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Recent studies have shown that about one out of every 
five euthyroid persons with an autonomous thyroid 

nodule will become hyperthyroid during the next six years, 
often going through a phase of triiodothyronine (T3) thy
rotoxicosis first.1 Propranolol is commonly used to control 
some of the symptoms of the developing hyperthyroid 
state. Having had the opportunity to follow such a patient, 
however, it was found that the progressive increase in 
serum thyroxine (T4) concentration and free thyroxine 
index (FT4I) into the hyperthyroid range was the result 
of the propranolol treatment, not of hyperthyroidism from 
the nodule, ie, the drug had produced so-called “euthyroid 
hyperthyroxinemia”2 in the patient. Thus the treatment 
mimicked the natural history of the disease.

CASE R E P O R T

A.J., a 42-year-old unmarried woman, was first seen in 
1977 because of nervousness, an 8-lb weight loss, insom
nia, palpitations, heat intolerance, increased sweating, 
tremulousness, and loose, frequent bowel movements, all 
of which had developed over the preceding two to three 
months. The patient’s sister was being treated for an over- 
active thyroid gland. On examination the woman ap
peared to be nervous, with a pulse rate of 90 beats per 
minute; no tremor was present. The thyroid gland was 
normal in size, but the left lobe felt rounded. The clinical 
picture suggested hyperthyroidism, but serum concentra
tions of T4 and T3 by radioimmunoassay (RIA) were 
within the normal range, T4 151 nmol/L (11.7 pg/dU) 
and T3 1.8 nmol/L (114 jug/dL).* Radioiodine uptake

* Normal values for laboratory: serum T4 58 to 167 nmol/L (4.5 to 13.0 ng/dL); 
serum T3 1.2 to 3.4 nmol/L (80 to 220 ng/dL); serum TSH 0.0 to 5.5 mU/L (0.0 
to 5.5 nU/mL); J3 resin uptake 0.86 to 1.14 (86 to 114 percent).
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was 0.06 (6 percent) in two hours and 0.19 (19 percent) 
in 24 hours. A thyroid scintigram (iodine 123) confirmed 
the normal size of the gland, showing a functioning nodule 
in the left lobe (Figure 1). This nodule was not suppressed 
after liothyronine administration, 25 pg every eight hours 
for three days, but there was a marked decrease in 123I 
uptake elsewhere in the gland. These findings are diag
nostic of an autonomous nodule with euthyroidism,3 and 
they confirm the normal blood hormone determinations. 
The patient’s symptoms were thought to be the result of 
anxiety neurosis and depression. She was treated with re
assurance, and told to take diazepam, 5 mg as needed, 
and nortriptyline, 25 mg once daily, but symptoms per
sisted.

Three years later serum T3 had become minimally el
evated at 3.5 nmol/L (225 jug/dL) despite a persistently 
normal T4 value of 142 nmol/L (11.0 pg/dL)  and a resin 
uptake o f0.86 (86 percent), which suggested a developing 
T3 toxicosis.1 Propranolol was subsequently started, 10 
mg four times a day, with symptomatic improvement. 
Two weeks after starting propranolol, serum T3 had re
turned to the normal range of 2.8 nmol/L (182 ng/dL), 
and serum T4 rose to 166 nmol/L (12.9 pg/dL) with a 
resin uptake of 1.02 (102 percent). At five weeks serum 
T4 was in the hyperthyroid range at 190 nmol/L (14.8 
pg/dL), and serum T3 had fallen further to 2.6 nmol/L  
(169 ng/dL) with a resin uptake o f0.96 (96 percent). Thy
roid scintigram at this time showed no change from the 
baseline study done three years previously, and a thyro
tropin-releasing hormone (TRH) test gave a normal re
sponse, indicative of euthyroidism (serum thyroid-stim
ulating hormone [TSH] 2.0 mU/L baseline; 10.0 mU/L  
30 minutes after intravenous administration of 500 pg of 
TRH) (2.0 pg/mL  baseline; 10.0 pg/m L  30 minutes after 
intravenous administration of 500 pg of TRH). Propran
olol treatment was continued, but symptoms persisted, 
including a 6-lb weight loss over a three-month period 
despite an increased appetite.

One year after starting propranolol, serum T4 remained 
elevated at 190 nmol/L (14.8 jug/dL) with resin uptake at 
0.93 (93 percent). At this point the drug was abruptly 
discontinued. Three weeks later serum T4 had returned
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Figure 1. Baseline thyroid scintigram (iodine 123) shows functioning nodule in left lobe (arrows), not suppressed by triiodothyronine 
(l-T3) and therefore autonomous.3 Note suppression of extranodular tissue, indicative of euthyroidism. While on propranolol, serum 
T4 has risen but scan is unchanged. One year later, after stopping propranolol therapy, scan is again similar to baseline

to the normal range at 152 nmol/L (11.8 Mg/dL) with 
resin uptake at 1.00 (100 percent) and a TRH test again 
gave a normal response, albeit somewhat lower than the 
response when the patient was taking propranolol (serum 
TSH 2.6 mU/L baseline; 5.2 mU/L 30 minutes after 500 
Mg of TRH given intravenously) (serum TSH 2.6 Mg/mL 
baseline; 5.2 Mg/mL 30 minutes after 500 Mg of TRH given 
intravenously). A repeat thyroid scintigram was similar 
to the baseline study. The patient remains off propranolol 
and continues to have the same complaints; serum T4 has 
remained within the normal range at 144 nmol/L (11.2 
Mg/dL) with resin uptake at 0.91 (91 percent).

DISCUSSION

Monodeiodination of thyroxine (T4) to triiodothyronine 
(T3), chiefly within the liver and kidneys, is an important 
degradative pathway in thyroid hormone metabolism, ac
counting for over 80 percent of the circulating T3 present 
in the blood of healthy individuals.4 Free (unbound) T3 
diffuses into the body cells and exerts a controlling influ
ence on protein synthesis and respiration through binding 
to nuclear and mitochondrial receptors. In rat pituitary 
glands, however, about one half of the T3 available to 
thyrotrophs is generated intracellularly from T4.5 Pro
pranolol is one of a number of drugs that inhibit T4 to T3 
conversion,6 and it is likely that when such a drug is ad
ministered to a euthyroid individual, the thyrotrophs sense 
the lower intracellular T3 concentration and respond by 
increasing their output of TSH. The increased TSH levels, 
in turn, stimulate the thyroid gland to synthesize and re
lease additional thyroxine, which results in a rising serum 
T4 concentration, often into the hyperthyroid range.7,8 
Euthyroidism is maintained in these individuals despite

hyperthyroxinemia, however, because the conversion-in
hibitory action of the drug on the liver9 and kidneys10 
keeps blood levels of T3 within the normal range, and 
most of the intracellular T3 in nonpituitary cells comes 
from diffusion of circulating T3 rather than from local 
generation.5 These biochemical changes developed in the 
patient during propranolol therapy, and the greater TSH 
response to TRH (compared with her subsequent response 
when off therapy) suggests that this explanation of the 
sequence of events is very likely correct.

It is highly probable that the decline o f the serum T3 
value well into the normal range and the elevation of the 
serum T4 and resin uptake in the patient during propran
olol therapy were the result of interference with T4 mono
deiodination by the drug, not a manifestation of hyper
thyroidism, for these reasons: (1) in hyperthyroidism, there 
is no response of TSH to TRH administration, whereas 
in this patient there was a normal or slightly increased 
response, suggestive of latent hypothyroidism11; (2) in hy
perthyroid patients with an autonomous nodule the thy
roid scintigram shows suppression of the extranodular ra
dioiodine uptake,3 whereas in this patient there was no 
evidence of such suppression; and (3) when propranolol 
was discontinued, serum T4 concentration rapidly re
turned to the normal, pretherapy range.

Euthyroid hyperthyroxinemia is a term that describes 
the clinical and biochemical findings of the syndrome seen 
in this patient.2 A variety of causes has been described.' 
In euthyroid persons taking a conversion-inhibitory drug, 
such as propranolol, serum T4 and FT4I levels may in
crease, often into the hyperthyroid range, by the mecha
nism described above.7,8 Total T3 remains in the normal 
range,7,8 however, and frequently declines.10,12 The syn
drome must be distinguished from true hyperthyroidism 
with anomalously normal T3 concentration, so-called L
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toxicosis, which occurs in some thyrotoxic patients who 
develop intercurrent illnesses or who ingest conversion- 
inhibitory drugs.13 Distinction can be made by means of 
the TRH stimulation test: failure of TSH levels to rise 
after TRH injection is suggestive of hyperthyroidism in 
this setting, whereas a normal response (as in this patient) 
excludes it.13

The patient described in this report is unusual in that 
her progression from borderline T3 toxicosis to hyperthy- 
roxinemia was not the result of hyperthyroidism from her 
autonomous nodule, but rather was a drug-related phe
nomenon. Propranolol has been shown to revert elevated 
serum T3 values to normal in hyperthyroid patients,1214 
which occurred in this patient. Although the subsequent 
increase in serum T4 concentration and FT4I suggested 
the development of hyperthyroidism, TRH testing showed 
this not to be the case, and all values returned to normal 
when the drug was discontinued. Clearly in this patient 
the treatment of the disease mimicked the disease itself.

This patient was unusual in a number of respects. Al
though most patients who develop hyperthyroxinemia 
from propranolol are taking relatively high doses of the 
drug,815 the patient was taking only 40 mg daily. In ad
dition, the average increment in serum T4 concentration 
following propranolol administration is only 18 nmol/L 
(1.4 gg/dL)7 or less,121516 whereas in this patient T4 rose 
by more than 39 nmol/L (3.0 pg/dL). However, because 
up to 14 percent of euthyroid patients given propranolol 
develop hyperthyroxinemia,7 a drug-induced abnormality 
should be considered in any patient taking propranolol 
whose serum T4 concentration is elevated.8 Specifically, 
caution should be exercised in interpreting thyroid func
tion tests in patients with suspected hyperthyroidism who 
are taking propranolol.
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