











appears that the prealbumin capacity for T, in PAH is about
3 uM.20.21 By appropriate adjustment of the concentration of
added T, it is possible to distinguish PAH and FDH from nor-
mal, and from one another.23 The findings with a modification
of the T,-loaded uptake test, using unlabeled T,, 5 x 108 M and
1 x 10 M added to serum diluted 1:100, are shown in Tabie 3.
With T, added in fiftyfold excess of normal, both FDH and PAH
show iower than normai free counts. At one thousandfoid ex-
cess T,, ali available preaibumin sites are filled, making PAH
indistinguishable from normal, while abnormal binding persists
in FDH.

Table 3

Effect of Excess Uniabeled T, on Percent Free '125f T, in
FDH, PAH, and TBG Excess”

No. Tracer T, Load
Patients Alone 5xi108 M 106 M
Normal 5 16+2 71+5 88+3
FDH 5 13+1 14+1 16+ 1
PAH 5 13+1 362 85+2
TBG excess 5 11+1 69+3 g90+2

* Serum 1:100. Phosphate buffer pH 7.4.
Dextran-charcoal separation. Mean £ SEM.

Autoantibody-associated Hyperthyroxinemia. Hyperthy-
roxinemia due to endogenous T,-binding autoantibodies may
be the result of assay artifact, but may also reflect a true in-
crease in circulating T, as an appropriate response to the bind-
ing abnormality.i7.24¢ When a double antibody T, radio-
immunoassay is used, tracer bound to the endogenous human
y-globulin is classified as free by the precipitating anti-rabbit
antibody, leading to spuriously high assay resuits. Hormone
assay after alcchol extraction gives a refiection of the actual to-
tal circuiating level, in the absence of separation artifact. How-
ever, this value may overestimate the available hormone
because it ignores the in vivo effect of the abnormal binding
protein.

A serum free T, measurement should compensate for this
type of abnormal binding if the method used is free of artifact.
in collaboration with workers in Milan, we have recently evaiu-
ated six different free T, measurement methods in 12 patients
with y-globulin binding of iodothyronines. 7 Thyroid status was
assessed clinically and by measurement of TSH and its re-
sponse to TRH. Free T, measurement methods that used ana-
log tracers, designed not to bind to TBG, gave spuriously high
values in almost all hypothyroid and some euthyroid subjects,
an artifact shown to be due to y-giobulin binding of the analog
tracers used in these techniques (Figure 5). Free T, measure-
ment by eguilibrium dialysis, or by adsorption chromatography
and radioimmunoassay, accurately assessed thyroid status,
suggesting that free T, maasurement methods are valid in pa-
tients with circuiating iodothyronine-binding immunoglobutins
only if the free hormone fraction is separated physicaily from
serum binding proteins before the assay procedure.

Identification of Binding Abnormalities in Hyperthyrox-
inemia. As the affinity, capacity, and specificity characteristics
of new binding abnormalities have been worked out, it has be-
come possibls to devslop simple diagnostic tests that identify
each condition. The ability toc make a precise diagnosis of vari-
ous binding abnormalities may diminish the number of patients
in whom hormone resistance, abnormal cell entry, or impaired
deiodination must be invoked as possible causes of hyperthy-
roxinemia.

7 stances that are bound to albumin and slowly

in summary, the methods are as follows:

1. FDH: Charcoal uptake of 125{ T, using serum diluted 1:100
with added uniabeied T, 106 M, dextran-charcoai separation. '8
Added T, in one thousandfold excess is used te zccentuate
high-capacity binding. A modification of this test, with an inter-
mediate fiftyfoid T, load can be used to identify PAH,23 as de-
scribed above. Barbitone buffer and T, tracer must be avoided.

2. PAH: Immunoprecipitation of 125 T, by anti-prealbumin
antibody. Using a system adjusted to give about 75% immuno-
precipitation of 125 T, in subjects with total TBG deficiency, nor-
mal subjects show 20% to 25% immunoprecipitation, those
with PAH about 45%.

3. Autoantibody-associated hyperthyroxinemia: Precipita-
tion of 1251 T, by 15% polyethylene giycoi 6000, using barbitone
buffer.t” Normal sera and those with FDH and PAH show less
than 5% precipitation of 125!, Values greater than 10% suggest
abnormal y-globulin binding of T,. Immunoprecipitation can be
used as an alternative method of diagnosis."?

Hormone Resistance Syndromes

it is now clear that excessive levels of circulating thyroid hor-
mones, both total and free, can occur as a result of tissue re-
sistance or diminished responsiveness. Severai recent reviews
describe these conditions in detail.2>27 {See S. Refsetoff, THY-
RoID ToDAY, Volume Ili, Number 8, 1980.) The usual presenta-
tion of generalized thyroid hormone resistance is with elevated
T, and T, levels, associated with goiter, without evidence of hy-
perthyroidism. it is notable that such patients have been mis-
takenly treated for hyperthyroidism because of the coexistence
of gaiter with high hormone levels.25 Perceptive clinical assess-
ment, together with appropriate emphasis on measurement of
TSH and its response to TRH wilt avoid misdiagnosis. it should
be noted that free T, measurements, whether by equilibrium di-
alysis or the short-cut analog technigues, will reinforce a false
impression of hyperthyroidism.

In contrast, the syndrome of selective pituitary rasistance
usuaily presents with features of hyperthyroidism, excess of
both T, and T,, and mild to moderate elevation of TSH that may
be normally responsive to TRH.26:27 [t is of interest that a selec-
tive defect in the intrapituitary deiodination of T, to T, has been
postuiated, and that exogenous T, 27 or triiodothyroacetic
acid? has been advocated in the treatment of this syndrome.
This condition should be distinguished from hyperthyroidism
due to excessive pituitary secretion of TSH as a resuit of a pitu-
itary tumor, where the increased TSH level is usually unrespon-
sive to TSH,28 and where the serum level of TSH a subunit is
markedly increased.?¢ (See {.A. Kourides, THYROID ToDAY, Vol-
ume llI, Number 2, 1980.)

Drug-refated Hyperthyroxinemia

in addition to drug-induced changes in TBG concentrataon TA
excess can occur with amiodarone, after exposure to oral cho-
lecystographic contrast agents, and with B- blocking agents
such as propranolof. A .
Both the antiarrhythmic agent amiodarone and ths oral che-
lscystographic contrast agents are cyclic, iodine-rich sub-
gilzed by
the liver. Their thyroid-reiated effects are similar, although éx-
posure to amiodarone is usually more chronic. Both com-_
pounds act as competitive substrates for outer ring
deiodinative enzymes, thereby decreasing deledination and
clearance of both T, and revarse T,;, while themselves releas-
ing icdine. The water-soluble contrast media used for angiog-
raphy or pyeiography, excreted by the kidney rather than the




liver, are much less potent in this respect.
Hyperthyroxinemia is frequent and may occur by several
mechanisms. Firstly, T, may be acutely dispiaced from the
fiver.30 or its clearance may be diminished.3! Increase in T, may
b0 resuit from increased production as a conseguence of in-
‘ased iodine supply. The latter effect is especiaily marked in
subjects with pre-existing thyroid autonomy. The response dif-
fers from the typicai Jod-Basedow phencmenon because the
T, level usually remains normal. a reflection of inhibition of T,
to T, conversion.32 Features of hyperthyroidism are usually ab-
sent in subjects who show only T, excess, both totat and free,
associated with normai T, levels. However, true hyperthyroid-
ism. with marked excess of both T, and T,, has been reported
in some patients with pre-existing thyroid autonomy, especially
from iodine-deplete environments.33 While, at present. it is not
known what factors determine whether true hyperthyroidism or
isolated T, excess will develop in a particular patient, it ap-
pears that subjects with large amounts of autonomous thyroid
tissue in iodine-deficient environments are especiaily at risk of
true hyperthyroidism.34
Some (3-blocking agents, by a mechanism not necessarily
related to their 3-blocking activity,3s are known to decrease T,
formation from T,. Diminished clearance of T, may be the rea-
son for the T, increase seen during high-dose propranolol
treatment.

Ingestion of T,

Many patients treated with oral levothyroxine replacement are
clinically-euthyroid with eievated levels of T, and normal levels
of T,.38 Although this discrepancy could be explained simply by
tack of the 30% of T, normalily secreted directly from the thy-
roid, it has recently been suggested that the deiodination of ex-
enous T, may show autoregulatory variation.37 The
‘chanism of such requiation is not yet established, but the ef-
ect must be limited in view of descriptions of factitious hyper-
thyroidism from T, ingestion. However, the point that many
patients taking exogenous T, have mild circulating T, excess
without hyperthyroidism is of practical importance. It also
raises the question of what (if any) measurements should be
used in monitoring chronic T, therapy.

The time relationship between dose and sampling is usually
disregarded when assessing replacement levels of T,. How-
ever, Symons and Murphy3® have recently found maximum T,
levels 20% to 50% higher than the steady state levels two to
four hours after ingestion of 100 ug to 300 ug T,, suggesting
that the time of sampiing should be taken into account before
concluding that T, dosage is excessive.

Transient Hyperthyroxinemia
Recent descriptions of transient T, excess in groups of hospi-
talized patients indicate that T, measurement at the time of
presentation with acute iliness gives an alarming prevalence of
T, excess.? Especially in acute psychiatric admissions, only a
smalf proportion of high T, levels at the time of initial assess-
ment are indicative of underlying thyroid disease. in various re-
ports, the prevalence of hyperthyroxinemia has varied from 5%
10 40%, while the true prevalence of hyperthyroidism in such
groups is probably less than 1%.2 it is not clear yet whether the
problem reflects a drug-induced, stress-related, or environ-
mental TSH-mediated overstimulation of the thyroid, a tran-
iant binding abnormality, an acute displacement of T, from
Fues. or merely an inappropriate definition of normal values.
would be surprising if isolated T, excess occurred as a result
of transient stimulation of the normal thyroid in healthy sub-

jects because the effect on T, is usuaily more marked than the
T, increase.39

The central regulation of TSH is now known 1o be exceed-
ingly complex40 (see I.M.D. Jackson, THyRoD Topay, Voiume
VI, Number 6, 1983) and much further work is needed to allow
a full understanding of these phenomena. it is of particular in-
terest that amphetamines have recently been implicated as a
possible cause of transient thyroid hormone excess.4!

The evaluation of sick patients with isolated T, excess will re-
main difficult because hyperthyroidism cannot be ruled out
merely because T, level is normal, as T, levels may be tran-
siently normal in hyperthyroid patients during associated se-
vere illness.2 As suggested by Borst et al,? this diagnostic
dilemma is best resolved by serial observations if clinical fea-
tures are inconclusive.

Hyperthyroxinemia Without Definable Cause

There are severai descriptions of individual patients or kin-
dreds who are euthyroid with persistently high tevels of T, for
which no clear cause can be found.#3-45 Thyroxine excess is
usually in the range of 12 pg/dl to 20 pg/di, associated with
high free T, levels in some cases. Whether these cases repre-
sent one or several conditions is unciear. It has been sug-
gested that T, entry into celis may be impaired, or that
peripheral T, to T; deiodination may be defective, perhaps as a
consequence of diminished cell entry. Conclusive evidence for
any defect is lacking at present, but the future elabaration of
these conditions will be of great interest.

These variants appear to be distinct from hormone-
resistance syndromes because the T level is normal. in some
of the descriptions it is difficult to be sure that a selective T,
binding abnormality has not been overlooked. Apptication of
the binding methods described above may be appropriate.

Diagnostic Approach to Hyperthyroxinemia

The following scheme is suggested for evaluation of anoma-
lous or unexpected T, excess:

1. Clinical re-evaluation, with particular attention to features
such as goiter, tremor, proximal myopathy, and circula-
tory features of hyperthyroidism.

2. History of exposure to drugs known to be associated with
hyperthyroxinemia.

3. Assessment of T, level, with appropriate correction for
variations in TBG binding.

4. Evaluation of the TSH response to TRH.

5. An authentic estimate of free T,. In this respect, it is im-
portant to avoid free T, measurement methods that can
give spurious results in hyperthyroxinemic binding ab-
normalities. :

8. Observation over a period of time to determine whether
the anomaly is transient or persistent. ‘

7. Specific evidence of an unusua! binding abnormality, us-
ing the type of techniques described above. Electropho-
retic studies of T, binding are invaluable in defining new
variants. ‘

8. Family studies to identify others at risk of misdiagnosis.

in the absence of a reliable, convenient.index of peripheral
thyroid hormone action, the correct course of managemsnt in
cases of diagnostic difficulty will continue tc hinge on per-
ceptive ciinicai assessment, valid estimates of free hormons
concentration, the TSH response to TRH, and exclusion of
identifiable binding abnormalities.
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