below:

Type of evidence (based on AHCPR, 1992)

Level Type of evidence

la Evidence obtained from meta-analysis of randomised controlled trials.

Ib Evidence obtained from at least one randomised controlled trial.

lla Evidence obtained from at least one well-designed controlled study
without randomisation.

b Evidence obtained from at least one other type of well-designed quasi-
experimental study.

11 Evidence obtained from well-designed non-experimental descriptive
studies, such as comparative studies, correlation studies and case
control studies.

v Evidence obtained from expert committee reports or opinions and/or

clinical experience of respected authorities.

Grading of recommendations (based on AHRQ, 1994)

Grade

Evidence levels Description

A

la, Ib Requires at least one randomised controlled trial
as part of the body of literature of overall good
quality and consistency addressing the specific
recommendation.

la, b, 111 Requires availability of well-conducted clinical
studies but no randomised clinical trials on the
topic of recommendation.

v Requires evidence from expert committee
reports or opinions and/or clinical experience of
respected authorities. Indicates absence of
directly applicable studies of good quality

Good practice point recommended by guideline
development group



Abbreviations

AACE
ACB
ACTH
AHRQ
ATA
BTA
BTF
EQA
FSH
FT4
FT3

GP
HAMA
HDU
IMA
1QC
ITU
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MDL
MTC
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NACB
nmol/L
NTI
pmol/L
PRL
PTU
rhTSH
RCP
RIA
SHBG
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T3

TFT
Tg
TgAb
TPOAb
TSH
TSHoma
TSH-RAD
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UK NEQAS

ng
WHO

American Association of Clinical Endocrinologists
Association for Clinical Biochemistry
Adrenocorticotrophic hormone

Agency for Healthcare Research and Quality
American Thyroid Association

British Thyroid Association

British Thyroid Foundation

External quality assessment

Follicle stimulating hormone

Free thyroxine

Free tri-iodothyronine

General practitioner

Human anti-mouse antibody

High dependency unit

Immunometric assay

Internal quality control

Intensive therapy unit

Luteinising hormone

Minimum detection limit

Medullary thyroid cancer

Milliunits per litre

National Academy of Clinical Biochemistry
Nanomoles per litre

Non-thyroidal illness

Picomoles per litre

Prolactin

Propylthiouracil

Recombinant human TSH

Royal College of Physicians
Radioimmunoassay

Sex hormone binding globulin

Thyroxine, levothyroxine
Tri-iodothyronine

Thyroid function tests

Thyroglobulin

Thyroglobulin antibodies

Thyroid peroxidase antibodies

Thyroid stimulating hormone, thyrotrophin
TSH secreting pituitary adenoma

TSH receptor antibodies

Total thyroxine

Total tri-iodothyronine

UK National External Quality Assessment Schemes
Microgram

World Health Organisation



Presentation Conventions

Convention for describing type of evidence and grade of recommendation

The AHCPR level of evidence is included both in the main text and in the
recommendations of Chapters 2-7 as bold roman numerals I — IV in
parentheses. E.g. (I11).

All recommendations in the guidelines are presented as bullet points with
italic text. At the end of each recommendation the AHCPR level of evidence is
included and the corresponding grade of recommendation is included as a bold
capital letter A-C in parentheses. E.g. (111,B)

Convention for describing thyroxine and tri-iodothyronine

Whenever the text refers to the administration of thyroid hormone replacement
therapy the full words thyroxine and tri-iodothyronine are used.

Whenever the text refers to the hormones synthesised and secreted by the
thyroid gland the abbreviations T4 and T3 are used to describe thyroxine and
tri-iodothyronine, respectively.

Whenever the text refers to the measurement of thyroxine in serum or other
body fluids the term FT4 has been adopted. In general this term is intended to
signify that the form of hormone being measured is either free T4 (FT4) or
total T4 (TT4); wherever this is not the case the text refers to the measurement
of the specific form of thyroxine. In 2006, UK NEQAS returns indicate that
the large majority of UK laboratories measure FT4 in preference to TT4.

For the sake of consistency the term FT3 has been adopted to describe the
measurement of either free tri-iodothyronine (FT3) or total tri-iodothyronine
(TT3) in serum or other body fluids; wherever this is not the case the text
refers to the measurement of the specific form of tri-iodothyronine. In 2006,
UK NEQAS returns indicate that roughly equal numbers of UK laboratories
measure FT3 and TT3.

Convention for recording numerical data

At several points in the text numerical results are presented (e.g. ‘a TSH level
of >10mU/L). These numerical results should be regarded as typical target
figures rather than as absolute cut-offs. The historical nature of some of the
evidence base together with uncertainty of the bias of the assays used in the
older studies means that absolute cut-offs cannot be presented. Individual
laboratories should use external quality assessment and other data to determine
if bias-related cut-offs are appropriate for the methods that they use. However,
in most cases it is unlikely that laboratories will have sufficient data to achieve
an accurate adjustment of the TSH cut-offs quoted in these guidelines.
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1. Introduction

1.1 Thyroid disorders

Thyroid disorders are amongst the most prevalent of medical conditions, especially in
women. Disorders of the thyroid include both overt and mild/subclinical
hypothyroidism and hyperthyroidism, goitre and thyroid cancer.

Hypothyroidism is an insidious condition with significant morbidity and the subtle
and non-specific symptoms and signs may be mistakenly attributed to other illnesses,
particularly in post-partum women and the elderly. In iodine-replete communities the
cause is normally either chronic autoimmune disease (atrophic autoimmune
thyroiditis or goitrous autoimmune thyroiditis (Hashimoto’s thyroiditis)) or
destructive treatment for hyperthyroidism, which may account for up to one-third of
cases of hypothyroidism in the community. The prevalence of spontaneous
hypothyroidism is 1-2%; it is more common in older women and ten times more
common in women than in men.'

Hyperthyroidism has a significant short-term morbidity and long-term morbidity and
mortality. The most common causes of hyperthyroidism in iodine-replete
communities are autoimmune Graves’ disease and toxic multinodular goitre and
whilst rarer causes include excessive thyroxine replacement, an autonomously
functioning thyroid adenoma, or thyroiditis. The prevalence of hyperthyroidism in
women is 0.5-2% and is also ten times more common in women than in men.'

1.2 Thyroid Function Tests (TFT)

Thyroid disorders are common and so thyroid function testing in blood samples is
also common with approximately 10 million requests each year in the UK at an
estimated cost of £30 million.> The most commonly performed tests in serum are
used to establish if there is thyroid dysfunction or to monitor the response to therapy.
These tests include thyroid stimulating hormone (TSH), free thyroxine (FT4), and free
tri-iodothyronine (FT3). A range of other tests is also available to determine the
specific causes of thyroid disease.

The majority of thyroid disorders present to and are managed initially within General
Practice. Specialist thyroid physicians, who are usually hospital-based Clinical
Endocrinologists, and surgeons are involved at a later stage in many cases. Virtually
all thyroid function testing currently takes place in hospital laboratories in
departments of Clinical Biochemistry. Therefore, there are three main stakeholders in
thyroid function testing:

e The patient

e The physician (GP and specialist)

e The laboratory

1.3  The Patient Perspective
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Patients are becoming more informed about their health and any disorders from which
they suffer. They obtain this information from doctors, from patient support
organisations and from the Internet. There is a huge amount of information available
about thyroid disease but it can be confusing and it is not always consistent in terms
of content or implementation. Patients find it difficult to understand that the diagnosis
of thyroid disease is not always clear-cut or that individual patients respond
differently to treatment. They have an expectation that thyroid function testing across
the UK is uniform in terms of the tests performed, the results obtained and the
interpretations made. Some of the questions most frequently asked by patients are
listed in Table 1.1.

1.4  The Physician Perspective

The symptoms of thyroid disease can be relatively non-specific and one of the first
challenges for the GP is to consider thyroid disease in the differential diagnosis of the
symptoms of the individual patient. Once this consideration has been made the GP
would like TFT either to exclude or confirm the diagnosis of thyroid disease. For
borderline cases the GP expects the laboratory to provide the combination of TFT that
provide the maximum information and they welcome an interpretation of the results in
difficult cases. For patients known to have thyroid disease GPs expect TFT to provide
information that assists with the optimisation of therapy. Some of the questions most
frequently asked by GPs are listed in Table 1.2a. Many laboratories provide
interpretive comments to GPs on all abnormal TFT results and user surveys indicate
that this service is appreciated.

The specialist thyroid physician receives referrals from GPs and from other sources.
In all cases the job of the thyroid physician is made much easier when the referral
notes include results of appropriate TFT performed at appropriate times. The thyroid
physician expects the laboratory to deliver a comprehensive range of TFT with
analytically valid results and finds it difficult to understand why laboratories offer
different test profiles and why results are not always transferable between
laboratories. Some questions most frequently asked by thyroid physicians are listed in
Table 1.2b.

1.5  The Laboratory Perspective

Thyroid function testing is relatively expensive and laboratory budgets have struggled
to cope with the rapidly rising number of TFT over the last few years. Clinical
biochemists wish to work with physicians to ensure that all requests for TFT are
justified on clinical grounds and that there is not unnecessary repetition. They also
strive to obtain sufficient clinical information with each request to ensure that they
provide the optimal combination of TFT for each patient without performing
unnecessary or misleading tests. Some of the questions most frequently asked by
clinical biochemists are listed in Table 1.3.

1.6 The Need for National Guidelines
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It is clear from the previous sections that the different stakeholders are uncertain
about many aspects of thyroid function testing. Therefore, the need for national
guidelines for something as common as thyroid function testing is self-evident.
However, such guidelines do not exist in the UK, the nearest being the references
given to testing as part of the consensus statement for good practice and audit
measures in the management of hypothyroidism and hyperthyroidism.3 In the USA
the American Thyroid Association (ATA) has published guidelines for detection of
thyroid dysfunction *; the ATA and the American Association of Clinical
Endocrinologists (AACE) have published guidelines on subclinical thyroid disease °;
and the National Academy of Clinical Biochemistry (NACB) has published practice
guidelines on the laboratory support for the diagnosis and monitoring of thyroid
disease.® However, none of these two sets of guidelines addresses the subject of
thyroid function testing from the perspective of all three stakeholders and neither uses
the rules of evidence based medicine ’ to support the recommendations.

As a result, the Association for Clinical Biochemistry (ACB), the British Thyroid
Association (BTA) and the British Thyroid Foundation (BTF) agreed to take the
initiative to produce a set of evidence-based guidelines that meet the requirements of
all three stakeholders. The model used for guidelines production has been that
employed by the BTA and the Royal College of Physicians (RCP) in the recently
published guidelines for the management of thyroid cancer.®

Table 1.1 Questions Frequently Asked by Patients

e  What is a thyroid function test?

e Why should I have a thyroid function test?

e  What do the results of thyroid function tests show?

e  What is the difference between a normal range and a reference range?

e [ didn’t have any tests until after I had thyroid disease, how does my doctor know

what is the normal range for me?

Why do blood tests and ranges differ throughout the country?

If my test results are abnormal will I be referred, and to whom?

Can I arrange to have a private blood test?

Can I buy a kit to do my own thyroid function testing?

Why don’t thyroid function tests always give clear-cut answers?

What do the terms sub-clinical and borderline mean?

Will I get treated if my results are borderline?

How does pregnancy/menstruation/the pill/HRT affect my test results?

Can my diet affect my test results and should I fast before testing?

Does the number of hours after my thyroxine tablet affect my test result?

Are test results influenced by general illness?

Is it possible to have a normal test result and still have thyroid disease?

Is the basal temperature an alternative to thyroid function testing?

Are there other alternatives to the blood tests?

There is a family history of thyroid disease, should my children be tested?

e My identical twin sister has a thyroid disorder, should I be tested?

e My son has Down syndrome, should he be tested?

e  What do thyroid antibody tests measure and why don’t all patients have them?

e  How do test results help to optimise the dose of thyroxine?

e  The test results suggest that I am taking the correct dose of carbimazole/thyroxine but
I don’t feel right. Can the dose be adjusted?

13



Table 1.2 Questions Frequently Asked by Physicians

a)

b)

General Practitioners

What is the difference between total T4/T3 and free T4/T3 and which is better?
Why do you attach so much significance to the TSH result?

Why don’t you always give me the same combination of tests?

How long should it take for me to get results back?

How accurate and precise are your results?

What is the typical biological variability of thyroid hormones?

Do thyroid hormones have a diurnal or seasonal rhythm?

Why do I have to wait two months after adjusting the dose of thyroxine before I can
perform thyroid function testing?

Should TSH always be ‘normal’ in patients taking thyroxine?

What does a TSH result of 5-10mU/L mean?

How should I interpret a positive thyroid antibody result?

What is non-thyroidal illness (sick euthyroid syndrome)?

Specialist Thyroid Physicians

Why don’t all labs offer the same profile of tests?

Why don’t you always give me the tests that I request?

Why do different labs have different reference ranges?

What effect do different methods have on results and reference ranges?
How accurate and precise are your results?

How does your laboratory perform in external quality assessment?
What is the minimum detection limit of your TSH method?
Where can I get antibodies to T4/T3 measured?

Do heterophilic antibodies influence your methods?

Why do results sometimes take a long time to come back?

How much do thyroid function tests cost?

Table 1.3 Questions Frequently Asked by Clinical Biochemists

What clinical question are you expecting to have answered with this request?
Why have you asked for this combination of tests?

What is the age/sex of this patient?

Is the patient taking thyroxine / carbimazole?

What medication is the patient taking?

Why have you asked for thyroid function tests more than once this month?
Why are you requesting thyroid function tests on all admissions?

Do you really want thyroid function tests on this patient in [TU/HDU?

Does this patient have non-thyroidal illness?

14



2. Indications for Thyroid Function Testing

2.1 Introduction

Hypothyroidism is an insidious condition with a significant morbidity and the subtle
and non-specific symptoms and signs may be mistakenly attributed to other illnesses,
particularly in postpartum women and the elderly. The earliest biochemical
abnormality in hypothyroidism is an increase in serum TSH concentration associated
with normal serum FT4 and FT; concentrations (subclinical hypothyroidism),
followed by a decrease in serum FT4 concentration, at which stage most patients have
symptoms and benefit from treatment (overt hypothyroidism). In the UK, the
prevalence of spontaneous hypothyroidism is between 1% and 2%, and it is more
common in older women and ten times more common in women than in men.' In a
cross-sectional study of 2779 subjects of the community of Whickham, North East
England, the prevalence of newly diagnosed overt hypothyroidism was 3 per 1000
women.” This is comparable with recent large US studies in which the prevalence of
newly diagnosed hypothyroidism was 4 per 1000 and 3 per 1000 respectively.** The
cause is either chronic autoimmune disease (atrophic autoimmune thyroiditis or
goitrous autoimmune thyroiditis (Hashimoto's thyroiditis)) or destructive treatment
for hyperthyroidism which may account for up to one-third of cases of
hypothyroidism in the community. In the original Whickham survey, 8% of women
(10% of women over 55 years of age) and 3% of men had subclinical
hypothyroidism®. Community studies of elderly persons have confirmed the high
prevalence of subclinical hypothyroidism in this age group, with approximately 10%
of subjects over 60-years old having serum TSH values above the normal range.>*
Subclinical hypothyroidism can progress to overt hypothyroidism, particularly if
antithyroid antibody positive.’

Hyperthyroidism has a significant short-term morbidity and long-term morbidity and
mortality. The prevalence of thyrotoxicosis in women is between 0.5 and 2%, and it is
also ten times more common in women than in men.® In the Whickham survey, the
prevalence of undiagnosed thyrotoxicosis was 5 per 1000 women and none in men.
The most common causes of hyperthyroidism are Graves' disease, followed by toxic
multinodular goitre, whilst rarer causes include an autonomously functioning thyroid
adenoma, or thyroiditis. Subclinical hyperthyroidism is defined as a low serum TSH
concentration and normal serum FT4 and FT3 concentrations. This pattern of
biochemistry may reflect mild thyroid hormone excess but may also reflect
hypothalamic or pituitary disease, non-thyroidal illness, or ingestion of drugs that
inhibit TSH secretion. The available studies differ in the definition of a low serum
TSH concentration and whether the subjects included were receiving thyroxine
therapy. The reported overall prevalence ranges from 0.5% to 6.3%, with men and
women over 65 years having the highest prevalence; approximately half of them are
taking thyroxine >

2.2 Screening for Thyroid Dysfunction

2.2.1 Which Thyroid Function Test?
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A strategy of first-line TSH may be cost effective for a wide range of clinical
purposes including screening and case finding, but it may be inappropriate in patients
being tested for the first time, and in some specific clinical settings. Throughout these
guidelines we have highlighted the clinical situations where measurement of both
serum TSH and FT4 is required; these are principally where the pituitary-thyroid axis
is not intact or is unstable. These situations include relatively common situations such
as optimising thyroxine therapy in newly diagnosed patients with hypothyroidism,
diagnosing and monitoring thyroid disorders in pregnancy and monitoring patients
with hyperthyroidism in the early months after treatment. Rare situations include
diagnosis and monitoring treatment for central hypothyroidism, end-organ thyroid
hormone resistance and TSH-secreting pituitary adenomas. It is the responsibility of
the requesting physician to provide clinical information to guide the laboratory in the
selection of the most appropriate TFT but if clinical details are not available that
allow the identification of the above categories of patient, then it may be prudent for
laboratories to measure serum TSH and FT4 on all specimens rather than embark on a
first-line serum TSH testing strategy followed by a cascade to include FT4 and FT3 if
indicated.

o [flaboratories are unable to identify those specimens that specifically require
the measurement of both serum TSH and FT4 then it would be prudent to
measure serum TSH and FT4 on all specimens rather than embark on a first-
line serum TSH strategy. (1V,C)

o Measurement of serum TSH alone is appropriate after the first investigation in
the sequential follow up of individuals who have not been treated for thyroid
disorders and who may be at risk of developing thyroid dysfunction. (1V,C)

2.2.2  Congenital Hypothyroidism

Congenital hypothyroidism affects about one newborn in 3,500-4,000 births and is the
most treatable cause of mental retardation. There is an inverse relationship between
age at diagnosis and intelligence quotient (IQ) in later life. In iodine-replete areas,
85% of the cases are due to sporadic developmental defects of the thyroid gland
(thyroid dysgenesis) such as the arrested migration of the embryonic thyroid (ectopic
thyroid) or a complete absence of thyroid tissue (athyreosis). The remaining 15%
have thyroid dyshormonogenesis defects transmitted by an autosomal recessive mode
of inheritance. Clinical diagnosis occurs in less than 5% of newborns with
hypothyroidism because symptoms and signs are often minimal. As a result it is not
possible to predict which infants are likely to be affected. Without prompt diagnosis
and treatment most affected children gradually develop growth failure, irreversible
mental retardation and a variety of neuropsychological deficits.'*"".

o The value of screening for congenital hypothyroidism by measurement of
serum TSH in heel-prick blood specimens is unquestioned, and it is now done
routinely in many countries and should continue (11b,B)

2.2.3 Goitre and Thyroid Nodules

Testing of thyroid function should be performed as part of the routine assessment of
all patients who present with a suspected goitre (diffuse, multi-nodular or single
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nodule) at presentation to detect clinically unapparent hypothyroidism or
hyperthyroidism. '

o [n any patient presenting with a suspected goitre, serum TSH should be
measured (111,C)

2.2.4 Atral Fibrillation, Hyperlipidaemia, Osteoporosis, Subfertility

Thyrotoxicosis is a recognised cause of atrial fibrillation and about 5-10% of patients
with thyrotoxicosis have atrial fibrillation, especially if older '* and hypothyroidism is
a recognised secondary cause of dyslipidaemia.'*'® Hyperthyroidism is also a
potentially correctable cause of osteoporosis.19 Hyperthyroidism and hypothyroidism
can be associated with abnormal menstrual cycles, foetal loss and subfelrtility.20

o Patients with atrial fibrillation, dyslipidaemia, osteoporosis and subfertility
should have an assessment of thyroid function by measurement of serum TSH
at presentation (111,C)

2.2.5 Women with Type 1 Diabetes

Women with type 1 diabetes are three times more likely to develop post-partum
thyroid dysfunction.”!

o Women with type I diabetes should have their thyroid function, including
serum TSH, FT4 and thyroid peroxidase antibody status, established pre-
conception, at booking when pregnant and at 3 months post-partum (111,C)

2.2.6 The Normal Healthy Adult Population Including the Elderly

The ageing UK population and the introduction of the General Medical Services
contract are providing GPs with more opportunity to consider thyroid dysfunction in
the normal community, especially in elderly subjects with few or no symptoms of
thyroid disease. The prevalence of unsuspected overt thyroid disease is low, but a
substantial proportion of subjects tested will have evidence of thyroid dysfunction,
usually subclinical hypothyroidism. In the absence of the confounding effects of non-
thyroidal illness or drugs, a normal serum TSH concentration has a high predictive
value in ruling out thyroid disease in healthy subjects. In unselected populations,
measurement of serum TSH has a sensitivity of 89 to 95% and specificity of 90 to
96% for overt thyroid dysfunction, as compared to cases confirmed by history,
examination and additional testing.”> Normal serum TSH concentrations are found in
some patients with hypothyroidism caused by pituitary or hypothalamic disease, but
both these situations are rare. In nearly all populations screened a serum TSH value
greater than SmU/L is accepted as being raised. Different recommendations and
position papers have been reported by various physician organisations as to whether
subclinical thyroid disease is of sufficient clinical importance to warrant screening
and therapy.*''*"?

A cost-utility analysis using a computer decision model suggested that the cost-

effectiveness of screening for subclinical hypothyroidism compared favourably with
other preventive medical practices, such as screening for hypertension or breast
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cancer, in women in the same age group, while providing a similar increase in quality
adjusted life years.”>** Over half of the presumed benefit in the latter was accounted
for by preventing progression to overt hypothyroidism, 30% by improving associated
mild symptoms and 2% by preventing cardiovascular disease. The cost of detecting
subclinical hypothyroidism was $9223 for women and $22,595 for men per quality-
of-life year gained, but this cost was heavily dependent on the cost of the serum TSH
assay ($10 to 50). The cost-benefit analysis did not allow for the extra costs of
detecting, investigating and potentially treating subclinical hyperthyroidism. These
data led the American Thyroid Association to recommend population-based screening
for thyroid dysfunction by measurement of serum TSH, beginning at age 35 years and
every five years thereafter.”” Those organisations that assess screening programs, such
as the US Preventive Services Task Force'!, have not recommended regular
assessment of thyroid function in adults. A recent US expert consensus development
conference recommended after review of the existing evidence that population
screening for subclinical thyroid disease was not warranted.*

There have been few trials to determine whether identification and treatment of
subjects with thyroid dysfunction, which would mostly be subclinical
hypothyroidism, results in any long-term benefit. A recent placebo- controlled double-
blind intervention study has demonstrated no difference in neuropsychological
function in subjects with subclinical hypothyroidism compared to controls, and
thyroxine treatment for one year did not alter neuropsychological function in a cohort
of the subjects with subclinical hypothyroidism.*' The potential benefits in terms of
decreased symptoms or other systemic effects are generally small and may not
enhance quality of life.*® In a recent observational cohort 10-year study, a low serum
TSH concentration (<0.5mU/L), but not a high serum TSH concentration, was
associated with an increase in all-cause mortality and cardiovascular mortality.”” Two
further studies have also observed that in elderly groups of subjects low FT4 and/or
raised TSH were associated with reduced mortality and it has been speculated that this
may reflect an adaptive mechanism to prevent excessive catabolism. >**° Despite this
growing evidence against thyroxine therapy it has recently suggested that individual
patients with subclinical hypothyroidism may be offered a three month therapeutic
trial of thyroxine as part of patient-centred care **

e Screening for thyroid dysfunction in a healthy adult population is not
warranted. Case-finding in women at the menopause or if visiting a doctor in
primary care with non-specific symptoms may be justified in view of the high
prevalence of mild thyroid failure (1V,C)

o [fscreening is performed, and a high serum TSH concentration is found, and
the F'T4 is normal, the measurement should be repeated 3-6 months later,
along with measurement of serum FT,, after excluding non-thyroidal illness
and drug interference (IV,C)

o [fthe serum TSH is greater than 10mU/L and the serum FTy concentration is
low, then the subject has overt hypothyroidism and should be treated with
thyroxine (1V,C)

o [f'the serum FTy concentration is normal, but the serum TSH concentration is

greater thanl0mUY/L, then treatment with thyroxine is recommended (11,B)
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o [f'the serum TSH concentration is above the reference range but <10mU/L,
then serum thyroid peroxidase antibodies should be measured. If the serum
antibody concentration is high, then serum TSH should be measured annually
or earlier if symptoms develop, thyroxine therapy should be started if the
serum TSH concentration rises above 10mU/L. If the serum antibody
concentration is not raised, then repeat measurement of serum TSH
approximately every three years is all that is required (IV,C) (See also
Chapter 3).

o There is no evidence to support the benefit of routine early treatment with
thyroxine in non-pregnant patients with a serum TSH above the reference
range but <10mU/L (11,B). Physicians may wish to consider the suitability of
a therapeutic trial of thyroxine on an individual patient basis.

Few subjects screened will have overt hyperthyroidism, but the consequences of
finding subclinical hyperthyroidism have to be addressed.**® Patients with subclinical
hyperthyroidism can be categorised into those with low but detectable serum TSH
(0.1-0.4mU/L) and those with a clearly low serum TSH (less than 0.1mU/L). If a
subject has a serum TSH value below the reference range but >0.1mU/L, and is not on
thyroxine therapy, then the first step is to repeat the measurement together with FT4
and FT3 within one to two months to exclude overt hyperthyroidism (and also central
hypothyroidism). In most circumstances serum TSH will have returned to within the
reference range. If the repeat serum TSH measurement remains low but >0.1mU/L
with normal FT4 and/or FT3, then repeat testing every 6-12 months is required. In
those subjects with a serum TSH less than 0.1mU/L, FT4 and FT3 should be
measured to exclude overt hyperthyroidism. Usually, subclinical hyperthyroidism will
be confirmed. In addition to the risk of overt hyperthyroidism, the subject may be at
risk for atrial fibrillation *° and osteoporosis.41 No consensus exists regarding the
treatment of subclinical hyperthyroidism30 but any potential benefits of therapy must
be weighed against the substantial morbidity associated with the treatment of
thyrotoxicosis.”**

o [fa serum TSH concentration below the reference range but >0.1mU/L is
found, then the measurement should be repeated one or two months later
together with serum FT4 and FT3, after excluding non-thyroidal illness and
drug interferences (I1V,C)

o [fthe serum TSH is less than 0.ImU/L then the serum FT4 and FT3 must be
measured to exclude overt hyperthyroidism (1V,C)

o [ftreatment is not undertaken, serum TSH should be measured every 6-12
months, with follow-up measurements of serum FT4 and FT3 if the serum TSH
result is low. (1V,C) (See also Chapter 4)

2.2.7 Hospital In-Patients

Isolated alterations in serum TSH concentrations (either slightly low 0.10-0.30mU/L or
high 5-20mU/L) occur in about 15% of such patients due to altered TSH secretion in
response to non-thyroidal illness or drugs.*** About 2-3% of hospitalized patients have
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serum TSH concentrations that are suppressed (<0.10mU/L) or elevated (>20mU/L) but
less than half will have an underlying thyroid disorder.”” The reported point prevalence
rates for previously undiagnosed hyperthyroidism, between 0.3 and 1%, are consistent
with community surveys. An accurate diagnosis can be achieved if clinical indications
for measuring thyroid function exist, an accurate drug history is taken, the abnormal
serum TSH is subsequently confirmed and there is a reciprocal change in serum FTj.
The testing of hospital in-patients, predominantly elderly women, might be expected
to reveal a higher proportion of unsuspected hypothyroidism, but this is not supported
by the available studies, which confirm a prevalence of 2%.' Unless clinically
indicated caution is also required in the investigation of thyroid function in acute
psychiatric disturbances and clinical depression since non-thyroidal illness and
medication that affects TFT are both common and may prompt inappropriate
intervention.”’ (See also Chapter 7).

o Routine testing of thyroid function in patients admitted acutely to hospital is
not warranted unless specific clinical indications exist (111,B)

2.3 Surveillance of Thyroid Function

2.3.1 Past History of Post-Partum Thyroiditis

Women with a past history of postpartum thyroiditis have a risk of long-term risk of
permanent hypothyroidism and recurrence in subsequent pregnancies. *° No
consensus exists on whether healthy women should be screened for the risk post-
partum thyroiditis pre-conception or during pregnancy.*’ (See also Chapter 5).

o All women with a past history of postpartum thyroiditis should be offered an
annual check of thyroid function and should also be screened prior to and at 6
to 8 weeks after future pregnancies (11,B)

2.3.2 Patients with Diabetes

There is a high frequency of asymptomatic thyroid dysfunction in unselected patients
with type-1 diabetes, it has been calculated that including an annual test of thyroid
function in the annual review is cost-effective.*®

o Patients with type-1 diabetes should have a check of thyroid function included
in their annual review. Patients with type-2 diabetes should have their thyroid
function checked at diagnosis but routine annual thyroid function testing is not
recommended. (111,B)

2.3.3 Down Syndrome and Turner's Syndrome

49,50

There is a high incidence of hypothyroidism in Down Syndrome and Turner’s

Syndrome.”!

o All patients with Down Syndrome and Turner’s Syndrome should have an
annual check of thyroid function (111,B)
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2.3.4 Patients receiving Amiodarone and Lithium

Amiodarone contains 75mg iodine per 200mg tablet and is frequently associated with
iodide-induced thyroid dysfunction.’”> Amiodarone-induced hyperthyroidism is
particularly prevalent (10%) in areas of iodine-deficiency and in patients with
underlying thyroid disease. Amiodarone-induced hypothyroidism is more common in
iodine-replete communities (up to 20%) and related to the presence of thyroid
autoimmunity. Lithium, used in the treatment of bipolar depression, is associated
with mild and overt hypothyroidism in up to 34% and 15% of patients respectively,
and can appear abruptly even after many years of treatment.> Lithium-associated
thyrotoxicosis is rare and occurs mainly after long-term use. (See also Chapters 4,7).

o All patients on amiodarone therapy should have thyroid function tested before
commencing treatment and then should be routinely monitored every 6 months
thereafter whilst on treatment and up to 12 months after cessation of therapy

(111,B)

o All patients on lithium therapy should have thyroid function tested before
commencing treatment and then should be routinely monitored every 6-12
months whilst on treatment (111,B)

2.3.5 Post Neck Irradiation

The incidence of hypothyroidism after surgery, external radiation therapy of the neck,
or both, in patients with head and neck cancer (including lymphoma) is as high as
50% within the first year after treatment, particularly in patients who underwent
surgery and received high doses of radiation.”*® The effect is dose-dependent, the
onset is gradual, and subclinical hypothyroidism can be present for many years prior
to the development of overt disease.

o Thyroid function should be tested every 12 months in patients treated by
external irradiation to the neck in view of the risk of hypothyroidism (111,B)

2.3.6 Following Destructive Treatment for Thyrotoxicosis by either Radioiodine or
Surgery

After destructive treatment of thyrotoxicosis with either radioiodine or surgery, the
incidence of overt hypothyroidism is greatest in the first year.”** In an audit of 813
consecutive patients treated for thyrotoxicosis in Birmingham, UK, there was an increase
in the incidence of hypothyroidism at one year in those given higher doses of radioiodine
(61% among those given 10 mCi (370mBq) versus 41% among those given 5 mCi
(185mBq).”" The incidence of hypothyroidism in patients with Graves’ thyrotoxicosis
was higher than that in patients with nodular goitre (55% vs. 32%). If the patient had
subclinical hypothyroidism one year or more after radioiodine or surgical treatment,
then the rate of progression to overt hypothyroidism after either treatment was 2-6%
per year.”® (See also Chapter 4).

The recurrence of hyperthyroidism after radioiodine is rare and so surveillance is
largely targeted at detecting hypothyroidism. In contrast, recurrent hyperthyroidism
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occurs more frequently after partial thyroidectomy and follow-up should probe both
for hypothyroidism and recurrent hyperthyroidism.

o [Indefinite surveillance is required following radioiodine or thyroidectomy for
the development of hypothyroidism or the recurrence of hyperthyroidism.
Thyroid function should be assessed around four to eight weeks post-
treatment, then three monthly up to one year and annually thereafter (111,B)

2.4 Monitoring of Thyroid Function

2.4.1 Treatment of Thyrotoxicosis with Anti-Thyroid Drugs

Antithyroid drugs, carbimazole and propylthiouracil, decrease thyroid hormone
secretion and are used in the management of thyrotoxicosis.”*** (See also Chapter 4).

o [tis recommended that thyroid function is tested every 1-3 months when
initiating antithyroid drug therapy until stable and annually if used as a long-

term treatment option (111,B)

2.4.2 Patients on Thyroxine Therapy

Once hypothyroidism has been diagnosed and the appropriate dose of thyroxine has
been established, the dose remains constant in many patients. In pregnancy there may
be a need to increase the dose by at least 50ug daily to maintain a normal serum
TSH.® Access to a computerised thyroid disease register improves the surveillance of
patients treated for thyroid dysfunction ®* and a register may assist GPs to meet the
targets in the General Medical Services contract. Patients with hypothyroidism who
are taking thyroxine may become hypothyroid if given drugs which decrease
thyroxine absorption, such as cholestyramine and iron salts, or increase its clearance,
such as phenytoin and carbamazepine.®® A recent report suggests that in women with
hypothyroidism treated with thyroxine, oestrogen therapy may increase the need for
thyroxine caused by an oestrogen-induced increase in the serum concentration of
thyroxine-binding globulin.’® (See Chapter 7). Poor compliance with thyroxine
therapy or suboptimal treatment may also result in hypothyroidism. There is evidence
from community studies that many treated hypothyroid patients have serum TSH
levels outside the normal range.>”*” In the Colorado Thyroid Disease Prevalence
Survey of 1525 subjects taking thyroid medication 17.6% had subclinical
hypothyroidism, 0.7% were overtly hypothyroid, 20.7% had subclinical
hyperthyroidism and over 90% had seen a health care provider in the previous year.’
Similar data are found in the UK community studies "’

e Once thyroxine replacement is initiated, for whatever indication, then long-term
Jfollow-up with at least an annual measurement of serum TSH is required to
check compliance and dosage and take account of variations in dosage
requirement caused by concomitant drug treatment (111,B)
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o [n pregnancy there may be a need to increase the dose by at least 50ug daily
to maintain a normal serum TSH, which should be measured in each trimester

(111,B)

23



3. Hypothyroidism

3.1  Primary Hypothyroidism

3.1.1 Diagnosis

Hypothyroidism is associated with a number of classical symptoms and signs, which
are described in many endocrinology textbooks. Some patients with severe
hypothyroidism may exhibit several of these clinical features. However, many
patients with milder forms of the disease exhibit few clinical features and some will
exhibit none. This is especially true of the elderly. '~ (111).

Conversely, the symptoms of hypothyroidism are not specific for the disease; some
are present in a significant proportion of euthyroid subjects.* Hypothyroidism cannot
be diagnosed accurately on symptoms alone.” (111). The diagnosis of hypothyroidism
requires abnormal TFT results. A TSH greater than 10 mU/L combined with a FT4
below the reference range indicates the presence of overt primary hypothyroidism in
ambulant subjects.”'? (111).

A TSH concentration above the reference range together with FT4 within the
reference range defines subclinical (mild) hypothyroidism (Section 3.2) (See also
Chapter 2). Subclinical hypothyroidism requires to be confirmed 3-6 months after the
initial results in order to exclude transient causes of a raised TSH. '' (see also Chapter
7). Subclinical hypothyroid patients who are TPOAb or TgAb positive are more likely
to have higher serum TSH '*"° and more likely to develop overt hypothyroidism '’
but do not have increased mortality or increased incidence of ischaemic heart disease.

Bam.

If the serum TSH is within the reference range and the patient is not taking any
medication known to affect TSH (Chapter 7) then primary hypothyroidism is
excluded.”"® (111). Secondary hypothyroidism may still be considered if the clinical
picture is suggestive (Section 3.3).

o The diagnosis of primary hypothyroidism requires the measurement of both
TSH and FT4 (111,B).

o Subjects with a TSH of >10mU/L and FT4 below the reference range have
overt primary hypothyroidism and should be treated with thyroid hormone
replacement (111,B).

o Subjects with subclinical hypothyroidism should have the pattern confirmed
within 3-6 months to exclude transient causes of elevated TSH (111,B).

o The measurement of thyroid antibodies in subjects with subclinical hypo-
thyroidism helps to define the risk of developing overt hypothyroidism. (111,B).

3.1.2 Guiding treatment with thyroxine

Thyroid function tests have become the mainstay of optimising thyroxine replacement
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therapy. The recommended approach in primary hypothyroidism is to titrate thyroxine
therapy against the TSH concentration whilst assessing clinical well-being. The target
is a serum TSH within the reference range. '®'? (111). In the majority of patients 50-
100pg thyroxine can be used as the starting dose, although a higher starting dose may
be indicated in patients post-thyroidectomy. Thereafter alteration of the dose is
achieved by using 25-50ug increments and repeat measurement of TSH 2-3 months
after a change in dose. This will result in the majority of patients becoming clinically
euthyroid with a ‘normal’ TSH and having thyroxine replacement in the range 75-150
ng/day (1.6ug/Kg on average).”**' (I11b). This strategy will prevent over-replacement
in patients and decrease possible adverse effects noted in terms of cardiovascular
outcome.”** 1In elderly patients and patients with with ischaemic heart disease
consideration should be given to commence replacement with 25ug thyroxine and
increase the dose in 25ug increments in an attempt to avoid cardiac complications.”

(11b).

5

Other published guidelines recommend that the serum TSH during thyroxine therapy
should be targeted to be below 2.0mU/L?. It has been suggested that in a minority of
patients clinical well-being can only be achieved if the serum TSH is subnormal or
suppressed and that this is of no detriment to the patient as long as the serum FT3 is
unequivocally normal.”” However, the guidelines development group could find no
evidence to support a recommendation that in non-pregnant patients titrating the
serum TSH to the lower half of the reference range results in improved outcomes.

Serum FT4 test results can vary immediately following the daily dose of thyroxine,
but this is not clinically significant.”*>° (11b). An even greater variability of serum
FT3 occurs in patients who are taking T3 ‘[herapy.31 It would, therefore, be ideal to
standardise the timing of thyroid function testing in relation to the daily dose of T4 or
T3 dose but clinic and surgery times make this ideal impracticable in most situations.
A minimum period of 2 months, and in some patients up to 3 months, is required to
restore stability in thyroid function tests after a change in dose.” (I1b).

Measurement of TSH combined with FT4 is recommended when optimizing
thyroxine replacement therapy. This is because of the misleading results that can be
produced by patients who have intermittent or poor compliance with their treatment.*
(IV). Once the patient is clinically stabilized on thyroxine serum TSH alone may be
used to monitor therapy (1V).

The lack of thyroidal production of T4 and T3 along with the dependence on
peripheral conversion of T4 to T3 significantly alters thyroid hormone status in
patients on replacement therapy such that the ratio of T4 to T3 is increased.*>. FT4
concentrations may exceed euthyroid reference ranges in patients on thyroxine when
the TSH is normal whereas FT3 remains closer to euthyroid reference ranges.>* *°

(11b).

o The measurement of both TSH and FT4 is required to optimise thyroxine
replacement therapy (1V,C).

o The primary target of thyroxine replacement therapy is to make the patient
feel well and to achieve a serum TSH that is within the reference range
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(111,B). The corresponding FT4 will be within or slightly above its reference
range.

o  The minimum period to achieve stable concentrations after a change in dose
of thyroxine is two months and thyroid function tests should not normally be

requested before this period has elapsed (11b,B).

3.1.3 Guiding treatment with tri-iodothyronine

If tri-iodothyronine is used as a replacement hormone increasing doses should be used
until serum TSH is within the reference range. The measurement of FT4 is of no value
in patients on tri-iodothyronine replacement and the measurement of FT3 is of limited
value because of the variability after taking the replacement dose.

There has been considerable recent interest in using a combination of thyroxine and
tri-iodothyronine therapy. This interest was stimulated by an initial small study that
reported improved mood scores and self-reported wellbeing in the combined therapy
group compared with the thyroxine only group.’® However, a number of larger studies
have failed to confirm the initial finding and there is currently no consistent evidence

to suggest that combined therapy has advantages over therapy with thyroxine alone.
37-42
(Ib).

o The measurement of TSH is required to optimise tri-iodothyronine
replacement therapy (¥).

o There is no consistent evidence to recommend the use of combined therapy
with thyroxine and tri-iodothyronine in comparison to thyroxine alone (1b,A).

3.1.4 Assessing response to thyroxine therapy

Most patients taking thyroxine will feel well when the serum TSH is maintained
within the reference range. However, some surveys have indicated that up to 21-59%
of patients receiving maintenance thyroxine therapy have TSH values below the
reference range. '****** There has been much debate regarding the possible
consequences for these patients remaining on doses of thyroxine that reduce TSH to
below the reference range”’ because suppression of TSH may result in cardiac
problems.zz’23 or bone loss ****¢. Therefore, it is recommended that a reduction in
thyroxine dose is made to bring the TSH within the reference range.”

Some patients on long term standard replacement doses of thyroxine, with thyroid
hormone values within the range for patients on T4, report an apparent psychological
benefit and general feeling of well being when TSH is undetectable.”’ (111), although
this is not a universal finding. Although it may be difficult to reduce the thyroxine
dose in such patients it is recommended that the dose should be reduced until the TSH
is within the reference range, the use of small decremental changes of 25ug may make
this possible.?’

Some patients will continue to show abnormal psychological well-being when

receiving adequate thyroxine replacement with TFT within the reference range.*®
There is no evidence that increasing the thyroxine dose will improve psychological or
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cognitive symptoms in these patients. Indeed a lack of benefit has been demonstrated
from giving thyroxine to euthyroid patients with these symptoms.* (Ib).

o The optimal dose of thyroxine for long-term therapy is assessed from the
results of thyroid function tests together with clinical findings. (¥). In
determining the optimal dose of thyroxine the biochemical target is a TSH
result that is detectable, not elevated, and preferably within the reference
range (¥').

3.1.5 Long-term follow-up of patients on thyroxine

Once stabilised on thyroxine all patients should have their serum TSH checked
annually as a change in requirement for thyroid hormone can occur with ageing.
(111). In some parts of the UK computerised thyroid registers have been established
and shown to be successful in ensuring excellent automated follow up for thyroid
patients on replacement therapy.”

50,51

o Patients stabilised on long-term thyroxine therapy should have serum TSH
checked annually (111,B).

3.2 Subclinical (Mild) Hypothyroidism

3.2.1 Diagnosis

Subclinical (mild) hypothyroidism is characterised by a TSH above the reference
range with a FT4 measurement within the reference range. Depending on the age and
gender of the population studied subclinical hypothyroidism is present in 1.3-17.5%
of the UK or US populations.'®"***** (111). Subclinical hypothyroidism should be
confirmed by repeat thyroid function testing 3-6 months after the original result."’

3.2.2 Guiding treatment

The decision on treatment of patients with subclinical hypothyroidism should be
guided by repeated TSH measurements. When TSH is elevated but <10 mU/L there is
no consistent evidence of an association with symptoms, secondary biochemical
abnormalities (hyperlipidaemia), cardiac dysfunction or cardiac events.''"* In patients
with TSH >10 mU/L there is increasing evidence of progression to overt
hypothyroidism and deterioration in hyperlipidaemia with the passage of time
particularly in patients with elevated TPOAb ''*1%3538 (11b) (111). There is evidence
of improvement in the lipid profile and symptoms when patients with modestly raised
TSH (mean 11.7mU/L) were rendered euthyroid with thyroxine.” (Ib).

The frequency of thyroid function testing in subjects with subclinical hypothyroidism
and the influence of the TPOAD status on the frequency of testing is discussed in
Chapter 2.

Factors that may prompt thyroxine therapy in a patient with subclinical
hypothyroidism include pregnancy'!, goitre, or a rising TSH level.
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o [fthe serum FT4 concentration is normal but the serum TSH is >10mU/L,
then treatment with thyroxine is recommended (11,B).

o [fthe serum FT4 concentration is normal and the TSH is elevated but
<I10mUY/L then thyroxine therapy is not recommended as a routine therapy.
However, thyroxine may be indicated in non-pregnant patients with goitre;
also in patients who are seeking pregnancy (11,B).

3.2.3 Assessing response to therapy

The aim of treatment should be to restore and maintain TSH within the reference
range. Thyroxine should be given in doses increasing by 25-50pg daily titrated to
bring the TSH within the reference range. TSH should be measured 2-3 months
following a change in thyroxine dose.

3.2.4 Long-term follow-up

A number of studies have used long term follow up in the community to define the
risk of progression from subclinical to overt hypothyroidism '*' (111) Establishing
treatment guidelines for individuals with elevated TSH or repeat testing protocols is
still a subject of significant debate ®*®' but it would appear prudent to measure TSH
on an annual basis.

The requirement for thyroxine can increase in patients treated for subclinical
hypothyroidism as they may develop overt hypothyroidism. TSH should be measured
annually and the thyroxine dose altered to maintain TSH within the reference range.

In patients who do not receive thyroxine it is recommended that regular measurement
of TSH and FT4 be performed to detect those patients who may develop overt
hypothyroidism. For patients who are TPOAD positive an annual assessment is
appropriate. For patients who are TPOAb negative less frequent assessment is
required, perhaps every three years (1V).

o Subjects with subclinical hypothyroidism who are thyroid peroxidase antibody
positive should have an annual thyroid function test. Subjects with subclinical
hypothyroidism who are thyroid peroxidase antibody negative should have
repeat thyroid function testing approximately every 3 years. (IV,C).

3.3  Secondary Hypothyroidism

3.3.1 Diagnosis

The biochemical diagnosis of secondary hypothyroidism necessitates the use of a
combination of TSH with FT4. Plasma TSH can be low, within or mildly above the
reference range in these patients 62-64 but combined with a low thyroid hormone
measurement is suggestive of secondary hypothyroidism (I11).

A combination of TSH, FT4 and FT3, may be required to differentiate secondary
hypothyroidism from NTI especially in older patients where symptoms are often
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vague and non-specific. Referral to an endocrinologist for additional pituitary
function tests (PRL, FSH, LH, ACTH/cortisol) may be required to make a diagnosis
and tests of adrenal function are mandatory in patients with a high index of suspicion
of hypopituitarism.. Very rarely a TRH test may help to establish the final diagnosis.

o First line TSH and FT4 are required to identify secondary hypothyroidism
(11,B).

o Secondary hypothyroidism can be distinguished from non-thyroidal illness on
the basis of clinical history, measurement of FT3 and tests of other anterior

pituitary hormones (V).

3.3.2 Guiding Treatment

Patients with secondary hypothyroidism usually also have a deficit of other anterior
pituitary hormones and the degree of hypopituitarism must be established before
commencing thyroxine replacement. This should include measurement of the
appropriate sex steroid. In particular thyroid hormone replacement should not be
commenced in patients with cortisol deficiency as this could provoke an Addisonian
crisis.®* Treatment with an appropriate glucocorticoid should be initiated in such
patients before commencing thyroxine therapy. (111).

In patients with secondary hypothyroidism, after a full diagnosis has been made and
steroid treatment initiated, thyroxine should be given in increasing 25pug doses and
optimised such that the thyroid hormone concentration is within the upper third of the
reference range ©"°* (111).

o The extent of hypopituitarism should be established in all patients with
secondary hypothyroidism before commencing thyroxine therapy (111,B).

o Some experts suggest that an appropriate target for adequate thyroxine
replacement in patients with secondary hypothyroidism may be a FT4

concentration in the upper third of the reference range. (111,B).

3.3.3 Assessing Response to Therapy

Measurement of TSH cannot be used in to assess the response to therapy in patients
with hypopituitarism and it is essential to monitor treatment by estimating FT4 and
maintain the thyroid hormone concentration within the reference range. These patients
will also require regular monitoring of all hormone replacement therapy.

o T4 measurements should be used to help define the adequacy of thyroxine
replacement in patients with secondary hypothyroidism. (111,B).

3.3.4 Long-term Follow-Up

o An annual check of thyroid hormone concentration should be performed in all
patients with secondary hypothyroidism who are stabilised on thyroxine
replacement therapy. (V).
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3.4 Congenital Hypothyroidism (see also Chapter 5)

Congenital hypothyroidism (cretinism) is a common preventable cause of mental
retardation. The prevalence of congenital hypothyroidism in the UK is 1:4000 live
births. Approximately 85% of cases are sporadic, while 15% are hereditary. Unless
thyroid hormone therapy is commenced shortly after birth the mental retardation will
be irreversible.”” Consequently most developed countries have instituted national
screening programmes for congenital hypothyroidism with follow up procedures to
facilitate the early administration of thyroid hormone replacement.

3.4.1 Diagnosis

Routine screening is required for all neonates. In the UK nationwide screening is
based on using filter paper blood spot TSH measurements, which is sensitive for
primary hypothyroidism but which will miss rare cases of secondary
hypothyroidism’’. In parts of the USA screening is based on blood spot T4
measurement.” In order to maximize the quality of screening and outcome the testing
procedure is restricted to specialist centres. An increase in TSH concentration occurs
that can last up to 24h following birth thus to avoid false positive results it is best to
perform the measurement on a sample taken at least 48h after delivery ®.

In neonates with an elevated TSH (>20 mU/L) formal clinical evaluation and testing
with measurement of serum TSH and FT4 should be performed immediately after the
TSH result is known (~2 weeks after birth).

It is important to perform TFT on the mother in cases with abnormal results; to ensure
that no anti-thyroid medication was ingested during the pregnancy and to exclude the
possibility of placental transfer of maternal antibodies that block the action of TSH. !

o All newborn babies should be screened for congenital hypothyroidism by
measurement of bloodspot TSH using a sample collected within 2-8 days after
birth, as part of a national screening programme. (11,B).

o The measurement of thyroid related hormones as part of a neonatal screening
programme should be restricted to specialist laboratories and should have a
turnaround time of <5 days (V).

o Confirmation of the diagnosis of congenital hypothyroidism involves
measurement of serum TSH and FT4 in both mother and neonate and TSH
receptor antibody in the mother. (111,B).

o All hypothyroid neonates should be treated as early as possible. Treatment
must be started within the first 18 days of life. (1b,A)

3.4.2 Guiding Treatment/Follow Up

Thyroxine is the replacement hormone of choice. The goals of treatment are to raise
the serum FT4 as rapidly as possible into the normal range, adjust the thyroxine dose
with growth to keep the serum FT4 in the upper half of the reference range and the
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TSH normal, and maintain normal growth and development while avoiding
overtreatment.”' Monitoring of thyroxine replacement should take place 1-2 monthly
during the first year of life and 3-6 monthly thereafter until growth has been
completed. All infants should be re-evaluated at 3 years with a period of at least 2
weeks off thyroxine replacement therapy prior to repeat estimation of TSH and FT4 to
exclude the possibility of a transient effect of maternal antibodies.”

o The measurement of both TSH and FT4 are required to optimise thyroxine
replacement in infants. Age-related reference ranges should be used. (11,B).
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4. Hyperthyroidism

4.1  Primary Hyperthyroidism

4.1.1 Diagnosis

The classical symptoms and signs of hyperthyroidism (thyrotoxicosis) are reported in
all textbooks of endocrinology. Some or all of these findings may be present in the
individual patient depending on the severity and duration of hyperthyroidism. In
elderly subjects the clinical picture is often different with predominance of weight
loss and depression — so-called “apathetic” hyperthyroidism. In the elderly,
cardiovascular problems are common, especially presentation with atrial fibrillation
and deterioration in pre-existing heart disease."

It is essential that any clinical suspicion of thyrotoxicosis is confirmed or refuted by
biochemical testing before further investigation or treatment is contemplated.z'4 The
single most important biochemical test is serum TSH. If the serum TSH concentration
is within the reference range then a diagnosis of hyperthyroidism is effectively ruled
out.” Exceptions to this rule are rare TSH-dependent causes of hyperthyroidism, such
as TSH-producing tumours of the pituitary and syndromes of thyroid hormone
resistance. (see Section 4.3).

The finding of a serum TSH concentration below the reference range (in a reputable
second or third generation TSH assay) is not, however, specific for the diagnosis of
hyperthyroidism. Low serum TSH, especially if low but >0.10 mU/L, often reflects
“non-thyroidal illness” or therapy with a variety of commonly prescribed drugs 26
(Chapter 7).

The presence of a low serum TSH should prompt measurement of circulating thyroid
hormones (FT4 and FT3 concentrations).” In most cases of hyperthyroidism a typical
biochemical picture of elevated FT4 and FT3 with associated undetectable serum
TSH will be evident. If FT4 is clearly elevated, then a diagnosis of thyrotoxicosis is
confirmed; in such circumstances measurement of FT3 may not provide clinically
useful additional information. If FT4 is not above the reference range in a patient with
low serum TSH, FT3 should be measured since in some cases the biochemistry
indicates a diagnosis of “T3-toxicosis” characterised by elevation of serum FT3 in the
absence of a rise in FT4. This biochemistry is typically observed in mild cases of
toxic nodular hyperthyroidism and early in the course of Graves’ disease (either
primary presentation or relapse).4 In a few cases the converse is true in that a rise in
FT3 is absent despite elevation of FT4 and suppression of TSH in a patient thought
clinically to have thyrotoxicosis. The lack of rise in FT3 may reflect the presence of
“non-thyroidal illness”, especially in elderly subjects; the explanation becoming
evident on re-testing once other morbidity is eliminated *.

Once a biochemical diagnosis of hyperthyroidism has been made, other tests may be
needed to indicate the cause and specialist referral should be sought °. Most cases of
hyperthyroidism in the UK are due to Graves’ disease or toxic nodular goitre. In most
cases the clinical picture indicates the cause (e.g. ophthalmopathy, diffuse goitre in
Graves’ disease, nodular goitre in toxic nodular hyperthyroidism), in which case
further investigations are not essential. If such clinical signs are absent, the presence
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of thyroid peroxidase antibodies (TPOAD) is suggestive, but not diagnostic of,
Graves’ disease.”* The presence of TSH-receptor antibodies (TSH-RAD) is a more
specific indicator of the diagnosis.'® Thyroid auto-antibodies are usually negative in
toxic nodular hyperthyroidism. Radioisotope scanning, using **"technetium or
Bliodine, typically shows a diffuse pattern of uptake in Graves’ disease, in contrast to
the presence of one or more “hot” nodules in toxic nodular hyperthyroidism >*. It is
not mandatory to differentiate between Graves’ hyperthyroidism and toxic nodular
hyperthyroidism if the treatment plan is not altered (i.. if *'iodine therapy is

considered the treatment of choice).

In some cases, other causes of hyperthyroidism should be considered, particularly the
diagnosis of thyroiditis in which there is thyroid cell destruction and release of pre-
formed hormones, rather than increased synthesis and subsequent release of thyroid
hormones. “Subacute” thyroiditis is suspected if there is thyroid pain/tenderness, often
with a history suggestive of a viral illness. The finding of a raised ESR is helpful in
confirming the diagnosis. Silent thyroiditis can occur in the post-partum period. All
types of thyroiditis are associated with reduced or absent uptake of radioisotope
(especially '*iodine or *'iodine) into the thyroid. It is important to identify cases of
thyroiditis since standard treatment with thionamides/radioiodine is ineffective and
contraindicated ''. Thyroiditis is generally short-lived and self-limiting (and often
followed by a hypothyroid phase).

Amiodarone-associated hyperthyroidism should be diagnosed only if high circulating
FT4 is associated with high or high/normal FT3 and undetectable TSH since even in
euthyroid subjects amiodarone therapy often causes modest elevation in serum FT4
(and reduction in FT3) because of its effect on peripheral deiodination of T4 to T3."
A diagnosis of amiodarone-associated hyperthyroidism should prompt specialist
referral since management may be complex and involve further investigations.

o The measurement of TSH using an assay with a functional sensitivity of <0.02
mU/L is a desirable early stage in the diagnosis of hyperthyroidism (11,B)

o [n patients suspected of having hyperthyroidism all subnormal TSH results
should trigger the measurement of FT4 (11,B)

o [fFT4 is not elevated in the patient with subnormal TSH, FT3 should be
measured to identify cases of T3-thyrotoxicosis (11,B)

o The co-existence of hyperthyroidism and non-thyroidal illness may result in
the finding of a ‘normal’ FT3 (111,B)

o [t is important to identify cases of thyroiditis since standard treatment with
thionamides/radioiodine is ineffective and contraindicated’ (11,B)

o The measurement of TSH-receptor antibodies and thyroid peroxidase
antibodies is not routinely required to determine the cause of hyperthyroidism
if this is indicated by clinical features but they may be helpful in certain cases
(111,B), especially if knowledge of the cause will influence treatment (11,B)
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o Patients with confirmed hyperthyroidism should be referred for specialist care
in order to establish the diagnosis and optimal management plan (111,B)

e Particular care is required in the diagnosis of hyperthyroidism in patients
taking amiodarone. The measurement of TSH, FT4 and FT3 is required (11,B)

4.1.2 Guiding Treatment

Patients with a confirmed biochemical diagnosis of hyperthyroidism should generally
be commenced on a thionamide (carbimazole or propylthiouracil); this is not essential
in those with mild disease if prompt definitive treatment with radioiodine is planned
(I1). Thionamides may be used short-term in preparation for definitive treatment with
radioiodine or surgery or medium-term in the hope of inducing remission in cases of
Graves’ disease. Occasionally, thionamides are prescribed long-term (e.g. in elderly
frail subjects with limited life expectancy) in whom definitive treatment is relatively
contraindicated.”

If the patient has marked adrenergic symptoms e.g. tremor, tachycardia, then
administration of beta-adrenergic blockers may be indicated for rapid relief of
symptoms (I1). Propranolol is often used but beta-adrenergic blockers requiring only
once daily administration (e.g. atenolol, bisoprol) may be preferable. Beta-adrenergic
blockers are usually the sole form of treatment indicated/required in cases of
thyroiditis, although severe persistent symptoms/signs in “subacute” thyroiditis may
require additional therapy with salicylates and/or glucocorticoids.”

Most patients with hyperthyroidism require definitive treatment with *'iodine (11).
This reflects the low remission rate with thionamides alone in Graves’ disease (<50%,
especially in cases with severe biochemical disease, large goitre and possibly in men)
13 and lack of curative effect of these drugs in toxic nodular hyperthyroidism.

In mild clinical/biochemical disease, then prompt treatment with "*'iodine (without
preceding thionamides) is often appropriate *; in severe clinical or biochemical
disease thionamides should be administered (typically for 2-3 months) until the serum
FT4 is normal or near normal.>*'* Propylthiouracil, but not carbimazole, may induce
relative radioresistance determining the need for larger or repeated doses of
radioiodine. >

All patients proceeding to surgery should be rendered euthyroid (normal FT4 and
FT3) with thionamides ** (11). Preparation with beta adrenergic-blockers, iodine or
similar agents alone is considered inadequate unless thionamides are contraindicated.

o The degree of elevation of serum FT4 and FT3 provides an indication of the
severity of hyperthyroidism and should be interpreted in the context of clinical

symptoms and signs to direct first-line therapy (111,B).

4.1.3 Assessing Response to Therapy

a) Thionamide therapy. In patients being treated with thionamides, regular
measurement of FT4 and TSH is essential in order to adjust drug doses to allow
control of disease and avoidance of iatrogenic hypothyroidism.>™* Measurement of
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serum TSH alone is not adequate since TSH may remain suppressed for weeks-
months after initiation of thionamides, especially in Graves’ disease *, so drug doses
should be titrated against measurements of FT4 (or FT3 in cases of T3-toxicosis).

Biochemistry should be checked every 4-6 weeks for the first few months after
initiation of thionamides.>* Once doses have been reduced to maintenance levels,
testing may be less frequent (approximately every 3 months). A fall in FT4 to low
normal or to below the normal range should prompt reduction in thionamide dosage.
A rise in serum TSH also indicates the development of hypothyroidism and the need
for dose reduction. Persistent suppression of serum TSH should not, in itself, prompt
an increase in thionamide doses.

Where patients are to be treated with a ‘block and replace’ regimen, a thionamide is
given alone for the first 4-6 weeks (e.g. carbimazole 40mg daily). Thyroxine (e.g.
125ug daily) is added in when the FT4 concentration has normalised while continuing
with the same dose of antithyroid drug. The TSH and FT4 should be checked 4-6
weeks thereafter and adjustments made to the dose of thyroxine if indicated. FT4 and
TSH should be checked again after 4-6 weeks; if the FT4 is in the reference range and
TSH not elevated, the same dose is continued and tests checked again after 3 months.
The serum TSH may remain suppressed for several months after initiation of
antithyroid drug treatment and decisions about adjustment of medication should be
influenced largely by the FT4 concentration. Once the FT4 and TSH have normalised
the required dose of antithyroid drug and thyroxine is unlikely to vary and TFT may
be checked less frequently (e.g. six monthly). Systematic review has shown that the
use of a ‘block and replace regimen’ is not superior to a dose titration regimen in
terms of 7r1e;nissi0n rate in Graves’ disease and may be associated with more adverse
events. "

Persistent elevation in serum FT4 despite apparent adequate prescription of
thionamides usually indicates poor compliance (I11). Persistent biochemical
hyperthyroidism after weeks-months of therapy makes induction of remission in cases
of Graves’ disease very unlikely. Persistent suppression of TSH while on thionamides
may also indicate poor likelihood of Graves’ diseases entering remission, although
evidence is conflicting.'*?°

o Serum FT4 and TSH should be measured in all patients receiving
thionamides. In most cases the FT4 result will be the marker of choice to
guide therapy (11,B)

o Thyroid function tests should be performed every 4-6 weeks after commencing
thionamides. The frequency of testing should be reduced to every ~3months
once a maintenance dose is achieved (11,B)

b) Radioiodine therapy. Serum FT4 and TSH should be checked every 4-6 weeks for
several months after administration of "*'iodine. A fall in serum FT4 to below normal
or rise in TSH should prompt reduction in dose or withdrawal of any thionamide
administered post-radioiodine therapy. In those not receiving thionamides, a mild and
transient rise in serum TSH may be observed in the first 6 months after '*'iodine and
does not necessarily indicate the need for commencement of thyroxine replacement

therapy.21 A more marked or persistent rise in serum TSH (>20 mU/L for more than
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one month), especially if associated with symptoms, should prompt thyroxine
prescription. Persistent elevation of FT4 six months after radioiodine therapy
indicates lack of cure and need for consideration of re-dosing.** Suppression of serum
TSH may persist for weeks-months after radioiodine and does not, at present, indicate
the need for re-treatment (see Section 4.2). If FT4 is normal (off thionamides)
approximately 6 months after radioiodine, the frequency of testing may be reduced to
3 monthly and then 6 monthly. After an interval of euthyroidism (normal serum FT4)
of more than 12 months after radioiodine therapy, the patient may be transferred to
annual testing (see Section 4.1.4).

Serum FT4 and TSH should be measured in all patients treated with
radioiodine. In most cases the FT4 result will be the marker of choice to
guide therapy (11,B)

Thyroid function tests should be performed every 4-6 weeks for at least six
months following radioiodine therapy (11,B). The frequency of testing may be
reduced when the FT4 remains within the reference range, although an annual
TFT is still required (111,B).

A fall in FT4 to below the reference range or a rise in TSH to above the
reference range should prompt reduction in thionamide dosage or drug
withdrawal in subjects prescribed these agents following radioiodine therapy,
followed by re-assessment off thionamaide therapy (111,B)

A serum TSH result of >20mU/L following radioiodine therapy in a patient
not receiving thionamides in the previous 4-6 weeks should trigger thyroxine
therapy (11,B)

4.1.4 Long-Term Follow Up

All patients who have received radioiodine therapy for hyperthyroidism or surgery
(partial thyroidectomy) require life-long follow-up to identify development of
hypothyroidism. Using a computerised recall system and testing of thyroid function
(TSH plus FT4) approximately every 12 months most efficiently achieves this.”
Measurement of serum TSH is the most sensitive and specific indicator of onset of
hypothyroidism. Follow-up may also indicate recurrence of hyperthyroidism; this is
rare in those previously rendered euthyroid by radioiodine but relatively common in
those previously treated by partial thyroidectomy.** Regular thyroid function tests
should also be undertaken in any patient treated long-term with thionamides (testing
every 6-12 months).

4.2

Life-long thyroid function testing is required for all patients who have
received radioiodine therapy or surgery for hyperthyroidism (11,B)

Regular thyroid function testing is required for all patients being treated with
long-term thionamides (11,B)

Subclinical (Mild) Hyperthyroidism
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4.2.1 Diagnosis

This is essentially a biochemical diagnosis based on the finding of low serum TSH in
association with normal serum concentrations of FT4 and FT3. Clinical symptoms
and signs are typically absent or mild/non-specific.”

It should be noted that a low serum TSH (especially if reduced but >0.1mU/L) can
reflect ‘non-thyroidal illness’ and various drug therapies (see Chapter 7). This is a
frequent finding in hospitalised patients. In primary care a serum TSH of <0.ImU/L is
more likely to indicate mild thyroid hormone excess *°.

o Subclinical hyperthyroidism is defined as a low serum TSH in the presence of
normal concentrations of FT4 and FT3 (11,B)

4.2.2 Guiding treatment/follow-up

The finding of a low serum TSH should prompt consideration of the cause. If non-
thyroidal illness and relevant drug therapies have been excluded then repeat
measurement of TSH (with serum FT4 and FT3) should be performed, to exclude
progression to overt hyperthyroidism and to determine if the biochemical abnormality
is persistent. The timing of repeat assessment should be based on the clinical picture;
more frequent testing may be appropriate if the subject is elderly or has underlying
vascular disease, otherwise repeat biochemical testing after 3-6 months may be
appropriate.”’

Growing evidence suggests subclinical hyperthyroidism in elderly subjects is
associated with increased risk of development of atrial fibrillation *° and increased
vascular mortality.”’ Persistent subclinical hyperthyroidism should prompt specialist
referral (111). The thyroid specialist may seek evidence for underlying nodular or
Graves’ disease (on the basis of clinical, immunological or imaging findings) and
consider treatment with *'iodine or thionamides.”

If treatment is not given, long-term follow-up of undetectable TSH is important
because of risk (albeit low) of progression to overt disease (characterised by a rise in
serum thyroid hormones).*®
e  Patients with subclinical hyperthyroidism that cannot be explained by non-
thyroidal illness or drug therapy should have repeat thyroid function testing
with a frequency initially determined by the clinical findings (111,B)

o Persistent subclinical hyperthyroidism should prompt specialist referral
(11,B)

o Untreated subclinical hyperthyroidism should be followed into the long term

by testing thyroid function every 6-12 months (111,B)

4.3 Inappropriate TSH
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4.3.1 Diagnosis

This is a biochemical diagnosis in which elevation in circulating FT4 and/or FT3 is
associated with an “inappropriately” detectable or elevated serum TSH
concentration.’ If this biochemical picture is observed then assay artefact/laboratory
error should be considered first (111). Common explanations are binding protein
abnormalities leading to apparent elevation of FT4 (e.g. familial dysalbuminaemic
hyperthyroxinaemia) or antibody interference with measurements of FT4, FT3 or
TSH, although these problems are assay dependent.

Once the laboratory has excluded such explanations (Chapter 7) then the cause of
“true” inappropriate TSH should be considered (111). The major diagnoses are a TSH-
secreting pituitary tumour (TSH-oma) or a syndrome of thyroid hormone
resistance.”~° The finding of an elevated serum sex hormone binding globulin
(SHBG) and circulating free alpha subunit may support the diagnosis of TSH-oma, as
may the finding of hyper- or hypo-secretion of other pituitary hormones. Pituitary
imaging usually confirms the diagnosis but should not be undertaken until the
appropriate biochemical confirmation has been made. A syndrome of thyroid
hormone resistance can be confirmed by family history; sequencing of the beta
thyroid hormone receptor (available through the Supraregional Assay Service
http://www.sas-centre.org/) confirms the diagnosis.

o The finding of an inappropriate TSH in the presence of elevated FT4 and/or
FT3 should stimulate the laboratory to consider errors or assay artefacts
(INB). Confirmation by repeat, including another assay is good practice (V).

o The measurement of serum SHBG, alpha subunit and other anterior pituitary
hormones can help to distinguish TSH-oma from thyroid hormone resistance
(1nB)

4.3.2 Guiding treatment

TSH-secreting pituitary tumours require treatment in a specialist centre. Therapy
should be monitored by serial measurement of FT4, FT3 and TSH.?' Patients with
thyroid hormone resistance often require no therapy or only symptomatic treatment
with beta adrenergic blocking agents. Treatment with radioiodine or thionamides is
contraindicated. An important consequence of the diagnosis is thus avoidance of such
treatments through incorrect interpretation of thyroid function tests.*>

38



5. Thyroid Function Testing in Pregnancy and Neonates

5.1 Introduction

During pregnancy oestrogen production increases and TBG concentrations rise,
leading to an increase in TT4 and TT3. There is also a fall in serum TSH during the
first trimester ' as a result of the mild thyrotrophic effect of HCG. Depending on the
method used there may be a modest decrease in FT4 in the first trimester, but in the
second and third trimesters the serum FT4 and FT3 levels decrease and may fall
below the reference range derived from non-pregnant women. The magnitude of this
fall in free thyroid hormones is method dependent. After delivery levels of thyroid
hormones and TSH normally return to the pre-pregnant state. Trimester-related
reference ranges should be applied for TSH and for total and free thyroid hormones;
for free hormones these ranges should be appropriate to the method used by the
laboratory. (111).

In pregnancy there is an increased requirement for thyroxine, the reasons for which
are incompletely understood.* In the first trimester of pregnancy the foetus is
dependent for normal development of the brain on maternal thyroid hormones; hence
it is vitally important that adequate maternal levels of thyroid hormones are
maintained. There is also an increased requirement for iodine through pregnancy,
which becomes clinically significant in areas of iodine deficiency. A daily intake of
200pg in pregnancy is recommended by the WHO; nutritional surveys indicate that
iodine deficiency is not generally a problem in the UK.

Changes in the immune system take place during and after pregnancy which influence
the course of existing autoimmune thyroid disease and also predispose to the relapse
or de novo development of autoimmune thyroid disease.

e Both TSH and FT4 (and FT3 also when TSH is below the detection limit of a
reputable assay) should be used to assess thyroid status and monitor
thyroxine therapy in pregnant patients. (111,B)

o Trimester- and method-specific reference intervals should be used when
reporting thyroid test values for pregnant patients (111,B)

The role of TFT in hypothyroidism and hyperthyroidism are described in detail in
Chapters 3 and 4, so only aspects relating specifically to pregnancy are included here.

5.2 Hypothyroidism

Maintenance of a true euthyroid state is particularly important during pregnancy. In
the early stages of gestation, before the foetal thyroid gland becomes active (about 12
weeks gestational age), maternal thyroid hormone is required for normal foetal
neurological development. There is an increased need for thyroxine during pregnancy
in women with hypothyroidism '** and absorption of thyroxine may be diminished.®
Several recent studies report both increased foetal loss as well as IQ deficits in infants
born to mothers with either undiagnosed or inadequately treated hypothyroidism "*
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and it is also suggested that early identification and treatment of mild (subclinical)
hypothyroidism may prevent the long-term effects of low thyroid hormone levels on
the psychomotor and auditory systems of the neonate. The impairment appears to
relate to the level of T4 rather than hypothyroidism per se ° and even mild degrees of
hypothyroidism or presence of TPO-AD are also incriminated."

o The thyroid status of hypothyroid patients should be checked with TSH + FT4
during each trimester (11,B). Measurement of T3 is not appropriate.

The FT4 level should be maintained at the upper end of the non-pregnant reference
range in the first trimester, with the TSH at the lower end of the reference range or a
little below (0.4 — 2.0mU/L would be appropriate as this is normal for pregnancy).
Results should ideally be monitored against trimester-related reference ranges.

o Normal TSH and FT4 concentrations for the gestational age should be
maintained. (11,B)

Patients receiving thyroxine replacement therapy who become pregnant usually
require an increased dose (an extra 25 or 50 ug/day) at diagnosis of pregnancy to
maintain normal serum TSH levels.>*>!"!

o In hypothyroid patients the TSH should be checked and the thyroxine dose
should be adjusted as soon as pregnancy is diagnosed (11,B)

o The dose of thyroxine will usually require a small increase, to ensure that the
FT4 level is in the (upper) reference range and the TSH in the low/normal
range (0.4 — 2.0mU/L would be appropriate as this is normal for pregnancy)
(11,B)

o Anincrease in the dose of T4 is especially important for women who have been

treated for thyroid cancer, to ensure that the TSH remains fully suppressed
(v.C)

o After delivery the TSH should be checked (eg at 2 to 4 weeks post-partum, at
which time the dose of thyroxine can usually be reduced back to the pre-
pregnancy level (111,C)

o Ideally, the following sequence of TFT should be performed in the
hypothyrozd woman during pregnancy:

before conception if possible

= at time of diagnosis of pregnancy

= at antenatal booking

= at least once in second and third trimesters and again after delivery
(e.g. 2-4 weeks post-partum)

= the newly diagnosed hypothyroid patient will need to be tested
frequently (e.g. every 4-6 weeks) until stabilized (¥)

5.3 Hyperthyroidism
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Patients being treated with antithyroid drugs will require the dose to be revised at the
diagnosis of pregnancy, as these drugs cross the placenta. The dose of anti-thyroid
drug is kept to the minimum consistent with maintaining euthyroidism.'>"® Patients
on a 'block and replace' regimen should be changed immediately to a maintenance
dose of anti-thyroid drug only ' Patients on carbimazole may be switched to PTU
which it is claimed has some advantages in the pregnant patient 415 and is preferable
during breast feeding.

The FT4 level should be maintained at the upper end of the reference range.'® This is
particularly important in the first trimester, when even mild hypothyroidism must be
avoided, because of both the risk to the foetus, and also increased rates of spontaneous
miscarriage and premature delivery. Results should be monitored against trimester-
related reference ranges.

Previous successful treatment of hyperthyroidism does not guarantee absence of
thyroid related problems during pregnancy. Relapse is more likely to occur after
delivery. There is also the possibility of intrauterine or neonatal thyrotoxicosis
developing in the mature foetus or newborn if there is a high maternal titre of TSH-
RAD'® even in women requiring T4 replacement therapy after thyroid surgery and/or
BT therapy. Graves' disease may present de novo after delivery.

o [n hyperthyroid women taking anti-thyroid drugs thyroid function tests should
be performed prior to conception if possible, and therapy modified if
appropriate (1V,C)

o Hyperthyroid women taking anti-thyroid drugs should have thyroid function
tests checked at the time of diagnosis of pregnancy or at antenatal booking,
when the therapy may need to be modified (eg to PTU) and the dose reduced
(11,B)

e Pregnant women who are hyperthyroid should be seen by a specialist (111,B)

o The newly diagnosed hyperthyroid patient will require frequent testing during
pregnancy (e.g. monthly) until stabilised (11,B). FT4 rather than TSH is the
result that will guide therapy.

e Pregnant women receiving anti-thyroid medication should be tested frequently
(perhaps monthly) and the dose reduced to the minimum required to maintain

a euthyroid state (i.e. FT4 normal), or discontinued toward term if the patient
is euthyroid. (11,B)

o Women who have been successfully treated previously for hyperthyroidism
and are euthyroid at antenatal booking may be checked again once in the
second and third trimesters. (IV,C)

o All previously hyperthyroid women should be retested after delivery, as there
is a significant chance of relapse at this time. (11,B)
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o  Measurement of TSH-RAD at antenatal booking can be useful and if negative
or low need not be measured again. A very high titre can predict the chance of
intrauterine or neonatal thyrotoxicosis developing. (IV,C)

o The obstetrician must enquire about past history of thyroid disease, as women
who have had previous thyroidectomy for Graves' hyperthyroidism and are
currently euthyroid or hypothyroid may still have high titres of TSH-RAb with
concomitant risk of neonatal Graves’ disease. (IV,C)

54  Post-Partum Thyroiditis
Post-partum thyroiditis '“'"'® occurs in rather more than 5% of the population in
iodine-replete areas, within 2 to 6 months after delivery or miscarriage. It gives rise to
transient thyroid dysfunction, which is most frequently characterised by a brief
thyrotoxic phase followed by hypothyroidism, usually with spontaneous resolution.
The thyroid is painless and often there is no goitre; symptoms are often non-specific
(eg tiredness, anxiety, depression), so awareness and use of TFT are important. TPO-
Ab results are usually positive, and the presence of TPO-ADb in early pregnancy
predicts a 30 — 50% chance of postpartum thyroiditis developing.

If the initial TFT show a thyrotoxic pattern, further tests are required to differentiate
postpartum thyroiditis from Graves' disease. These would include an isotope uptake +
scan using either PTc or 21 (but not 13 II), both of which necessitate temporary
cessation of breast feeding. Measurement of TSH-RAb may also be useful if
available. If the thyrotoxicosis is secondary to postpartum thyroiditis treatment is not
required but the TFT should be monitored to detect onset of hypothyroidism.

If the initial tests show hypothyroidism thyroxine treatment should be started in a
symptomatic patient, but may be discontinued after about 6 months when the TSH
should be checked to determine if further thyroxine treatment is required.

o Post-partum patients should have TSH and FT4 measured at 6 — 8 weeks
post-partum (or post-abortum) if they have any of the following: (11,B)
- goitre
- non-specific symptoms that may suggest thyroiditis
- previous history of post-partum thyroiditis
- previous history of autoimmune thyroid disease
- positive TPO-Ab

= [fthe initial TFT show a thyrotoxic pattern, further tests are required to
differentiate postpartum thyroiditis from Graves' disease (11,B).

= [f'the thyroid function tests show hypothyroidism thyroxine therapy should be

started in a symptomatic patient (11,B)

55 Screening for Thyroid Disease during Pregnancy
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There is now substantial evidence that thyroid deficiency during pregnancy can result
in problems in development of the young child.”'® In the early stages of pregnancy
the developing foetus is entirely dependent on the mother's thyroid hormone, so it is
vitally important that the pregnant woman's thyroid hormone levels are adequate.

The question therefore is whether all pregnant women should be screened.'””” The
issues are well discussed ' and the British Thyroid Association will be giving its
attention to these, but currently the recommendations are as follows:

e Pregnant women in the following categories should have thyroid function
assessed either at diagnosis or at antenatal booking, or even before
conception if feasible (11b,B)

- type-1 diabetes

- previous history of thyroid disease
- current thyroid disease

- family history of thyroid disease

- goitre

- symptoms of hypothyroidism

o Thyroid function testing during pregnancy should comprise both TSH and FT4
(11,B). TPO-Ab should also be considered as this has predictive value for
both post-partum thyroiditis and foetal impairment (1\V,C)

56  Neonatal Thyroid Assessment

5.6.1 Reference Ranges in Neonates

At delivery the normal full term neonate shows a marked and rapid increase in serum
TSH as a consequence of cutting the umbilical cord. The peak TSH surge occurs
within 30 minutes of birth reaching concentrations that would be diagnostic of
primary hypothyroidism in an adult. Serum TSH then starts to fall after 1-2 hours so
that by 2-3 days they have returned to concentrations typical of adults. Following the
TSH surge there is release of T4 and T3 and a progressive increase in serum FT4 and
FT3 during the first 24-36 hours of postnatal life followed by a gradual return over the
next few days to concentrations typical of normal adults.”' Similar, though less
pronounced changes occur in premature neonates such that premature neonates are in
a state of relative hypothyroxinaemia.”* Premature neonates may be considered as
having a specific form of non-thyroidal illness (NTI) (see Chapter 7) and as they
mature the TSH, FT4 and FT3 mimic the recovery phase from NTI. Few laboratories
will have definitive reference ranges for TFT in neonates and so there is reliance on
literature values.

o Unless there are compelling clinical reasons thyroid function testing should be
avoided during the first three days of life. Where testing is performed TFT
results should be interpreted with care and repeat testing after a few days is
recommended before any firm diagnosis is reached. (111,B)

5.6.2 Neonatal Screening for Congenital Hypothyroidism
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This topic has already been addressed in Chapter 3. The recommendations are
repeated here for the sake of consistency. Details of policies and standards for
newborn blood spot screening in the UK are published .

o All newborn babies should be screened for congenital hypothyroidism by
measurement of bloodspot TSH using a sample collected within 2-7 days after
birth, as part of a national screening programme. (11,B).

o The measurement of thyroid related hormones as part of a neonatal screening
programme should be restricted to specialist laboratories and should have a
turnaround time of <5 days (111,B).

o Confirmation of the diagnosis of congenital hypothyroidism involves
measurement of serum TSH and FT4 in both mother and neonate and TSH
receptor antibody in the mother. (111,B).

o All hypothyroid neonates should be treated as early as possible. Treatment
must be started within the first 18 days of life (1b,A).

5.6.3 Neonatal Hypothyroidism

Treatment for neonatal hypothyroidism should be started as soon as possible, without
necessarily waiting for confirmatory TFT or thyroid scanning. Every day of delay
may result in loss of IQ**. Therefore, it is safer to start treatment that can be stopped
than to delay the introduction of treatment. Investigations such as scintigraphy,
ultrasonography and measurement of circulating thyroglobulin concentrations may
help to determine the precise cause of neonatal hypothyroidism. If scintigraphy cannot
be performed before or soon after thyroxine therapy is commenced it can be
performed when the infant is 3 years old. At that time thyroxine can safely be
discontinued for one month. Confirmation of hypothyroidism may be obtained at this
time by measurement of TFT while off therapy.25

Thyroxine is the replacement hormone of choice. The goals of treatment are to raise
the serum FT4 as rapidly as possible into the normal range, adjust the thyroxine dose
with growth to keep the serum FT4 in the upper half of the reference range and the
TSH normal, and maintain normal growth and development while avoiding
overtreatment.”® For a term neonate a high starting dose of 50pg per day (10-15
ng/kg) is typical and this dose may not need to be changed for many months.”
Smaller doses of 25-37.5ug per day may be more appropriate if the biochemical
abnormality is more subtle.

A neonate born to a mother with Graves’ disease may have primary hypothyroidism
on biochemical testing because of the transfer of antithyroid drug or ‘blocking” TSH-

RADbto the fetus.

Monitoring of thyroxine replacement should take place 1-2 monthly during the first
year of life and 3-6 monthly thereafter until growth has been completed.

o The measurement of both TSH and FT4 are required to optimise thyroxine
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replacement in infants. Age-related reference ranges should be used. (11,B).

o  Serum TSH and FT4 should also be measured in the mother of a neonate with
suspected congenital hypotrhyroidism. Measurement of maternal TSHRAD is
also helpful when transient hypothyroidism is a possibility (¥)

5.6.4 Neonatal Hyperthyroidism

Hyperthyroidism is rare in neonates, accounting for at most 1% of the cases of
hyperthyroidism in childhood. Nearly all cases of neonatal hyperthyroidism are
associated with maternal Graves’ disease where the cause is transplacental passage of
TSH-RADb. Hyperthyroidism is likely only in neonates of mothers that have
appreciably elevated TSH-RAD but these women may themselves be hypothyroid as a
result of previous treatment. It is possible for neonatal hyperthyroidism to be masked
in the first few days of life by transplacental passage of antithyroid drugs being taken
by the mother with Graves’ disease. A very high titre of TSH-RAD in mid-or late
pregnancy can predict a risk of intrauterine or neonatal thyrotoxicosis *’.

The diagnosis of neonatal hyperthyroidism should be confirmed by measurement of
serum TSH and FT4. This diagnosis may be made in cord blood from a woman with a
history of Graves’ disease. Treatment with antithyroid drugs should be initiated
promptly with FT4 being used to guide therapy. In most neonates improvement is
rapid and treatment can be withdrawn in several weeks or months, according to the
clinical findings and measurements of serum TSH and FT4.*

Hyperthyroidism in most neonates subsides spontaneously over 3-12 weeks after birth
as the maternal TSH-RAD disappears from the infant’s serum. However, a rarer form
of persistent neonatal hyperthyroidism is caused by germ line mutations in the TSH

receptor and the condition may also be associated with McCune Albright syndrome .

o The diagnosis of neonatal hyperthyroidism requires measurement of serum

TSH and FT4. Both TSH and FT4 should be measured at regular intervals to
guide treatment with antithyroid drugs. (111,B)
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6 Thyroid Function Testing in Thyroid Cancer

6.1 Introduction

Thyroid cancer may be differentiated (papillary or follicular), medullary or anaplastic.
The use of thyroid function tests differs with the type of thyroid cancer. Details of the
diagnosis and general treatment of thyroid cancer can be found in "Guidelines for the
management of thyroid cancer in adults" published by British Thyroid Association
and the Royal College of Physicians.'

6.2  Differentiated Thyroid Cancer

6.2.1 The Role of TSH and Thyroid Hormones

a) Diagnosis. Patients with thyroid cancer usually present with a nodule or goitre.
Thyroid function tests should be performed to aid the diagnosis of conditions such as
toxic nodular goitre or goitrous hypothyroidism. Thyroid function tests do not directly
aid the diagnosis of thyroid cancer, as patients are generally euthyroid.

b) Monitoring treatment. After surgery for thyroid cancer an important aspect of
treatment is the long-term suppression of TSH with exogenous thyroid hormone.
Thyroxine is used in preference to tri-iodothyronine for this purpose and the dose
should be sufficient to suppress the TSH to <0.10mU/L in a reputable second or third
generation TSH assay (I11). The serum FT4 is usually elevated on this dose and does
not need to be within the ‘reference range’; however clinical features of over treatment
should be noted. The dose of thyroxine should be adjusted by 25ug (about every 6
weeks) until the serum TSH is adequately suppressed (I11). Most patients will require
175 or 200 pg daily.

c) Long term follow-up. After surgery the supervision of the replacement treatment is
best done by an endocrinologist. The aim of treatment is to maintain the serum TSH at
a level <0.1mU/L (I11). General practitioners should be advised of the need for this
suppression and of the target TSH level.

o After thyroidectomy for thyroid cancer the TSH should be suppressed to and
maintained at a level of <0.1 mU/L in a reputable assay (111,B)

6.2.2. Thyroglobulin and Thyroglobulin Antibodies

Details of the assay methodology for the measurement of thyroglobulin can be found
in Chapter 7 and also in Appendix 2 of "Guidelines for the management of thyroid
cancer in adults". ' A recent article has reviewed the clinical impact of method
differences for the measurement of thyroglobulin (Tg) and thyroglobulin antibody

(TgAb) on the management of patients with differentiated thyroid carcinomas .

Although Tg is a specific and extremely useful tumour marker for differentiated
thyroid cancer it has no role in the diagnosis of the condition. Thyroglobulin is
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secreted by both normal and cancerous thyroid cells, therefore in patients who have
not had a total thyroidectomy and "*'iodine ablation, the interpretation of serum Tg
measurements is limited by the inability to differentiate between tumour and thyroid
remnant.

o The measurement of serum thyroglobulin has no role in the diagnosis of
thyroid cancer (¥')

b) Assessing response and monitoring treatment. In patients who have been treated
with total thyroidectomy and "*'iodine ablation, detectable serum Tg (>2ug/L) is
highly suggestive of residual or recurrent tumour, but could also indicate
persistence of a remnant of normal thyroid tissue.” The sensitivity of serum Tg
measurements for detecting recurrence is enhanced by an elevated TSH
concentration. Therefore, Tg should preferably be measured when the serum TSH
is more than 30 mU/L, usually in conjunction with a whole-body radioiodine scan;
this can be achieved by either withdrawal of thyroxine or administering
recombinant TSH. To assess TSH status TFT should be performed whenever Tg is
being measured. The profile of the TFT will be determined by the nature of
thyroid hormone replacement (thyroxine or tri-iodothyronine).

Endogenous TgAb may interefere in Tg assays, causing either falsely elevated or
falsely lowered results, making interpretation difficult. Therefore, it is recommended
that TgAb be measured at the same time as Tg. However, the absence of elevated
TgAb in one assay does not entirely exclude their presence * nor exclude the
possibility of interference in Tg assays. Discrepancy of Tg results measured by
radioimmunoassay and immunometric assay may indicate interference by TgAb.
There is evidence that TgAb themselves have some value in monitoring response to
treatment.”

c¢) Long term follow-up. There is normally no need to measure serum Tg more
frequently than 3 monthly during routine follow-up, and for patients in remission
annual measurement should suffice. For routine follow-up of patients in remission
serum Tg can be measured while the patient is taking TSH suppressive therapy. If
the serum Tg is detectable while on suppressive therapy there is no need for TSH
stimulation.

Different assays for Tg can give different results depending on the assay antibody
specificity and the degree of interference from endogenous antibodies (Chapter 7).
Therefore, to ensure continuity in monitoring, clinicians should use the same
laboratory and Tg assay on a long-term basis. Laboratories should not change
methods without prior consultation with clinical users of the service *.

o Samples for thyroglobulin assay should not be collected for at least 4-6 weeks
after thyroidectomy, or "*'iodine therapy. (11,B)

o [n a sensitive assay (RIA or IRMA) detectable thyroglobulin usually indicates

the need for further investigation to identify the source. (11,B). The laboratory
should advise of the cut-off level for a particular assay method.
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o Thyroid function tests should be performed whenever thyroglobulin and
thyroglobulin antibodies are measured (11,B). The requesting clinician
should indicate on the form whether the patient is on thyroxine or tri-
iodothyronine therapy.

o Thyroglobulin antibodies should be measured at diagnosis and
simultaneously with measurement of thyroglobulin. (1V,C)

o [fTgAb are detectable, measurement should be repeated at regular (~6
monthly) intervals. If undetectable they should be measured at follow-up
when thyroglobulin is measured. The development of increasing TgAb
may indicate recurrence of tumour. (11,B)

o For best sensitivity Tg should be measured when the serum TSH is >30
mUY/L. (after thyroxine withdrawal or the use of recombinant human TSH)
(11,B). There is no need for TSH stimulation if the serum Tg is already
detectable.

o For routine follow-up of patients in remission, serum Tg can be measured
while the patient is taking TSH suppressive treatment. (11,B)

o The frequency of Tg measurement during follow-up of thyroid cancer will be
determined by the clinical condition of the patient, whether the tumour has
been deemed high risk or low risk and on previous results.

o Thyroglobulin assays are difficult and continuity of availability and use is
recommended (V')

e Laboratories should not change methods without prior consultation with
clinical users of the service (V')

6.2.3 Recombinant Human TSH (rhTSH)

Detailed recommendations for the use of thTSH in the management of
differentiated thyroid cancer can be found in Appendix 3 of "Guidelines for the

management of thyroid cancer in adults"."

a) Assessment of response to treatment. RhTSH (thyrogen) is used as a
provocative test to assess if any thyroid cancer cells remain after ablative therapy.
It is not currently available for therapeutic use. Withdrawal of thyroxine
treatment is not necessary prior to the administration of thTSH. The thTSH test is
used only in patients:

- who have had total thyroidectomy and remnant ablation

- who have no clinical evidence of residual or recurrent disease

- when the basal Tg is <2ug/L and TgAb are negative
The rhTSH test is specifically indicated for patients who are unable to mount a
TSH response to thyroxine withdrawal, and those for whom a period of
hypothyroidism may be dangerous; however its use need not be restricted to the
latter groups.
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Although the thTSH test has only recently been introduced, the evidence which is
evolving suggests that the test is probably as reliable as thyroxine withdrawal °,
and that measurement of the thyroglobulin response may be adequate without the
need for "*'iodine scan, particularly in low-risk patients.*

o The measurement of Tg stimulated by the administration of recombinant
human TSH is a sensitive probe of recurrent thyroid cancer and does not
require thyroxine withdrawal (111,B)

b) Protocol. RhTSH must only be used in accordance with the manufacturer’s
instructions. After administration of thTSH the presence of tumour tissue is
detected by measurement of serum thyroglobulin with or without a Bliodine scan.
The protocol is as follows:

- On each of days 1 and 2 thTSH 0.9 mg is administered by deep IM injection

- A tracer dose of *'iodine is given on day 3 and the scan performed on day 5.
(The tracer dose of "*'iodine should be approximately 150 MBgq; a minimum of 30
minutes scanning time or a minimum of 140,000 counts per minute should
be obtained)

- Serum Tg is measured on day 5. If a 131iodine scan has been performed as
part of the protocol the laboratory should be informed since the presence of
residual radioactivity has implications for sampling handling and transport and for
the method used to measure Tg.

¢) Interpretation of test result.

o A thyroglobulin level of >2ug/L after recombinant human TSH indicates
the need for further investigation (111,B)

e Ifthe thyroglobulin is stimulated by rhTSH and "*'iodine scan is either
negative or not done, then further tests are required to localise the
presumed tumour tissue. (1V,C)

o A newly detectable Tg level or a Tg level rising over time after rhTSH
stimulation, or a high index of suspicion of metastatic disease, even in the
setting of a negative radioiodine scan, should prompt further evaluation
with thyroid hormone withdrawal. (1V,C)

6.3 Medullary Thyroid Cancer (MTC)

Details of the diagnosis and management of MTC can be found in "Guidelines for

the management of thyroid cancer in adults".!

6.3.1 Calcitonin

Details of the analytical considerations for the measurement of serum calcitonin
can be found in Chapter 7 and Appendix 2 of "Guidelines for the management of

Hl

thyroid cancer in adults".
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a) Diagnosis. Calcitonin is a useful tumour marker for medullary thyroid cancer.
Pre-operative diagnosis should include baseline values for calcitonin. There is a
positive correlation between the calcitonin level and the tumour mass. A
stimulation test with calcium/pentagastrin may also be indicated in the following
situations:

- To confirm a diagnosis of MTC pre-operatively when calcitonin levels are

only mildly elevated (<100ng/L)

- To detect C-cell disease in RET positive gene carriers (see Section 6.3.3)

- For pre-surgical assessment of RET positive children

- For post-operative monitoring for tumour recurrence

o A pre-operative value for plasma calcitonin (preferably fasting) should be
measured in patients with medullary thyroid cancer to establish a baseline
for the longer-term follow up. (¥')

o A stimulation test with calcium/pentagastrin may be indicated in some
patients (¥)

b) Monitoring treatment. Patients with MTC will require lifelong follow-up,
including regular measurement of plasma calcitonin. The response to primary
surgery can be assessed both clinically, and by the measurement of calcitonin The
finding of an elevated calcitonin level post-operatively requires further
investigation and progressively rising concentrations of calcitonin should trigger
imaging for further staging.

e Response to primary surgery can be assessed both clinically, and by the
measurement of calcitonin. (11,B)

o A post-operative plasma calcitonin level is required to aid the longer-term
follow-up. Post-operative samples should be collected at least ten days
after thyroidectomy and should be fasting samples if possible (V).

o The finding of an elevated calcitonin level post-operatively requires further
evaluation. (11,B)

o Progressively rising levels of calcitonin should trigger imaging for further
staging. (11,B)

o Lifelong calcitonin measurement is recommended for patients with
medullary thyroid cancer. The frequency of measurement will be

determined both clinically and by the previous calcitonin result (¥').

6.3.2 Thyroid Function Tests in Medullary Thyroid Cancer

Thyroid function tests have no place in the diagnosis of MTC. However, TFT
should be monitored during follow-up in patients who have had thyroid ablation in
order to optimise thyroid hormone replacement. TSH suppression is not
appropriate for the treatment of MTC and so thyroid hormone replacement should
follow the guidelines for treating hypothyroidism.

6.3.3 Genetic Testing in Medullary Thyroid Cancer
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Detailed recommendations for genetic investigation can be found in "Guidelines

for the management of thyroid cancer in adults"."

o All new patients with MTC should be referred to a Clinical Genetics
Service for RET mutation testing, whether or not there is an evident family
history (11,B)
o RET mutation testing includes exons 10, 11, 13, 14,15 and 16, failure to
screen of exons 13-16 is an incomplete test. (111,B)
6.4.  Anaplastic Thyroid Cancer
Thyroid function tests have no place in the diagnosis of anaplastic thyroid cancer.

However, TFT should be monitored during follow-up in patients who have had
thyroid ablation and the dose of thyroxine adjusted accordingly.
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7. Laboratory Aspects of Thyroid Function Testing

7.1 Introduction

This chapter concerns itself with identifying the various hormone measurements that
are widely available for thyroid function testing and outlining the general principles of
how such tests should be selected, performed, reported and interpreted. The pitfalls of
thyroid function testing are discussed and recommendations given regarding how such
problems may be recognised or avoided. These recommendations have been
formulated from a number of sources but in particular from the detailed “Laboratory
Support for the Diagnosis and Monitoring of Thyroid Disease” guidelines published
by the National Academy of Clinical Biochemistry. '

7.2 Biochemical Investigations for Thyroid Dysfunction

7.2.1 Provision of Laboratory Tests

In the majority of cases there is no urgency for receipt of routine TFT but all
laboratories should be capable of issuing results for these tests within 48 hours from
receipt of the specimen.

In some circumstances a more rapid response is desirable. For example a turnaround
time of less than 24 hours should be provided for hospitalised patients who have been
admitted with thyroid disease as a cause of their presenting symptoms.

Thyrotoxic crisis and myxoedema coma are medical emergencies with significant
morbidity and mortality if not treated promptly and adequately. Because of their rarity
few clinicians have first-hand experience of their diagnosis and management and
therefore rely heavily on biochemical proof of clinical suspicion. In these two
situations rapid provision of TFT is desirable but such requests should be supported
by an endocrinologist.

7.2.2 Grouping of Thyroid Function Tests

The tests used to investigate thyroid dysfunction can be grouped into:

- Blood tests which establish if there is thyroid dysfunction (TSH, FT4, FT3)

- Tests to elucidate the cause of thyroid dysfunction, i.e. thyroid auto-antibodies to
determine if the thyroid dysfunction has an autoimmune component and
occasionally alpha subunit when a differential diagnosis of TSHoma or end
organ resistance is being considered.

o  Measurement of TSH and thyroid hormones should be performed to determine
the patient's thyroid status before invoking the more demanding tests that seek
to determine the cause of the thyroid dysfunction. (¥)

7.3  Tests to Establish if there is Thyroid Dysfunction
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7.3.1 Thyrotrophin

o The measurement of TSH in a basal blood sample by a sensitive immunometric
assay provides the single most sensitive, specific and reliable test of thyroid
status in both overt and subclinical primary thyroid disorders. > (B).

In primary hypothyroidism TSH is increased whilst in primary hyperthyroidism TSH
is below 0.1mU/L. There are exceptions to this generalisation, abnormal TSH
concentrations may be found in some euthyroid patients (see Section 7.8.2) (11a).
TSH alone is not a reliable test for detecting thyroid dysfunction arising from
hypothalamic-pituitary dysfunction and in other specific instances * (see section 7.8.2)

(11).

o [tis essential that laboratories use a reliable and sensitive method for TSH
that meets the following conditions:

- The functional sensitivity should be used to define the lowest concentration of
TSH that can be determined in routine use . (C)

- Functional sensitivity is defined from the 20% between-run coefficient of
variation (CV) determined by a recommended protocol ’(Section 7.11) (C)

- Laboratories should use a TSH method with a functional sensitivity of <0.02
mU/L” (C)

- Prior to the introduction of a TSH method, the laboratory should validate the
functional sensitivity quoted by the manufacturer. Quality assurance
procedures should be in place to ensure that the functional sensitivity of the
assay is regularly monitored (¥')

7.3.2 Free T4 (FT4) and Free T3 (FT3)

Free (unbound) thyroid hormones are regarded by many as the biologically active
fraction of the total circulating thyroid hormone pool and are unaffected by changes in
the concentration and affinity of thyroid-hormone binding proteins. Free hormones
thus theoretically provide a more reliable means of diagnosing thyroid dysfunction
than measurement of total hormone concentrations. *° (I111). Free hormones are
normal in patients with mild (subclinical) thyroid disorders. >

Several assay techniques have been developed to measure free hormone
concentrations and these are usually given names which relate to the methodology
used e.g. one-step, two-step, analogue, labelled antibody etc. These methods produce
results that show good agreement in most ambulant patients and are superior to the
use of urinary thyroid hormone measurements "*'°>. However, because of inadequacies
in method design and construction, the free hormone results for these methods do not
always correlate well in some circumstances. These include samples where the
thyroid hormone capacity is low such as may occur in TBG deficiency, severely ill
patients, and patients taking certain drugs that interfere with hormone binding to the
plasma binding proteins. ©'* Equilibrium dialysis, using undiluted serum, is widely
held to be a reference method ' but cannot be performed in large numbers on a routine
basis. When measured by equilibrium dialysis, normal euthyroid serum shows little
change in FT4 concentration at final dilutions of up to approximately 50-fold; in
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contrast many routine methods for FT4 show a marked decreases in the measured FT4
concentration on dilution. "

o The nomenclature given to a method for free hormone measurement in no way
predicts its validity or agreement with equilibrium dialysis (11a,B)

o Laboratories shouldobtain from kit manufacturers free hormone assay
behaves when the sample is diluted (V)

e Laboratories should be aware of how their assay performs in a variety of
clinical situations including thyroid disorders, pregnancy, non-thyroidal
illness, certain medications (e.g. heparin, phenytoin, frusemide,
carbamazepine, salicylate) and familial binding protein abnormalities such as

familial dysalbuminaemic hyperthyroxinaemia and TBG excess or deficiency
)

o (Clinicians should be made aware, by the laboratory, of the expected assay
performance in the clinical settings listed above (V')

e Laboratories should obtain from kit manufacturers details of how their assay
compares with equilibrium dialysis in the clinical situations stated above ()

e Free hormones can increase in some samples on storage >’ but because of
assay design (eg inclusion of albumin in reagents) not all free hormone
methods detect such changes. Laboratories should be aware of how storage
affects free hormone concentrations when measured by their own method.
Appropriate action should be taken to minimise such sample deterioration.
For example it may necessary to freeze samples that cannot be assayed within
48 hours of collection (V')

o [nterference from anti-thyroid hormone antibodies is method dependent and
laboratories should know how the presence of such antibodies would affect
their assay (V')

7.3.3 Plasma Total T4 (TT4) and Total T3 (TT3)

Total thyroid hormone concentrations are abnormal in patients with overt thyroid
dysfunction and also in euthyroid subjects in whom the concentration or affinity of
binding proteins are abnormal '*. Changes in plasma thyroid hormone binding
proteins may involve a change in concentration (e.g. as may occur in pregnancy) or
changes in affinity for hormone (e.g. in non-thyroidal illness or in patients taking
certain drugs such as salicylate). '* It is thus common to find abnormal TT4 and TT3
in some euthyroid patients.

7.4 Selective Use of Thyroid Function Tests
Many laboratories measure basal TSH as the initial test of thyroid function. This

strategy is not infallible but a normal TSH usually excludes primary thyroid
dysfunction. ' (11b). Initial measurement of both TSH and FT4 together can provide
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a more satisfactory method of assessing thyroid status. However, it is essential to
understand and appreciate the factors that can affect the results of thyroid function
tests for correct interpretation. * (I11).

Throughout these guidelines we have highlighted the clinical situations where
measurement of both serum TSH and FT4 is required; these are principally where the
pituitary-thyroid axis is not intact or is unstable. These situations include relatively
common situations such as optimising thyroxine therapy in the early months of
treatment of newly diagnosed patients with hypothyroidism, diagnosing and
monitoring thyroid disorders in pregnancy and monitoring patients with
hyperthyroidism in the early months after treatment. Rare situations include diagnosis
and monitoring treatment for central hypothyroidism, end-organ thyroid hormone
resistance and TSH-secreting pituitary adenomas. If clinical details are not available
that allow the identification of the above categories of patient, then it may be prudent
for laboratories to measure serum TSH and FT4 on all specimens rather than embark
on a first-line serum TSH testing strategy

o The use of first-line TSH will fail to identify some patients with thyroid
disorders (111,B)

o  Measurement of TSH with FT4 should allow the detection of almost all causes
of thyroid dysfunction as long as the results of both tests are correctly
interpreted (111,B)

e Additional tests such as FT3 may be required in some circumstances (111,B)

o [flaboratories are unable to identify those specimens that specifically require
the measurement of both serum TSH and FT4 then it would be prudent to
measure serum TSH and FT4 on all specimens rather than embark on a first-
line serum TSH strategy. (1V,C)

7.5  Reference Ranges

The secretion of TSH is pulsatile and night time concentrations are higher than during
the day. The concentrations of FT4 and FT3 in blood change little during a single day
but like TSH they do change throughout the year. Reference ranges for TFT are
derived from a reference population that comprises a large group of subjects who do
not have thyroid disease and are otherwise well. By convention, a reference range
usually only comprises 95% of a reference population. Thus 2.5% of “normal”
individuals will fall above the reference range and 2.5% will fall below the range. For
TSH the reference population shows a log normal distribution and has a diurnal
variation but for thyroid hormones a normal distribution is seen with no significant
diurnal variation. >

For a number of reasons, reference ranges for TFT may show variation between
laboratories. Firstly the reference population studied may have included subjects with
subclinical hypothyroidism as indicated by the presence of thyroid antibodies. This
would have the effect of falsely increasing the calculated upper reference limit for
TSH. Secondly assays will have differences in standardisation, the matrix of the
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calibrators and specificity of antibodies. These differences commonly give rise to
method-related biases which should be compensated for by the use of method-related
reference ranges. Thirdly, the measurement of free thyroid hormones is technically
difficult and differences in assay design may lead to significant method related
differences in hormone concentration even when measured in identical samples.

Recently, there has been a growing controversy about the upper limit of the reference
range for serum TSH. This culminated in a published debate in which one set of
authors argued in favour of reducing the upper limit of the reference range to
2.5mU/L* while the other set of authors argued to retain the upper limit of the
reference range at 4.5mU/L**. The Guidelines Development Group recognizes the
controversy but it believes that the evidence in favour of narrowing the TSH reference
range is not convincing and cannot justify the large increase in the number of subjects
that would require regular investigation. This judgement is further influenced by the
established log-linear relationship between serum TSH and FT4' and by the lack of
evidence in favour of systematic thyroxine therapy in subclinical hypothyroidism (see
Chapters 2 and 3).

Therefore, typical serum reference ranges in adults are:

TSH 0.4-4.5mU/L
FT4 9.0 25 pmol/L TT4 60— 160 nmol/L
FT3 3.5-7.8 nmol/L TT3 1.2-2.6 nmol/L

o Where possible manufacturers reference ranges should be confirmed locally using
an adequate population size of at least 120 ambulatory subjects.’ (IV,C)

o For TSH, reference ranges should be established using specimens collected
between 0800h and 1800h and using 95% confidence limits from log transformed
data. Alternatively, non-parametric methods of statistical analysis could be used
to derive the reference range. The reference population should have no personal
or family history of thyroid dysfunction, be on no medication known to alter TSH
and have no thyroid antibodies detectable by a sensitive assay. ' (IV,C)

o Since TSH, free and total thyroid hormones change during pregnancy, trimester
related reference ranges should be available (see Chapter 5) (111,B)
7.6 Quality Control and Quality Assurance

It is essential that a laboratory performs adequate checks on the performance of all
thyroid assays.

7.6.1 Internal Quality Control (IQC)

e All laboratories must run IQC that comprise human serum pools (¥)

o The analyte concentrations for the pools should be chosen to ensure that assay
performance is monitored within the euthyroid, hyperthyroid and hypothyroid
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ranges (IV,C). Laboratories should define allowable limits of error for each of
these IQC pools.

o The minimum frequency with which IQC pools are run by laboratories will
usually be based on that recommended by the manufacturer for a particular
method. The laboratory should ensure that such recommendations are reasonable
and if not the laboratory should modify the IQC frequency accordingly (¥)

7.6.2

External Quality Assessment (EQA)

7.7

7.7.1

All laboratories must participate in an accredited EQA scheme (I1V,C)

Laboratories should ensure that assay performance meets the minimum
performance specified by the EQA scheme (V')

If the laboratory appends interpretative comments to its thyroid function tests,
then those responsible for making such comments should be professionally
qualified to MRCPath (or equivalent) or be supervised by a person with these
qualifications (¥')

Interpreting Results of Thyroid Function Tests

Situations in which TSH Usually Provides the Correct Estimate of Thyroid

7.7.2

Status.

In overt primary hyperthyroidism TSH is nearly always below 0.10 mU/L. ™™
(11b,B)

In overt primary hypothyroidism plasma TSH is always increased. "™ (11b,B)

In mild (subclinical) disorders, TSH will be the most sensitive indicator of
failing thyroid function, and plasma FT4 and FT3 are often normal (111,B).
Before the diagnosis of subclinical thyroid disorders can be made, causes of
an abnormal TSH other than thyroid disorders must be excluded (IV,C).
These include pregnancy, non-thyroidal illnesses, drug treatment, and assay
interference (see Section 7.7.2). #22

In subjects without thyroid dysfunction TSH will be normal (11a,B)

Situations in which TSH Results may be Misleading

a) Assay interference. All assays are prone to interference from a range of substances

in blood including heterophilic antibodies. Heterophilic antibodies can interfere with
immunoassays for TSH and produce clinically misleading results (I11a). In most
circumstances assay interference produces a result that is higher than the true result
but the converse can also be found. **2*

b) Pregnancy. In the first trimester a TSH of <0.10 mU/L may be found in up to 3%
of patients. =" (111).
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o Trimester-related reference ranges should be applied for TSH, total and free
thyroid hormones (111,B)

c) Situations in which Thyroid Status is Unstable.
i) Early months after treatment for hyperthyroidism TSH may be normal or low
and thus misleading, when hypothyroidism has been induced during the early
weeks or months after treatment of hyperthyroidism, due to delayed recovery of
the previously suppressed thyrotroph. ** At that stage measurement of FT4 is the
more sensitive indicator of thyroid failure. If however, the hypothalamic-pituitary-
thyroid axis has recovered, measurement of TSH is more meaningful in this
respect (I11).

o The recovery of the thyrotrophs cannot be predicted for an individual patient,
measurement of both FT4 and TSH is important for appropriate treatment
(1v.C)

ii) Following an episode of thyroiditis

iii) Early weeks of thyroxine therapy

iv) Poor compliance. Some patients who are poorly compliant with thyroxine
therapy take excessive doses in the days prior to a clinic visit. These individuals
can be identified by the seemingly anomalous combination of a raised TSH and
FT4. Measurement of TSH alone is likely to lead to a recommendation for
increasing the daily dose of thyroxine when diligent adherence to the previous
drug regime is all that is required.

o The use of TSH alone is thus only adequate for patients on replacement
therapy once they are stable and compliant. (IV,C)

d) Hypopituitarism. Normal TSH is found in about half of patients with central
hypothyroidism,TT4 or FT4 are usually low > and in occasional cases of
hypopituitarism a raised TSH may be seen. ** (111).

e) TSH secreting adenoma. Very rarely, the cause of the hyperthyroidism is a TSH-
secreting tumour. The persistent finding of hyperthyroid symptoms and elevated
thyroid hormones is consistent with the diagnosis once the common problems of assay
interference or non-thyroidal illness have been eliminated. **>® (111). (See also
Chapter 4).

) End organ resistance. Certain patients with end organ resistance to thyroid
hormones may present with abnormal thyroid function tests. Some may have high
concentrations of thyroid hormone but normal TSH and others will have raised TSH
with normal thyroid hormones. *”**. Confirmation of the diagnosis can be made by
the thyroid hormone receptor 3-gene sequence analysis available through the
Supraregional Assay Service (http://www.sas-centre.org). The decision to treat these
patients is often made on clinical grounds rather than the biochemical abnormality
(111). (See also Chapter 4).
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g) "Non-thyroidal illnesses" and the "sick-euthyroid syndrome" Patients suffering
from any of a wide range of chronic or acute non-thyroidal illnesses, may show
abnormalities in thyroid function tests even though they are clinically euthyroid. This
has been described as the "sick euthyroid syndrome". **** (111). In the majority of
these sick patients TSH will be normal and thus provide the best guide of thyroid
status. However in some patients, TSH concentrations may be suppressed in the acute
phase and on recovery TSH concentrations may rise transiently into the hypothyroid
range. * (I111). Total T3 and FT3 concentrations usually fall as a result of impaired
tissue uptake of T4 and impaired conversion of T4 to T3. ******% However using
hltraﬁltration or some commercial assays FT3 may be normal or sometimes raised. >
(11).

Illness modifies both the concentration and binding capacity of the plasma thyroid
hormone binding proteins *****® which in turn tends to diminish the total thyroid
hormone concentrations and raise the FT4 hormone fraction. When measured by a
reference method, FT4 concentrations usually remain within the reference range or
are modestly raised in the sick patient. 1034748 However many routine methods for
FT4 produce low values in the sick patient due to assay artefacts. 8,10-13,47.48

The contribution of each of the above mechanisms may vary with the severity and
stage of the illness and thus the pattern of thyroid function tests may be extremely
variable and may mimic the profile seen in primary or secondary thyroid disorders

dn

e [n hospitalised patients a TSH <0.10 mU/L is at least twice as likely to be due
to non-thyroidal illness as hyperthyroidism. ** (111,B)

o In hospitalised patients an increased TSH is as likely to be associated with
recovery from illness as hypothyroidism. ** (111,B)

e Because of the poor predictive value of thyroid function tests in hospitalised
patients, these tests should only be requested if there is a clinical reason for
suspecting a thyroid problem (1V,C)

e Additional investigations such as FT3 may point strongly to non-thyroidal
illness as a cause of the abnormal results. A repeat sample may show that the
abnormal results have been transient and attributable to an acute illness or a
specific treatment regimen. ** (111,B)

o Although these procedures may clarify the cause of abnormal thyroid function
tests for some patients, clinical assessment by an endocrinologist may be
indicated (1V,C)
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h) Drug treatment. Drugs may interfere with TSH secretion or the production,
secretion, transport and metabolism of thyroid hormones. **>' Some drugs modify
thyroid status whilst others produce abnormal thyroid function test results in
otherwise euthyroid subjects. In general, serum TSH is less affected by medication
than thyroid hormones, although glucocorticoids and dopamine in high doses inhibit
TSH release. **>

Certain agents will impair the absorption of thyroxine from the gut and patients on
thyroxine therapy should be advised to take their thyroxine at least 4 hours apart from
these medications. Patients taking thyroxine are likely to require an increase in
replacement dose if drugs such as phenytoin or carbamazepine are prescribed that
increase hepatic metabolism of T4. Propranolol may decrease TT3 and increase
TSH. >* Phenytoin, carbamazepine, frusemide and salicylate compete with thyroid
hormone binding to serum binding proteins and may increase FT4. *>® In vivo
administration of heparin liberates free fatty acids, which displace thyroid hormones
from their binding proteins and also increase FT4. However it is important to note that
the influence of drugs on modifying free thyroid hormone concentrations may be
method specific. For example, depending on the method, FT4 may be measured as
normal or low in patients given heparin or taking phenytoin or carbamazepine **°
(I1a). Amiodarone and lithium can alter thyroid status and are discussed below.
Similarly the use of some cytokines such as interferon alpha for the treatment of
chronic hepatitis C can induce hypothyroidism or hyperthyroidism.

Section 7.12 lists some of the drugs that may produce abnormal thyroid function tests.

o For patients taking drugs known to modify thyroid function tests, the
laboratory must be able to provide appropriate interpretative advice (¥')

o Certain drugs interfere with thyroid hormone absorption from the GI tract e.g.
ferrous sulphate, cholestyramine, cholestapol, and aluminium hydroxide.
Patients taking thyroxine should be advised against taking these drugs until at
least 4 hours after taking thyroxine. * (11a,B)

o The dose of thyroxine may have to be increased in patients who are taking
drugs that increase thyroid hormone metabolism. For example
anticonvulsants induce drug metabolising enzymes (see Chapter 4) (111,B)

Lithium can cause hypothyroidism and hyperthyroidism in up to 10% of patients.
Patients with positive TPOAD are particularly at risk. ®"* (I11). Patients taking
lithium should have their TFT measured at 6-12 month intervals or earlier if goitre
develops.

The anti-arrhythmic drug amiodarone is an iodine-containing drug that has complex
effects on thyroid metabolism ***’. These include inhibition of T4 to T3 conversion,
inhibition of thyroidal iodine uptake and inhibition of T4 entry into cells. The drug
may also induce a destructive thyroiditis. Patients may have an altered thyroid
hormone profile without thyroid dysfunction but 14% -18% of patients taking
amiodarone may develop clinically significant hypothyroidism or amiodarone induced
thyrotoxicosis. Because of the long half-life of amiodarone, clinical problems may
occur up to a year after stopping the drug.
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Euthyroid subjects taking amiodarone for more than three months frequently
have increased FT4, decreased FT3 but normal TSH. During the first three
months of treatment, however, TSH may increase transiently (up to 20 mU/L)
particularly in patients receiving higher doses of amiodarone. ** %" (11a,B)

1t is important to evaluate patients before they commence therapy with
amiodarone. This should include clinical examination and a basal
measurement of TSH and TPOADb, together with FT4 and FT3 if TSH is
abnormal. After staring treatment these tests should be repeated at 6 months

and thereafter every six months including the year after the drug is stopped
(1,B)

The diagnosis of patients with amiodarone-induced type I or type II thyrotoxicosis is
discussed in Chapter 4. Thyroxine replacement may be necessary in patients who
develop hypothyroidism (see Chapter 3).

7.8

Follow-Up of Unusual Test Results

Unusual combinations of TSH and thyroid hormone results may have a pathological
source but more commonly result from poor compliance or assay interference in one
Or more assays.

7.9

7.9.1

68, 69

Laboratories should have protocols available to determine if results are
analytically valid or due to assay interference (¥')

Such protocols may include:-

Dilution tests

Removal of heterophilic antibody and HAMA using commercial tubes (for
total hormones only)

Remove of anti-thyroid antibodies using polyethylene glycol precipitation.
Confirmation by an alternative assay which if possible should have been
validated against a reference method (¥)

Validated alternative procedures to the above would also be acceptable.

Laboratory Tests Used to Determine the Cause of Thyroid Dysfunction

Thyroid Peroxidase Antibodies (TPOAD)

These are present in the serum of patients with a wide range of immunologically
mediated thyroid disorders (e.g. Hashimoto's thyroiditis, Graves' disease). They may
also be found in a small proportion of apparently healthy individuals but the

appearance of TPOADb usually precedes the development of thyroid disorders.

18,70

The measurement of TPOAD is of clinical use:

- In diagnosis of autoimmune thyroid disorders. " (111,B)

- As a risk factor for autoimmune thyroid disorders. " (111,B)

- As a risk factor for hypothyroidism during treatment with interferon alpha,
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interleukin-2 or lithium. 7% (111,B).
- As a risk factor for thyroid dysfunction during lithium or amiodarone
therapy. **°% 77 (111,B)

TPO results are method dependent and this should be recognised. (111,B)

Functional sensitivity should be determined for the TPOAb method using the
same protocol as for TSH (Section 7.10) (1V,C)

A sensitive and specific immunoassay should be used to measure TPOAb, not
an agglutination test (1V,C)

o A reference interval for TPOAb should be derived using at least 120 subjects who
have no personal or family history of thyroid disorders and have no visible goitre
and are on no medication. They should have no autoimmune or systemic disease.
Young males <30 years with TSH between 0.5-2.0 mU/L may be a suitable source
of subjects (1V,C)

7.9.2

Thyroglobulin Antibodies (TgAb)

Antibodies to thyroglobulin (TgAb) are found in many patients with autoimmune
thyroid disorders; however, in most circumstances TgAb measurements have no
additional value over the measurement of TPOAb and need not be done if TPOAD is
present (IV). TgAb measurements may be helpful in patients with differentiated
thyroid cancer (IV). Because of marked differences in assay sensitivity it should be
noted that the absence of TgAb in one assay does not absolutely exclude their
presence. "°

In iodine sufficient areas it is of no value to measure both TgAb and TPOAb in
. . 16,79,80
non-neoplastic conditions. (1n,B)

The only reasons to measure Tg antibodies are i) in differentiated thyroid
cancer to determine possible interference from these antibodies in
immunoassays for thyroglobulin. ii) Serial measurements may prove to be
useful as a prognostic indicator. **** (11,B)

Assays should be performed using a sensitive immunoassay not an
agglutination method. **(¥')

Functional sensitivity should be determined as given for TSH (Section 7.10).
(1v.C)

A reference interval should be derived using at least 120 subjects who have no
personal or family history of thyroid disorders and have no visible goitre and
are on no medication. They should have no autoimmune or systemic disease.

(IV,C)

Thyroglobulin and TgAb should be measured in the same specimen. (IV,C)
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o [ TgAb is being used for monitoring purposes the method should not be
changed without consultation with the users. (IV,C)

7.9.3 TSH Receptor Antibodies (TSH-RAD)

TSH-receptor antibodies are measured in most routine laboratories using commercial
methods that quantify the inhibition of TSH binding to porcine or human TSH
receptors. The antibodies measured in these assays are referred to by a number of
names including Thyroid Binding Inhibiting Immunoglobulins (TBII) and TSH
Receptor Antibodies (often abbreviated to “TRAbs”). These assays do not distinguish
between stimulatory or blocking properties of these antibodies A few specialist
laboratories do offer assays that assess the stimulating ability of TSH-RAb by
quantifying cyclic AMP production in cultured thyrocytes or cell lines that express the
TSH receptor. 8487

In most patients the measurement of TSH-RAD is not an essential investigation for
diagnostic purposes. (See also Chapter 5).

o The measurement of TSH-RAbD is particularly useful in pregnancy and may

also be helpful | in the following situations:

- To investigate hyperthyroidism of uncertain aetiology (IV,C)

- To investigate patients with suspected “euthyroid Graves’ opthalmopathy
(1v,C)

- For pregnant women with a past or present history of Graves Disease
(1v,©)

- To identify neonates with transient hypothyroidism due to TSH blocking
antibodies (1V,C)

7.9.4 Thyroglobulin (Tg)

Many differentiated papillary and follicular carcinomas of the thyroid synthesise and
secrete thyroglobulin. Detailed UK guidelines for the diagnosis and management of
thyroid cancer have been published recently *, (also see chapter 6) and problems with
thyroglobulin assays have been widely reviewed. ** It should be noted that marked
bias differences occur between Tg assays with up to four fold differences being seen
between the highest and lowest biased assays '® It is important that the laboratory is
consulted to determine the appropriate bias-adjusted cut-offs for use in clinical
practice.

o [n patients with differentiated thyroid cancer measurement of serum Tg is used
in monitoring, but is not of value in the initial diagnosis (111,B)

o Samples for Tg measurement should preferably be taken when the TSH is
elevated either after withdrawal of T4 therapy or following administration of
recombinant human TSH (Thyrogen). For patients in remission and under
routine follow-up it is acceptable in the first instance to sample during T4
administration (see Chapter 6) (1V,C)

o There should be clear guidance on specimen requirements and sample
stability (V)
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7.9.5

The use of the Community Bureau of Reference standard for thyroglobulin
(CRM 457) is recommended. (1V,C)

The use of a reference range derived from normal subjects is not
recommended. The laboratory should ensure that users are aware that
patients on T4 suppressive therapy should ideally have a Tg <2ug/L or a bias-
adjusted cut-off as advised by the laboratory. (1V,C)

Laboratories and manufacturers should determine and quote the minimum
detection limit (MDL) of their Tg assay based on functional sensitivity derived
from patient samples The MDL should ideally be in the order of <0.2ug/L
(v,©)

Although a post-rhTSH (Thyrogen) serum thyroglobulin in the order of 2 ug/L
has been suggested as a positive response justifying further investigations and
treatment, this threshold may not be applicable for many of the currently
available assays because of known differences in sensitivity, accuracy and
precision. The laboratory should be able to advise on the appropriate bias-
adjusted cut-off. ”* (1V,C)

Laboratories and manufacturers should identify the analytical range of their
Tg assay and adopt procedures to identify samples suffering from ‘hook’
effects (IV,C)

Laboratories and manufacturers should inform clinicians of the possibility of
interference due to endogenous TgAb and indicate the most likely nature of the
interference (false elevation/false reduction in measured Tg) (IV,C)

Identification of possible assay interference is best achieved using either TgAb
measurements or discordance between Tg results obtained using
immunometric assay and radioimmunoassay. o Recovery experiments alone
are not recommended to identify assay interference. > (1V,C)

For a particular Tg method it is highly desirable that the results of a clinical
assessment of the assay performance should be available. The clinical
sensitivity and specificity (i.e. positive and negative predictive values) of the
assays should be quoted (1V,C)

Laboratories should run internal quality control samples, which encompass
the range of results reported by the laboratory. A sample with a Tg
concentration close to the minimum detection limit should also be run with
each assay to ensure that the quoted MDL is being achieved (IV,C)
Laboratories should participate in an accredited EQA scheme (1V,C)

Calcitonin
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Detailed UK guidelines for the diagnosis and management of thyroid cancer and the
use calcitonin assays have been published recently. **

The following recommendations apply to the measurement of calcitonin (1V,C)

Timing of specimen collection

o [deally a fasting morning specimen should be obtained to enable optimal
comparison with reference values. [If this is not possible, specimens can be
collected at any time of day.]

o Post-operative samples should be collected at least ten days after
thyroidectomy and should also be fasting samples if possible

e For provocative testing samples are usually collected 5 minutes prior to
administration of calcium /pentagastrin and then at intervals of 2,5 and 7
minutes after.

Type of specimen
o Serum or plasma requirements should be confirmed with laboratories and/or
manufacturers’ kit inserts. The effect of gel tubes should be known.
o Calcitonin results may be affected by visible haemolysis or lipaemia and assay
of such specimens should be avoided if possible

Specimen stability

o Calcitonin in serum or plasma is unstable and blood specimens should be kept
on ice. Red cells should then be separated within 30 minutes of collection and
serum or plasma frozen immediately.

Effects of other conditions, treatment and medication
o Previous treatment with monoclonal antibodies should be noted because of the
potential for interference with human anti-mouse antibodies in immunometric
assays.

o Chronic renal failure may increase basal calcitonin levels.

o Mildly increased calcitonin may be observed in pregnancy, pernicious
anaemia and during the neonatal period.

Methodology
o Assays should be standardised using WHO International Standard IS 89/620.
o Laboratories must decide whether to use a method that recognises primarily
monomeric calcitonin (IMA) or a method with broader specificity (RIA).

Assay sensitivity
e Laboratories and/or manufacturers should determine and quote the minimum
detection limit of their assay based on precision profiles derived from patient
samples

Assay interferences

o Laboratories should have established protocols for identifying specimens that
may have ‘hooked’ and specimens that may contain interfering antibodies

Clinical assessment
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o For a particular calcitonin method the results of a clinical assessment of the
assay performance should be available. The clinical sensitivity and specificity
(i.e. positive and negative predictive values) of the assays should be quoted.

Quality assurance
o Laboratories should run internal quality control at concentrations
appropriate for the range of results obtained. A pool with a calcitonin
concentration close to the minimum detectable limit should also be run to
ensure good baseline security.
e Laboratories should participate in a recognised and accredited external
quality assessment scheme

7.9.6 Alpha Subunit.

The majority of TSH-secreting adenomas secrete either TSH alone or in combination
with the alpha subunit. The measurment of alpha subunit is helpful in distinguishing
between a TSH-secreting pituitary adenoma and thyroid hormone resistance. In
thyroid hormone resistance the concentration of alpha subunit and the molar ratio of
alpha subunit to TSH is normal whilst in a TSHoma these are often elevated. ** The
interpretation of results is not straightforward and the concentrations of FSH, LH and
TSH should be determined along with alpha subunit.

Assays for alpha subunit are performed in a few specialist laboratories in the UK. No
external quality assessment scheme is available. The specialist laboratory performing
the measurement should be consulted for interpretation of the results.

7.10 Recommended Protocol for Determining Functional Sensitivity and
Between Run Imprecision

- Human serum pools should be used.

- For determining functional sensitivity, pools should be used that lie above and
below the estimated functional sensitivity.

- For monitoring the long-term stability of an assay a pool should be selected
that is 10% above the estimated functional sensitivity. Other pools should also
be selected to ensure that the precision of the complete assay range is
monitored.

- Atleast 10 runs spaced over approximately an 8-week period should be used
to determine between-run precision.

- More than one reagent lot should be used during the testing period.

- The number of replicates used to determine precision should be the same as is
used for patient samples.

7.11  Drugs that Alter Thyroid Hormone Synthesis, Secretion and Metabolism
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Decrease in TSH

Decreased Thyroid

Increased thyroid

Decreased thyroidal

Displacement of

Impaired T4 to T3

Secretion Hormone Secretion Hormone secretion synthesis* Hormone from Plasma Conversion
Proteins

Dopamine Dopaminergic | Lithium Iodide Methimazole Frusemide Beta antagonists

agents Todide Amiodarone Carbimazole Fenclofenac Glucocorticoids

Glucocorticoids Amiodarone Lithium (rare) Propylthiouracil Salicylates Amiodarone

Cytokines Lithium Mefenamic acid Propylthiouracil

Octreotide Carbamazepine Iopanoic acid
Non-steroidal AIDs Radiocontrast dyes

Increase TBG, Decrease TBG, Increased Hepatic Impaired Absorption of | Alter autoimmunity*** Modify Thyroid

TT3,TT4 TT3,TT4 Metabolism of T4 Thyroxine ** Hormone Action

Oestrogens Androgens Phenytoin Cholestyramine Interleukin 1 Amiodarone

Tamoxifen Anabolic steroids Carbamazapine Cholestapol Interferon o

Heroin Glucocorticoids Barbiturates Aluminium hydroxide Interferon B

Methadone Rifampacin Ferrous sulphate TNF «.

Clofibrate Sucralfate

Raloxifene Calcium carbonate

Soy protein
Proton pump inhibitors

*Drugs listed as causing a decrease in thyroid hormone synthesis or secretion thus leading to altered thyroid status.

** Drugs interfere with thyroid hormone absorption from the GI tract. Patients on thyroxine therapy should be advised to take their thyroxine at
least 4 hours apart from these medications..

***Treatment with these cytokines have been associated with cases of transient hypothyroidism and thyrotoxicosis. These usualy resolve several
months after treatment is stopped. The mechamism is unclear but the changes may be autoimmune

The other drugs listed are thought to produce abnormal thyroid function tests but patients maintain a euthyroid status. Amiodarone is an
exception (see main text).
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8. Areas for further studies

Routine thyroid function testing has been available for more than thirty years.
Therefore, it may seem surprising that the quality of evidence to support the
recommendations in these guidelines is generally poor. The main reason for this
finding is that the early studies that were used to assess the value, validity and
effectiveness of thyroid function tests in a variety of clinical situations were
performed before the requirements for evidence based medicine were adopted. There
is a real need to conduct new studies that conform to the rules of evidence based
medicine in order to provide answers to some common but contentious issues in the
use of thyroid function testing.

The guideline development group highlights the need for additional studies on:

e The definition of age-related and trimester-related UK reference ranges for
serum TSH and FT4

e The appropriateness of using thyroid function tests in screening selected
categories of the normal healthy adult population for thyroid disease

e The appropriateness of using thyroid function tests for case finding for thyroid
disease in hospital inpatients

e The optimal use of thyroid function tests in the diagnosis, monitoring and
treatment of patients with subclinical hypothyroidism and subclinical
hyperthyroidism

e The use of thyroid function tests to optimise thyroxine replacement therapy in
patients with primary hypothyroidism and secondary hypothyroidism

e The relative clinical outcome of patients on thyroxine therapy who have serum
TSH concentrations maintained within and below the reference range

o The relative effectiveness of thyroid function tests and tissue markers of
thyroid hormone action in the diagnosis and management of thyroid disorders

68



Appendix 1. References

References are numbered separately for each Chapter. Therefore, Reference 1.1 is
reference 1 in Chapter 1 and reference 7.26 is reference 26 in Chapter 7.

Chapter 1

1.1

Vanderpump MPJ, Tunbridge WMG, French JM et al. The incidence of thyroid disorders in
the community; a twenty-year follow up of the Whickham survey. Clin Endocrinol 1995; 43:
55-68

1.2 BeckettGlJ, Toft AD. First-line thyroid function tests — TSH alone is not enough. Clin
Endocrinol 2003; 58: 20-21

1.3 Vanderpump MPJ, Ahlquist JAO, Franklyn JA, Clayton RN. Consensus statement for good
practice and audit measures in the management of hypothyroidism and hyperthyroidism. Br
Med J 1996; 313: 539-544

1.4 Ladenson PW, Singer PA, Ain KB, ef al. American Thyroid Association Guidelines for
detection of thyroid dysfunction. Arch Int Med 2000; 160: 1573-1575

1.5 Surks MI, Ortiz E., Daniels GH et al. Subclinical Thyroid Disease. Scientific review and
guidelines for diagnosis and management. JAMA 2004; 291: 228-238

1.6 Demers LM, Spencer CA eds. Laboratory medicine practice guidelines: Laboratory support
for the diagnosis and monitoring of thyroid disease. National Academy of Clinical
Biochemistry 2002; URL: http//:www.nacb.org/monograph/Thyroid_index.htm

1.7 Sackett DL, Straus SE, Richardson WS, Rosenberg W, Haynes RB. Evidence based medicine.
How to practice and teach EBM. 2™ edn. 2000; Edinburgh: Churchill Livingstone

1.8 Guidelines for the management of thyroid cancer in adults. 2002; London: Royal College of
Physicians

Chapter 2

2.1 Vanderpump MPJ, Tunbridge WMG. Epidemiology and prevention of clinical and subclinical
hypothyroidism. Thyroid 2002; 12: 839-847

22 Tunbridge WMG, Evered DC, Hall R, et al. The spectrum of thyroid disease in the community:
The Whickham Survey. Clin Endocrinol 1977; 7: 481-493

2.3 Canaris GJ, Manowitiz NR, Mayor G, Ridgway EC. The Colorado Thyroid Disease Prevalence
Study. Arch Int Med 2000; 160: 526-534.

24 Hollowell JG, Stachling NW, Flanders D, et al. Serum TSH, T,, and thyroid antibodies in the
United States population (1988 to 1994): National Health and Nutrition Survey (NHANES
1I). J Clin Endocrinol Metab 2002; 87:489-499

2.5 Parle JV, Franklyn JA, Cross KW, Jones SC and Sheppard MC. Prevalence and follow-up of
abnormal thyrotrophin (TSH) concentrations in the elderly in the United Kingdom. Clin
Endocrinol 1991; 34: 77-83.

2.6 Sawin CT, Castelli WP, Hershman JM, McNamara P, Bacharach P. The aging thyroid. Thyroid

deficiency in the Framingham Study. Arch Int Med 1985; 145: 1386-1388.

69



2.7

2.8

29

2.10

2.11

2.12

2.13

2.14

2.15

2.16

2.17

2.18

2.19

2.20

221

222

223

2.24

Vanderpump MPJ, Tunbridge WMG, French JM, et al. The incidence of thyroid disorders in the
community: A twenty-year follow-up of the Whickham Survey. Clin Endocrinol 1995; 43: 55-
69.

Tunbridge WMG, Vanderpump MPJ. Population screening for autoimmune thyroid disease.
Endocrinol Metab Clin North Am 2000; 29: 239-253

Sawin CT, Geller A, Kaplan MM, et al. Low serum thyrotropin (thyroid-stimulating hormone)
in older persons without hyperthyroidism. Arch Intern Med 1991; 151: 165-168

LaFranchi SH. Congenital hypothyroidism: etiologies, diagnosis and management. Thyroid
1999; 9: 735-740

US Preventive Services Task Force. Screening for thyroid disease. In: Guide to Clinical
Preventive Services. 2™ edn 1996; 209. Baltimore: Williams & Wilkins.

Hermes AR, Huysmans DA. Clinical manifestations and treatment of non-toxic diffuse and
nodular goitre. In: Werner and Ingbar's The Thyroid: A Fundamental and Clinical Text, 8" edn.
(Ed.LE Braverman and RD Utiger) 2000; 866-871. Philadelphia, JB Lippincott-Raven.

Woeber KA. Thyrotoxicosis and the heart. N Eng J Med 1992; 327: 94-98

Diekman T, Lansberg PJ, Kastelein JJ et al. Prevalence and correction of hypothyroidism in a
large cohort of patients referred for dyslipidaemia. Arch Intern Med 1995; 155: 1490-1495

O'Kane MJ, Neely RDG, Trimble ER, Nichols DP. The incidence of asymptomatic
hypothyroidism in new referrals to a hospital lipid clinic. Ann Clin Biochem 1991; 28: 509-511.

Glueck CJ, Lang J, Tracy T, Speirs J. The common finding of covert
hypothyroidism at initial clinical evaluation for hyperlipoproteinaemia. Clin  Chim Acta 1991,
201: 113-122.

Danese MD, Ladenson PW, Meinhert CL, Powe NR. Effect of thyroxine
therapy on serum lipoproteins in patients with mild thyroid failure: a
quantitative review of the literature. J Clin Endocrinol Metab 2000; 85:
2993-3001

Pirich C, Mullner M, Sinzinger H. Prevalence and relevance of thyroid
dysfunction in 1922 cholesterol screening participants. J Clin Epidemol 2000; 53:
623-629

Rosen C, Adler RA. Longitudinal changes in lumbar bone density among thyrotoxic patients
after attainment of euthyroidism. J Clin Endocrinol Metab 1992; 75: 1531-1534

Koutras DA. Disturbances of menstruation in thyroid disease. Ann NY Acad Sci 1997; 816: 280-
284

Alvarez-Marfany M, Roman S, Drexler A, ef al. Long-term prospective study of
postpartum thyroid dysfunction in women with insulin-dependent diabetes
mellitus. J Clin Endocrinol Metab 1994; 79: 10-16

de los Santos ET, Starich GH, Mazzaferri EL. Sensitivity, specificity, and cost-effectiveness of
the sensitive thyrotrophin assay in the diagnosis of thyroid disease in ambulatory patients. Arch
Intern Med 1989, 149: 526-532

Surks MI, Chopra 1J, Mariash CN, et al. American Thyroid Association guidelines for use of
laboratory tests in thyroid disorders. JAMA 1990; 263: 1529-1532

Singer PA, Cooper DS, Levy EG, et al. Treatment guidelines for patients with hyperthyroidism
and hypothyroidism. JAMA 1995; 273: 808-812

70



2.25

2.26

227

2.28

2.29

2.30

2.31

232

233

2.34

2.35

2.36

2.37

2.38

2.39

2.40

2.41

242

Glenn GC. Practice parameter on laboratory panel testing for screening and case finding in
asymptomatic adults. The Laboratory Testing Strategy Task Force of the College of American
Pathologists. Arch Pathol Lab Med 1996; 120: 929-943

Vanderpump MPJ, Ahlquist JAO, Franklyn JA, Clayton RN. Consensus statement for good
practice and audit measures in the management of hypothyroidism and hyperthyroidism. BMJ
1996; 313: 539-544.

Weetman AP. Hypothyroidism: screening and subclinical disease. BMJ 1997; 314: 1175-1178.

Helfand M, Redfern CC. Clinical guideline, part 2: Screening for thyroid disease; an update.
American College of Physicians. Ann Intern Med 1998; 129:144-158

American Association of Clinical Endocrinologists Medical Guidelines for Clinical Practice for
the evaluation and treatment of hyperthyroidism and hypothyroidism. Endocr Pract 2002; 8: 457-
469

Surks MI, Ortiz E., Daniels GH et al. Subclinical Thyroid Disease. Scientific review and
guidelines for diagnosis and management. JAMA 2004; 291: 228-238

Jorde R, Waterloo K, Storhaug H, Nyres A, Sundsfjord J, Jenssen TG. Neurological function
and symptoms in subjects with subclinical hypothyroidism and the effect of thyroxine treatment. J
Clin Endocrinol Metab 2006; 91: 145-153

Weetman AP. Whose thyroid hormone replacement is it anyway? Clin Endocrinol 2006; 64: 231-
233

Danese MD, Powe NR, Sawin CT, Ladenson P. Screening for mild thyroid failure at the periodic
health examination: a decision and cost-effectiveness analysis. JAMA 1996; 276: 285-292

Powe NR, Danese MD, Ladenson PW. Decision analysis in endocrinology and metabolism.
Endocrinol Metab Clin North Am 1997; 26: 89-111

Ladenson PW, Singer PA, Ain KB, ef al. American Thyroid Association Guidelines for
detection of thyroid dysfunction. Arch Intern Med 2000; 160: 1573-1575

Vanderpump MPJ. Subclinical hypothyroidism: the case against treatment. Trends in
Endocrinology and Metabolism 2003; 14: 262-266.

van den Beld A, Visser TJ, Feelders RA, Grobbee DE, Lamberts SWJ. Thyroid hormone
concentrations, disease, physical function and mortality in elderly men. J Clin Endocrinol
Metab 2005; 90: 6403-6409

Gussekloo J, van Exel E, de Craen AJM, Meinders AE, Frohlich M, Westendorp RGJ.
Thyroid status, disability and cognitive function, and survival in old age. JAMA 2004; 292:
2591-2599

Parle JV, Maisonneuve P, Sheppard MC, ef al. Prediction of all-cause and cardiovascular
mortality in elderly people from one thyrotropin result: a 10-year cohort study. Lancet 2001,
358: 861-865

Sawin CT, Geller A, Wolf PA, et al. Low serum thyrotropin concentrations as a risk factor for
atrial fibrillation in older persons. N Engl J Med 1994; 331: 1249-1252

Uzzan B, Campos J, Cucherat M, et al. Effects of bone mass of long-term treatment with thyroid
hormones: a meta-analysis. J Clin Endocrinol Metab 1996; 81: 4278-4289

Toft AD. Subclinical hyperthyroidism. N Eng J Med 2001; 345: 512-516

71



243

2.44

2.45

2.46

247

2.48

2.49

2.50

2.51

2.52

2.53

2.54

2.55

2.56

2.57

2.58

2.59

2.60

2.61

2.62

Spencer CA, Eigen A, Shen D, et al. Specificity of sensitive assays of thyrotropin (TSH) used to
screen for thyroid disease in hospitalized patients. Clin Chem 1987; 33: 1391-1396

Spencer CA.Clinical utility and cost-effectiveness of sensitive thyrotropin assays in ambulatory
and hospitalized patients. Mayo Clin Proc 1988; 63: 1214-1222.

Attia J, Margetts P, Guyatt G. Diagnosis of thyroid disease in hospitalized patients: A systematic
review. Arch Intern Med 1999; 159: 658-665

Nikolai TF, Turney SL, Robert RC. Postpartum lymphocytic thyroiditis. Prevalence, clinical
course and long-term follow-up. Arch Intern Med 1987; 147: 221-225

Amino N, Tada H, Hidaka Y, Crapo LM, Stagnaro-Green A. Therapeutic controversy: Screening
for postpartum thyroiditis. J Clin Endocrinol Metab 1999; 84: 1813-1821

Perros P, McCrimmon RJ, Shaw G, Frier BM. Frequency of thyroid dysfunction in diabetic
patients: Value of annual screening. Diab Med 1996; 12: 622-627

Pueschel SM, Pezzullo JC. Thyroid dysfunction in Down syndrome. Am J Dis Child 1985; 139:
636-639

Karlsson B, Gustafsson J, Hedov G, et al. Thyroid dysfunction in Down’s syndrome: relation to
age and thyroid autoimmunity. Arch Dis Child 1998, 79: 242-245

Chiovato L, Larizza D, Bendinelli G, ef al. Autoimmune hypothyroidism and hyperthyroidism in
patients with Turner’s syndrome. EurJ Endocrinol 1996; 134: 568-575

Harjai KJ, Licata AA. Effects of amiodarone on thyroid function. Ann Intern Med 1997; 126:
63-77

Lazarus JH. The effects of lithium therapy on thyroid and thyrotropin-releasing hormone.
Thyroid 1998; 8: 909-913

Buisset E, Leclerc L, Lefebvre J-L, et al. Hypothyroidism following combined treatment for
hypopharyngeal and laryngeal carcinoma. Am J Surg 1991; 162: 345-347

Grande C. Hypothyroidism following radiotherapy for head and neck cancer: multivariate
analysis of risk factors. Radiother Oncol 1992; 25: 31-35

Hancock SL, Cox RS, McDougall IR. Thyroid diseases after treatment of Hodgkin's disease. N
Engl J Med 1991; 325: 599-605

Littley MD, Shalet SM, Morgenstern GR, Deakin DP. Endocrine and reproductive dysfunction
following fractionated total body irradiation in adults. Q J Med 1991; 78: 265-274

Tell R, Sjodin H, Lundell G, Lewin F, Lewensohn R. Hypothyroidism after external radiotherapy
for head and neck cancer. IntJ Radiat Oncol Biol Phys 1997; 39: 303-308

Franklyn JA, Daykin J, Droic Z, Farmer M, Sheppard, MC. Long term follow-up of treatment of
thyrotoxicosis by three different methods. Clin Endocrinol 1991; 34: 71-76

Berglund J, Christensen SB, Dymling JF, Hallengren B. The incidence of recurrence and
hypothyroidism following treatment with antithyroid drugs, surgery or radioiodine in all patients
with thyrotoxicosis in Malmé during the period 1970-1974. J Intern Med 1991; 229: 435-442

Allahabadia A, Daykin J, Sheppard MC, Gough SCL, Franklyn JA. Radioiodine treatment of
hyperthyroidism — prognostic factors for outcome. J Clin Endocrinol Metab 2001; 86: 3611-3617

Cooper DS. Antithyroid drugs for the treatment of hyperthyroidism caused by Graves’ disease.
Endocrinol Metab Clin North Am 1998; 27: 225-247

72



2.63 Burrow GN. Thyroid function and hyperfunction during gestation. Endocr Rev 1993; 14: 194-
202

2.64 Jones SJ, Hedley AJ, Curtis B, et al. Do we need thyroid disease registers? A cost-effectiveness
study. Lancet 1982; ii: 1229-1232.

2.65 Meier CA, Burger AG. Effects of drugs and other substances on thyroid hormone synthesis and
metabolism. In: Werner and Ingbar’s The Thyroid: A Fundamental and Clinical Text. 8" edn
(Eds Braverman LE, Utiger RD). 2000; 265-280. Philadelphia, JB Lippincott-Raven

2.66 Arafah BM. Increased need for thyroxine in women with hypothyroidism during estrogen
therapy. N Engl J Med 2001; 344:1743-1749

2.67 Parle JV, Franklyn JA, Cross KW, Jones SR, Sheppard MC. Thyroxine prescription in the
community: serum thyroid stimulating hormone level assays as an indicator of undertreatment or
overtreatment. BrJ Gen Pract 1993; 43: 107-109

Chapter 3

3.1 Robuschi G, Safran M, Braverman LE, Gnudi A, Roti E. Hypothyroidism in the elderly.
Endocr Rev 1987, 8:142-153

3.2 Levy EG. Thyroid disease in the elderly. Med Clin North Am 1991; 75: 151-167

33 Finucane P, Anderson C. Thyroid disease in older patients. Diagnosis and treatment. Drugs
Aging 1995; 6: 268-277

3.4 CanarisGlJ, Steiner JF, Ridgway EC. Do traditional symptoms of hypothyroidism correlate
with biochemical disease? J Gen Intern Med 1997, 12: 544-550

3.5 Canaris GJ, Manowitz NR, Mayor G, Ridgway EC. The Colorado thyroid disease prevalence
study. Arch Intern Med 2000; 160: 526-534

3.6 Caldwell G, Kellett HA, Gow SM, et al. A new strategy for thyroid function testing. Lancet
1985; 1: 1117-1119

3.7 Penney MD, O'Sullivan DJ. Total or free thyroxin as a primary test of thyroid function. Clin
Chem 1987; 33: 70-71

3.8 de los Santos ET, Starich GH, Mazzaferri EL. Sensitivity, specificity, and cost-effectiveness
of the sensitive thyrotropin assay in the diagnosis of thyroid disease in ambulatory patients.
Arch Intern Med 1989; 149: 526-532

3.9 Klee GG, Hay ID. Biochemical testing of thyroid function. Endocrinol Metab Clin North Am
1997; 26: 763-775

3.10 Weetman AP. Hypothyroidism: screening and subclinical disease. BMJ 1997; 314: 1175-1178

3.11 Surks M1, Ortiz E, Daniels GH et al. Subclinical thyroid disease. JAMA 2004; 291: 228-243

3.12 Tunbridge WM, Evered DC, Hall R, ef al. The spectrum of thyroid disease in a community:
the Whickham survey. Clin Endocrinol (Oxf) 1977; 7: 481-493

3.13 Hak AE, Pols HA, Visser TJ, Drexhage HA, Hofman A, Witteman JC. Subclinical

hypothyroidism is an independent risk factor for atherosclerosis and myocardial infarction in
elderly women: the Rotterdam Study. Ann Intern Med 2000;132: 270-278

73



3.14

3.15

3.16

3.17

3.18

3.19

3.20

3.21

3.22

3.23

3.24

3.25

3.26

3.27

3.28

3.29

3.30

Hollowell JG, Stachling NW, Flanders WD, et al. Serum TSH, T4, and thyroid antibodies in
the United States population (1988 to 1994): National Health and Nutrition Examination
Survey (NHANES II). J Clin Endocrinol Metab. 2002; 87: 489-499

Huber G, Staub JJ, Meier C, et al. Prospective study of the spontaneous course of subclinical
hypothyroidism: prognostic value of thyrotropin, thyroid reserve, and thyroid antibodies. J
Clin Endocrinol Metab. 2002; 87: 3221-3226

Vanderpump MP, Tunbridge WM, French JM, et al. The incidence of thyroid disorders in the
community: a twenty-year follow-up of the Whickham Survey. Clin Endocrinol (Oxf) 1995;
43: 55-68

Parle JV, Franklyn JA, Cross KW, Jones SC, Sheppard MC. Prevalence and follow-up of
abnormal thyrotrophin (TSH) concentrations in the elderly in the United Kingdom. Clin
Endocrinol (Oxf) 1991; 34: 77-83

Toft AD. Thyroxine therapy. N Engl J Med 1994; 331: 174-180

Ladenson PW, Singer PA, Ain KB, et al. American Thyroid Association Guidelines for
detection of thyroid dysfunction. Arch Int Med 2000; 160: 1573-1575

Gow SM, Caldwell G, Toft AD, et al. Relationship between pituitary and other target organ
responsiveness in hypothyroid patients receiving thyroxine replacement. J Clin Endocrinol
Metab. 1987; 64: 364-370

Carr D, McLeod DT, Parry G, Thornes HM. Fine adjustment of thyroxine replacement
dosage: comparison of the thyrotrophin releasing hormone test using a sensitive thyrotrophin
assay with measurement of free thyroid hormones and clinical assessment. Clin Endocrinol
(Oxf) 1988; 28: 325-333

Sawin CT, Geller A, Wolf PA, et al. Low serum thyrotropin concentrations as a risk factor for
atrial fibrillation in older persons. N Engl J Med 1994; 331: 1249-1252

Biondi B, Palmieri EA, Lombardi G, Fazio S. Effects of subclinical thyroid dysfunction on the
heart. Ann Intern Med 2002; 137: 904-914

Becker C. Hypothyroidism and atherosclerotic heart disease: Pathogenesis, medical
management, and the role of coronary artery bypass surgery. Endocrine Rev 1985; 6: 432-440

Ellyin FM, Kumar Y, Somberg JC. Hypothyroidism complicated by angina pectoris:
therapeutic approaches. J Clin Pharmacol. 1992; 32: 843-847

Demers LM, Spencer CA eds. Laboratory medicine practice guidelines: Laboratory support
for the diagnosis and monitoring of thyroid disease. National Academy of Clinical
Biochemistry 2002; URL: http//:www.nacb.org/monograph/Thyroid_index.htm

Toft A. Which thyroxine? Thyroid 2005; 15: 124-126

Browning MC, Bennet WM, Kirkaldy AJ, Jung RT. Intra-individual variation of thyroxin,
triiodothyronine, and thyrotropin in treated hypothyroid patients: implications for monitoring

replacement therapy. Clin Chem 1988; 34: 696-699

Ain KB, Pucino F, Shiver TM, Banks SM. Thyroid hormone levels affected by time of blood
sampling in thyroxine-treated patients. Thyroid 1993; 3: 81-85

Wennlund A. Variation in serum levels of T3, T4, FT4 and TSH during thyroxine replacement
therapy. Acta Endocrinol (Copenh) 1999; 113: 47-49

74



3.31

3.32

3.33

3.34

3.35

3.36

3.37

3.38

3.39

3.40

3.41

3.42

3.43

3.44

3.45

3.46

3.47

Saravanan P, Siddique H, Simmons DJ, Greenwood R, Dayan CM. Twenty-four hour
hormone profiles of TSH, free T3 and free T4 in hypothyroid patients on combined T4/T3
therapy. Clin Endocrinol (Oxf) 2004; (in press)

Wright EC. A lesson in non-compliance. Lancet. 1994; 343: 1305

Pearce CJ, Himsworth RL. Serum iodothyronine concentrations during introduction of
thyroxine replacement therapy in hypothyroidism. Clin Endocrinol (Oxf) 1986; 25: 301-311

Pearce CJ, Himsworth RL. Total and free thyroid hormone concentrations in patients
receiving maintenance replacement treatment with thyroxine. BMJ 1984; 288: 693-695

Woeber KA. Levothyroxine therapy and serum free thyroxine and free triiodothyronine
concentrations. J Endocrinol Invest 2002; 25: 106-109

Bunevicius R, Kazanavicius G, Zalinkevicius R, Prange AJ. Effects of thyroxine as compared
with thyroxine plus triiodothyronine in patients with hypothyroidism. NEJM 1999; 340: 424-
429

Saravanan P, Simmons DJ, Greenwood R, Peters TJ, Dayan CM. Weston Area T4/T3
(thyroid hormone replacement) study: psychological effects of combined T4/t3 therapy.
Thyroid 2003; 17: 697

Sawka AM, Gerstein HC, Marriott MJ, MacQueen GM, Joffe RT. Does a combination
regimen of thyroxine (T4) and 3,5,3’-triiodothyronine improve depressive symptoms better
than T4 alone in patients with hypothyroidism? Results of a double-blind randomized
controlled trial. J Clin Endocrinol Metab 2003; 88: 4551-4555

Walsh JP, Shiels L, Lim EM et al. Combined thyroxine/liothyronine treatment does not
improve well-being, quality of life or cognitive functions compared to thyroxine alone: a
randomized controlled trial in patients with primary hypothyroidism. J Clin Endocrinol Metab
2003; 88: 4543-4550

Levitt A, Silverberg J. T4 plus T3 treatment for hypothyroidism: a double-blind comparison
with usual T4. Thyroid 2002; 16: 4

Clyde PW, Harari AE, Getka EJ, Smestad SA, Shakir KMM. Combined levothyroxine plus
liothyronine compared to levothyroxine alone in the treatment of primary hypothyroidism: a
randomized controlled trial. JAMA 2003; 290: 2952-2958

Escobar-Morreale HF, Botella-Carretero JI, Escobar del Rey F, Morreeale de Escobar G.
treatment of hypothyroidism with combinations of levothyroxine plus liothyronine. J Clin
Endocrinol Metab 2005; 96: 4946-4954

Leese GP, Jung RT, Guthrie C, Waugh N, Browning MC. Morbidity in patients on L-
thyroxine: a comparison of those with a normal TSH to those with a suppressed TSH. Clin
Endocrinol (Oxf) 1992; 37: 500-503

Parle JV, Franklyn JA, Cross KW, Jones SR, Sheppard MC. Thyroxine prescription in the
community: serum thyroid stimulating hormone level assays as an indicator of undertreatment

or overtreatment. Br J Gen Pract 1993; 43: 107-109

Faber J, Galloe AM. Changes in bone mass during prolonged subclinical hyperthyroidism due
to L-thyroxine treatment: a meta-analysis. Eur J Endocrinol 1994; 130; 350-356

Uzzan B, Campos J, Cucherat M et al. Effects on bone mass of long term treatment with
thyroid hormone: a meta-analysis. J Clin Endocrinol Metab 1996; 81: 4278-4289

Leese GP, Jung RT, Browning MC. Feasibility of reducing L-thyroxine dose in patients with a
suppressed serum TSH. Scot Med J 1995; 40: 171-173

75



3.48

3.49

3.50

3.51

3.52

3.53

3.54

3.55

3.56

3.57

3.58

3.59

3.60

3.61

3.62

3.63

3.64

Saravanan P, Chau WF, Roberts N, Vedhara K, Greenwood R, Dayan CM. Psychological
well-being in patients on 'adequate’ doses of I-thyroxine: results of a large, controlled
community-based questionnaire study. Clin Endocrinol (Oxf) 2002; 57: 577-585

Pollock MA, Sturrock A, Marshall K, et al. Thyroxine treatment in patients with symptoms of
hypothyroidism but thyroid function tests within the reference range: randomised double blind
placebo controlled crossover trial. BMJ 2001; 323: 891-895

Sawin CT, Herman T, Molitch ME, London MH, Kramer SM. Aging and the thyroid.
Decreased requirement for thyroid hormone in older hypothyroid patients. Am J Med 1983;
75:206-209

Young RE, Jones SJ, Bewsher PD, Hedley AJ.Age and the daily dose of thyroxine
replacement therapy for hypothyroidism. Age Ageing 1984; 13: 293-303

Jones SJ, Hedley AJ, Curtis B, et al. Do we need thyroid follow-up registers? A cost-effective
study. Lancet 1982; 1: 1229-1233

Wang C, Crapo LM. The epidemiology of thyroid disease and implications for screening.
Endocrinol Metab Clin North Am 1997; 26: 189-218

Samuels MH. Subclinical thyroid disease in the elderly. Thyroid 1998; 8: 803-813

Prentice LM, Phillips DI, Sarsero D, Beever K, McLachlan SM, Smith BR.

Geographical distribution of subclinical autoimmune thyroid disease in Britain: a study using
highly sensitive direct assays for autoantibodies to thyroglobulin and thyroid peroxidase. Acta
Endocrinol (Copenh) 1990 ;123: 493-498

Roti E, Gardini E, Minelli R, Bianconi L, Braverman LE. Prevalence of anti-thyroid
peroxidase antibodies in serum in the elderly: comparison with other tests for anti-thyroid
antibodies. Clin Chem 1992 ;38: 88-92

Geul KW, van Sluisveld IL, Grobbee DE, et al. The importance of thyroid microsomal
antibodies in the development of elevated serum TSH in middle-aged women: associations
with serum lipids. Clin Endocrinol (Oxf). 1993; 39: 275-280

Kabadi UM. 'Subclinical hypothyroidism'. Natural course of the syndrome during a prolonged
follow-up study. Arch Intern Med 1993; 153: 957-961

Meier C, Staub JJ, Roth CB, et al. TSH-controlled L-thyroxine therapy reduces cholesterol
levels and clinical symptoms in subclinical hypothyroidism: a double blind, placebo-
controlled trial (Basel Thyroid Study). J Clin Endocrinol Metab. 2001; 86: 4860-4866

McDermott MT, Ridgway EC. Subclinical hypothyroidism is mild thyroid failure and should
be treated. J Clin Endocrinol Metab 2001; 86: 4585-4590

Chu JW, Crapo LM.The treatment of subclinical hypothyroidism is seldom necessary. J Clin
Endocrinol Metab. 2001; 86: 4591-4599

Waise A, Belchetz PE. Lesson of the week: unsuspected central hypothyroidism. BM.J 2000;
321: 1275-1277

Wardle CA, Fraser WD, Squire CR. Pitfalls in the use of thyrotropin concentration as a first-
line thyroid-function test. Lancet 2001; 357: 1013-1014

Faglia G, Bitensky L, Pinchera A, et al. Thyrotropin secretion in patients with central
hypothyroidism: evidence for reduced biological activity of immunoreactive thyrotropin. J
Clin Endocrinol Metab 1979; 48: 989-998

76



3.65 Murray JS, Jayarajasingh R, Perros P. Lesson of the week: Deterioration of symptoms after
start of thyroid hormone replacement. BM.J 2001; 323: 332-333

3.66 Hoek A, Renckens CN. Addisonian crisis precipitated by levothyroxine replacement therapy.
Ned Tijdschr Geneeskd. 1999; 143: 275

3.67 Ferretti E, Persani L, Jaffrain-Rea ML, Giambona S, Tamburrano G, Beck-Peccoz P.
Evaluation of the adequacy of levothyroxine replacement therapy in patients with central
hypothyroidism. J Clin Endocrinol Metab 1999; 84: 924-929

3.68  Shimon I, Cohen O, Lubetsky A, Olchovsky D. Thyrotropin suppression by thyroid hormone
replacement is correlated with thyroxine level normalization in central hypothyroidism.
Thyroid 2002; 12: 823-827

3.69 Newborn screening for congenital hypothyroidism: recommended guidelines. Paediatrics
1993; 91: 1203-1209

3.70 Policies and standards for newborn blood spot screening.
http://www.ich.ucl.ac.uk/newborn/resources/policies.htm

3.71 LaFranchi S. Congenital hypothyroidism: etiologies, diagnosis and management. Thyroid
1999; 9: 735-740

Chapter 4

4.1 Nordyke RA, Gilbert FI, Jr., Harada AS. Graves' disease. Influence of age on clinical findings.
Arch Intern Med 1988; 148: 626-631

4.2 Cooper DS. Hyperthyroidism. Lancet 2003; 362: 459-468

4.3 Franklyn JA. The management of hyperthyroidism. N Engl J Med 1994; 330: 1731-1738

4.4 Weetman AP. Graves' disease. N Engl J Med 2000; 343: 1236-1248.

4.5 Ross DS, Daniels GH, Gouveia D. The use and limitations of a chemiluminescent thyrotropin
assay as a single thyroid function test in an out-patient endocrine clinic. J Clin Endocrinol
Metab 1990; 71: 764-769

4.6 Wehmann RE, Gregerman RI, Burns WH, Saral R, Santos GW. Suppression of thyrotropin in
the low-thyroxine state of severe nonthyroidal illness. N Engl J Med 1985; 312: 546-552

4.7 Singer PA, Cooper DS, Levy EG ef al. Treatment guidelines for patients with hyperthyroidism
and hypothyroidism. Standards of Care Committee, American Thyroid Association. JAMA
1995; 273: 808-812

4.8 Engler D, Donaldson EB, Stockigt JR, Taft J. Hyperthyroidism without triiodothyronine
excess: an effect of severe non-thyroidal illness. J Clin Endocrinol Metab 1978; 46: 77-82

4.9 Vanderpump MPJ, Ahlquist JAO, Franklyn JA, Clayton RN. Consensus statement for good
practice and audit measures in the management of hypothyroidism and hyperthyroidism. BM.J
1996; 313: 539-544.

4.10 Costagliola S, Morgenthaler NG, Hoermann R et al. Second generation assay for thyrotropin
receptor antibodies has superior diagnostic sensitivity for Graves' disease. J Clin Endocrinol
Metab 1999; 84: 90-97

4.11 Volpe R. The management of subacute (DeQuervain's) thyroiditis. Thyroid 1993; 3: 253-255

77



4.12

4.13

4.14

4.15

4.16

4.17

4.18

4.19

4.20

421

422

423

4.24

4.25

426

4.27

4.28

Daniels GH. Amiodarone-induced thyrotoxicosis. J Clin Endocrinol Metab 2001; 86: 3-8

Allahabadia A, Daykin J, Holder RL, Sheppard MC, Gough SC, Franklyn JA. Age and gender
predict the outcome of treatment for Graves' hyperthyroidism. J Clin Endocrinol Metab 2000;
85: 1038-1042

Cooper DS. Antithyroid drugs. N Engl J Med 2005; 352: 905-917

Bonnema SJ, Bennedback FN, Veje A, Marving J, Hegedus L. Propothiouracil before *'I
therapy of hyperthyroid diseases; effect on cure rate evaluated by a randomized clinical trial.
J Clin Endocrinol Metab 2004; 89: 4439-4444

Andrade VA, Gross JL, Maia AL. The effect of methimazole pretreatment on the efficacy of
radioactive iodine therapy in Graves' hyperthyroidism: one-year follow-up of a prospective,
randomized study. .J Clin Endocrinol Metab 2001; 86: 3488-3493

Abraham P, Avenell A, Park CM, Watson WA, Bevan JS. A systematic review of drug
therapy for Graves' hyperthyroidism. Europ J Endocrinol 2005; 153: 489-498

Reinwein D, Benker G, Lazarus JH, Alexander WD. A prospective randomized trial of
antithyroid drug dose in Graves' disease therapy. J Clin Endocrinol Metab 1993; 76: 1516-
1521

Benker G, Reinwein D, Kahaly G et al. Is there a methimazole dose effect on remission rate in
Graves' disease? Results from a long-term prospective study. The European Multicentre Trial
Group of the Treatment of Hyperthyroidism with Antithyroid Drugs. Clin Endocrinol (Oxf)
1998; 49: 451-457

Schleusener H, Schwander J, Fischer C et al. Prospective multicentre study on the prediction
of relapse after antithyroid drug treatment in patients with Graves' disease. Acta Endocrinol
(Copenh) 1989; 120: 689-701

Aizawa Y, Yoshida K, Kaise N et al. The development of transient hypothyroidism after
iodine-131 treatment in hyperthyroid patients with Graves' disease: prevalence, mechanism
and prognosis. Clin Endocrinol (Oxf) 1997, 46: 1-5

Chiovato L, Fiore E, Vitti P et al. Outcome of thyroid function in Graves' patients treated with
radioiodine: role of thyroid-stimulating and thyrotropin-blocking antibodies and of
radioiodine-induced thyroid damage. J Clin Endocrinol Metab 1998; 83: 40-46

Franklyn JA, Daykin J, Drolc Z, Farmer M, Sheppard MC. Long-term follow-up of treatment
of thyrotoxicosis by three different methods. Clin Endocrinol (Oxf) 1991; 34: 71-76

Alsanea O, Clark OH. Treatment of Graves' disease: the advantages of surgery. Endocrinol
Metab Clin North Am 2000; 29: 321-337.

Surks M1, Ortiz E, Daniels GH ef al. Consensus guidelines for the diagnosis and management
of subclinical thyroid disease. JAMA 2004; 291:228-238

Sawin CT, Geller A, Wolf PA et al. Low serum thyrotropin concentrations as a risk factor for
atrial fibrillation in older persons. N Engl J Med 1994; 331: 1249-1252

Parle JV, Maisonneuve P, Sheppard MC, Boyle P, Franklyn JA. Prediction of all-cause and
cardiovascular mortality in elderly people from one low serum thyrotropin result: a 10-year
cohort study. Lancet 2001; 358: 861-865

Parle JV, Franklyn JA, Cross KW, Jones SC, Sheppard MC. Prevalence and follow-up of

abnormal thyrotrophin (TSH) concentrations in the elderly in the United Kingdom. Clin
Endocrinol (Oxf) 1991; 34: 77-83

78



4.29 Beck-Peccoz P, Chatterjee VK. The variable clinical phenotype in thyroid hormone resistance
syndrome. Thyroid 1994; 4: 225-232

4.30 Sanno N, Teramoto A, Osamura RY. Thyrotropin-secreting pituitary adenomas. Clinical and
biological heterogeneity and current treatment. J Neurooncol 2001; 54: 179-186

431 Smallridge RC. Thyrotropin-secreting pituitary tumors. Endocrinol Metab Clin North Am
1987; 16: 765-792

4.32 Weiss RE, Refetoff S. Treatment of resistance to thyroid hormone--primum non nocere. J Clin
Endocrinol Metab 1999; 84: 401-404

Chapter 5

5.1 Burrow GN, Fisher DA, Larsen PR. Maternal and Fetal Thyroid Function. N Engl J Med
1994; 331: 1072-1078

5.2 Glinoer D. The regulation of thyroid function in pregnancy: pathways of endocrine adaptation
from physiology to pathology. Endocr Rev 1997, 18: 404-433

53 Price A, Obel O, Cresswell J e al. Comparison of thyroid function in pregnant and non-
pregnant Asian and western Caucasian women. Clin Chim Acta 2001; 308: 91-98

5.4 Brent GA. Maternal hypothyroidism: recognition and management. Thyroid 1999; 9: 661-665

5.5 Mandel SJ, Larsen PR, Seely EW, Brent GA. Increased need for thyroxine during pregnancy
in women with primary hypothyroidism. N Engl J Med 1990; 323: 91-96

5.6 Chopra 1J, Baber K. Treatment of primary hypothyroidism during pregnancy: is there an
increase in thyroxine dose requirement in pregnancy? Metabolism 2003; 52: 122-128

5.7 Haddow JE, Palomaki GE, Allan WC et al. Maternal thyroid deficiency during pregnancy and
subsequent neuropsychological development of the child. N Engl J Med 1999; 341: 549-555

5.8 Pop VI, Kuijpens JL, van Baar AL et al. Low maternal free thyroxine concentrations during
early pregnancy are associated with impaired psychomotor development in infancy. Clin
Endocrinol (Oxf) 1999; 50: 149-155

59 Morreale dE, Obregon MJ, Escobar DR. Is neuropsychological development related to
maternal hypothyroidism or to maternal hypothyroxinemia? J Clin Endocrinol Metab 2000;
85: 3975-3987

5.10 Pop VI, de Vries E, van Baar AL ef al. Maternal thyroid peroxidase antibodies during
pregnancy: a marker of impaired child development? J Clin Endocrinol Metab 1995; 80:
3561-3566

5.11 Muller A F, Drexhage HA, Berghout A. Postpartum thyroiditis and autoimmune thyroiditis in
women of childbearing age: Recent insights and consequences for antenatal and postnatal
care. Endocr Rev 2001; 22: 605-630

5.12 Burrow GN. The management of thyrotoxicosis in pregnancy. New Engl J Med 1985; 313:
562-566

5.13 Hamburger JI. Diagnosis and management of Graves' disease in pregnancy. Thyroid 1992; 2:
219-224

5.14 Weetman AP. Graves' disease. New Engl J Med 2000; 343: 1236-1248

79



5.15 Masiukiewicz US, Burrow GN. Hyperthyroidism in pregnancy: Diagnosis and treatment.
Thyroid 1999; 9: 647-652

5.16 Laurberg P, Nygaard B, Glinoer D, Grussendorf M, Orgiazzi, J. Guidelines for TSH-receptor
antibody measurements in pregnancy; results of an evidence-based symposium organized by
the European Thyroid Association. Eur J Endocrinol 1998; 139: 584-590

5.17 Amino N, Tada H, Hidaka Y. Postpartum autoimmune thyroid syndrome: a model of
aggravation of autoimmune disease. Thyroid 1999; 9: 705-713

5.18 Lazarus JH. Epidemiology and prevention of thyroid disease in pregnancy. Thyroid 2002; 12:
861-865

5.19 Pop VI, van Baar AL, Vulsma T. Should all pregnant women be screened for
hypothyroidism? Lancet 1999; 354: 1224-1225

5.20 Lazarus JH, Premawardhana LDKE. Screening for thyroid disease in pregnancy. J Clin Path
2005; 58: 449-452

5.21.  Fisher DA, Klein AH. Thyroid development and disorders of thyroid dysfunction in the
newborn. N Engl J Med 1981; 304: 702-712

5.22.  Fisher DA. Thyroid function in premature infants. The hypothyroxinaemia of prematurity.
Clin Perinatol 1998; 25: 999-1014

5.23 Policies and standards for newborn blood spot screening.
http://www.ich.ucl.ac.uk/newborn/resources/policies.htm

5.24.  Fisher DA. The importance of early management in optimizing IQ in infants with congenital
hypothyroidism. J Pediatr 2000; 136: 273

5.25.  Van Vliet G. Hypothyroidism in infants and children: congenital hypothyroidism. In
Braverman LE, Utiger RD (eds). Werner & Ingbar’s The Thyroid, Ninth Edition, Lippincott
Williams & Wilkins (London) 2005; 1033-1041

5.26.  LaFranchi S. Congenital hypothyroidism: etiologies, diagnosis and management Thyroid
1999; 9: 735-740

5.27.  Lafranchi SH, Hanna CE. Graves’disease in the neonatal period and childhood. In Braverman
LE, Utiger RD (eds). Werner & Ingbar’s The Thyroid, Ninth Edition, Lippincott Williams &
Wilkins (London) 2005; 1049-1059

Chapter 6

6.1 Guidelines for the management of thyroid cancer in adults. 2002; London: Royal College of
Physicians

6.2 Spencer CA, Bergoglio LM, Kazarosyan M, Fatemi S, LoPresti JS. Clinical impact of
thyroglobulin (Tg) and Tg autoantibody method differences on the management of patients
with differentiated thyroid carcinomas. J Clin Endocrinol Metab 2005; 90; 5566-5575

6.3 Robbins RJ, Chon JT, Fleischer M, Larson SM, Tuttle RM. Is the serum thyroglobulin
response to recombinant human thyrotophin sufficient, by itself, to monitor for residual
thyroid carcinoma? J Clin Endocrinol Metab 2002; 87: 3242-3247

6.4 Spencer CA, Wang CC. Thyroglobulin measurement. Endocr Metab Clin N Am 1995; 24:

841-863

80



6.5 Wartofsky L. Management of low-risk well-differentiated thyroid cancer based only on
thyroglobulin measurement after recombinant human thyrotropin. Thyroid 2002; 12: 583-590

6.6 Haugen BR, Chester-Ridgway E, McLaughlin BA, McDermott MT. Clinical comparison of
whole-body radioiodine scan and serum thyroglobulin after stimulation with recombinant
human thyrotropin. Thyroid 2002; 12: 37-43

Chapter 7

7.1 Demers LM, Spencer CA eds. Laboratory medicine practice guidelines: Laboratory support
for the diagnosis and monitoring of thyroid disease. National Academy of Clinical
Biochemistry 2002; URL: http//:www.nacb.org/monograph/Thyroid_index.htm

7.2 Caldwell G, Kellett HA, Gow SM, et al. A new strategy for thyroid function testing . Lancet
1985;1: 1117 -1119

7.3. Ladenson PW, Singer PA, Ain KB, et al. American Thyroid Association Guidelines for
detection of thyroid dysfunction. Arch Intern Med 2000; 160: 1573-1575

7.4. Dayan CM Interpretation of thyroid function tests. Lancet 2001, 357: 619-624

7.5 Spencer CA, Takeuchi M, Kazarosyan M. Current status and performance goals for serum
thyrotropin (TSH) assays. Clin Chem 1996; 42: 141-145

7.6. Ekins R. The free hormone hypothesis and measurement of free hormones. Clin Chem 1992;
38: 1289-1293

7.7 Ekins R. The science of free hormone measurement. Proc UK NEQAS Meeting 1998; 3: 35-59

7.8 Stockigt JR. Free thyroid hormone measurement: a critical appraisal. Endocrinol Metab Clin
N Am 2001; 30: 265-289

7.9. Christofides ND Free Analyte Immunoassay In: The Immunoassay Handbook, second edition,
D.Wild ed, Nature Publishing Group, 2001: 61-77

7.10 Christofides ND, Wilkinson E, Stoddart M, Ray DC, Beckett GJ, Assessment of serum
thyroxine binding capacity-dependent biases in free thyroxine assays. Clin Chem 1999; 45:
520-524

7.11 Wang R, Nelson JC, Weiss RM, Wilcox RB. Accuracy of free thyroxine measurements across
natural ranges of thyroxine binding to serum proteins. Thyroid 2000; 10: 31-39

7.12 Sapin R. Serum thyroxine binding capacity-dependent bias in five free thyroxine
immunoassays: assessment with serum dilution experiments and impact on diagnostic
performance. Clin Biochem 2001; 34: 367-371

7.13 Beckett GJ, Wilkinson E, Raec PWH, Gow SM, Wu PSC, Toft AD. The clinical utility of a
non-isotopic two-step assay (Delfia) and an analogue radioimmunoassay (SimulTRAC) for
free thyroxine compared. Ann Clin Biochem 1991; 28: 335-344

7.14 Schussler GC. The thyroxine-binding proteins. Thyroid 2000; 10: 141-149

7.15 Tunbridge WMG, Evered DC, Hall R, et al. The spectrum of thyroid disease in a community:
The Whickham survey. Clin Endocrinol 1977; 3: 481-493.

7.16 Hollowell JG, Stachling NW, Hannon WH, ef al. Serum TSH, T4 and thyroid antibodies in

the United States Population (1988) to 1994): National Health and Nutrition examination
survey (NHANES I1I). J Clin Endocrinol Metab 2002; 87: 489-499

81



7.17

7.18

7.19

7.20

7.21

7.22

7.23

7.24

7.25

7.26

7.27

7.28

7.29

7.30

7.31

7.32

7.33

7.34

Vanderpump MPJ, Ahlquist JAO, Franklyn JA, Clayton RN. Consensus statement for good
practice and audit measures in the management of hypothyroidism and hyperthyroidism. Br
Med J 1996; 313: 539-544

Andersen S, Pedersen KM, Bruun NH, Laurberg P. Narrow individual variations in serum T4
and T3 in normal subjects: a clue to the understanding of subclinical thyroid disease. J Clin
Endocrinol Metab 2002; 87: 1068-1072.

Fraser CG. Biological variation: from principles to practice. A4CC Press, Washington DC;
2001

Browning MCK, Ford RP, Callaghan SJ, Fraser CG. Intra-and inter-individual biological
variation of five analytes used in assessing thyroid function: implications for necessary
standards of performance and the interpretation of results. Clin Chem 1986; 32: 962-966

Fraser CG, Petersen PH. Desirable standards for laboratory tests if they are to fulfil medical
needs. Clin Chem 1993; 39: 1453-1455

Browning MC, Bennet WM, Kirkaldy AJ, Jung RT. Intra-individual variation of thyroxin,
triiodothyronine and thyrotropin in treated hypothyroid patients: implications for monitoring
replacement therapy. Clin Chem 1988; 34: 696-699

Wartofsky L, Dickey RA. The evidence for a narrower thyrotropin reference range is
compelling. J Clin Endocrinol Metab 2005; 90: 5483-5488

Surks MI, Goswami G, Daniels GH. The thyrotropin reference range should remain
unchanged. J Clin Endocrinol Metab 2005; 90: 5489-5496

Howanitz PJ, Howanitz JH, Lamberson HV, Ennis KM. Incidence and mechanism of spurious
increases in serum thyrotropin. Clin Chem 1982; 28: 427-431

Boscato LM, Stuart MC. Heterophilic antibodies: a problem for all immunoassays. Clin Chem
1988; 34: 27-33

Levinson SS. The nature of heterophilic antibodies and their role in immunoassay
interference. J Clin Immunoassay 1992;15: 108-115

Kricka LJ. Human anti-animal antibody interference in immunological assays. Clin Chem
1999; 45: 942-956.

Gow SM, Kellett HA, Seth J, Sweeting VM, Toft AD, Beckett GJ. Limitations of new thyroid
function tests in pregnancy. Clin Chim Acta, 1985; 152: 325-333

Glinoer D. The regulation of thyroid function in pregnancy: pathways of endocrine adaptation
from physiology to pathology. Endocr Rev 1997, 18: 404-433

Hershman JM. Human chorionic gonadotropin and the thyroid: hyperemesis gravidarum and
trophoblastic tumors. Thyroid 1999; 9: 653-657

Uy H, Reasner CA, Samuels MH. Pattern of recovery of the hypothalamic-pituitary thyroid
axis following radioactive iodine therapy in patients with Graves' disease. Am J Med 1995; 99:
173-179

Wardle CA, Fraser WD, Squire CR. Pitfalls in the use of thyrotropin concentration as a first-
line thyroid-function test. Lancet 2001; 357: 1013-1014

Oliveira JH, Persani L, Beck-Peccoz P, Abucham J. Investigating the paradox of
hypothyroidism and increased serum thyrotropin (TSH) levels in Sheehan's syndrome:
characterization of TSH carbohydrate content and bioactivity. J Clin Endocrinol Metab 2001;
86: 1694-1699

82



7.35

7.36

7.37

7.38

7.39

7.40

7.41

7.42

7.43

7.44

7.45

7.46

7.47

7.48

7.49

7.50

7.51

7.52

Beck-Peccoz P, Brucker-Davis F, Persani L, Smallridge RC, Weintraub BD. Thyrotropin-
secreting pituitary tumors. Endocr Rev 1996; 17: 610-638

Brucker-Davis F, Oldfield EH, Skarulis MC, Doppman JL, Weintraub BD. Thyrotropin-
secreting pituitary tumors: diagnostic criteria, thyroid hormone sensitivity and treatment
outcome in 25 patients followed at the National Institutes of Health. J Clin Endocrinol Metab
1999; 76: 1089-1094.

Refetoff S. Resistance to Thyroid Hormone. /n The Thyroid. Braverman LE and Utiger RD,
eds. Lippincott Williams & Wilkins, Philadelphia. 2000; 1028-1043.

Beck-Peccoz P, Chatterjee VKK. The variable clinical phenotype in thyroid hormone
resistance syndrome. Thyroid 1994;4: 225-232

Beckett GJ, Wilkinson E, Thyroid hormone metabolism in non-thyroidal illness. CPD Bulletin
Clin Biochem 1998; 1: 9-15

Kaptein EM Non-thyroidal illness. Thyroid Int 1998; 3: 1-13

LoPresti JS, Nicolof JT. Thyroid response to critical Illness. Contempory Endocrinology:
Endocrinology of Critical Disease Ober KP ed. Humana Press Inc, Totowa, New Jersey 1997;
155-173

Wiersinga WM, Boelen A, Thyroid hormone metabolism in non-thyroidal illness Current
Opin Endocrinol Diab 1996; 3: 422-428

Spencer CA, Eigen A, Duda M, et al. Sensitive TSH tests - specificity limitations for
screening for thyroid disease in hospitalized patients. Clin Chem 1987; 33: 1391-1396

Sapin R, Schliener JL, Kaltenbach G, et al. Determination of free trilodothyronine by six
different methods in patients with non-thyroidal illness and in patients treated with
amiodarone. Ann Clin Biochem 1995; 32: 314-324

Henneman G, Everts ME, de Jongt M. The significance of plasma membrane transport in the
bioavailability of thyroid hormones. Clin Endocrinol 1998; 48: 1-8

Wilcox RB, Nelson JC and Tomei RT. Heterogeneity in affinities of serum proteins for
thyroxine among patients with non-thyroidal illness as indicated by the serum free thyroxine
response to serum dilution. Eur J Endocrinol 1994; 131: 9-13

Nelson JC, Weiss RM. The effects of serum dilution on free thyroxine (T4) concentration in
the low T4 syndrome of non-thyroidal illness. J Clin Endocrinol Metab 1985; 61: 239-246

Chopra 1J. Simultaneous measurement of free thyroxine and free 3,5,3'-triiodothyronine in
undiluted serum by direct equilibriium dialysis/radioimmunoassay: evidence that free
triiodothyronine and free thyroxine are normal in many patients with the low triiodothyronine
syndrome. Thyroid 1998; 8: 249-257

Stockigt JR. Guidelines for diagnosis and monitoring of thyroid disease: non-thyroidal illness.
Clin Chem 1996, 42: 188-192

Surks M1, Sievert R. Drugs and thyroid function. N Eng J Med 1995; 333: 1688-1694

Kailajarvi M, Takala T, Gronroos P, et al. Reminders of drug effects on laboratory test results.
Clin Chem 2000; 46: 1395-1400

Brabant A, Brabant G, Schuermeyer T, et al. The role of glucocorticoids in the regulation of
thyrotropin. Acta Endocrinol 1989; 121: 95-100

&3



7.53

7.54

7.55

7.56

7.57

7.58

7.59

7.60

7.61

7.62

7.63

7.64

7.65

7.66

7.67

7.68

7.69

7.70

7.71

Kaptein EM, Spencer CA, Kamiel MB, Nicoloff JT. Prolonged dopamine administration and
thyroid hormone economy in normal and critically ill subjects. J Clin Endocrinol Metab 1980;
51: 387-393

Geffner DL, Hershman JM. Beta-adrenergic blockade for the treatment of hyperthyroidism.
Am J Med 1992; 93: 61-68

Hawkins RC. Furosemide interference in newer free thyroxine assays. Clin Chem 1998; 44:
2550-2551

Wang R, Nelson JC, Wilcox RB. Salsalate and salicylate binding to and their displacement of
thyroxine from thyroxine-binding globulin, transthyrin and albumin. Thyroid 1999; 9: 359-
364

Munro SL, Lim C-F, Hall JG, et al. Drug competition for thyroxine binding to transthyretin
(prealbumin): comparison with effects on thyroxine-binding globulin. J Clin Endocrinol

Metab 1989; 68: 1141-1147

Surks MI, Defesi CR. Normal free thyroxine concentrations in patients treated with phenytoin
or carbamazepine: a paradox resolved. J Am Med Assoc 1996; 275: 1495-1498

Mendel CM, Frost PH, Kunitake ST, Cavalieri RR. Mechanism of the heparin-induced
increase in the concentration of free thyroxine in plasma. J Clin Endocrinol Metab 1987; 65:

1259-1264

Dulgeroff AJ, Hershman JM. Medical therapy for differentiated thyroid carcinoma. Endocr
Rev 1994; 15: 500-515

Lazarus JH. The effects of lithium therapy on thyroid and thyrotropin-releasing hormone.
Thyroid 1998; 8: 909-913

Kusalic M, Engelsmann F. Effect of lithium maintenance therapy on thyroid and parathyroid
function. J Psych Neurosci 1999; 24: 227-233

Oakley PW, Dawson AH, Whyte IM. Lithium: thyroid effects and altered renal handling. Clin
Toxicol 2000; 38: 333-337

Toft AD, Boon NA. Thyroid disease and the heart. Heart 2000; 84: 455-460

Martino E, Bartalena L, Bogazzi F, Braverman LE. The effects of amiodarone on the thyroid.
Endocr Rev 2001; 22: 240-254

Daniels GH. Amiodarone-induced thyrotoxicosis. J Clin Endocrinol Metab 2001; 86: 3-8
Eaton SE, Euinton HA, Newman CM, Weetman AP, Bennet WM. Clinical experience of
amiodarone-induced thyrotoxicosis over a 3-year period: role of colour-flow Doppler

sonography. Clin Endocrinol 2002; 56: 33-38

Despres N, Grant AM. Antibody interference in thyroid assays: a potential for clinical
misinformation. Clin Chem 1998; 44: 440-454

Kricka LJ. Interferences in Immunoassay - still a threat. Clin Chem 2000; 46: 1037-1038
Vanderpump MPJ, Tunbridge WMG, French JM, et al. The incidence of thyroid disorders in
the community; a twenty year follow up of the Whickham survey. Clin Endocrinol 1995; 43:
55-68

Feldt-Rasmussen U. Anti-thyroid peroxidase antibodies in thyroid disorders and non-thyroid
autoimmune diseases. Autoimmunity 1991; 9: 245-251

84



7.72

7.73

7.74

7.75

7.76

7.77

7.78

7.79

7.80

7.81

7.82

7.83

7.84

7.85

7.86

7.87

Mariotti S, Caturegli P, Piccolo P, Barbesino G, Pinchera A. Antithyroid peroxidase
autoantibodies in thyroid diseases. J Clin Endocrinol Metab 1990; 71: 661-669

Ward DL, Bing-You RG. Autoimmune thyroid dysfunction induced by interfereon-alfa
treatment for chronic hepatitis C: screening and monitoring recommendations. Endoc Pract
2001; 7: 52-58

Phan GQ, Attia P, Steinberg SM, White DE, Rosenberg SA. Factors associated with response
to high-dose interleukin-2 in patients with metastatic melanoma. J Clin Oncol 2001; 19: 3477-
3482

Durelli L, Ferrero B, Oggero A, et al. Thyroid function and autoimmunity during interferon-
Beta-1b Treatment: a Multicenter Prospective Study. J Clin Endocrinol Metab 2001; 86:
3525-3532

Roti E, Minelli R, Giuberti T, ef al. Multiple changes in thyroid function in patients with
chronic active HCV hepatitis treated with recombinant interferon-alpha. Am J Med 1996; 101.:
482-487

Johnston AM, Eagles JM. Lithium-associated clinical hypothyroidism. Prevalence and risk
factors. Br J Psychiatry 1999; 175: 336-339

Spencer CA, Bergoglio LM, Kazarosyan M, Fatemi S, LoPresti JS. Clinical impact of
thyroglobulin (Tg) and Tg autoantibody method differences on the management of patients
with differentiated thyroid carcinomas. J Clin Endocrinol Metab 2005; 90: 5566-5575

Nordyke RA, Gilbert FI, Miyamoto LA, Fleury KA. The superiority of anti-microsomal over
anti-thyroglobulin antibodies for detecting Hashimoto's thyroiditis. Arch Int Med 1993; 153:
862-865

Spencer CA, Wang C, Fatemi S, Guttler RB, Takeuchi M, Kazarosyan M. Serum
thyroglobulin autoantibodies: prevalence, influence on serum thyroglobulin measurement and
prognostic significance in patients with differentiated thyroid carcinoma. J Clin Endocrinol
Metab 1998; 83: 1121-1127

Pacini F, Mariotti S, Formica N, Elisei R. Thyroid autoantibodies in thyroid cancer: Incidence
and relationship with tumor outcome. Acta Endocrinol 1988; 119: 373-380

Rubello D, Casara D, Girelli ME, Piccolo M, Busnardo B. Clinical meaning of circulating
anti-thyroglobulin antibodies in differentiated thyroid cancer: a prospective study. J Nucl Med
1992; 33: 1478-1480

Feldt-Rasmussen U. Analytical and clinical performance goals for testing autoantibodies to
thyroperoxidase, thyroglobulin and thyrotropin receptor. Clin Chem 1996; 42: 160-163

Laurberg P, Nygaard B, Glinoer D, Grussendorf M, Orgiazzi J. Guidelines for TSH-receptor
antibody measurements in pregnancy: results of an evidence-based symposium organized by
the European Thyroid Association. Eur J Endocrinol 1998 ;139: 584-586

Ueta Y, Fukui H, Murakami M, et al. Development of primary hypothyroidism with the
appearance of blocking-type antibody to thyrotropin receptor in Graves' disease in late

pregnancy. Thyroid 1999 9: 179-182

Gupta MK. Thyrotropin-receptor antibodies in thyroid diseases: advances in detection
techniques and clinical application. Clin Chim Acta 2000; 293: 1-29

Morgenthaler NG. New assay systems for thyrotropin receptor antibodies. Current Opin
Endocrinol Diab 1998; 6: 251-260

85



7.88

7.89

7.90

791

7.92

7.93

7.94

Guidelines for the management of thyroid cancer in adults. 2002; London: Royal College of
Physicians

Spencer CA, LoPresti JS, Fatemi S, Nicoloff JT. Detection of residual and recurrent
differentiated thyroid carcinoma by serum Thyroglobulin measurement. Thyroid 1999; 9: 435-
441

Spencer CA, Wang CC. Thyroglobulin measurement: techniques, clinical benefits and pitfalls.
Endocrinol Metab Clin N Amer 1995; 24: 841-863

Spencer CA, Takeuchi M, Kazarosyan M. Current Status and Performance Goals for Serum
thyroglobulin Assays. Clin Chem 1996; 42: 164-173

Clark PM, Beckett GJ. Can we measure thyroglobulin? Ann. Clin Biochem. 2002; 39: 196-202

Spencer CA. Recoveries cannot be used to authenticate thyroglobulin (Tg) measurements
when sera contain Tg autoantibodies. Clin Chem 1996; 42: 661-663

Brucker-Davis F, Oldfield EH, Skarulis MC, Doppman J1,, Weintraub BD. Thyrotropin-
secreting pituitary tumors: diagnostic criteria, thyroid hormone sensitivity, and treatment
outcome in 25 patients followed at the National Institutes of Health. J Clin Endocrinol Metab
1999; 84: 476-486

86



