


under unusual circumstances when there are abnormal-
ities in peripheral metabolism of T, 4

Serum T, Measurement

Until the mid-1960s the serum concentration of thyroid
hormones was assessed by measurement of protein-bound
iodine (PBI). This approach was successful because of three
physiological facts: {a) iodine constitutes almost two thirds
(65%) of the T, molecule, (b) essentially all of T, is protein-
bound, and (c) 80% to 0% of PBl in serum is T4 However,
interference from non-T, sources of iodine caused a serious
problem of nonspecificity which was particularly marked
when iodine, iodine-containing drugs, and radiocontrast
agents had been administered; PBI levels could stay high
for days to years after administration of some iodinated
radiocontrast agents. While several variations of the PBI
method were suggested to improve its specificity, major im-
provement occurred only when the displacement or com-
petitive protein-binding assay (CPBA) techniques were
introduced. At present, serum T, is measured by a CPBA
using TBG as the binding protein or by a RIA using T,-
binding antibodies. Anti-T, antibodies are produced gen-
erally by immunization of rabbits either with thyroglobuiin
or a conjugate of T, with a larger protein. The specificity
of T, measurement by CPBA and RIA is similar, but RIA
is simpler as it does not require an extraction step. It is
also more sensitive than CPBA,; RIA usually allows accurate
measurements of T, using as little as 10.0-25.0 ul of serum.®
Normal range of serum total T4 is 4.0-11.0 ug/100 ml when
measured by CPBA and 4.8-13.0 ui/100 ml when measured
by RIA. The difference is modest but significant and is
probably attributable to some loss during extraction of T,
from serum prior to measurement by CPBA.
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Figure 1

Serum T, concentration measured by radioimmunoassay in health and
thyroid disease. (Reproduced from ref. 6.)

Serum T, is clearly elevated in more than 80% of pa-
tients with hyperthyroidism (Fig. 1)5 it is normal, how-
ever, in some hyperthyroid patients who may have either
Ts thyrotoxicosis® (discussed later} or a deficiency of circu-
lating TBG. A deficiency of TBG may be expected in the
nephrotic syndrome, hepatic cirrhosis, during treatment
with androgens, and in subjects who have a congenital
defect in synthesis of TBG. On the other hand, when TBG
is elevated, serum total T, will be high even in the absence
of hyperthyroidism. TBG is elevated during estrogen
treatment, in pregnancy, infectious hepatitis, intermittent
porphyria, and in a congenital disorder characterized by
an elevation of this serum protein. Under such circum-
stances appropriate evaluation of serum T, requires meas-
urement of either free T, concentration or free T, index.

Serum T; Measurement

Normal serum T, concentration approximates only
1/70th that of T, even though the daily production rate of
Ts, approximately 28ug/day, is about one third to one
fourth that of T,. The difference may be attributed to a
much higher metabolic clearance rate (about 26 liters/
day) of T3 than of T, (approximately 1 liter/day). The
affinity of thyroid hormone binding proteins, e.g., TBG, is
much less for T3 than for T, and this is undoubtedly an
important factor contributing to the markedly higher
metabolic clearance rate of T, than of T,.

Serum T; concentration is measured by RIA. The nor-
mal ranges differ somewhat in individual laboratories but
usually approximate 60 to 200 ng/100 mil. Serum T;
measurement is perhaps the single most sensitive test for
diagnosis of hyperthyroidism. Nearly all hyperthyroid
patients have a demonstrable increase in serum T; (Fig. 2).
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Figure 2

Serum T, concentration measured by radioimmunoassay in health and
thyroid disease. (Reproduced from ref. 6.)



Hyperthyroid patients have, in fact, been described in whom
hypermetabolism can only be ascribed to elevated serum
Ts and serum T, is normal; association of clinical hyper-
thyroidism, elevated serum T, and normal serum T, has
been termed ‘“‘T,-thyrotoxicosis.” It may be seen at any
phase of Graves' disease but is more common early in
its course and during or foliowing treatment of hyper-
thyroidism with antithyroid drugs, radiciodine, or surgery.
Ta-thyrotoxicosis can also occur in patients who are hyper-
thyroid because of nodular goiter or ingestion of T,; serum
T, would be normal or even low from TSH suppression in
the latter instance, however.

Like serum T, serum T3 concentration is also influ-
enced importantly by serum concentration of TBG. Thus,
serum T, can be normal in a hyperthyroid patient whose
serum TBG is subnormal. On the other hand, serum T3
concentration may be elevated in a euthyroid individual if
serum TBG is elevated. Thus, just as in the case of T,
appropriate interpretation of a value of serum total T3
as measured by a RIA usually requires an additional test
for examining the serum binding of Tj.

A number of situations have been recognized recently
where there is a selective deficiency of T;. These situations
include the extremes of age; calorie-deprivation states,
e.g., starvation, anorexia nervosa, and protein-calorie mal-
nutrition; a wide variety of systemic illnesses; major surgi-
cal operations; and following administration of some drugs
including dexamethasone, propylthiouracil, and some
radiocontrast agents (ipodate calcium or ipodate sodium
[Oragrafin], iopanoic acid [Telepaque])."%4% |n euthy-
roid individuals, these circumstances result in a combina-
tion of clearly subnormal serum T3 at a time when serum
T, is normal, high-normal, or high, and serum reverse
Ts is high. During the association of these conditions with
hyperthyroidism, however, one may encounter a combi-
nation of clearly high serum T, a normal or borderline
elevated serum T;, and a markedly high serum reverse Ts.
These various findings result from an alteration in metabol-
ism of T, whereby T, is diverted away from conversion to
Ts and the alternate pathway of extrathyroidal metabolism
of T4 to rT; remains clearly normal and may even be en-
hanced moderately.® 8 ° Fig. 3 shows serum T, 1Ts,
and T, levels in hyperthyroid patients given a single dose
(3 gm orally) of Oragrafin. There was a precipitous fall in
serum T, a marked rise in serum rT3, and a modest de-
crease in serum T, Oragrafin is a potent inhibitor of con-
version of T, to T5 and of rT; to 3, 3-T,; this information
may largely explain the fall in T3 and a rise in rT;. How-
ever, the fall in serum T, was apparently due to a reduction
in thyroid hormone secretion that may have been caused by
the iodine liberated from the metabolism of Oragrafin;
administration of Oragrafin to hypothyroid subjects on T,
replacement is associated with a rise and not a fall in serum
T4.1°

The combination of high serum T, and normal to low
serum T3 may not signify hyperthyroidism. This has been
described recently in a number of patients suffering from
a variety of systemic illnesses.® There was no evidence
of hypermetabolism or goiter in these patients, and re-
covery from the underlying iilness was associated with
normalization of circulating thyroid hormone levels. When
confronted with such a combination of high serum T, and
a normal or low T, it is prudent to employ additional labor-
atory aids, e.g., TRH test or T; suppression test, for diag-
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Serum T,, reverse T3 (rT3) and T, measured by radioimmunoassay in four
hyperthyroid patients given orally 3 gm of sodium ipodate (Oragrafin), a
radiocontrast agent used for oral cholecystography. Data are presented as
mean + SEM. (See reference 10 for more details.)

nosis of hyperthyroidism. Occasional cases have been re-
ported of true “T, thyrotoxicosis” in which serum T, is
high, serum T3 is normal, and no systemic illness other
than hyperthyroidism is present.

Assessment of Free Thyroid Hormone Concentrations
Since abnormalities in the concentration of thyroid
hormone binding proteins occur very commonly, it is pru-
dent to include an assessment of free thyroid hormone
levels in every initial examination of thyroid function. The
measurement of free hormone in serum requires deter-
mination of the unbound or free fraction by equilibrium
dialysis or ultrafiltration of serum to which a tracer amount
of radioactive hormone has been added. The free fraction
is then multiplied by the total hormone ccncentration to
obtain the absolute concentration of free hormone.
Technically this approach is tedious, cumbersome, and
time-consuming. lts use has mainly been confined to re-
search studies. For clinical purposes, a cheaper and simpler
test, resin T, uptake (RT3;U), which evaluates the degree
of saturation of thyroid-binding proteins, has been more
popular. By itself, RTsU is not a good test of thyroid func-
tion; its main usefulness is adjustment of serum totai T,
for abnormalities in thyroid hormone binding proteins. The
normal range of RT3U is variable in different laboratories
using differing reagents but it usually approximates 25%
to 35%. In order to use the RT,U test for “correction” or
“adjustment” of serum T, values, one divides RTgU in the
patient by the mean normal RT;U to obtain an RTsU ratio
which is then muttiplied by the patient’s serum T, to ob-
tain a “free T, index.” This index is without units and
has the same normal range as serum T, It is elevated
when serum total T, is high because of hyperthyroidism.



It is in the normal range when elevated serum T, in a
patient is due to an increase in the concentration and re-
sulting unsaturation of TBG. RTsU may aiso be employed
for correction or adjustment of serum T; values.

Thyroidal Radiciodine Uptake (RAIU)

This test involves oral administration of ™' and,
more recently, 'l to a patient and determining the frac-
tion of radioactivity accumulated by the thyroid in a
specified period, usually 24 hours. in the last decade, there
has been a considerable decrease in RAIU in normal sub-
jects in the United States; this is apparently attributable
to an increase in dietary intake of iodine. The normal
range of 24-hour thyroid uptake in most areas of the
United States is now about 6% to 35% instead of earlier
figures of 15% to 45%. In general, the RAIU is of relatively
little usefulness in the diagnosis of the hyperthyroid state.
its chief value is in determining the cause of hyperthy-
roidism when the cause is in doubt.

Thyroid RAIU is typically high or high normal in
hyperthyroidism due to Graves' disease or noduiar goiter.
However, RAIU can aiso be high in iodine deficiency
states. The latter situation is seen in the United States
generally in patients who are receiving diuretics, since
these drugs can cause iodine deficiency by increasing
the renal ciearance of iodide. Thyroid RAIU is low, for tech-
nical reasons, in patients whose thyroid gland is located
outside its normal location in the neck, e.g., substernal
goiter, metastatic thyroid carcinoma, and struma ovarii.
It is also low in hyperthyroid patients whose hyper-
thyroidism is a resuit of thyrotoxicosis factitia, subacute
thyroiditis, or a variant of chronic thyroiditis which mimics
subacute thyroiditis in its presentation. Patients with
Graves’ disease or nodular goiter may also have low thy-
roid RAIU when they have ingested or have received
parenterally iodine, iodide, or iodine-containing drugs.
The Table lists some useful parameters in the differential
diagnosis of these various conditions.

Thyroid Scan

The thyroid scintigram is intended mainly to evaluate
the morphotogy and the relative functional status of the
various portions of the thyroid gland. Radioiodine ("',
25, and more recently I} has been the agent used
most often in thyroid scintigraphy. However, %™ Tc-
pertechnetate (TcQ,) is also quite satisfactory; this agent
is trapped by the thyroid in a similar manner to iodine but
is not incorporated into hormone. Because of this property,
the stay of radioactivity in the thyroid is reduced. Exposure
of the patient to radiation during *™ TcO, scan is thus
lower than during a radioiodine scan, and it is also lower
because the physical hali-life of #*™ Tc (6 hours) is much
shorter than that of 5 (60 days), ¥ (8 days), or
23] (13 hours).

A thyroid scan is not necessary to determine that a
hyperthyroid patient with a diffusely enlarged thyroid has
Graves’ disease. It is clearly usefui, however, in a patient
with a nodular goiter as it can assist in the differential
diagnosis of solitary toxic adenoma, muiltinoduiar goiter,
and Graves’ disease with coincidental nonfunctioning nod-
ules. Scintigraphy is undoubtediy aiso helpful in localization
of thyroid tissue in extrathyroidal sites, e.g., substernal
goiter, metastatic thyroid carw:inoma, or struma ovarii.

Although the diagnosis of hyperthyroidism can be
made in the vast majority of patients with the tests de-
scribed above, borderline problems occasionally present
themseives. In such patients it may be helpful to test the
integrity of the hypothalamo-hypophyseal-thyroid axis. Two
approaches are available.

1. Thyroid Hormone Suppression Test

This test is intended to determine whether or not thy-
roid function can be suppressed normally in a patient who
is given thyroid hormones to suppress TSH secretion. In
a patient whose thyroid gland is functioning autono-
mously, as in patients with Graves’ disease or toxic nod-
ular goiter, thyroid hormone administration causes little or
no change in thyroid function. in patients with a normal
pituitary-thyroid axis, on the other hand, one can demon-
strate a clear reduction in thyroid function. Nonsuppres-
sibility of thyroid function is the rule in all of the common
forms of hyperthyroidism. It is also seen, however, in some
euthyroid patients with multinodular goiter or euthyroid
Graves’ disease.

The popular version of the test is the one proposed
by Werner and Spooner in 1855. This test involves
measurement of 24-hour thyrcid RAIU before and on the
eighth day of administration of 25mg of T, every eight
hours. A normal response is indicated by (a) post-Ts; RAIU
of less than 20% when the initial uptake is greater than
40% and (b) 50% or greater fall in RAIU when the initial
uptake is less than 40%. Wallack et al'’? have recently
introduced what | believe to be a simpler version of the
test in which a single oral dose of 3 mg of T, is the TSH-
suppressive agent. The post-T, RAIU is measured on the
eighth day after levothyroxine administration and criteria
for normal response are similar to those proposed by
Werner and Spooner."

2. Thyrotropin-Releasing Hormone (TRM) Stimulation
Test
In patients in whom circulating thyroid hormone leveis
are high-normal or only marginally high, the question of
absence or presence of hyperthyroidism may be settied
by study of serum TSH response to intravenous admin-
istration of TRH. This test is based on the fact that levels
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Serum TSH response to thyrotropin (TSH) releasing hormone (TRH, 200
ug intravenously) in hyperthyroidism.



of circulating free thyroid hormone that are above normal
for a given patient exert an abnormally great negative
feedback effect on the pituitary gland and resuit thereby
in a reduction both in the baseline serum TSH and the
response of serum TSH response to TRH. Fig. 4 shows
data in some hyperthyroid patients given 200 ug TRH intra-
venously; it is clear that there is little or no increase in
serum TSH during the next two hours. For most ciinical
purposes, it is not necessary to obtain as many serum TSH
determinations as shown in Fig 4; obtaining one blood
sample just before administering TRH and another one
30 minutes after administering TRH is usually sufficient.
There is usually no increase in serum TSH in hyperthy-
roidism. in very borderline cases, however, a small in-
crease may be seen, but a serum post-TRH of 5 uU/mi
or greater would usually suggest against the diagnosis of
hyperthyroidism. The TRH test is very useful in the diag-
nosis of hyperthyroidism in patients in whom a compro-
mised cardiovascular status or other systemic iliness
renders a thyroid hormone suppression test unsafe. [t
seems likely that the TRH test will replace thyroid hor-
mone suppression tests in most circumstances.

Thyroid Stimulating Emmunoglobulins, Serum
Thyroglobulin

Although the measure of circulatory thyroid stimula-
tors is not generally available, it does have a limited
practical application now and may become more import-
ant clinically in the future. Graves’ disease is considered
to be an autoimmune disease. In serum of patients with
Graves’ disease, immunoglobulins (IgGs) can be detected
with thyroid-stimulating activity. These thyroid-stimulat-
ing IgGs (TSis) are probably antibodies directed at the
TSH-receptor in the plasma membrane of the thyroid
gland.”® Over the years several names have been used
to describe the IgG-thyroid-stimulators. These inciude
long-acting thyroid stimulator (LATS), LATS-protector,

human thyroid adeny! cyclase stimulator (HTACS), and
TSH displacing activity (TDA). These names derive from
the particular assay system employed to detect the thy-
roid stimulating activity. LATS differs from the other activ-
ities in that it stimulates mouse or guinea pig thyroid but
not invariably the human thyroid.

These tests serve as good markers of Graves’ disease
and could potentially be employed as an aid in its clinical
diagnosis. Measurements of TSls might have an especially
useful role in two special areas: (1) anticipation of neonatal
thyrotoxicosis in the offspring of pregnant patients with
Graves' disease (see Thyroid Today, Vol. 1, No. 6) and
(2) prediction of remission or relapse of hyperthyroidism in
Graves’ disease patients who have completed a course of
treatment with antithyroid drugs. There are suggestions
that remission is favored in those patients in whom the
TSli-level has fallen to undetectable levels at the time of
completion of antithyroid drug therapy.™

Thyroglobulin (Tg) is the major protein of the thyroidal
colloid; it normaily serves as a matrix for synthesis of thy-
roid hormones. RIA methods have been developed to quan-
tify its serum concentration; the normal range approxi-
mates less than 2-21 ng/ml. Serum Tg is elevated in
various forms of hyperthyroidism including Graves’ disease,
nodular goiter, subacute thyroiditis, and metastatic thyroid
carcinoma. It is suppressed, however, to low-normal or low
levels in thyrotoxicosis factitia and may serve usefully in
its differential diagnosis (Table}.

Euthyroid Graves’ Disease

A special problem which occasionally presents itself
as euthyroid Graves’ disease (EGD) refers to the clinicai
syndrome in patients who have infilirative ophthalmopathy
typical of Graves’ disease but who do not manifest hyper-
thyroidism. It has been considered to be a variant of Graves’
disease in which there is concurrent Hashimoto’s thyroiditis
preventing hyperthyroidism by limiting the thyroidal re-

Urinary
RA} Post- Urinary
Thyroid Serum Tracer 127 Thyroid
TABLE Cause Gland Thyroglobulin Dose Excretion Scan
' Subacute Enlarged, High High Normal Littie or no
Difterential Diagnosis thyroiditis firm, tender uptake of RAI
of Hyperthyroidism
with Subnormal Thyrotoxicosis Barely Low or High Normal Little or no
Thyroid RAI Uptake factitia palpable or low normal uptake of RAI
atrophic
Abnormal Atrophic or High Low Normal RAIl
location of only concentrated
the thyroid, partially in the region
e.g., substernal palpabie of active thyroid
goiter or tissue
struma ovarii
Graves’ Diffusely High High Very high Littie or no
disease enlarged, uptake of RAI
on excess soft to
iodine normal in
consistency




sponse to circulating thyroid stimulator. However, findings
of essentially normal thyroid size and function as well
as normal suppressibility of thyroid function in several
cases suggest that “isolated” Graves’ ophthalmopathy with-
out thyroidal involvement may sometimes be the explana-
tion for euthyroidism in EGD.'s

Helpful laboratory aids in the diagnosis of EGD may
include, in addition to measurements of serum T, and T;
levels, a study of suppressibility of the RAIU, a TRH test,
and measurements of antithyroid antibodies and TSis.
Nonsuppressibility of thyroid RAIU is demonstrable in some
60% to 70% of cases of EGD. Similarly, abnormalities in
the TRH test and antithyroid antibodies are demonstrable
in a large proportion of cases. TSI is detectable in about
half the cases.” When positive, these various tests tend
to support the diagnosis of EGD. However, they may be
unnecessary when exophthalmos is bilateral and clin-
ically typical of Graves' ophthalmopathy (see Thyroid Today,
Vol. 1, No. 3).

Hashitoxicosis

Hyperthyroidism may occur in patients with Hashi-
moto’s thyroiditis because of the coexistence of Graves’
disease or subacute thyroiditis or because the inflam-
matory process of chronic thyroiditis itself has resulted
in a leakage of thyroid hormone stores into the circula-
tion in a manner similar to that occurring in pure suba-
cute thyroiditis.’® “Hashitoxicosis” is a rather ili-defined
term that may encompass all three of these possibilities.
One may expect the thyroid RAIU to be high-normal or high
and nonsuppressible in a hyperthyroid patient with con-
current Graves’ disease and Hashimoto’s thyroiditis. Find-
ings of an unusually firm goiter, a high titer of antithyroid
antibodies, and an uneven uptake of radioactivity in a
thyroid scan wouid suggest Hashimoto's thyroiditis short
of biopsy. Thyroid RAIU is characteristically low when
hyperthyroidism in Hashimoto’s thyroiditis is related to the
concurrence of subacute thyroiditis or a iesion similar o
it. A firm, nontender thyroid gland and a high titer of anti-
thyroid antibodies may be present, serving as clues to the
diagnosis of Hashimoto’'s thyroiditis as opposed to pure
subacute thyroiditis.
“Silent” or Painless Subacute Thyrotoxicosis

Typically, subacute thyroiditis is associated with fever,
a high sedimentation rate, and a painful and tender thy-
roid gland. When present, these features are sufficiently
characteristic to suggest the correct diagnosis. in a number
of cases, however, systemic or local inflammatory signs
are minimal or absent, the sedimentation rate is normal,
and the diagnosis of subacute thyroiditis comes to mind
only because hyperthyroidism or a high serum thyroid hor-
mone level is found associated with markedly reduced
thyroid RAIU and goiter. Additionally, antithyroid anti-
bodies may be undetectabie. This would suggest a process
cther than Hashimoto's thyroiditis. There are no speci-
fied laboratory features that distinguish this “silent” form
from the more usual forms of thyroiditis.

A Practical Approach to the Diagnosis of Hyperthyroidism

A high index of suspicion is the key to the diagnosis
of hyperthyroidism. The diagnosis can be confirmed in more
than 80% of patients by determination of the free T, index
which in turn requires measurements of serum total T,

concentration and T, resin uptake. T; resin uptake is a
measure of unsaturated binding sites of thyroid hormone
binding proteins. By itself, it is not a good test for thyroid
dysfunction; its chief value is in the calculation of the free
T, index, which allows appropriate interpretation of the in-
fluence of any abnormalities in thyroid hormone binding
proteins of serum T, When the free T, index does not
corroborate the clinical suspicion of hyperthyroidism, then
serum T concentration should be measured and the free
T, index should be evaluated. Instead of the sequential
approach of measuring T, first and then, if necessary, Tj,
some may prefer to include serum T; in the initial eval-
uation of a patient suspected of hyperthyroidism. Serum T,
concentration is elevated in essentially all cases of hyper-
thyroidism. Only rarely is it necessary to go beyond the
previously mentioned simple tests for the diagnosis of
hyperthyroidism. In borderline cases, diagnosis can be de-
termined by demonstration of low baseline serum TSH
and an absence of a rise in TSH level following intra-
venous administration of TRH.

After the diagnosis of hyperthyroidism has been made,
determination of its cause becomes the issue. Thyroid
radioiodine uptake (RAIU) and scan are useful in this
regard. RAIU uptake is high normal or high in Graves’
disease or nodular goiter, whereas it is low in several
disorders listed in the Table. Thyroid-stimulating igGs
(TSIs) are good markers of Graves’ disease. Their measure-
ment is especially useful in a pregnant hyperthyroid pa-
tient since the likelihood of neonatal hyperthyroidism in
the offspring is considerably increased when the mother
has an unusually high level of TSI in her serum.
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