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Measurement of Thyroid Hormones The enhanced sensitivity and specificity of TSH assays have greatly improved laboratory assessment of
thyroid function. Because TSH levels change dynamically in response
to alterations of T4 and T3, a logical approach to thyroid testing is to
first determine whether TSH is suppressed, normal, or elevated. With
rare exceptions (see below), a normal TSH level excludes a primary
abnormality of thyroid function. This strategy depends on the use
of immunochemiluminometric assays (ICMAs) for TSH that are
sensitive enough to discriminate between the lower limit of the reference range and the suppressed values that occur with thyrotoxicosis.
Extremely sensitive (fourth-generation) assays can detect TSH levels
≤0.004 mIU/L, but, for practical purposes, assays sensitive to ≤0.1
mIU/L are sufficient. The widespread availability of the TSH ICMA
has rendered the TRH stimulation test obsolete, because the failure
of TSH to rise after an intravenous bolus of 200–400 μg TRH has the
same implications as a suppressed basal TSH measured by ICMA.
The finding of an abnormal TSH level must be followed by measurements of circulating thyroid hormone levels to confirm the diagnosis of
hyperthyroidism (suppressed TSH) or hypothyroidism (elevated TSH).
Radioimmunoassays are widely available for serum total T4 and total
T3. T4 and T3 are highly protein-bound, and numerous factors (illness,
medications, genetic factors) can influence protein binding. It is useful, therefore, to measure the free, or unbound, hormone levels, which
correspond to the biologically available hormone pool. Two direct
methods are used to measure unbound thyroid hormones: (1) unbound
thyroid hormone competition with radiolabeled T4 (or an analogue)
for binding to a solid-phase antibody, and (2) physical separation of
the unbound hormone fraction by ultracentrifugation or equilibrium
dialysis. Although early unbound hormone immunoassays suffered
from artifacts, newer assays correlate well with the results of the more
technically demanding and expensive physical separation methods. An
indirect method that is now less commonly used to estimate unbound
thyroid hormone levels is to calculate the free T3 or free T4 index from
the total T4 or T3 concentration and the thyroid hormone binding ratio
(THBR). The latter is derived from the T3-resin uptake test, which determines the distribution of radiolabeled T3 between an absorbent resin and
the unoccupied thyroid hormone binding proteins in the sample. The
binding of the labeled T3 to the resin is increased when there is reduced
unoccupied protein binding sites (e.g., TBG deficiency) or increased
total thyroid hormone in the sample; it is decreased under the opposite
circumstances. The product of THBR and total T3 or T4 provides the free
T3 or T4 index. In effect, the index corrects for anomalous total hormone
values caused by abnormalities in hormone-protein binding.
Total thyroid hormone levels are elevated when TBG is increased
due to estrogens (pregnancy, oral contraceptives, hormone therapy,
tamoxifen, selective estrogen receptor modulators, inflammatory liver
disease) and decreased when TBG binding is reduced (androgens,
nephrotic syndrome). Genetic disorders and acute illness can also
cause abnormalities in thyroid hormone binding proteins, and various
drugs (phenytoin, carbamazepine, salicylates, and nonsteroidal antiinflammatory drugs [NSAIDs]) can interfere with thyroid hormone
binding. Because unbound thyroid hormone levels are normal and the
patient is euthyroid in all of these circumstances, assays that measure
unbound hormone are preferable to those for total thyroid hormones.
For most purposes, the unbound T4 level is sufficient to confirm
thyrotoxicosis, but 2–5% of patients have only an elevated T3 level
(T3 toxicosis). Thus, unbound T3 levels should be measured in patients
with a suppressed TSH but normal unbound T4 levels.
There are several clinical conditions in which the use of TSH as
a screening test may be misleading, particularly without simultaneous unbound T4 determinations. Any severe nonthyroidal illness can
cause abnormal TSH levels (see below). Although hypothyroidism is
the most common cause of an elevated TSH level, rare causes include
a TSH-secreting pituitary tumor (Chap. 403), thyroid hormone
resistance, and assay artifact. Conversely, a suppressed TSH level,
particularly <0.01 mIU/L, usually indicates thyrotoxicosis. However,
subnormal TSH levels between 0.01 and 0.1 mIU/L may be seen during
the first trimester of pregnancy (due to hCG secretion), after treatment
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of hyperthyroidism (because TSH can remain suppressed for several
months), and in response to certain medications (e.g., high doses of
glucocorticoids or dopamine). Importantly, secondary hypothyroidism, caused by hypothalamic-pituitary disease, is associated with a
variable (low to high-normal) TSH level, which is inappropriate for
the low T4 level. Thus, TSH should not be used as an isolated laboratory test to assess thyroid function in patients with suspected or known
pituitary disease.
Tests for the end-organ effects of thyroid hormone excess or depletion, such as estimation of basal metabolic rate, tendon reflex relaxation rates, or serum cholesterol, are not useful as clinical determinants
of thyroid function.
Tests to Determine the Etiology of Thyroid Dysfunction Autoimmune thyroid disease is detected most easily by measuring circulating antibodies
against TPO and Tg. Because antibodies to Tg alone are uncommon, it
is reasonable to measure only TPO antibodies. About 5–15% of euthyroid women and up to 2% of euthyroid men have thyroid antibodies;
such individuals are at increased risk of developing thyroid dysfunction. Almost all patients with autoimmune hypothyroidism, and up
to 80% of those with Graves’ disease, have TPO antibodies, usually at
high levels.
TSIs are antibodies that stimulate the TSH-R in Graves’ disease.
They are most commonly measured by commercially available tracer
displacement assays called TRAb (TSH receptor antibody) with the
assumption that elevated levels in the setting of clinical hyperthyroidism reflect stimulatory effects on the TSH receptor. A bioassay is less
commonly used. The main use of these assays is to predict neonatal
thyrotoxicosis caused by high maternal levels of TRAb or TSI (>3×
upper limit of normal) in the last trimester of pregnancy.
Serum Tg levels are increased in all types of thyrotoxicosis except
thyrotoxicosis factitia caused by self-administration of thyroid hormone. Tg levels are particularly increased in thyroiditis, reflecting
thyroid tissue destruction and release of Tg. The main role for Tg measurement, however, is in the follow-up of thyroid cancer patients. After
total thyroidectomy and radioablation, Tg levels should be undetectable; in the absence of anti-Tg antibodies, measurable levels indicate
incomplete ablation or recurrent cancer.
Radioiodine Uptake and Thyroid Scanning The thyroid gland selectively
transports radioisotopes of iodine (123I, 125I, 131I) and 99mTc pertechnetate, allowing thyroid imaging and quantitation of radioactive tracer
fractional uptake.
Nuclear imaging of Graves’ disease is characterized by an enlarged
gland and increased tracer uptake that is distributed homogeneously.
Toxic adenomas appear as focal areas of increased uptake, with suppressed tracer uptake in the remainder of the gland. In toxic MNG,
the gland is enlarged—often with distorted architecture—and there
are multiple areas of relatively increased (functioning nodules) or
decreased tracer uptake (suppressed thyroid parenchyma or nonfunctioning nodules). Subacute, viral, and postpartum thyroiditis are associated with very low uptake because of follicular cell damage and TSH
suppression. Thyrotoxicosis factitia is also associated with low uptake.
In addition, if there is excessive circulating exogenous iodine (e.g., from
dietary sources of iodinated contrast dye), the radionuclide uptake is
low even in the presence of increased thyroid hormone production.
Thyroid scintigraphy is not used in the routine evaluation of
patients with thyroid nodules, but should be performed if the serum
TSH level is subnormal to determine if functioning thyroid nodules are
present. Functioning or “hot” nodules are almost never malignant, and
fine-needle aspiration (FNA) biopsy is not indicated. The vast majority
of thyroid nodules do not produce thyroid hormone (“cold” nodules),
and these are more likely to be malignant (~5–10%). Whole-body
and thyroid scanning is also used in the treatment and surveillance of
thyroid cancer. After thyroidectomy for thyroid cancer, the TSH level
is raised by either using a thyroid hormone withdrawal protocol or
recombinant human TSH injection (see below). Administration of 131I
allows whole-body scanning (WBS) to confirm remnant ablation and
to detect any functioning metastases. In addition, WBS may be helpful
in surveillance of patients at risk for recurrence.
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