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Chapter 21

STRATEGY FOR THE DIAGNOSIS OF THYROID DISORDERS
IN THE DEVELOPING COUNTRIES

Makumkrong Poshyachinda

Introduction

Thyroid disorders may manifest as abnormalities of anatomy or function of the gland.
Most of them can be diagnosed after a careful clinical history and physical examination.
Nevertheless, laboratory evaluation is important for an accurate diagnosis before embarking
on treatment. There is also a small but a significant fraction of thyroid diseases that can be
diagnosed only on the basis of laboratory findings. Often a diagnosis of thyroid disease may
need more than a single test. Hence, it is essential to select appropriate tests for thyroid
patients by their reliability, precision and overall cost.

Many thyroid function tests are nuclear techniques and this trend is not likely to change
in near future. Radionuclides that are commonly used in the evaluation of thyroid disorders
include iodine-131 (13lI), iodine-123 (mI), iodine-125 (mI)and technetium-

These tests may be divided into two different groups: "in vivo thyroid function tests" and
"in vitro thyroid function tests".

THYROID HORMONE PHYSIOLOGY.

All chemical forms of iodine are converted to iodide before absorption. The uptake of
iodide by the thyroid is dependent on the dietary intake of iodine. The uptake is low if the
daily iodine intake is high and it is high when the intake is low. Other anions such as
pertechnetate, perchlorate and isothiocyanate also use a similar transport mechanism for entry
into the gland.

The iodine is trapped in the thyroid follicles and is converted to a labile form, which
immediately iodinates the tyrosine molecules in the thyroglobulin matrix. Iodinated tyrosines
are then "coupled" to produce thyroxine (T4) and triiodothyronine (T3). In the normal
thyroid gland, T4 is formed about 10 times more abundantly than T3. Under stimulation by
thyroid stimulating hormone (TSH) or in the presence of iodine deficiency, T3 becomes
relatively more abundant.

Circulating T4 and T3 are bound to the transport proteins: thyroxine binding globulin
(TBG), thyroxine binding prealbumin (TBPA) and albumin. The most important transport
protein is TBG. Approximately 0.02% of T4 and 0.25% of T3 remain free. These free
hormones are in a state of continuous dynamic exchange with the bound forms. The free
hormones are biologically active and responsible for regulating the synthesis and secretion of
TSH by feedback control. Usually the concentration of free hormones in serum correlates
with the metabolic state of the patient.
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Approximately one third of secreted T4 is normally converted to T3 peripherally, and
this constitutes 80% of the circulating T3. Several drugs and conditions alter this conversion
rate as shown in Table I. T3 has 10 to 20 times the metabolic potency of T4. In normal
subjects, T3 accounts for over 80% of the metabolic activity of the thyroid hormones.

TABLE I. Drugs and Conditions associated with
decreased peripheral conversion of T4 to T3

Pathophysiological conditions Drugs

Fetal thyroid Propylthiouracil
Systemic illness Glucocorticoids
Kidney and liver disease Iopaonic acid, ipodate

Propanol, Amidarone

IN VITRO THYROID FUNCTION TESTS.

These tests measure the levels of thyroid and related hormones in circulation and the
thyroid hormone binding ratio. The application of radioimmunoassay (RIA) methods for the
diagnosis of thyroid disorders, over the last two decades, has lead to better understanding of
thyroid physiology and significantly improved the management of thyroid diseases.

Radioimmunoassay method.

These methods have been described extensively in a separate Chapter but few of the
salient factors as they apply to the thyroid hormone assays will be recapitulated here briefly.
The principle of RIA test is based on the displacement of a radioactively labelled ligand of
the substance to be measured (125I-T4 or 125I-T3) by that substance in the sample to be
measured in the presence of a highly specific binding receptor such as monoclonal antibody.
At equilibrium of a ligand (T4 or T3) and its binding antibody (T4Ab or T3Ab), separation
of the bound(B) fraction from the free(F) fraction is done by various means like charcoal
adsorption, precipitation by a second antibody, or by antibody coated to the walls of the
reaction tube or to glass beads. A standard curve is constructed by adding increasingly larger
known quantities of pure substance (T4 or T3) to a constant amount of radioactive ligand and
the antibody mixture. Bound to free (B/F) ratio is plotted against concentration of the added
substance. The quantity of the substance to be measured (T4 or T3) in serum sample can be
estimated by fitting its B/F ratio on the standard curve.

Current RIAs for T4 and T3 are very sensitive, specific and relatively cheap. Because
of a wide range of levels of thyroid related hormones in normal subjects, it is crucial that
each laboratory establishes its own normal range.
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Total serum T4.

The concentration of total T4 (TT4) in normal adults ranges from 6 to 12 /x/dL. The
same normal range is valid for both sexes and all ages above 6 years. Values below or above
this range, in the absence of thyroid dysfunction, are usually due to changes in the
concentration of TBG (Table II). These changes may be congenital or acquired, less
commonly due to a displacement of T4 from TBG as with phenytoin (Dilantin) or salicylate.
The level of oestrogen in pregnant women especially in the last two trimesters raises the
concentration of TBG, TT4 and TT3.

TABLE II. Factors causing changes in the concentration of TBG.

Increase Decrease

Pregnancy Nephrotic syndrome, Hypoproteinaemia
Cirrhosis, hepatitis Severe chronic illness
Congenital Congenital
Oestrogens Androgens
Tamoxifen Glucocorticoid

The level of TT4 may not always correspond to the free T4(FT4) concentration. The
TT4 level can be elevated without thyrotoxicosis in patients with familial hyperthyroxinaemia
due to abnormal albumin, hereditary excess of TBG, the presence of antibodies binding to
T4, and the thyroid hormone resistance syndrome.

The TT4 level may be low or normal in thyrotoxic patients who have depressed serum
levels of T4-binding protein because of severe illness or on a congenital basis. Such a
situation of intercurrent illness may be quite common in patients of the developing countries.
Thus thyrotoxicosis may exist when TT4 level is in the normal range; measurement of the
FT4 or thyroid hormone binding ratio usually obviates this source of error.

Total serum T3.

The normal concentration of total T3 in adults is 80 to 180 ng/dL. There is a slight
continuing decline of serum T3 with age from childhood onwards. Changes in serum TBG
concentration also have an effect on the serum T3 level and many more factors influence
levels of serum T3 than those affecting serum T4 levels.

In both thyrotoxicosis and hypothyroidism, the T3/T4 ratio is elevated as compared to
euthyroid persons. This elevation is due to the disproportionate increase in serum T3
concentration in thyrotoxicosis and a lesser diminution in hypothyroidism relative to the T4
concentration. Accordingly, measurement of the serum T3 level is a more sensitive test for
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the diagnosis of hyperthyroidism, and that of T4 more useful in the diagnosis of
hypothyroidism. In patients with iodine deficiency, which is common in many parts of the
third world, there is a relative increase in T3, as a part of body's attempt to conserve iodine.
This fact should be borne in mind when interpreting results of these thyroid function tests in
patients in the developing countries.

ESTIMATION OF FREE THYROID HORMONE CONCENTRATION.

Thyroid hormone binding ratio.

This test measures binding of the thyroid hormones to the transport proteins by the
saturation analysis method. It used to be called T3 resin uptake test. It is very helpful in
interpretation of the T4 and T3 values when concentrations of serum thyroid hormone binding
proteins are abnormal.

The test is performed by adding known amount of I25I-T3 and an anion-exchange resin
or charcoal to the patients's serum. The resin or charcoal will compete with the serum TBG
for the I25I-T3. The resin is then separated from the serum and is counted for radioactivity.
At present, an antibody-coated tube is commonly used instead of the resin. The percentage
of bound T3 is related to a normal serum sample range, and the percent uptake then becomes
an inverse ratio. This ratio is an inverse measure of deviation of TBG concentration in the
sample from a mean normal plasma standard multiplied by total T4 or total T3. This
parameter is termed free thyroxine index (FT4I) or free triiodothyronine index.

Free thyroxine index and free triiodothyronine index.

The FT4I can be calculated by the following formula:

FT4I = Total T4 x Thyroid hormone binding ratio

The FT4I and FT3I correlate closely with serum FT4 and FT3 levels although these
values are actually different from the values for the concentrations of FT4 and FT3. The
FT4I correlates well with the patient's metabolic state unless binding protein concentrations
are grossly abnormal. Thus abnormal FT4I value may occur in euthyroid patients with
deficiency of TBG or hereditary binding defect. Depressed FT3I value is also observed in
some severe non-thyroidal illness. The other disadvantage of this indirect measurement of
free thyroid hormone is the additional cost and probability of the error implicit in the conduct
of two separate measurements. Nevertheless they offer considerably greater diagnostic
accuracy than measurement of total hormone concentrations alone.
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Free T4 and free T3.

The FT4 in normal subjects ranges from 1.0 to 2.2 ng/dL. The normal FT3 values are
0.25 to 0.65 ng/dL. A variety of commercial RIA kits for measurement of FT4 and FT3
concentration is available in the market but most of these tests do not measure the true free
hormone concentration directly. These immunoassay techniques may be categorized on the
basis of the method by which reaction of the tracer with serum protein is prohibited.
"Analogue" methods employ a 125I derivative of thyroxine as tracer that is chemically
modified to inhibit its reaction with the protein. "Non-analogue" kits use l25I-thyroxine as
tracer and avoid reaction with serum proteins by physical means. The reliability of the
current analogue methods has been questionable, and not sufficient for laboratories in the
developing countries to embark on its routine use.

Occasionally in euthyroid sick patients, FT4 values may be falsely low or high due to the
presence of an abnormal factor in the patient's plasma that binds or displaces T4 from normal
TBG. FT3 is more frequently abnormal in this group of patients. Patients who have a
generalized resistance to thyroid hormones at the receptor level may also present with high
FT4 and FT3 concentrations.

Thyrotropin.

Thyroid stimulating hormone (TSH) increases markedly in the first few minutes after
birth and falls by the third day to a normal adult level and remains so thereafter. RIA of
TSH is an important and widely used investigation for detecting abnormalities of thyroid
function. Its predominant use is in the diagnosis of hypothyroidism. A rise in TSH level is
the earliest indicator of primary hypothyroidism. However, the method is not sufficiently
sensitive to measure low levels of TSH accurately. TSH levels in normal subjects range from
0 to 8 mU/L depending on the assay method. TSH levels above 30 mU/L are usually
associated with clinical hypothyroidism.

Recently, ultra-sensitive TSH (US/TSH) or super-sensitive TSH (SS/TSH) assays have
been developed. These assays are immunoradiometric assays (IRMA) in which the antibody
and not the antigen is labelled and usually the assay deploys two separate monoclonal
antibodies of different specificities to react with separate loci on the TSH molecule. This
method has a far greater sensitivity and a wider range of measurement than the RIA method
for TSH. It can easily measure high, normal and low values in human serum. The SS/TSH
value in normal subjects is 0.5 to 5.0 mU/L. A normal serum SS/TSH concentration,
regardless of the T4 or T3 level, is strongly suggestive of euthyroid state. The SS/TSH assay
is likely to have an extensive role in thyroid function testing. It may totally replace the
conventional RIA for TSH and also eliminate the need for confirmatory TRH testing in
patients with suspected hyperthyroidism.
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RADIOIMMUNOASSAY KITS VS BULK REAGENTS.

A large number of commercial RIA or IRMA kits for measurement of thyroid related
hormones are available in the market. The high cost of the commercial kits limits its
utilization in the developing countries. Moreover, the internal quality control of the assays
may not be optimum due to the tendency to reduce quality control tubes as a cost-cutting
measure. In order to reduce the costs and increase analytical reliability of the assays, the
IAEA launched a Regional Project to support the developing countries by introducing the use
of bulk reagents for assays of thyroid hormones and TSH. At the same time, the Project set
up programs to educate the participating laboratories in the quality control measures for these
assays. In few of the relatively advanced laboratories in the Region, it was possible to
promote indigenous production of reagents. The project was exceptionally successful. Bulk
reagents have been adopted for routine clinical services in many of the participating
laboratories. The impact of this project has also improved the reliability of the assays and
reduced the cost of the reagents, thereby helping these laboratories to expand their clinical
services.

IN VIVO THYROID FUNCTION TESTS

Radioactive iodine uptake

This test was employed extensively in the diagnosis of both hyperthyroidism and
hypothyroidism but its use has considerably declined after the development of RIA for the
measurement of thyroid related hormones. Currently, it is used mainly in patients being
evaluated for radioiodine therapy. It is also used, albeit infrequently, for the diagnosis of
thyroid disorders like congenital hypothyroidism due to peroxidase enzyme deficiency
(Pendred's syndrome), hyperthyroidism caused by latent thyroiditis and exogenous thyroid
hormone ingestion. The uptake of radioiodine will be low or absent in this type of
hyperthyroidism.

The test is performed by determining the uptake of the radioiodine by the thyroid gland
during the first two to four hours and then at 24 hours after the administration of 5 to 10 fiCi
of m I orally. The 48-hour uptake is done in patients with rapid turnover of radioiodine in
the thyroid gland. This kind of uptake profile is helpful in adjusting 131I dose for the
treatment, which may have to be postponed in patients with low uptake of 13lI or rapid
clearance of I3II. The uptake is expressed as percentage of the administered dose, which is
determined by comparing the counting rate over the neck with a counting rate of a standard
in a neck phantom. Further details are given separately in this Handbook in another Chapter.

The disadvantages of the radioiodine uptake include

(a) the variation of uptake values due to alterations in dietary iodine intake,
iodine-containing drugs, iodine containing radio-contrast media, etc.
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(b) considerable radiation dose to the thyroid gland and

(c) several days that are required to complete the test.

Thyroid suppression test

The thyroid suppression test is based on the principle of feedback regulation of thyroid
function. When the circulating thyroid hormone level increases, it suppresses the pituitary
TSH release. This, in turn, will decrease the thyroid function. This test is frequently used
for differentiating between iodine deficiency disorder and mild thyrotoxicosis since the former
is widely prevalent in many developing countries. Although the "TRH stimulation test" has
largely replaced "T3 suppression test" in the developed world, the high cost of this newer test
limits its use in the developing countries. Thus T3 suppression test is still frequently used
whenever necessary.

The thyroid suppression test is usually done by determination of thyroid uptake of
radioiodine before and after the administration of 75 /xg T3 daily in three divided doses for
7 days ( T4 may be used by giving 300 y. T4 daily for 3 weeks). Normally, the thyroidal
radioiodine uptake falls by 50 percent or more after administration of T3 (or T4). Failure
to suppress uptake to this level indicates thyroid autonomy, which is a hallmark of
hyperthyroidism. Non-suppressibility also occurs in some euthyroid patients with Graves'
disease or nodular goitre. This test should NOT be done in patients with heart disease,
severely ill patients and elderly patients because they may not tolerate the administration of
thyroid hormones.

Thyrotropin-releasing hormone (TRH) stimulation test

This test is designed to measure the ability of the pituitary to produce TSH after
stimulation with TRH. It is likely that this test may not be necessary when the ultra-sensitive
TSH assay becomes common.

The TRH stimulation test is performed by determination of serum TSH before and after
giving a bolus intravenous injection of TRH in the amount of 400 pi 1.73 sq. meter of the
body surface area. Serum samples are collected at 0, 15 and 30 minutes. Normally, the peak
TSH level should be between 4 and 20 mU/ml above the basal level at 30 minutes.

In primary hypothyroidism, the basal TSH level is raised and the response to TRH is
usually greater than 20 mU/mL above the basal level. In hyperthyroidism, the basal TSH
level is suppressed and shows no response after the injection of TRH. The suppressed TSH
response is also observed in various other conditions such as euthyroid patients with
multinodular goitres, functioning adenoma, euthyroid Graves' disease, etc.
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The test is useful:

(a) For distinguishing primary hypothyroidism from hypothalamic
disease,

(b) For diagnosing mild primary hypothyroidism when other
investigations are equivocal,

(c) For the diagnosis of mild hyperthyroidism when other data is
equivocal.

Discharge test

This test is used for demonstrating organification defect of iodide in the thyroid. It is
done by frequently measuring thyroidal radioiodine uptake over 2 hours after the
administration of 13lI followed by one gram of potassium perchlorate ( or potassium
thiocyanate ) given orally. In a normal person, iodide accumulation ceases promptly and the
radioactivity in the thyroid may be discharged up to 10% during the next two hours. In
patients with a block in organification, a significant fraction, greater than 15%, of the
accumulated radioiodine, is discharged from the gland within few minutes.

THYROID SCAN.

Radionuclide scanning is an important investigation in the management of patients with
thyroid diseases. However, the development of other techniques such as ultrasonography and
fine needle aspiration cytology have, in recent years, altered the traditional role of
radionuclide thyroid scanning.

"Tc™ as pertechnetate is most suitable for thyroid imaging because of its physical
properties. The image can be performed within 20 minutes after an intravenous injection of
2 mCi of "Tcm-pertechnetate. More important, the radiation dose is much lower than that
with I31I. The other suitable radionuclide for thyroid scanning is l23I since it has also the
desirable physical properties and being an isotope of iodine it is physiologically compatible
with the thyroid gland. But it is not possible to use I23I in the developing countries due to
its high cost and difficulties in obtaining it. 131I is still largely used for thyroid imaging in
the developing countries when the available instrument for imaging is a rectilinear scan. 13II
has also the advantage that it permits delayed imaging of the gland at 24 hrs and even later
if required. Thyroid scan with 13lI is usually acquired with uptake prior to radioiodine
therapy. In addition, 131I is more satisfactory in cases where retrosternal thyroid tissue is to
be visualized because attenuation of the photons by bone is much less with I3II than with "Tc™
or 123I.

Thyroid imaging can be done by a gamma camera with a pin hole collimator or by a
rectilinear scanner. However, rectilinear scanner is preferred when 131I is employed since the
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high energy of this radionuclide is not ideal for gamma camera imaging. By and large, in
nuclear medicine departments of most of the developing countries, it is still common to use
a rectilinear scanner and I3'I for thyroid imaging. This practice also spares the gamma
camera for large organ imaging and dynamic function studies.

The indications and usefulness of thyroid scan are as follows:

(a) Evaluation of the function of thyroid nodule,

(b) Diagnosis of retrosternal goitre,

(c) Investigation of congenital hypothyroidism,

(d) Management of thyrotoxicosis,

(e) Management of thyroid cancer,

Evaluation of the function of thyroid nodule

Thyroid nodules are classified as non-functioning (cold), functioning (warm) and hyper-
functioning (hot) nodules. A cold nodule is usually demonstrated in the scan as a focal area
of reduced or absent tracer uptake while a hot nodule shows greater uptake than that in the
extranodular tissue (Fig. 21.1A and 21.IB).

Most of the cold nodules are benign. It may represent adenoma, cyst, colloid nodule,
or focal subacute thyroiditis. A hot nodule may represent autonomous functioning thyroid
nodule (AFTN), compensatory hyperplasia, or agenesis of one lobe of thyroid.

Thyroid scan has been most widely used to distinguish a non-functioning from
functioning nodule because probability of malignancy in a hot nodule or a multinodular goitre
is low as compared to a cold nodule. Thyroid cancer occasionally can appear hot with a
"Tc1"-pertechnetate scan and cold with radioiodine scan because the pertechnetate scan is done
soon after the administration of the radionuclide, and the radioiodine scan is done usually
after 24 hours. The earlier scan shows the concentration because of the vascularity and
trapping, while the later scan shows trapping and the later organification of the iodine. Such
a mismatch between the scans obtained with the two radio-pharmaceuticals suggests the
possibility of a malignancy which remains to be excluded by other means. It is, therefore,
always advisable to confirm and establish the diagnosis of a functioning nodule with
radioiodine scan. However many adenomas and carcinomas have a good blood supply and
may occasionally show a warm nodule on a scan. The combined use of radionuclide
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angiography and static scan would increase the diagnostic efficacy as it can demonstrate the
vascularity of a nodule.

Ultrasound is very useful for discrimination between solid and cystic lesions but it cannot
differentiate between a functioning and a non-functioning nodule. Development of fine needle
aspiration (FNA) for cytology has resulted in significance has increased the detection rate of
malignancy in the nodules pre-operatively and thereby reduced unnecessary surgery. All non-
functioning solitary thyroid nodules should have FNA cytology since it is an efficient
definitive method for detecting cancer in a cold nodule on the scan. Some investigators use
FNA as their initial investigation but it could lead to an increase in surgical rate since
functioning nodules often have suspicious cytology. Nevertheless many thyroidologists prefer
a combination of ultrasound and FNA cytology for evaluation of solitary thyroid nodule.
Accuracy of FNA largely depends on the experience of the cytologist, something which
should not be difficult to cultivate in a developing country.

Focal subacute thyroiditis may present as a thyroid nodule and appears nonfunctioning
on a scan. Follow up scan is useful since it will show recovery of function in a previously
cold nodule.

The diagnosis of autonomous functioning thyroid nodule (AFTN) should be confirmed
with radioiodine scan or functional analysis that it does possess autonomous function, unless
the patient is obviously hyperthyroid. The degree of suppression of extranodular activity on
the scan depends on secretory activity of the AFTN, if secretory activity increases, TSH will
be progressively suppressed. There is little or no visualization of extranodular tissue in toxic
AFTN. Most AFTN are nontoxic and spontaneous degeneration of the nodule is common.
Therefore nontoxic AFTN are usually left untreated. Degeneration of AFTN appears on a
scan as central area of reduced activity surrounded by functioning tissue.

Not all hot nodules on a scan are AFTN as already mentioned. Differential diagnosis
is important for proper management of patients. Measurement of supersensitive TSH may
differentiate compensatory hyperplasia from AFTN. TSH levels should be elevated or high
normal in compensatory hyperplasia whereas a suppressed TSH would indicate an AFTN.
TRH test can be used if SS/TSH assay is not available. An exaggerated TSH response to
TRH would suggest compensatory hyperplasia. The first laboratory evidence of increased
thyroid hormone secretion by an autonomous nodule is suppression of the SS/TSH or blunting
of TSH response to TRH. This may occur when serum T4 and T3 levels are still within
normal range.

Repeat scan after suppression with thyroid hormone can also be used to differentiate
AFTN from compensatory hyperplasia but it should NOT be done in elderly patients and in
patients with cardiac disease. A large toxic nodule with complete suppression of the other
lobe can be differentiated from a diffuse toxic goitre with unilateral agenesis of the other lobe
by repeating the scan after exogenous TSH administration. A toxic nodule will show
suppressed tissue.
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2OIT1 can be used to demonstrate thyroid tissue not identified by "Tcm or radioiodine scan
including malignant thyroid lesions but its role in evaluating thyroid nodule is still
controversial. Ultrasound is a simpler alternative to demonstrate a nonfunctioning,
hypoplastic or aplastic lobe of thyroid.

Diagnosis of Retrosternal goitre

Radioiodine scan and chest X-ray are used as initial investigations of retrosternal or
intrathoracic goitre. Most of the retrosternal goitres can be demonstrated on the scan with
radioiodine (Fig. 21.2).

Investigation of Congenital hypothyroidism

Athyreosis and ectopic thyroid are major causes of congenital hypothyroidism. Thyroid
scan is the most valuable investigation for diagnosis of these anatomical defects in infants
with congenital hypothyroidism. Athyreosis is suggested when there is no tracer uptake by
the thyroid (Fig. 21.3). However interpretation of scan findings as absence of thyroid gland
should be in conjunction with other investigations since there are other thyroid disorders and
some medications that will cause non-visualization of thyroid on a scan.

Ectopic thyroid is frequently demonstrated in non-goitrous sporadic cretin. The ectopic
sites may be lingual, sublingual, submental, pretracheal and mediastinum. The thyroid scan
usually demonstrates the aberrant thyroid tissue with absence of radioactivity in thyroid bed
(Fig. 21.4). Some patients may present with a midline cervical mass and may be
misdiagnosed as a thyroglossal cyst. Apart from establishing the diagnosis of ectopic thyroid,
the scan will assist in avoiding unnecessary operation for a mass at the base of tongue or a
midline cervical mass.

Management of Thyrotoxicosis

Thyroid scan provides useful information in thyrotoxicosis. It is important to perform
thyroid scan in all hyperthyroid patients with nodular goitre in order to differentiate toxic
multinodular goitre (Plummer's disease) from Graves' disease with multinodular gland and
a toxic AFTN from Graves' disease with a solitary non-functioning nodule. Line of treatment
will be different for both these conditions. Thyroid scan should be obtained in thyrotoxic
patients with impalpable gland especially elderly patients in whom toxic nodules may be
present.

Measurement of thyroid mass is a major factor in calculating therapeutic dose of I3II.
Ultrasound is perhaps the best method for the measurement of thyroid volume. However
thyroid scan is also used to estimate size of the thyroid especially in patients with impalpable
thyroid and recurrent thyrotoxicosis following subtotal thyroidectomy.
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Management of Thyroid cancer

Thyroid scan is routinely performed prior to thyroid ablation with I3II in order to estimate
residual functioning thyroid tissue after total thyroidectomy for well differentiated thyroid
carcinoma. Total body scan following administration of 10 mCi of 13II is routinely used in
detecting metastatic thyroid cancer that may take up l3lI.

HYPERTHYROIDISM

The most common cause of hyperthyroidism is Graves' disease, which is quite frequent
in many developing countries. At our Institute, approximately 300 to 400 patients with
Graves' disease are referred every year for 131I therapy. Confirmation of the diagnosis is
usually based on thyroid hormone assays except in those patients who are considered suitable
for radioiodine therapy, in whom the thyroidal uptake of radioiodine is also included in their
investigations. If serum levels of the thyroid related hormones do not establish the diagnosis,
TRH stimulation test or the thyroid suppression test is considered. Increasing use of TSH
IRMA has reduced the need for these two tests.

Nearly all patients with hyperthyroidism have elevated serum T4 and T3 levels and the
elevation in serum T3 is usually greater than that of serum T4. Therefore, serum T3
determination may help to establish or confirm the diagnosis of hyperthyroidism in patients
whose serum T4 and free T4 values are only marginally elevated, while the T3 is
significantly elevated (T3 toxicosis). The excessive rise in serum T3 is considered to be due
to the stimulated thyroid gland and not because of increased conversion of T4 to T3. The
estimated frequency of T3 toxicosis in hyperthyroid patients varies from 4 to 30 percent. The
greater frequency of T3 toxicosis may result from low dietary iodide intake as in the iodine
deficient areas. In our experience, approximately 10% of hyperthyroid patients have T3
toxicosis.

Normal serum total T4 and T3 concentrations are found in hyperthyroid patients with
TBG deficiency. Measurement of free hormones is indicated in these patients.

HYPOTHYROIDISM

The common causes of hypothyroidism in the adult are destruction of the thyroid gland
by disease, such as Hashimoto's thyroiditis, or as a consequence of therapy for
thyrotoxicosis. Congenital hypothyroidism is caused by athyrosis, dysgenesis, or ectopy.
Hypothyroidism may arise from pituitary or hypothalamic failure. A definitive etiologic
diagnosis is desirable in each patient because patients with hypothyroidism require lifelong
replacement therapy.

Subclinical or "compensated" hypothyroidism can be detected only by the raised TSH
value. This state of hypothyroidism may last for months or years before the clinical
manifestations appear. As the thyroid gland is stimulated, the conversion rate of T4 to T3
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within the gland increases, and extra T3 is secreted to keep levels of T3 normal for a
considerable period, even after T4 level has fallen below the normal range. As the disease
advances, the T4 concentration finally falls below the normal range, and the signs and
symptoms of hypothyroidism show up gradually. The T3 level remains normal until very late
in the course of the development of hypothyroidism. Thus frequent determinations of serum
T3 are of little value in the diagnosis of hypothyroidism. Usually low serum T4
concentrations and elevated serum TSH levels suffice to make the diagnosis of primary
hypothyroidism.

Hypothyroidism is a common sequelae of radioiodine therapy of thyrotoxicosis. These
patients should be carefully followed up for many years as the onset of hypothyroidism can
be very insidious and the abnormal levels of serum T4 and TSH may be the only clue for a
long time before the clinical manifestations become evident.

Hypothyroidism arising from a pituitary or a hypothalamic failure shows a low T4 and
a low IRMA TSH value. A TRH test should be done in these cases. If there is no rise in
the TSH concentration following TRH administration, lesion in the pituitary gland is indicated
while a significant rise in TSH concentration would suggest a lesion in the hypothalamus.

Programs for screening newborns for congenital hypothyroidism have been established
in various parts of the world. Early recognition of hypothyroid infants is based on the
findings of reduced T4 or elevated TSH levels or both. A filter paper blood spot assay is
widely used. It has been reported that T4 methodology is simpler and more precise than the
TSH measurement in the filter paper samples. High incidence of neonatal hypothyroidism
is reported from many iodine deficient areas. In such regions, the screening programs are
cost-effective and successful in reducing an important cause of mental retardation. However,
all such programs are worthwhile only if a vigorous attempt is made simultaneously to raise
the iodine intake of the population.

STRATEGY FOR EVALUATING THYROID FUNCTION
IN THE DEVELOPING COUNTRIES

Strategy for determining the status of thyroid function of a patient has been a constant
topic for discussion, especially in the developing countries where doing all the tests in each
and every patient is prohibitively expensive and often an unnecessary waste of scant
resources. It is necessary to recognize the relative role of each test, its cost effectiveness and
the justification for the clinical problem posed by each patient. IAEA had organized a
Coordinated Research Program on "Optimization of Nuclear Medicine Procedures for the
Diagnosis and Management of thyroid disorders in the Developing Countries". In the final
report of this project a strategy for thyroid function testing was prescribed for the developing
countries. The recommendations suggest T4 as the test of first choice, since T4 is a robust
assay providing good discrimination between various abnormalities of the thyroid function.
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IRMA TSH is considered as a second test in equivocal cases because it can discriminate
between suppressed levels of TSH in hyperthyroids from the normal levels of TSH, thereby
obviating the need for TRH test in borderline hyperthyroids. It is also equally effective in
the diagnosis of borderline hypothyroids. It was also recommended that this strategy should
be tried out in a clinical context on a broader scale in the Agency's Coordinated Research
Program (RAS/6/011), linked with the use of bulk reagents for thyroid hormone assays.

Following these recommendations, a project on clinical trial of in vitro thyroid function
testing strategy was initiated and interesting results were presented before a Meeting held in
March 1990. Within the context of this project, studies carried out by us in 182 patients with
Graves' disease are shown in Fig. 21.5. The sensitivities of total T4, T3, FT4 and IRMA
TSH for the diagnosis of these patients was 88.5, 98.9, 94.5 and 100% respectively. Similar
results were reported in a study carried out in another country of the same Region where 141
patients with hyperthyroidism were studied along with a large number of patients with other
thyroid disorders and non-thyroidal illnesses. They also proposed that supersensitive TSH
test should be the first investigation for patients suspected of having thyroid dysfunction and
non-thyroidal illness, and that second line test should be T3 for patients suspected of
hyperthyroidism and T4 for those suspected of hypothyroidism or of having non-thyroidal
illness. For borderline hyperthyroid or hypothyroid, TRH stimulation test may be necessary.

We encountered a relatively high frequency of T3-toxicosis; therefore our approach to
investigations of thyroid function is somewhat different from others (Table DI). Following
the development of supersensitive TSH assay, our strategy has been further changed as shown
in Table IV.

TABLE m . STRATEGY FOR THE DIAGNOSIS OF THYROID DYSFUNCTION

CHOICES

1st 2nd 3rd

Hyperthyroidism
Borderline hyperthyroidism
Euthyroidism
Borderline hypothyroidism
Hypothyroidism

T3
T3
T4

TSH
T4

T4
T4
T3
T4

TSH

FT4
FT4
FT4
TRH
FT4
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TABLE IV. PROPOSED STRATEGY FOR THYROID FUNCTION TESTING

CHOICES

1st 2nd 3rd

Hyperthyroidism
Borderline hyperthyroidism
Euthyroidism
Borderline hypothyroidism
Hypothyroidism

T3
T3
T4

SS-TSH
T4

SS-TSH
SS-TSH
SS-TSH

T4
SS-TSH

FT4
FT4
FT4
TRH

Non-thyroidal illness.

Total T3 and FT3I are frequently found to be much below the normal level in patients
with non-thyroidal illness. A normal FT3I in a severely ill patient may actually represent
thyrotoxicosis. Total T4 and FT4I are below normal in most of the patients with non-
thyroidal illness but the change is much less than that in T3 and FT3I. In general, the more
severe an illness, the greater is the FT4I abnormality. Measurement of FT4 by the analogue
methods has not demonstrated superiority over the FT4I measurement in non-thyroidal illness.
On the other hand, the non-analogue methods appear to be sufficiently accurate for the
measurement of free thyroxine in this condition.

Serum TSH is quite a reliable thyroid function test in non-thyroidal illness but under
extreme circumstances, serum TSH tends to be somewhat lower than normal.

Pregnancy

In pregnant women, increased concentrations of TBG, total T4 and T3 especially in last
two trimesters have been observed. Significant decreases in free T4 levels in 2nd and 3rd
trimesters have been commonly reported. A decrease in TSH levels was also observed in the
1st trimester, although higher or unchanged TSH levels have been also reported.

Treated hyperthyroid and hypothyroid patients

Although SS-TSH is helpful in the diagnosis of hyperthyroidism, it should not be used
in hyperthyroid patients during treatment because a lag period of hypothalamo-pituitary axis
may lead to misinterpretation of the TSH results. Serum T3 level may be affected by
medications that cause decreased peripheral conversion of T4 to T3. Thus serum total T4
may be the best single test for monitoring the treated hyperthyroid patients unless FT4 is
indicated for special reasons.
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In treated hypothyroid patients, serum T4 level is generally considered to be a reliable
indicator of thyroid function. Occasionally serum TSH levels may be needed to assess
adequacy of treatment. Recent studies in which TT4, FT4, TT3, FT3 and SS/TSH have all
been employed to evaluate the adequacy of the replacement therapy in hypothyroid patients
seem to suggest that no biochemical test is reliable for this purpose and it is best to be guided
by purely clinical criteria.

CONCLUSIONS.

1. The best single test for screening thyroid dysfunction is serum T4 followed
by SS/TSH.

2. For hyperthyroidism, the first line test is serum T4 or preferably T3 in
borderline cases or in regions where T3-toxicosis is frequent. FT4I or FT4
is useful, if alteration of binding proteins is suspected. Serum SS/TSH should
be the second line test.

3. For hypothyroidism, the first line test is serum T4 followed by serum TSH.
In borderline cases, TSH should be the first test, followed by serum T4, if
necessary.

In summary, nuclear techniques play a major role in the diagnosis of thyroid disorders.
The role of each test should be well understood along with the advantages and the limitations.
Choice of an investigation should be on the basis of its justification for each individual patient
as well as on its cost-effectiveness. Reliable performance of each test is the most important
factor in obtaining valid results. Interpretation of thyroid function test should be with caution
and care since misinterpretation may lead to misdiagnosis and inappropriate treatment.
Lastly, it should be realized that the most cost-effective procedure for evaluating a thyroid
patient is a careful clinical examination. All investigations supplement it, nothing supplants
it.
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Fig. 21.5 Serum T4, T3, FT4 and SS/TSH concentrations in 182 patients
with Graves' disease
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