





Other Actions of TRH: A major additional hormonal
action of TRH is stimulation of prolactin secretion.26 On a
weight basis, TRH is a more potent stimulator of prolactin
than of TSH release in normai subjects. The prolactin-reieas-
ing action of TRH is also inhibited by thyroid hormone excess
and augmented by thyroid hormone deficiency, but marked
changes in serum thyroid hormone concentrations are
required.2” Despite the potency of exogenously administered
TRH as a prolactin-releasing hormone, there is little evidence
that TRH is physiologically important in this regard. There
are numerous situations, such as during nursing, stressful
situations and sleep, in which some proiactin increases but
serum TSH does not. Also, administration of TRH antiserum
to rats results in reduced serum TSH, but not prolactin,
concentrations.28

TRH does not stimulate the secretion of other pituitary
hormones in normal subjects. However, in patients with
chronic liver or renal diseases, depression and acromegaly,
increases in serum growth hormone may occur.24.25

Some nonhormonal effects of TRH in humans have also
been reported. Several early studies suggested it had
antidepressant, mood-elevating and other psychopharma-
cological actions, but further studies have been contradic-
tory in this regard.?4 In addition, a large number of
neuropharmacological and behavioral effects have been
reported in animals. Those findings, plus the presence of
TRH throughout the central nervous system, suggest that
TRH does indeed have neurophysiological actions, but its
specific actions in neural tissue or role in normal brain
physiology have not been delineated.

Side Effects of TRH Administration: TRH is generally
well-tolerated, though some side effects follow its intrave-
nous administration. These include headache, dizziness,
dysgeusia, nausea, vomiting, hypertension and urinary
urgency. All of these side effects are mild and very transient,
lasting no more than a few minutes.

Clinical Studies with TRH

The initial evaluation of patients with suspected thyroid
disease requires determination of the serum T, concentra-
tion, and an assessment of the serum thyroid hormone
binding capacity. in some instances, serum T3 or TSH
measurements will be helpful as well. The availability of TRH
has allowed for the first time simple testing of TSH reserve.
That it should be widely applied to investigating TSH
secretion in patients with hypothalamic and pituitary disease
is not surprising. In addition, the sensitivity of thyroid
hormone modulation of TSH secretion andresponsesto TRH
means that TRH can be used to test the intensity of thyroid
hormone inhibition of TSH secretion.

Hypothalamic-Pituitary Disease

Some patients with hypothalamic or pituitary disease
have overt clinical hypothyroidism and decreased serum T,
and T; concentrations. Their basal serum TSH concentra-
tions are low and there is usually no increase in serum TSH
after TRH administration (pituitary hypothyroidism) (Fig. 2).

In other patients, overt clinical or laboratory evidence of
hypothyroidism is not present but they have no TSH
response to TRH, ie, TSH reserve is impaired. Since it is
difficult to discriminate low from normal basal serum TSH
concentrations, such patients may have some degree of TSH
deficiency. Decisions regarding treatment of such patients
must be made on clinical grounds. In patients with
hypothyroidism and hypothalamic disease (hypothalamic
hypothyroidism)}, in whom TRH deficiency might be
expected, the TSH response to TRH characteristically is
normal in magnitude and normal or delayed in time (Fig. 2).
These findings suggest that atrophy of the thyrotrophs
secondary to TRH deficiency does not readily occur. itis not
currently possible to prove the presence of hypothalamic
TRH deficiency by direct TRH measurement. Prolonged TRH
administration has resulted in restoration of normalserumT,
and T, concentrations in a few such patients,2’ and such
findings give credence to the presumption of TRH deficiency.

While these patterns of TSH response to TRH are the
“classic” patterns of response in such patients, they are by no
means invariably found. Some hypothyroid patients with
overt intrasellar disease have normal TSH responsesto TRH.
Such responses suggest that there is either interruption of
the hypothalamic-pituitary portal system so that TRH does
not reach the pituitary in adeguate amounts, or that there is
some thyrotropic dysfunction so that basal TSH secretion is
subnormal but pharmacological doses of TRH remain
effective. Conversely, patients with presumed hypothalamic
disease and hypothyroidism may have subnormal responses,
indicating either unrecognized pituitary involvement by the

TRH

THYROIDAL 2"
HYPOTHYROIDISM

SERUM TSH - pU/mi
w
o
T

AMIC
7/00/7//7,AYPOTHY ROIDISH
BITUITARY 7/////0/111/7271 1)
S0/, RYPOTHYROIDISMZ

e LA Z

120 180

80
TIME (minutes)

Figure 2

Serum TSH responses to intravenous TRH in patients with
pituitary, hypothalamic and thyroidal (primary) hypothyroid-
ism. The hatched area shows the range of TSH responses to
TRH in normal subjects. Reproduced from ref 29.



disease process or secondary atrophy of the thyrotrophs.
The variable patterns of response in patients with
hypothalamic or pituitary disease suggest that no one
disorder, ie, craniopharyngioma, pituitary lactotroph
(prolactin-secreting) tumor, postpartum hypopituitarism
(Sheehan's syndrome), is likely to be associated with specific
or even characteristic patterns of TSH response to TRH. This
has proven to be the case with a few exceptions. Patients with
acromegaly who are euthyroid often have impaired TSH
responses to TRH, probably as a result of increased growth
hormone secretion.24 The presence of hypothalamic disease
can be presumed in hypothyroid patients who have a normal
basal serum TSH and a normal response to TRH ifthereisno
evidence of intrasellar disease. In one large series of patients
with various pituitary and hypothalamic diseases, hypothy-
roidism was found in 33%, and all of these patients had
decreased or absent TSH responses to TRH.30 in those who
were euthyroid, impaired TSH reserve was found in 23%. In
only a few patients was the response delayed and/or
augmented. Similar findings have been reported by
others.31.32 These figures probably reflect the fact that most
patients in these series had pituitary tumors of substantial
size. Abnormalities in TSH secretion and TSH responses to
TRH are undoubtedly less frequent in patients with
prolactin- or ACTH-secreting microadenomas.

TRH may also be used to test prolactin reserve in
patients with hypothalamic-pituitary disease. The prolactin
responses to TRH in such patients in general parailel the TSH
responses, with some exceptions. The most obvious would
be expected in patients with hyperprolactinemia, with or
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Figure 3

Typical serum TSH responses to TRH in a clinically euthyroid
patient with nodular goiter and a patient with hyperthyroid-
ism. The hatched area shows the range of TSH responses to
TRH in normal subjects. Reproduced from ref 29.

without a pituitary lactotroph tumor. Patients with moderate
or marked hyperproiactinemia usually have littie or no
prolactin response tc TRH, whether or not an identifiable
tumor is present. Thus, TRH cannot be used to distinguish
between tumoral and other causes of hyperproiactinemia.

What, then, are the practical uses of TRH in patients with
hypothalamic and pituitary disease? As noted previously,
there are no findings in these patients, in terms of either TSH
or prolactin responses, which might indicate the presence of
a specific pathophysiological or pathological process. In a
patient who is clearly hypothyroid with fow or normal serum
TSH concentrations, the finding of a TSH response to TRH
would suggest the need for study of hypothalamic structure
and function. However, in any such patient, evaluation with
visual field testing, skul! roentgenograms and computerized
tomography is more appropriate than TRH testing. These
procedures will provide more important information
concerning the location of the disease process that is
present; the patient will be treated with thyroid hormone in
any case. What about the recognition of impaired TSH
reserve in a patient who appears clinically and biochemically
euthyroid? Such patients should be treated if there is any
suspicion of hypothyroidism. In the future it may become
clear that the finding of impaired TSH reserve in such
patients predicts the subsequent development of hypothy-
roidism, but such data are not now available.

Primary Hypothyroidism

Patients with sympiomatic primary (thyroidal) hypo-
thyroidism have elevated basal serum TSH concentrations,
and such a finding is a sine gua non for this diagnosis. They
have large increases in serum TSH after TRH administration.
When the basal serum TSH concentration is increased, no
useful information is provided by a TRH test. There are
clinically euthyroid patients with mild thyroid disease, in
whom serum TSH , T, and T, concentrations are within the
normal range, but in whom the TSH response to TRH is
exaggerated. Such findings occur in patients with chronic
thyroiditis (Hashimoto’s disease), endemic goiter, following
radioiodine or surgical therapy of hyperthyroidism and
during administration of inorganic iodide to normal subjects,
and thus would be expected in any patient with slight
impairment in thyroid secretion, whatever the cause.22,33,34
The augmented response to TRH in such patients refiects the
ability of TRH stimulation to amplify or uncover smail
abnormalities in basal TSH secretion. While such patients are
usually asymptomatic, in occasional patients with these
findings a TRH test may be worthwhiie, since an exaggerated
response would indicate the need for thyroid hormone
therapy. For example, inan infant or child with poor growth, a
normal serum T, concentration and a serum TSH concentra-
tion in the upper normal range, finding of an exaggerated
TSH response would justify a trial of thyroid therapy.

Hyperthyroidism

in patients with hyperthyroidism, basal serum TSH
congcentrations are virtually always low or undetectable and
there is littie or no serum TSH increase after TRH



administration (Fig. 3). However, because small doses of T,
and/or T, which are insufficient to cause symptomatic
hyperthyroidism or raise the serum T, and/or T, concentra-
tions above the normal range result in blunted or absent TSH
responses, such a response is not pathognomonic of
hyperthyroidism. Blunted or absent serum TSH responses to
TRH are found in patients with euthyroid Graves' disease,
autonomously functioning thyroid adenomas and multi-
nodular goiter who are clinically and biochemically
euthyroid (Fig. 3 and Table 1).3537 Such responses suggest
they have a slight increase in thyroid hormone production
and that it is being autonomously produced, whatever the
cause. From these findings the following conclusions are
warranted. A normal serum TSH response to TRH in patients
with suspected hyperthyroidism is strong evidence against
this diagnosis. A blunted or absent response indicates the
presence of thyroid autonomy and confirms the presence of
hyperthyroidism, if the clinical findings are compatible with
that diagnosis. Thus, the test gives results very similar to the
thyroid suppression test. It is simpler, safer and less
expensive than suppression testing, and so should supplant
it.

Only a few patients with hyperthyroidism due to
increased TSH secretion have been reported.38 Some have
had pituitary tumors, butin others no pituitary pathology was
evident. Serum TSH increases after TRH administration have
been found in most of these patients, whether or not a
pituitary tumor was present. This cause of hyperthyroidism s
so rare that measurements of basal serum TSH concentra-
tions are not routinely warranted in the evaluation of
hyperthyroid patients.

Various patterns of TSH secretion and TSH responses
are found during and after treatment of hyperthyroidism.
Characteristically, there is a lag between return of serum T,
and T4 concentrations to normal and return of responsive-
ness to TRH.36,39 Low basal serum TSH levels and subnormai
TSH responses to TRH may even be found in patients with
some symptoms of hypothyroidism and low serum T,and T,
levels soon after treatment. The same findings occur in
patients who have received exogenous thyroid following
withdrawal of that therapy.4© These results indicate that
recovery of TSH secretion from prolonged suppression
during hyperthyroidism or exogenous thyroid treatment is
rather slow, requiring weeks or even months. Later, basal
serum TSH concentrations and TSH responses to TRH
usually reflect the level of thyroid secretion. The most
frequent exception is the finding of impaired TSH responses
to TRH in patients who are euthyroid after some form of
antithyroid therapy, afinding which indicates the presence of
continued Graves’ disease or of autonomous thyroid nodutar
tissue. Becausethe patterns of responses are so variable, and
may change with time, there is little practical information to
be gained in performing the test in such patients.

Thyroid Hormone Therapy

in patients with hypothyroidism, thyroid hormone
therapy results in decreases in basal TSH secretion and
reduction in the exaggerated TSH response to TRH. In

Table 1

Results of TRH stimulation tests in normal subjects, patients
with hyperthyroidism and euthyroid patients
with noduiar goiter

Serum Serum Serum

T4 T TSH ATSH*
n {(pg/dl) (ng/dly (uU/ml) (pU/mi)
Normal 72 7.9 103 4.1 13.0
{5.4- (76- (2.0- (25-
11.5)t 159) 8.7) 22.8)
Hyperthyroidism 26 18.3 335 <1.5 0.2
(11.6- (153- (<i.5- (0-2.1)
32.8) 950) 2.0)
Nodular goiter 12 7.6 103 2.8 3.1
{5.0- (64- (<1.5- (0-8.09)

10.4) 147) 6.5)

*Maximum increment above baseline after TRH, 400 ug
intravenously
tRange

theory, therefore, adequate replacement requires restoration
to normal not only of the basal serum TSH level but also of the
TSH response to TRH. However, the adequacy of replace-
ment therapy can usually be determined on clinical grounds
and serum T, when L-thyroxine is used, and/or serum TSH
measurements. in those few patients in whom suppression of
TSH secretion to below normal is indicated, such as those
with thyroid carcinoma, TRH testing may be of value.42 A
TSH response to TRH wouid indicate that the goal of
suppression had not been reached. In practice, however, it is
much simpler to increase the dosage of L-thyroxine until the
serum T, concentration is in the upper normal range and the
basal serum TSH is well within the normal range; few such
patients will have significant TSH response to TRH.

Cther Disorders

Patients with many acute and chronic illnesses have
impaired extrathyroidal T, to T; conversion and decreased
serum T, concentrations.43 They are clinically euthyroid and
have normal serum T,and TSH concentrations. Most of these
patients have normal TSH responses to TRH. Similar
changes in extrathyroidal T, metabolism occur in patients
with anorexia nervosa and chronic malnutrition, as well as in
normal subjects who are fasted, except that their TSH
responses to TRH tend to be slightly lower than those found
in normal subjects. tt is not clear why TSH secretion, and
TSH responses to TRH, are not increased in these patients
since their serum T; concentrations may be guite low. When
the fali in serum T; that cccurs during starvation is prevented
by administration of small doses of T3, the TSH response to
TRH is markedly inhibited.44 Presumably starvation and
other illnesses resuit in some reduction in the “set-point” of
TSH secretion, possibly resuiting from reduced TRH
production. Thus the fail in serum T, does not result in
augmentation of TSH secretion as it normally does. Impaired



TSH responses to TRH have aiso been found in euthyroid
patients with a variety of psychiatric diseases.45

Conclusions

At this time few conclusions concerning the significance
of the findings that TRH is widely distributed throughout
neural tissue and that it has neuropharmacological actions
can be drawn. Even the importance of endogenous TRH as a
hormone is not clear. There is nc doubt, however, that the
results of studies of TSH responses tc exogenous TRH have
provided considerable new physiclogical information
concerning the regulation of TSH secretion. Extrapolation of
these results, and the resuits of the clinical studies described
here, have shown how TSHresponses to TRH vary in patients
with various diseases. Therefore, it is now possible io
summarize the diagnostic utility of TRH as follows:

1. Confirmation or exclusion of a diagnosis of
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hyperthyroidism.
2. Confirmation of TSH suppression, or lack of TSH
suppression, during thyroid therapy.
3. Assessment of TSH and prolactin reserves in
hypothalamic pituitary disease.
4. Differential diagnosis of hypothalamic and pituitary
hypothyroidism.
5. Recognition of mild primary hypothyroidism.
As indicated previously, the frequency with which TRH tests
need be done in these situations is low. Measurements of
serum T, and serum TSH or Tz concenirations usually
provide adequaie information for appropriate diagnosis and
therapy in most patients with hypothalamic, pituitary or
thyroid disease. Nevertheless, in some patients, determina-
tion of the TSH response to TRH does provide important
information not obtainable in any other way.

To prescribe any drug mentioned in
this article, the readers should consuit
full prescribing information.
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