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Figure 2. Relationship between basal TSH and TRH
response (Abbott IEMA). Note log scales. Shaded
area depicts normal range.

group would have been incorrectly
classified as “suppressed” if assessed
on the basis of basal TSH alone? These
data indicate that a TRH response may
occur when basal TSH is submaximally
suppressed but is below the assay sen-
sitivity limit. The relevance of these find-
ings to the use of the sensitive assays for
evaluating the adequacy of monitoring
T, suppression is discussed below.

The only situations in which there
appears to be a major deviation from
the linear relationship between basal
TSH and TRH response are in hypotha-
lamic or pituitary disease states' and
in some patients with severe nonthy-
roidal illnesses® In these situations,
the TRH response is blunted, yet basal
TSH appears inappropriately normal
or even mildly elevated. Sensitive cyto-
chemical TSH bioassay has now shown
that biologically inactive material is re-
sponsible for this discrepancy in central
hypothyroidism.* As there is an im-
paired biologic activity/immunologic
activity ratio for LH in sick patients® a
similar situation may exist for immuno-
active TSH measured in some cases
of severe nonthyroidal illness. The
question of TSH biologic/immunologic
activity merits further study when
TSH bioassays become more widely
available for investigations.

Finally, TRH testing is not an entirely
innocuous procedure, since 50% of pa-

tients experience unpleasant transient
side effects, including nausea, flushing,
lightheadedness, a metallic taste in
the mouth and a deep urethral burning
sensation. All these factors suggest
that the advantages of using sensitive
basal TSH measurements far outweigh
those of a TRH test in terms of cost,
allaying patient discomfort and delay
in patient diagnosis.

Methodology and
Nomenclature of New
Sensitive TSH Assays

Conventional competitive immuno-
assay measurement techniques are
characterized by a labeled antigen com-
ponent. As shown in the Table, isotopic
labeling with iodine-125 (ie, radio-
immunoassay, RIA) has, until recently,
been the predominant technology in
clinical TSH measurement. The disad-
vantages of isotope use are those of
limited shelf-life, licensing require-
ments, potential hazards, disposal
problems and radiolytic damage. These
limitations have been the impetus for
development of alternative, noniso-
topic labels® Assays using enzyme
molecules (enzyme immunoassay, EIA),
fluorophors (fluorcimmunoassay, FIA)
and chemiluminescent molecules
(chemiluminescent assay, CIA) have
all been developed to overcome the
disadvantages of RIA.

The new sensitive commercial TSH
assays are based on an alternative
approach to immunoassay called
immunometric assay (IMA). Immuno-
metric techniques, in contrast to
competitive immunoassays (CIA),
involve labeling of the antibody
component of the antibody-antigen re-
action and generally involve producing
a “sandwich” or two-site approach,
using two separate monoclonal anti-
bodies of differing specificity to react
with the antigen molecule. Combining
the IMA approach with various non-
isotopic labels, immunoradiometric
assays (IRMA®®), immunofluorometric
assays (IFMA"), immunochemilumino-
metric assays (ICMA") and immuno-
enzymometric assays (JEMA?) have
recently been developed for TSH
measurement.

It was recognized as long ago as 1968
that IMA technology offered advan-
tages over CIA* The excess antibody
requirement of IMA contrasts with the
limited antibody used for CIA and has,
until recently, precluded widespread
use of IMAs. Now that large quantities
of specific monoclonal antisera of high
purity can be produced, this limitation
has been largely overcome. The advan-
tages of IMA vs CIA technology have
been reviewed by Al-Shawi et al* The
advantages are those of speed, with
hours for IMA and days for CIA; tech-
nical simplicity, with fewer pipetting
steps with IMA; increased range, with a
log range of antigen concentrations for
IMA vs CIA,; a 3-log range for improved
precision across the entire IMA range;
improved specificity due to the interac-
tion of two different monoclonal anti-
bodies with the antigen (two-site IMA);
and improved sensitivity. IMA sensitiv-
ity is related to the signal-to-noise ratio
of the label, whereas CIA sensitivity is
related to the avidity of the antibody.

Thus, the new clinical TSH IMA
assays should overcome many of the
problems inherent in the current TSH
competitive immunoassays, enabling
routinely available accurate measure-
ment of normal and low TSH concen-
trations within a clinically acceptable
turnaround time. Offsetting these
advantages is the fact that most of the
new nonisotopic IMAs are heavily de-
pendent on specialized instruments.
Although most commercial vendors
appear willing to supply appropriate
instrumentation, the instruments and
data reduction systems are likely to be
dedicated to a single commercial kit,
leaving less flexibility for laboratories
to change methods.

Modes of Use
for the Sensitive TSH
Clinical Assays

Alterations in TSH secretion in thy-
roid and pituitary disorders have been
reviewed in a previous issue® As dis-
cussed above, the diagnostic accuracy
of the conventional commercial TSH
measurement assays is limited to the
high pathophysiologic measurement
range. The new sensitive commercial




assays offer diagnostic accuracy at the

physiologic and low pathophysiologic

ranges that may be encountered in the

following clinical situations:

[] Screening for thyroid disease

[J Investigation of abnormal thyroid
function levels of nonthyroidal
origin

[J Monitoring treatment for
thyrotoxicosis

[1 Monitoring T, replacement for
hypothyroidism

(] Monitoring T, suppression for thy-
roid cancer, goiter or cold nodules
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Figure 3. Relationship between basal TSH levels and
TRH response (Abbott IEMA), clinical irapression,
FTal and FBI values in patients being evaluated for
hyperthyroidism.

Screening for thyroid disease. The value
of sensitive TSH measurement in de-
tecting subclinical hypothyroidism is
well established” Figure 3 depicts a
study of sensitive TSH measurement
in 52 patients carrying a diagnosis of
hyperthyroidism. Excellent diagnostic
agreement was found between basal
TSH and TRH response, basal TSH and
clinical assessment, and basal TSH and
thyroid hormone indices, although 50%
of the patients who were judged to be
clinically euthyroid had suppressed
TSH levels and a lack of TRH response.
These data suggest that the new sensi-
tive assays have the capability of
detecting subclinical as well as clini-
cally apparent hyperthyroidism.

All the new commercially available
sensitive assays are able to delineate
between normal TSH levels and the
low levels present in clinical thyrotoxic
patients (see Figure 4). The second col-
umn of Figure 4 shows that subnormal,
but detectable, TSH values are often
present in a group of patients selected
from hospital laboratory accession
records on the basis of a high serum T,
regardless of the cause. In our experi-
ence, this frequently occurs in patients
receiving antithyroid drug treatment.

It therefore appears that a spectrum

of suppressed TSH values should be
expected when using the new sensitive
assays in clinical practice.

The new assays now have the ability
to distinguish between TSH-dependent
hyperthyroidism (inappropriate TSH
secretion) and hyperthyroidism from
other causes. Despite several recent
publications on this subject,” the preva-
lence of these conditions appears to be
very low, and it is doubtful if the cost
of routine screening of all thyrotoxic
patients by sensitive TSH measure-
ment can be justified for this purpose
at the present time. However, the find-
ing of a normal TSH concentration in a
patient under evaluation for hyperthy-
roidism should prompt consideration
of the diagnosis of euthyroid hyper-
thyroxinemia due to peripheral thyroid
hormone resistance or some other
cause."#

The question of whether the specifi-
city of sensitive TSH measurement is
impaired in patients with nonthyroidal
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Figure 4. TSH levels (Abbott IEMA) in a group of
patients selected from laboratory records with a
serum Tql > 15 ng/di, regardless of cause; normal,
hyperthyroxinemic, clinically thyrotoxic (with ab-
sent TRH responses), and nonthyroidal illness (NTD)
patients. A =low T;NTI, []=low T4NTL Closed sym-
bols represent dopamine therapy at time of sample.

illnesses merits further study. As shown
in Figure 4, Column 4, and reported by
Seth et al,” TSH levels in low T, or low
T, nonthyroidal illness (NTI) measured
by the sensitive commercial assays are
variable but often fall within the nor-
mal range. This contrasts with the re-
sults of Wehmann et al,* who evaluated
serum T, and TSH (by a sensitive re-
search concentration technique) in a
group of patients undergoing bone mar-
row transplantation, and postulated a
causal relationship between the fall

in TSH and the decreased T, levels in
these patients. Whether the discre-
pancy between their results and the
data presented in Figure 4 relates to
differing disease states, medications
used or the longitudinal mode of study
is unclear at this time. As expected,®
sick patients receiving dopamine infu-
sions for hypotension will exhibit sub-
normal TSH levels (Figure 4, Column 4).
It is of note, however, that dopamine
infusion appears not to suppress the
TSH level to the undetectable values
characteristic of clinically thyrotoxic
patients. The finding of submaximal
suppression of basal TSH levels by
dopamine was compatible with previ-
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ous studies of dopamine infusion in
normal subjects’®

Investigation of abnormal thyreid hor-
mone levels. Serum TSH isused as a
second-line test when abnormal thy-
roid hormone levels are detected in the
absence of clinically apparent thyroid
disease. This can occur as a result of
binding protein abnormalities,” drug
treatment,” nonthyroidal iliness,* or
pituitary or hypothalamic disease.! In
these situations, TSH status is usually
investigated by a TRH test and the find-
ing of a normal response used to ex-
clude the presence of thyroid disease.
In investigations of pituitary or hypo-
thalamic disease, the time scale of the
response was originally considered a
useful indicator of the level of the
lesion, pituitary or hypothalamic, but
today is no longer considered to be
areliable guide™

As discussed above, measurement of
basal TSH by a sensitive assay provides
information equivalent to that obtained
with the TRH test and thus can replace
TRH testing in most situations. In cen-
tral hypothyroidism, the clinical focus
and eventual diagnosis generally rest
on deficiencies in nonthyroid-related
hormones and attendant neurologic
and radiologic findings rather than
thyroid function test data.

Evaluation of treatment for hyperthyroid-
ism. The relationship displayed in

Figure 1 relates to an equilibrated state.

In treatment for thyrotoxicosis, circu-
lating thyroid hormone levels may fall
rapidly while TSH levels, reflected by
TRH response, may remain suppressed
or inappropriately normal in the face
of subnormal T, levels for some weeks*
In the study shown in Figure 3, where
TSH was measured in 52 patients car-
rying a past or present diagnosis of
hyperthyroidism, undetectable basal
TSH levels and absent TRH responses
were present in 50% of patients judged
to be clinically euthyroid.

Some of these patients had normal
serum thyroid hormone indices.
Despite this, the level of the free hor-
mones may have been too high for the
pituitary setpoint of the individuals.
Alternatively, it is possible that in some

of these patients, the level of TSH may
not have completely recovered from
prolonged inhibition by high thyroid
hormone levels. The Iag in normaliza-
tion of TSH levels with treatment for
hyperthyroidism contrasts with the
rapid recovery and rebound from acute
T; suppression in normal subjects
shown in Figure 5. The mechanism

for the differing time scale between
recovery from chronic and acute sup-
pression is unclear but possibly relates
to differences in pituitary stores of
hormone. It is thus currently unclear
whether sensitive TSH measurement
will prove to be clinically valuable in
patients being treated for thyrotox-
icosis who have a rapidly changing
thyroid hormone status.

Evaluation of T, replacement for hypothy-
roidism. The standard replacement dose
for hypothyroid patients is thought to
be between 100 and 200 pg/day. As dis-
cussed above, the TSH level in patients
equilibrated on a given oral thyroxine
dose should represent an integrated
pituitary readout of the ambient T, level
based on the pituitary setpoint. Adjust-
ment of the oral T, dose to give anormal
TSH level may sometimes be difficult
to achieve in practice due to variability
in hormone manufacturing as well as
to patient compliance problems and
differing absorption characteristics.
The variability in manufacturing may
be largely overcome, however, if pa-
tients are maintained on the same oral
thyroxine preparation.

T, is considered to be the prohor-
mone for the metabolically active thy-
roid hormone T;. The production of T,
by 5'monodeiodination of T, by the
peripheral tissues is now known to be
tightly autoregulated so as to maintain
a normal circulating T, level in the face
of T, fluctuations.” These considera-
tions suggest that circulating T levels,
and thereby a euthyroid state, will be
maintained despite wide fluctuations
in exogenous T, dose or absorption.
The autoregulatory mechanism may
explain the lack of symptoms of hyper-
thyroidism in patients taking large
doses of T, for suppression of thyroid
cancer who exhibit elevated serum
total and free T, levels.
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Figure 5. Percent change relative to control in

TSH , thyroglobulin (Tg) @ ——®
and Ty B——8 in 7 normal subjects receiving
25 pg Ts tid. TSH was measured by a sensitive re-
search RIA® sensitized for subnormal measurement
by employing a 21-day preincubation period. (Data
generated in collaboration with Dr. J. Nelson, White
Memorial Hospital, Los Angeles, CA.)

Evaluation of T, suppression. A T, dose
= 200 p.g/day is considered to give ade-
quate TSH suppression. Suppression is
considered to be a major factor in in-
hibiting recurrence of thyroid cancer
following initial surgical removal of the
tumor. T, suppression is also used to
inhibit TSH-stimulated growth of sim-
ple or multinodular goiter and cold
thyroid nodules.

The effectiveness of suppression has
been hitherto assessed by a TRH test, an
absent TRH response being considered




Summary

The new sensitive serum TSH meth-
ods offer a 10-fold improvement in
functional sensitivity that enables a
normal serum TSH level to be dis-
tinguished from that of a clinically 9
thyrotoxic patient.

Detectable but subnormal TSH levels
may be encountered in thyrotoxic L
patients undergoing treatment, in some
patients receiving exogenous T, therapy
and in some patients with nonthyroidal
illnesses, especially when taking medi-
cation such as dopamine. As a detect-
able basal TSH level, determined by 1
sensitive assay, appears predictive of a
positive, proportional TRH response,
use of sensitive TSH assays may
obviate TRH testing in the majority of
clinical situations requiring exclusion
of thyroid disease. The exception may
be the use of TRH stimulation to assess
the adequacy of T, suppression in
pationts with hyroid cancer—where | s oot Lz
patients may exhibit an undetectable 17. Bowers CY, Lee KL, Schally AV: Effect of actino-
basal TSH level yet respond to TRH.

The combination of TRH stimulation

and sensitive TSH measurement 18
appears indicated when assessing the
adequacy of T, suppression in thyroid
cancer. Thus, the new sensitive com-
mercial TSH assays appear to offer
adequate sensitivity and specificity to
warrant further studies on their use as
a first-line thyroid function test.
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indicative of adequate suppression.”As
discussed above, sensitive TSH mea-
surement generally provides informa-
tion equivalent to that of a TRH test.
However, the use of basal TSH to assess
the adequacy of suppression may be an
exception. In a recent study of basal
TSH and TRH response in thyroid can-
cer and goiter patients,” 11% of patients
appeared adequately suppressed when
using the criterion of an undetectable
basal TSH and yet were TRH respon-
sive. The combination of an undetect-
able basal TSH and positive TRH
response was found with even greater
frequency (32%) one week following an
oral 3.0 mg T, load. These data suggest
that inadequate suppression may be
masked by assay insensitivity even
when using the new sensitive methods.
It is difficult to assess the clinical
significance of subnormal basal TSH
levels in TRH-responsive patients in
terms of recurrence of thyroid cancer
or stimulation of goiter growth. A pro-
visional evaluation of this question has
been made by using serum thyroglobulin
(Tg) levels as an endpoint.” Normally,
as shown in Figure 5, 40% of the am-
bient Tg level appears to be TSH de-
pendent, as reflected by the drop in
serum Tg levels in response to 4 weeks
of oral suppressive T, therapy. Despite
the greater degree of autonomy ex-
pected with thyroid cancer or goiter
pathologies, 76% of the patients who
presented with subnormal basal TSH
levels showed significantly suppressed
Tg levels one week following a 3.0 mg
oral T, load designed to increase TSH
suppression. These data, although not
conclusive, suggest that biologically
significant stimulation can result from
subnormal TSH levels. At this point, it
appears that sensitive TSH measure-
ment in conjunction with a TRH test
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