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    Introduction  

  

Resistance to thyroid hormone (RTH) is a dominantly inherited
 
condition of impaired 

tissue responsiveness to thyroid hormone
 
(TH). Of variable severity, the presence of 

goiter, tachycardia,
 
hyperactivity, or abnormal findings on routine laboratory tests

 
usually 

lead to further investigation and, ultimately, the diagnosis
 
of RTH. Characteristic thyroid 

function tests are elevated free
 
thyroxine (FT4) and free triiodothyronine (FT3) 

concentrations
 
with nonsuppressed thyrotropin (TSH). Despite the high serum

 
TH levels, 

TSH responds to stimulation with TSH-releasing hormone,
 
and the doses of TH required 

to suppress TSH and to produce
 
metabolic effects on peripheral tissues are higher than 

normal
 
(1). The incidence of RTH is probably 1 case per 50,000 live births

 
(2), with over 

600 known cases [(3) and personal information].
 
 

With a single exception (4), RTH is caused by mutations in the
 
thyroid hormone receptor 

(TR) ß gene. Point mutations
 
have been identified in affected subjects belonging to more

 

than 150 families. The mutant TR molecules have either reduced
 
affinity for T3 (5) or 

impaired interaction with one of the
 
cofactors involved in the mediation of TH action (6, 

7). These
 
mutant TRs interfere with the function of the normal TRs, which

 
explains the 

dominant mode of inheritance. It is thus not surprising
 
that, in the single family with 

deletion of all coding sequences
 
of the TRß gene, only homozygotes manifest RTH (8).

 
 

The clinical presentation of RTH is highly variable. The majority
 
of individuals are 

completely asymptomatic. Some may manifest
 
symptoms suggestive of TH deprivation 

such as growth retardation,
 
impaired cognitive ability, and hypercholesterolemia, while

 

others show signs of TH excess such as tachycardia, advanced
 
bone age, or hyperactivity 



(9, 10, 11). Not uncommonly, individuals
 
have symptoms of both TH deficiency and 

excess. Even more often,
 
symptoms are subjective, and the signs are not specific for

 

thyroid dysfunction. Other than assessment of TSH regulation
 
by TH feedback, 

laboratory tests that measure most tissue responses
 
to TH are insensitive and relatively 

nonspecific.
 
 

Subjects with RTH that appear to be eumetabolic and maintain
 
a near normal serum TSH 

concentrations have been classified
 
as having generalized resistance to TH (GRTH). In 

such individuals,
 
the defect seems to be adequately compensated for by the high

 

endogenous levels of TH. In contrast, some patients with TH
 
levels that are not 

necessarily higher, appear to be hypermetabolic
 
because they are restless, hyperactive, or 

have a rapid heart
 
rate. Such individuals have been classified as having selective

 
pituitary 

resistance to TH (PRTH). However this classification,
 
based on clinical impression, is 

misleading and has no firm
 
physiologic basis. In favor of PRTH are in vitro studies 

showing
 
that some TRß mutations appear to interfere more strongly

 
with the negative 

(suppressive) than positive (stimulatory)
 
effects of TH (12, 13). Yet subjects harboring 

these same mutations,
 
and even belonging to the same family, have been classified as

 

having GRTH and PRTH (14). Clinical studies have been unable
 
to demonstrate that the 

peripheral tissues of patients with
 
PRTH have different sensitivity to TH than those of 

patients
 
with GRTH (15). It has been suggested that the subdivision of

 
RTH into these 

two categories is an artifact arising from the
 
subjective nature of the symptoms and the 

poor specificity of
 
signs (11). The possibility of variable levels of expression

 
of the 

mutant allele relative to the normal counterpart has
 
been explored, but results have been 

inconsistent (16, 17).
 
The most likely explanation for the variable clinical manifestations

 

of this apparently monogenic condition is the genetic heterogeneity
 
of the many cofactors 

[coactivators and corepressors (18)] that
 
modulate the receptor-dependent action of TH 

(19).
 
 

Clinical and laboratory investigations and the more recent studies
 
of molecularly 

engineered mice have provided some understanding
 
regarding the apparent paradoxes in 

the expression of RTH. The
 
reason for the nonsuppressed serum TSH levels in children 

and
 
adults with RTH is evident given that their pituitary glands

 
express the defective 

TRß, which blunts the suppressive
 
effect of TH. Studies of TRß deficient mice further 

showed
 
that the TRß molecule is not necessary for the upregulation

 
of TSH, but it is 

required for TH to exert its full suppressive
 
effect (20). It has been less obvious how TSH 

levels within the
 
normal range can produce a goiter and stimulate the thyroid

 
gland to 

produce and secrete an increased amount of TH. Work
 
from Professor Beck-Peccoz’s 

laboratory, described by
 
Persani et al. (21), has shown that the TSH circulating in subjects

 

with RTH has an increased biological potency. Another explanation
 
could be an 

augmented thyrocyte sensitivity to TSH through increased
 
density of TSH receptor units. 

While elevated TH levels with
 
normal or slightly increased TSH concentrations are 

present
 
from birth (22, 23, 24) and persist throughout the life span

 
of subjects with RTH, 

nothing is known regarding the state of
 
these hormones during fetal life. Again, Professor 

Beck-Peccoz’s
 
group, in their report by Asteria et al., published in this

 
issue of JCEM 

(see page 405), provides a preliminary look into
 
the fetal pituitary-thyroid axis in a 

mother with RTH carrying
 
a fetus expressing the same mutant TRß molecule. Very

 
high 



levels of TSH were found in the fetus, even though the
 
mother was treated with 

triiodothyroacetic acid (TRIAC).
 
 

Although hearing defects are occasionally found in association
 
with congenital 

hypothyroidism, severe sensorineural deafness
 
is the hallmark of homozygous deletion of 

the TRß gene
 
in both humans and mice (25, 26). Mild forms of hearing impairment,

 
due 

to recurrent ear infections, is more common in the dominantly
 
inherited form of RTH 

(27). Careful evaluation of subjects with
 
RTH has shown that one half have learning 

disabilities, often
 
associated with attention deficit hyperactivity disorder (ADHD)

 
and, on 

the average, lower intellectual quotients (IQ) (10,
 
28, 29). However, frank mental 

retardation (IQ <60) occurs
 
in only 3% of the cases. Tachycardia occurs in 80–90% of

 

subjects with RTH and, when symptomatic, is the reason that
 
leads to the diagnosis of 

PRTH (11). It is caused by the excess
 
of TH acting on the TR  gene. Indeed, TRß-

deficient RTH
 
mice have a normal TH dependent increase in heart rate (30),

 
while mice 

deficient in TR 1 manifest bradycardia (31). The only
 
instance of death attributed to 

RTH is that of an 8-yr-old child,
 
homozygous for a deletion of one amino acid in the TRß

 

molecule (32). The child succumbed to heart failure and sepsis.
 
 

No treatment is available to fully correct the defect causing
 
RTH. The majority of 

individuals, if left alone, adequately
 
compensate for the abnormal TRß through increased 

TH secretion.
 
By and large, treatment with TH is reserved for those who, due

 
to 

misdiagnosis, have received ablative therapy and have, as
 
a consequence, limited 

thyroidal reserve and for subjects in
 
whom the compensation appears to be incomplete 

due to the concomitant
 
presence of autoimmune thyroid disease. The optimal dose of

 
TH 

is variable among individuals, and doses of L-T4 as high
 
as 1,000 µg per day may be 

necessary to achieve the desired effects.
 
Reduction of the serum TSH concentration to 

normal is a convenient
 
guide to therapy.

 
 

Some investigators have suggested that due to TSH hypersecretion
 
such individuals may 

be more prone to develop thyrotropic adenomas.
 
This has not been observed in RTH. The 

thyrotropic hyperplasia
 
reported in a patient with RTH who received radioiodide rapidly

 

regressed by treatment with sufficient amount of L-T4 to normalize
 
the serum TSH level 

(33). Using the same logic, the possible
 
proneness of the hyperstimulated thyroid gland to 

neoplasia
 
has been also considered. However, there is no increased incidence

 
of thyroid 

cancer in RTH. Goiters are usually small, are rarely
 
obstructive, and should be left alone.

 
 

More difficult is the treatment of patients with RTH in whom
 
apparent hypothyroidism at 

the level of peripheral tissues is
 
not accompanied by an increase in the serum TSH 

concentration.
 
In such individuals, the judicious administration of supraphysiological

 

doses of TH requires careful monitoring. Markers of TH action
 
such as serum sex 

hormone binding globulin, cholesterol, and
 
ferritin, basal metabolic rate, bone density, 

and urinary hydroxyproline
 
should be carefully monitored. Treatment with L-T3 may 

improve
 
the symptoms of ADHD in a significant proportion of children

 
that also have 

RTH (34).
 
 



Equally difficult is the treatment of subjects with RTH who
 
complain of symptoms 

suggestive of hypermetabolism. Because
 
the findings are often subjective and 

nonspecific, it is difficult
 
to assess to what extent these symptoms are caused by the high

 

TH levels acting predominantly on peripheral tissues. The first
 
line of treatment of these 

patients should be symptomatic. Atenolol
 
is very effective in treating tachycardia and 

tremor without
 
affecting the conversion of T4 to T3. Antianxiety drugs can

 
help alleviate 

symptoms of nervousness. Treatment with agents
 
with the potential to decrease the levels 

of TH through suppression
 
of TSH has received much attention. Dopaminergic drugs and 

somatostatin
 
analogs have had limited use because of side effects and low

 
success rate in 

maintaining TSH suppression. TRIAC has been
 
used successfully to decrease the serum 

TSH and TH levels, to
 
reduce goiter size, and to alleviate some of the symptoms 

attributed
 
to the effect of TH on peripheral tissues (35). However, the

 
concomitant effects 

of TRIAC on markers that measure TH action
 
on peripheral tissues (see above), as well 

as on heart rate,
 
are minimal (36) probably because the decrease in TH levels

 
is offset by 

the intrinsic thyromimetic effect of TRIAC (37).
 
The ability of TRIAC to suppress TSH 

without an increase in
 
the thyromimetic effect on peripheral tissues is due to two

 

properties of this TH analog: its higher affinity for the ß
 
but not TR as compared with 

T3, and the more rapid degradation
 
of TRIAC (38, 39). The mechanism mediating a 

similar effect
 
attributed to D-T4 is less well understood.

 
 

RTH is more frequently being diagnosed in infancy owing to routine neonatal
 
screening 

programs that measure both TSH and T4 and to hormonal
 
and DNA analyses performed 

in infants born to parents known
 
to have RTH. Early diagnosis provides the opportunity 

for early treatment,
 
although the wisdom of such treatment is controversial as there

 
are no 

data regarding the long-term outcome. General guidelines for
 
the treatment with TH, 

usually L-T4, are: 1) elevated serum
 
TSH levels; 2) failure to thrive that cannot be 

explained on
 
the basis of another illness or defect; 3) unexplained seizures;

 
4) 

developmental delay; and 5) history of growth or mental retardation
 
in affected members 

of the family. It has been hypothesized
 
that the development of a fetus that has inherited 

RTH from
 
the father may be jeopardized because of the exposure to lower

 
levels of TH 

derived from his normal mother. In fact, there
 
is a significantly higher prevalence of 

goiter and short stature
 
in children with RTH born to normal mothers compared with 

those
 
born to affected mothers (10).

 
 

In a bold study in this issue of JCEM (see page 405), Asteria
 
et al. (40) present a 29-yr-

old pregnant woman with RTH in whom
 
treatment with TRIAC before pregnancy, was 

successful in controlling
 
symptoms of TH excess. Symptoms recurred after the 

discontinuation
 
of TRIAC for fear of adverse effect to the fetus. When genotyping

 
of the 

fetus, through chorionic villi sampling, established that
 
it shared the maternal mutant TRß 

allele, the authors
 
felt justified to reinstate TRIAC treatment to the mother at

 
20 weeks 

gestation. The mother’s symptoms were controlled,
 
but fetal goiter, not seen at 24 weeks, 

appeared on ultrasound
 
examination at 29 weeks of intrauterine life. In addition the

 
fetus 

showed mild growth retardation. This prompted fetal blood
 
sampling by chordocentesis, 

which revealed a very high TSH level
 
of low bioactivity compared with normal fetuses. 

The authors
 
interpreted these findings as indicative of fetal hypothyroidism

 
and acted by 

increasing the dose of TRIAC given to the mother,
 
in an attempt to suppress fetal TSH by 



increasing the amount
 
of TRIAC transferred to the fetus. At 33 weeks the goiter had 

decreased
 
in size; however, acute life-threatening fetal complications during

 
repeat 

chordocentesis necessitated a prompt delivery by cesarean section.
 
After a stormy early 

life, complicated by multiple organ failure,
 
the infant made a remarkable recovery and, at 

2 yr of age and on
 
no treatment, has normal stature and mental development and

 
no 

goiter.
 
 

In their conclusions, the authors "advocate prenatal diagnosis
 
of RTH" and treatment of 

maternal "hyperthyroidism, to avoid thyrotropic
 
hyperplasia" and "reduce fetal goiter." 

We believe that it is
 
incorrect to advocate such aggressive management of pregnant 

women
 
and their feti with RTH, especially given the current report.

 
The treatment efforts 

to control maternal symptoms, the importance
 
of which are difficult to assess without 

objective measurements
 
of metabolic parameters, and the measures taken to monitor the

 

effect of the treatment on the fetus have resulted in morbidity
 
well beyond that expected 

to occur without any intervention
 
under the same circumstances. The challenging 

suggestions made
 
by the authors pose very important questions that need to be

 
answered 

before condoning their approach. How can the metabolic
 
status of the fetus be assessed 

when we lack specific markers
 
to evaluate adults and children? How can we be sure that 

goiter,
 
which has been observed at birth in many infants with RTH, is

 
not more prominent 

and a common finding during the second third
 
of fetal life? Is a high fetal TSH 

concentration a common occurrence
 
in RTH as a consequence of reduced bioactivity? 

The absolute bioactive
 
level of the fetal TSH was close to the upper limit of normal for

 

gestational age if one takes into account the measured 11- and 7-fold
 
reduction in 

bioactivity, at 29 and 33 weeks gestation, respectively.
 
Finally, to what extent treatment 

with TRIAC has affected the
 
fetal findings when the amount of TRIAC transferred to and 

metabolized
 
by the fetus are unknown? While answers to these questions cannot

 
be 

obtained by simple, noninvasive means, serial ultrasonograms of
 
feti with RTH should 

provide data on the frequency and evolution
 
of goiter. Intrauterine growth and 

development of feti with
 
and without RTH in affected or unaffected mothers can be 

assessed
 
and retrospectively analyzed upon determination of the genotype

 
and phenotype 

after birth.
 
 

Until such information is gathered, we propose treatment of
 
symptomatic mothers with a 

ß-blocker, recognizing that
 
the small risk is not comparable with that of chordocentesis.

 

Whereas the goal of management of subjects with RTH, pregnant
 
or not, is to maintain a 

normal serum TSH level and an eumetabolic
 
state, it would seem premature to advocate 

intrauterine diagnosis
 
without the knowledge of how to interpret the results of the

 
tests. 

Proper diagnosis, noninvasive follow-up, and symptomatic
 
treatment fulfill the enduring 

dictum "primum non nocere."
 
 

In this age of rapidly advancing knowledge, it is reasonable
 
to expect that the not too 

distant future will bring specific
 
treatments for RTH. This will probably not be in the 

form of
 
gene therapy as the dominant expression would require excision

 
of the defective 

gene. The most simple genetic approach, one
 
within the realm of current technology, is 

the selection of
 
an oocyte from the affected mother that does not harbor the

 
abnormal 

allele for in vitro fertilization followed by implantation
 
into the donor. This insures a 



fetus without RTH but does not
 
guarantee a normal pregnancy and fetal development. 

The development
 
of TH agonists and antagonists that are TR-isoform specific

 
would 

allow the stimulation or blockade of specific tissue effects
 
that are perturbed in a given 

individual with RTH.
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