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Key steps in Thyroid hormone synthesis
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What does the thyroid hormone do

Cardiovascular System Skeletal muscle
Oxygen consumption Oxygen consumption
Vascular resistance Protein synthesis
Cardiac output Blood flow
Contractility Contractility

Cardiac mass @ (;D
T3 &T4

Liver <:’ :'D Kidney
Protein synthesis Blood flow
Clearance functions Clearance rates

Vasoactive mediators
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All Organ Systems
Thermogenesis
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Interpreting Thyroid disorders

+ Graves disease d

+ toxic multinodular goitre

* foxic adenoma

« thyroiditis (post-viral, post-partum)

= drugs (amiodarone); excess iodine intake

= excess thyroxine ingestion

+ pregnancy-related (hyperemesis gravidarum;
hydatidiform mole)

= congenital hyperthyroidism

= subclinical hyperthyroidism '-
* recent treatment for
hyperthyroidism = NTI
« drugs (e.g. steroids, dopamine) = central hypothyroidism
- assay interference o A +isclated TSH deficiency
= MNTI + assay interference
* subclinical hypothyroidism « assay interference; FDH
* poor compliance with thyroxine l \ = thyroxine replacement therapy
* malabsorption of thyroxine (including poor compliance)
» drugs (e.q. amiodarona) « drugs (e.g. amiodarone,
» assay interference l heparin)
* NTI recovery phase = MTI {including acute
* TSH resistance - autoimmune thyroiditis (Hashimoto's; atrophic) psychiatric disorders)
« post-radioiodine therapy/thyroidectomy * neonatal period
» hypothyoid phase of thyroiditis * TSH-secreting pituitary
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Normal values

Analyte _ Traditional unit

TSH 0.35-5.5 mU/L 0.35-5.5 mU/L
Free T4 10.5 — 20 pmol/L 0.8 -1.6 ng/dL
Total T4 66- 181 nmol/L

Free T3 3.5-6.5 pmol/L 2.3-4.3 pg/dL

Total T3 0.9-2.8 nmol/L 60-190 ng/dL

3/8/2024 TFT / NPT MMA /MWA 6



Indication for Thyroid function tests

Screening for Thyroid Dysfunction

* Which Thyroid Function Test?

* As a baseline screening test TSH is the most specific to determine
pathology

* Free T4 and T3 will be done if requested for and if warranted by
the supplied brief history and on samples with abnormal TSH
results.



What Do High and Low TSH Levels Mean?
5

é T5H levels above 5.0 suggest
that the thyroid is
underactive.

“Normal” reference
range (from 0.3/0.5
to 3.0/5.0)

3 7

1

TSH levels below 0.4
suggest that the thyroid

is overactive,
\"
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Special situations:

* Goitre and Thyroid Nodules

In any patient presenting with a suspected goiter, serum TSH should
be measured

* Atrial Fibrillation, Hyperlipidaemia, Osteoporosis, Subfertility

Patients with atrial fibrillation, hyperlipidaemia, osteoporosis and
subfertility should have an assessment of thyroid function by
measurement of TSH at presentation

* Women with Type 1 Diabetes

Women with type 1 diabetes should have their thyroid function,
including serum TSH,FT4 and thyroid peroxidase antibody status,

established preconception, at booking when pregnant and at 3
months post-partum.




The Normal Healthy Adult Population Including the Elderly

e Screening for thyroid dysfunction in a healthy adult population is
not warranted.

* If screening is performed, and a high serum TSH concentration is
found, and the FT4 is normal, the measurement should be
repeated 3-6 months later.

* If the serum TSH is greater than 10mU/L and the serum FT4
concentration is low, then the subject has overt hypothyroidism
and should be treated with thyroxine.



* If the serum FT4 concentration is normal, but the serum TSH

concentration is greater than 10muU/L, then treatment with thyroxine is
recommended.

* |f the serum TSH concentration is above the reference range but <
10mU/L, then serum thyroid peroxidase antibodies should be
measured.

* 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.



* If the 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.

* If the serum TSH is less than 0.1mU/L then the serum FT4 and FT3
must be measured to exclude overt hyperthyroidism.

* Routine testing of thyroid function in hospitalized patients admitted
acutely to hospital is not warranted unless specific clinical indications
exist.



Surveillance of Thyroid Function
* Past History of Post-Partum Thyroiditis

All women with a past history of postpartum thyroiditis should be
offered an annual check of th¥roid unction and should also be screened
prior to and at 6 to 8 weeks atter pregnancies.

* Patients with Diabetes

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.

* Down Syndrome and Turner’s Syndrome

All patients with Down Syndrome and Turner’s Syndrome should
have an annual check of thyroid function.



Patients receiving Amiodarone and Lithium

 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

 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



Post Neck Irradiation

* Thyroid function should be tested every 12 months in patients
treated by external irradiation to the neck in view of the risk of
hypothyroidism

Following Destructive Treatment for Thyrotoxicosis by either
Radioiodine or Surgery

* Indefinite surveillance is required following radioiodine or
thyroidectomy for the development of hypothyroidism or the
recurrence of hyperthyroidism

* Thyroid function should be assessed around 4-8 weeks post-
treatment, then 3 monthly up to 1 year and annually thereafter



Monitoring of Thyroid Function
Treatment of Thyrotoxicosis with Anti-Thyroid Drugs

* Itis recommended that thyroid function is tested every 1-3 months
when initiating antithyroid drug therapy until stable and annually if
used as long term treatment option

Patients on Thyroxine Therapy

* Once thyroxine replacement is initiated , for whatever indication,
then long-term follow-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

* In 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 each trimester



When to test?

* Despite the development of highly sensitive laboratory tests,
clinical assessment and judgement remain paramount?

* |nitial testing for thyroid dysfunction should be based on clinical
suspicion. When more of the common signs and symptoms of
thyroid disease are present, there is increased prevalence of

disease.

Key point

Signs and symptoms provide the best indication
to request thyroid tests

3/8/2024 TFT / NPT MMA /MWA

17


Ref 1.pdf

LOW TSH, High fT4, High fT3
* Primary hyperthyroidism

 Graves’ , MNG, toxic nodule,



Low TSH, Normal T4 or T3

* Subclinical primary hyperthyroidism
* Thyroxine ingestion

* High dose steroids use

* Inotrope infusions

* Repeat TFT about 6 weeks later



Low/Normal TSH, low fT3, low fT4

* Unwell patient with non-thyroidal iliness

* Recent treatment for Hyperthyroidism

e Secondary hypothyroidism ( pituitary disease)
* Congenital TSH or TRH deficiency

* Important to exclude hypoadrenalism



High TSH, Low fT4, low fT3

* Primary Hypothyroidism

* Autoimmune : Hashimoto, Atrophic

* latrogenic : 1131, Sub total thyroidectomy, post radiation
* Drugs: lodine excess, Lithium, Interferon

e Congenital hypothyroidism

* lodine deficiency



High TSH, normal fT4 or fT3

* Mild thyroid failure ( subclinical hypothyroidism )
* Interfering ( heterophil antibodies) giving misleading results

 TSH resistance



Normal or High TSH, High fT4 or fT3

e Usually Artefactual

* TSH receptor mutations

* TSH secreting tumor

* Anti T4 or anti T3 antibodies interfering with the essay
* Amiodarone treatment

* Psychiatric disease

e Familial dysalbuminaemic hyperthyroxinemia



Discordant TFTs d

Step 1: Re-evaluate clinical history

Age Pregnancy Thyroxine Confounding Mon-thyroidal
changes therapy medications iliness (NTI)
Consider: Consider: Consider: Consider:
- negnatal period - | TSH (1% trimester; 2° to - confounding dietary - amiodarone
- elderly thCG) factors or medications - furosemide
- 1TT4 & 1TT3 (from 1% - malabsorption syndromes - heparin
trimester; 2° to 1TBG) - altered TH meatabalism - corticosteroids
- changes in FT4 & FT3 - non-compliance - dopamine
- pregnancy RR - other factors (see Table 2) - others (see Table 3)

Step 2: Re-assess thyroid status

? hypothyroid ? euthyroid ? hyperthyroid

Step 3: Decide which TFT is most likely to be discordant
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Limitations of
thyroid function tests

Thyroid function tests are measured by immunoassays that use
specific antibodies and are subject to occasional interference.
Results should be interpreted in the context of the clinical
picture.

If the laboratory results appear inconsistent with the clinical
picture, communicate this to the laboratory and request the
following checks:

Confirm the specimen identity.

Reanalyse the specimen using an alternative manufacturer’s
assay.

Analyse the specimen for the presence of a heterophilic
antibody.
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Heterophil antibodies

* Circulating thyroid hormone autoantibodies, described in thyroid and
nonthyroid disorders, are an important class of interference factor
and can bind to hormone tracers used in various immunoassays.

* Two additional interfering antibodies may particularly interfere within
two-site immunoassays for thyrotropin. These include heterophile
antibodies, especially human anti-mouse antibodies, and rheumatoid
factors, which can cause interferences by immunoglobulin
aggregation and (or) cross-linking of both capture and signal
antibodies.
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Thyroid tests in the
pregnant patient

Thyroid screening in women planning pregnancy, and those who
are pregnant, has been advocated in some cases like
autoimmune diseases, GDM.

Routine screening remains controversial and is not
recommended, unless there are symptoms of thyroid disease.

TSH may be temporarily suppressed during the first trimester of
pregnancy, due to the thyroid stimulating effect of hCG. FT4
levels tend to fall slowly in the second half of pregnancy.

Differential diagnosis of hyperemesis and gestational
thyrotoxicosis must be considered

In pregnancy, TSH should not be allowed to rise above 3.0 mU/I
for the health of both the baby and mother.
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» Synthesised & secreted by thyroid follicles (30ng/ml)
e Reflects thyroid mass, thyroid injury & TSH receptor stimulation
* very sensitive marker of recurrence of thyroid cancer
Tg Grave’s disease
Thyroiditis
nodular goiter
( after total thyroidectomy & RIA level should be < 0.27 microgram /L)
should test together with Anti TG ab.
Indications: Monitoring recurrence of certain variants of thyroid Ca
Thyroid dysgenesis in Congenital hypothyroidism

Follow up of patients with thyroid malignancy



* Anti Thyroglobulin Antibodies ( Anti TG ab )

* Methods: Tanned Red Cell Haemagglutination tests (TRCH test)

e ELISA / Immunoflourescence of tissue section

* Not much high value for the thyroid disorders

* Likelihood of autoimmune diseases

* Positive: Hashimoto’s thyroiditis, Grave’s disease, myxedema,
thyroid carcinoma, pernicious anaemia



Antimicrosomal Antibodies ( Anti Thyroid Peroxidase Antibodies)
e Range (<150 IU /ml)

* Positive in grave’s disease & Hashimoto’s thyroiditis

* More frequently positive for autoimmune diseases than Tg Ab

Thyroid receptor antibody ( TRAB )
» Cost- effective and convenient / Range (<1.75 1U/L)
»Sensitivity of 96-97% and a specificity of 99% for Grave Disease
» Confirm the diagnosis of Graves and distinguish from DDx
» Initial testing make decision in choice of therapy in GD

» Testing after 12-18 mth of ATD to guide further treatment decision (can stop
or continue ATD)

»predictor for prognosis or relapse with medical therapy
»high level indicated for fetal or neonatal thyrotoxicosis
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Antibodies in thyroid disease
_

General Population

Graves’ disease 80-95 50-70 50-80
Autoimmune Thyroiditis 10-20 80-90 90-100
Relatives of people ith 0 30-40 30-50
autoimmune thyroiditis

Type 1 diabetes 0 30-40 30-40
Pregnant women 0 About 14 About 14

TSHR: thyrotropin (TSH) receptor; TG: thyroglobulin; TPO: thyroid
peroxidase
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RADIO IODINE UPTAKE SCAN

Radioiodine uptake should be done when clinical presentation is not
in typical diagnostic picture

Very low radio-iodine exposure so that no isolation needed



Radio iodine uptake scan
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| 131 thyroid uptake scan

Normal thyroid scan Hot nodule
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FNAC thyroid
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Indications:

* Diagnosis of diffuse non toxic goiter

* Diagnosis of solitary or dominant thyroid nodule
e Confirmation of clinically obvious malignancy

* to obtain material for special laboratory investigations aimed at defining
prognostic parameters

Main limitation: Inability to distinguish between follicular adenoma &
carcinoma
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FNAC materials & procedure
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Diagnostic categories & Action

Thy 1 Non diagnositic, Cystic fluid only, acellular specimen :Repeat
inadequate sampling

Thy 2 Non neoplastic, Benign colloid nodule, lymphocytic thyroiditis :
repeat sample

Thy 3 Follicular lesions 3 a :Atypia of undetermined significance, :
lobectomy
3 b :follicular lesion suspicious for malignancy:
MDT

Thy 4 Suspicious of malignancy: papillary, medullary, lymphoma

: Surgical excision , total thyroidectomy

Thy 5 Diagnostic of malignancy  Papillary thyroid ca, differentiated thyroid ca, :
complete neck disection
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Take home message

* About 90% to 95% of all thyroid problems can be diagnosed using
measurements of Thyroid Stimulating Hormone (TSH), Free Thyroxin (fT4),
and Free Tri-iodothyronine (fT3)

* Making a diagnosis is all about pattern recognition——but beware the
pitfalls

* |f the TSH, FT4 and FT3 are within the normal range the likelihood of

thyroid dysfunction can be excluded : worth to repeat in 3 to 6 months

* |f the results does not fit in the picture, further tests may help:

autoantibodies, thyroid scan, special tests
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THANK YOU
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