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Resistance to thyroid hormone (RTH), a syndrome of reduced end-organ responsive-
ness to thyroid hormone (TH), is mostly caused by mutations in the TH receptor (TR)
Bgene. Diagnosisis based on persistent elevations of serum free T, and often T; levels
inthe absence of TSH suppression, and confirmation in most cases is by way of genetic
testing. The mainstay in the management of RTH patients who are asymptomatic is
to recognize the correct diagnosis and avoid antithyroid treatment. Deciding
whether to manage these patients with TH replacement is made even more chal-
lenging when an affected individual is pregnant. How one approaches such a patient
with pregnancy and RTH would depend on the genotype of the fetus. This requires
obtaining prenatal information on the genotype of the fetus and a thorough history
of the outcome of previous pregnancies as well as a history of the course and outcome
of other family members with RTH. If the TRB mutation is known in the mother, the
fetus can be rapidly genotyped from DNA from amniocentesis for the same mutation,
and then management decisions could be made regarding thyroid or antithyroid
hormone treatment. (J Clin Endocrinol Metab 95: 3094-3102, 2010)

he proposita was 14 10/12 yr old when referred for
management of resistance to thyroid hormone
(RTH). She was the first child born (at 36 wk by sponta-
neous vaginal delivery) to a healthy 30-yr-old mother and
35-yr-old father of Austrian/German ethnic background.
Her weight was 2.8 kg, and length was 59.7 cm. Soon after
birth, the child appeared “colicky,” with frequent crying
episodes. From age 6-14 months, she had monthly ear
infections treated with antibiotics. At the age of 6 yr, the
parents noticed increased energy that was later diagnosed
as attention deficit hyperactivity disorder and treated with
methylphenidate. Behavioral aberrations continued and
worsened at age 11 yr, resulting in violent episodes and
insomnia, necessitating psychiatric admission for 27 d.
She was diagnosed with bipolar disorder. Although the
possibility of thyroid disease was entertained at ages 4, 5,
10, and 11 yr, serum TSH level was the only thyroid test
obtained and was always normal. Her growth was con-
sistently in the 25th-50th percentile for height and the

Abbreviations: p-T,, Dextrothyroxine; PTU, propylthiouracil; RTH, resistance to TH; TG,
thyroglobulin; TH, thyroid hormone; TR, TH receptor; TRIAC, triiodothyroacetic acid.
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TABLE 1. Thyroid function tests
Age Total T, Total T, M, Free T, TSH TG TG/TPO
ID (yr, months) Comment (ng/dl)  (ng/dl) (ng/dl) (units) (pU/ml) (ng/dl) antibodies
Proposita 14,10 18.0 268 66.9 23.0 3.0 34 Neg/neg
16, 1 14.6 204 19.3 1.2
17,6 16 wk pregnant 19.6 367 61.5 13.8 0.9 44 Neg/neg
17,8 20 wk pregnant ~ 23.7 314 19.2 1.5 54
Father of proposita 41 7.2 76 23.8 10.0 1.2 9 Neg/neg
Mother of proposita 35 8.0 99 21.7 9.3 1.3 22 40/320
Normal range 5-12 90-185 14.5-30 6-105 04-3.6 1-20 Neg/neg

TPO, Thyroid peroxidase; Neg, negative; Free T,l, free T, index; rT5, reverse Ts.

50th percentile for weight. When the patient entered ninth
grade, she had academic difficulty, anxiety, panic attacks,
and hostility. Treatment with Risperdal and Depakote
helped the behavioral abnormality. Her energy was al-
ways good. In September 2001, she was first noted to have
a goiter. An ultrasound confirmed a diffusely enlarged
thyroid gland. Thyroid function tests 1 wk before her visit
to our clinic revealed a normal TSH of 2.5 mU/liter (nor-
mal range, 0.3-4.6); an elevated free T, by analog method
of 3.0 ng/dl (normal range, 0.7-1.5); and free T of 1070
pg/dl (normal range, 200-440). Magnetic resonance im-
aging of the pituitary was normal. Her medications at that
time were Risperdal, 0.5 mgevery morning and 1 mgevery
evening; Aderall XR, 30 mg every evening; Depakote ER,
500 mg, three tablets daily; and a multivitamin. There was
no family history of thyroid disease or mental illness. Her
past medical history was remarkable for a tonsillectomy
and adenoidectomy at age 3 yr. Menarche occurred at age
13 yr with regular menses.

On physical examination she had a blood pressure of
134/70 mm Hg; a pulse of 109 beats per minute; a height
of 158 cm (25-50th percentile), and a weight of 52.6 kg
(25th percentile). Her thyroid gland was approximately
two times enlarged (20 g), and she appeared hyperkinetic.
The remainder of her examination was unremarkable, and
she was Tanner stage 4.

The proposita was found to be heterozygous for a TR 3
gene mutation (A317T). Both parents had normal thyroid
function tests and had no TR gene mutation (Table 1). It
is of note that the mutation is located in a CG dinucleotide
hot spot, prone to de novo mutations (1). The patient was
treated with atenolol while the Risperdal was titrated
down and discontinued. Yearly thyroid function tests re-
mained consistent with RTH.

Background

RTH, a syndrome of reduced end-organ responsiveness to
thyroid hormone (TH), was described in 1967 (2). The
cardinal features of RTH are: 1) elevated serum levels of

free T, and often free T;; 2) normal or slightly increased
serum TSH; and 3) absence of typical symptoms and met-
abolic consequences of TH excess (3, 4).

Although a defect at the intracellular level was postu-
lated in 1972 (5), a definitive proof had to await the iden-
tification in 1989 of TH receptor (TR) B gene mutations
(6, 7). The term RTH, thus become synonymous with de-
fects of the TR (3). The recent discoveries of genetic de-
fects that reduce the effectiveness of TH through altered
cell membrane transport (8) and metabolism (9) have
broadened the definition of TH insensitivity to encompass
all defects that can interfere with the biological activity of
a chemically intact hormone secreted in normal amounts.
Use of the acronym RTH is limited to the syndrome pro-
duced by reduced intracellular action of the active TH, Tj.

Expression of TH effects requires the presence of a suf-
ficient amount of the active hormone T; within the cell.
Rapid, nongenomic action is exerted at the level of the
plasma membrane and cytoplasm (10). However, the prin-
cipal, best-studied and -characterized effect requires the
translocation of the hormone into the nucleus where it
interacts with TRs to activate or repress transcription of
specific target genes.

A limited neonatal screen for high T, values found a
prevalence of 1:40,000 live births (11). Equal numbers of
males and females are affected, although the prevalence of
RTH without TR mutations (see Genetic testing) is more
common in females (12). In the majority of cases, RTH is
caused by mutations in the TR gene, located on chro-
mosome 3. Mutations have been found in the carboxyl
terminus of the TR covering the ligand-binding domain
and adjacent hinge domain of the TRB protein (1, 13, 14).
They are contained within three clusters rich in CG “hot
spots,” separated by areas devoid of mutations (cold re-
gions). The latter are located between codons 282 and 310
and (with the exception of 383) codons 353 and 429. No
mutation has been reported upstream of codon 234. Be-
cause cold regions are not devoid of “hot spots,” the lack
of mutations reflects the observation that mutations in the
second cold region do not impair TR function and there-
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fore are not expected to produce a phenotype (15). The
mutant TR B molecules have either reduced affinity for T
(13, 14) or impaired interaction with one of the cofactors
involved in the mediation of TH action (14, 16-18).

Presenting complaints

RTH lacks specific clinical manifestations. When
symptomatic, patients have variable symptoms with stig-
mata of TH deficiency and excess that often coexist (3,
19). Investigation may be initiated when hypothyroidism
is suspected in a child with short stature, learning disabil-
ity, or mental retardation. In contrast, thyrotoxicosis may
be the reason for investigation in a hyperactive youngster
or an adult with tachycardia. The detection of a goiter has
also been a reason for thyroid testing in children as well as
adults. Formerly, the diagnosis was often missed due to
failure to recognize the normal or elevated TSH, leading to
treatment aimed at normalizing the elevated TH levels. In
such patients, symptoms of fatigue, somnolence, depres-
sion, and weight gain associated with bradycardia have
ensued. More dramatic is the growth retardation resulting
from treatment of children with antithyroid drugs. This
has been less common in the last decade with the wider
recognition of RTH. Nevertheless, unrelated symptoms
suggestive of thyrotoxicosis still lead to inappropriate ab-
lative treatments.

Although most patients with RTH are clinically euthy-
roid, their presentation can range from a stare suggestive
of exophthalmos to hypotonia, umbilical hernia, and cre-
tinoid facies. Symptoms and signs and their frequency are
shown in Table 2.

TABLE 2. Clinical features: frequency of symptoms and

signs
Frequency
Findings (%)
Thyroid gland Goiter 66-95
Heart Tachycardia 33-75
Nervous system  Emotional disturbances 60
Hyperkinetic behavior 33-68
Attention deficit hyperactivity 40-60
disorder
Learning disability 30
Mental retardation (IQ <70) 4-16
Hearing loss (sensorineural) 10-22
Growth and Short stature (<5%) 18-25
development  Delayed bone age >2 sp 29-47
Low body mass index (in 33
children)
Recurrent ear and 55
throat
infections

1Q, Intellectual quotient.
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Fertility and outcome of pregnancy

An accurate evaluation of fertility and pregnancy out-
come in RTH had been difficult to obtain until the dis-
covery of alarge Azorean kindred harboring the TR B gene
mutation R343Q (20, 21). A 3- to 4-fold increase in the
rate of miscarriages was observed in affected women com-
pared with that in spouses of affected fathers or unaffected
first-degree relatives.

Fertility was notimpaired in affected couples regardless
of whether women or men harbored the mutant TR 3 gene.
The difference in genotype frequency in the progeny of
affected mothers (20 affected vs. 11 unaffected offspring),
combined with a significantly higher miscarriage rate, sug-
gests that these women tend to lose more normal than
affected fetuses. This was not found in the progeny of
affected fathers, whose spouses had almost equal numbers
of affected and unaffected offspring (15 and 12, respec-
tively). Because the mothers with RTH were not thyro-
toxic and had no thyroid autoantibodies, it may be con-
cluded that miscarriages were the consequence of the fetal
exposure to the high levels of maternal TH. This is sup-
ported by the improved survival of the affected fetuses for
whom high TH levels were appropriate, as in their affected
mothers. Contrary to findings in uncontrolled maternal
hyperthyroidism, women with RTH have no increased
frequency of premature labor, preeclampsia, stillbirths,
and perinatal loss.

Unaffected infants born to affected mothers have a sig-
nificantly lower weight at birth than their affected siblings.
This suggests that the high maternal TH levels were able
to induce a catabolic state during fetal life, similar to what
happens in children and adults with uncontrolled hyper-
thyroidism. That these infants were thyrotoxic is sup-
ported by their suppressed blood TSH at birth (20, 21). In
contrast, affected mothers with lower TH levels due to
prior ablative treatment gave birth to unaffected infants of
normal weight and nonsuppressed TSH.

Diagnostic Strategies

Baseline thyroid function tests

RTH should be considered in subjects with elevated TH
levels and nonsuppressed TSH values. The differential di-
agnosis of “euthyroid hyperthyroxinemia” includes trans-
port defects as well as T, to T5 conversion defects. The
presence of a goiter with elevation of free T, and, in most
cases, free T concentration measured by equilibrium di-
alysis with normal or elevated TSH levels is strongly sug-
gestive of RTH. Although RTH and autoimmune thyroid
disease can coexist, the presence of autoantibodies raises
the suspicion that circulating substances may interfere
with the measurement of either TH or, more rarely, TSH.
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Exclusion of such antibodies by direct testing or confir-
mation using different assays is advisable. rT5 concentra-
tions are also high, and the levels of thyroglobulin (TG)
reflect the degree of serum TSH elevation. Thyroidal ra-
dioiodide uptake is increased, and ultrasound of the thy-
roid gland demonstrates the presence of gland enlarge-
ment, diffuse or multinodular. The finding of goiter in the
presence of normal serum TSH levels is explained by the
increase of TSH bioactivity in RTH (22).

Distinction between RTH and a TSH-secreting pitu-
itary adenoma can be challenging. No single test is con-
clusive, and diagnosis of RTH must rest on a combination
of test and observations: 1) the absence of an elevated
serum concentration of the a pituitary glycoprotein sub-
unit; 2) stimulation of TSH after the administration of
TRH; 3) the presence of thyroid test abnormalities com-
patible with RTH in other family members; 4) absence of
elevated serum SHBG concentration, reflecting a euthy-
roid state; and ) ability to suppress serum TSH with su-
praphysiological doses of L-Tj.

Genetic testing

The ability to identify mutations in the TR gene pro-
vides a means to confirm the diagnosis and to obtain pre-
natal diagnosis. In addition to providing a definitive di-
agnosis, the demonstration of a TRB gene mutation
precludes the necessity for more complex and expensive
testing. Gene sequencing is provided by several commer-
cial laboratories at a reasonable cost. The reader may refer
to GeneTests (http://www.genetests.org) for an up-to-date
list of available facilities.

It is of note that 15% of subjects with RTH have no
detectable mutations in the TR B gene. RTH in the absence
of a TRB gene mutation is clinically and biochemically
indistinguishable from RTH with TRB gene mutations
(12). Therefore, the absence of a mutation does not nec-
essarily indicate a diagnosis other than RTH, and a solid
endocrine diagnosis should be made by the in vivo dem-
onstration of reduced sensitivity to the acute administra-
tion of TH.

L-T; Suppression test

The measurement of responses to the administration of
incremental doses of TH is the best means to assess the
presence and magnitude of the hormonal resistance and
obtain a clinical diagnosis of RTH when a TR gene mu-
tation is not detected. The rationale for the use of L-T;
rather than L-T is its direct effect on tissues, independent
of variations in T, metabolism. The rapid onset of L-T;
action reduces the period of hormone administration, and
the shorter half-life of this hormone decreases the duration
of symptoms that may arise in hormonally responsive sub-
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jects. The test described in detail previously (3) involves
the administration of three incremental doses of L-T, each
for the duration of 3 d. With each incremental dose, mea-
surements reflecting responses of central and peripheral
tissues to TH are obtained and compared with those ob-
served in normal individuals.

Management Strategies

There is no available treatment to correct the specific de-
fect in RTH. Current treatments are aimed to alleviate
symptoms when present. Most important is not to treat
asymptomatic, fully compensated individuals with the
sole purpose of correcting the laboratory test abnormal-
ities. Prior ablative treatment, resulting from misdiagno-
sis, requires the administration of TH often in supraphysi-
ological doses.

When not to treat

There is no reason to treat subjects with elevated levels
of TH appropriate for the degree of both thyrotroph and
peripheral tissue resistance. Although the theoretical
probability of developing thyrotroph adenomas due to
long-standing increase in thyrotroph activity has been sug-
gested, only one case of a pituitary adenoma in a subject
with RTH has been reported (23). In mouse models of
RTH, pituitary pathology consists of thyrotroph hyper-
plasia only, particularly in homozygotes, which rarely oc-
curs in humans. Using the same logic, the thyroid gland,
which is under increased stimulation by TSH, may also be
prone to tumor development, but there is no increased
incidence of thyroid cancer in RTH and goiters are rarely
obstructive. A mouse model homozygous for a mutation
in the TR B gene did develop papillary thyroid cancer (24),
but the relevance to humans is unknown. Therefore, the
mainstay in the management of RTH patients who are
asymptomatic is to recognize the correct diagnosis and
avoid antithyroid treatment.

When to treat real and apparent TH deficiency
Intervention is recommended in patients who present
with objective findings of TH deprivation usually because
of treatment aimed to decrease the circulating TH level. If
the consequence is reversible, such as with antithyroid
drugs, treatment should be discontinued. In the case of
prior ablative treatment (surgery or radioiodide), judi-
cious administration of supraphysiological doses of TH is
usually required. The dose of TH needs to be titrated in an
incremental manner to normalize the serum TSH concen-
tration. Doses of L-T, as high as 500 to 1000 ug/d may be
necessary to obtain the desired TH effect. Tachycardia
should not be a contraindication for T, treatment because
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it can be managed with atenolol, as noted in When to treat
apparent TH excess. Most difficult is the treatment of
children with apparent hypothyroidism manifesting as
growth retardation with delayed bone age and failure to
thrive. A guide for TH dosage in such children is growth,
bone maturation, and mental development. In addition, it
is suggested that basal metabolic rate, nitrogen balance,
and serum SHBG be monitored at each dose increment.

When to treat apparent TH excess

The most common symptom suggestive of hyperthy-
roidism is sinus tachycardia, present in about half of pa-
tients with RTH. When symptomatic, or limiting exercise
tolerance, treatment with a B-adrenergic blocking agent is
very effective. Some B-blockers, such as Inderal, have an
added effect of inhibiting conversion of T, to T5, which is
not desirable in RTH. We prefer to use atenolol, which
does not have this added effect of depriving the TH-resis-
tant cells of TH.

More generalized symptoms of hyperthyroidism, in-
cluding tremor, heat intolerance, sweating, and agitation,
may also benefit from treatment with atenolol. However,
this may not be effective in the extreme cases. Two other
approaches have been used, but experience is limited.
These are reduction of TSH secretion and blocking the
action of TH.

Agents reducing TSH include glucocorticoids, soma-
tostatin, and dopaminergic drugs. Although effective at
reducing the TSH concentration, glucocorticoids have un-
acceptable side effects and therefore are not clinically use-
ful. Dopaminergic agents such as bromocriptine or per-
golide can reduce the TSH concentration but lose their
effectiveness when used for a prolonged period of time. In
addition, patients may not tolerate the gastrointestinal
side effects (25-28). The somatostatin analog, SMS201-
9935, was studied in three patients with RTH and found
to have a weaker and a more transient effect when com-
pared with that in patients with TSH-secreting pituitary
adenomas (29).

Treatment of goiter

Although thyroid gland enlargement is usually modest,
large goiters occasionally occur. Surgical treatment is not
effective in the long term because goiters are notorious for
their recurrence because contrary to autoimmune thyroid
disease, there is no underlying destructive process. Thus,
it is more effective to inhibit thyroid gland growth by sup-
pression of TSH. The latter has been achieved by treating
with a single large dose of L-T5, given every other day (30).
The high levels of serum T; occurring a few hours after
ingestion of the hormone are effective in suppressing TSH
but do not persist due to the short half-life of T;. Thus,
symptoms of TH excess do not develop (30).

J Clin Endocrinol Metab, July 2010, 95(7):3094-3102

Treatments that reduce TH action using analogs
Triiodothyroacetic acid (TRIAC) is a TH analog with
low hormonal potency but high affinity for the TR (31)
and very rapid turnover, requiring the use of doses more
that 1,000-fold those of 1-T5. Long-term studies on the
effect of TRIAC have been reported in several subjects
with RTH (25,27, 29, 32-39). Although there was a sig-
nificant reduction in the basal and TRH-stimulated TSH
observed in the majority of cases, there was no appreciable
change in parameters that measure TH action. Most in-
vestigators that have used TRIAC report receiving the
drug from Laboratories ANA (Neuilly sur-Seine, France).
This drug is not available in the United States.
Dextrothyroxine (p-T,) had been thought to be useful
in reducing plasma cholesterol without producing adverse
thyromimetic effects (40) in some subjects, but not in oth-
ers (41, 42). Investigators have tried to treat RTH with
D-T,in an effortto decrease TSH (43-45). Several patients
with RTH, of various severities, have received 2 to 8 mg of
p-T, daily (44—-47). Clinical changes have been minimal
and often were not supported by objective findings. Given
that most preparations contain small amounts of L-T4, 2 to
3% of the levo stereoisomer could fully account for the
thyromimetic effect (43). In most cases, D-T, (Dynothel, 2
mg tablet) was obtained from Henning (Berlin, Germany).

Treatment of children and infants

Infants may be found to have RTH by early testing
because of a known affected sibling or parent or, more
rarely, because routine neonatal testing revealed an ele-
vated T, and a nonsuppressed TSH. Treatment of these
infants is controversial, especially when asymptomatic,
because there have been no long-term outcome studies. In
general, we tend to treat infants and children with 1-T,
only if any of the following are present: 1) marked eleva-
tion of TSH; 2) history of adverse symptoms in other af-
fected family members such as mental retardation; 3) ev-
idence of failure to thrive; 4) growth retardation; or 5)
developmental delays.

Strategy for Management of Pregnancy

Given the outcome of pregnancy in mothers with RTH
carrying unaffected fetuses, it is obviously important to
ascertain the fetal genotype when the mother harbors a
TR gene mutation. Such information may lead to a ra-
tionale therapy of the mother to accommodate the thyroid
needs of the fetus. Although there are no guidelines for the
treatment of fetuses, based on the study described above
(20), it seems reasonable to reduce the TH level of a mother
with RTH that carries a normal fetus to prevent suppres-
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sion of fetal TSH and low birth weight. Unfortunately,
miscarriages occur early in pregnancy when prenatal di-
agnosis is not possible. Although subjects with RTH born
tonormal mothers, compared with RTH mothers, showed
childhood short stature (48), it is unclear whether treat-
ment with TH during pregnancy would be beneficial in
such circumstances.

The first report of treatment in a pregnant RTH (TRB
T337A) patient was a person with symptoms of severe
hyperthyroidism, who was managed symptomatically
with TRIAC before pregnancy (49). TRIAC was discon-
tinued until the genotype of the fetus could be confirmed.
Fetal DNA obtained by chorionic villus sampling con-
firmed that the fetus carried the mutant maternal TR
gene mutation. TRIAC was restarted at 20 wk gestation.
Blood samples for the determination of fetal TH levels
were obtained by cordocentesis. Fetal goiter was noted by
ultrasound, and the dose of TRIAC was increased. This
resulted in a 50% reduction of TSH levels and a reduction
in fetal goiter. However, acute complications occurred
from umbilical blood sampling, prompting delivery by ce-
sarean section. The female neonate was critically ill, with
multiple organ failure and respiratory distress syndrome.
In addition, a small goiter and biochemical features of
hypothyroidism were noted transiently and were felt to be
related to the prematurity of the infant.

The second study reports three mothers with RTH
(R383H, R438C, and 1431M) who had presumably un-
affected fetuses because thyroid tests were normal at birth.
However, fetal genotyping was not reported antenatal or
postpartum (50). Asymptomatic at the time of diagnosis
before pregnancy, two mothers did well throughout the
pregnancy, whereas one mother (R383H) complained of
palpitations, anxiety, and excessive sweating. She was
treated with propylthiouracil (PTU) during the pregnancy.
Her baby, a male weighing 2.14 kg, was born at 34 wk.

Prenatal diagnosis

The first step in developing a plan for a pregnant
woman with RTH is to determine the genotype of the
fetus. Although prenatal diagnosis of RTH based on ge-
netic testing of amniotic fluid has not been reported, the
authors have successfully identified the genotype of fetuses
carried by women with RTH and known to have TR 3 gene
mutations. Once the mutation in the TR gene has been
identified in the mother, amniotic fluid is obtained under
standard conditions. DNA is extracted and subjected to
PCR amplification of the region harboring the mutation.
Direct sequencing of the TR gene region harboring the
mutation and/or restriction enzyme digestion of the PCR
fragment to confirm the presence or absence of the mu-
tation is performed. To rule out contamination by mater-
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nal DNA in the amniotic fluid, relative abundance of the
mutant allele is assessed by dilution of template.

Back to the Case

The proposita did well, and when she was 18 yr old, we
were notified by her obstetrician that she was 3 months
pregnant. Amniotic fluid was obtained at the request of the
proposita, demonstrating that the fetus did not carry the
mutant maternal TR gene (A317T) (Fig. 1). The options
to continue monitoring the pregnancy without interven-
tion or decrease the proposita’s TH levels were presented
to the mother, her parents, and her treating physicians. It
was decided to decrease her serum free T, to a level 25%
above the upper limit of normal. PTU was administered
at 150 mg three times a day. Unfortunately, the patient
did not return for hormone testing until delivery (Tables
1 and 3).

A female baby was born to the proposita after a full-
term, vacuum-assisted normal vaginal delivery. Birth
weight was 3.1 kg, and cord blood TH and TSH concen-
trations were within the expected range of normal. The
neonate did well withoutjaundice until d 3 of life when she
was noted to be hypothermic (96 F). Sepsis workup was
negative. She was started on 25 pg of 1-T, because of a
TSH of 30.8 mU/liter on the fourth day, although free T,
was 1.53 ng/dl, well within the normal range, and there
was no goiter (Table 3). Anterior fontanelle was 7.5 cm,
and the posterior fontanelle was not palpable. Neurolog-
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FIG. 1. Prenatal screening for the presence of TRB gene mutation in a
patient with RTH. A, Results of sequencing exon 9 of the TRB gene on
genomic DNA (gDNA) isolated from amniotic fluid and maternal blood.
gDNA from maternal blood confirmed that she was heterozygous for
the TRB gene mutation, A317T. gDNA from the amniotic fluid was
homozygous for the wild-type (WT) A317. B, Presence of the mutation
in the mother but not the fetus (amniotic DNA) was confirmed by
restriction enzyme digestion with Msl/.
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TABLE 3. Thyroid function tests at birth and infancy

Total T, Total T, T, Free T,l Free T, TSH TG
Age (d) Comment (png/dl) (ng/dl) (ng/dl) (units) (ng/dl) (nU/ml) (ng/dl)
0 Cord blood 10.7 73 47.6 8.9 7.5 89
0 Venous 10.5 169 23.7 10.5 33.0 >100
4 1.53 30.8
13 25ugT, 258 2.33 3.7
24 125pu9T, 218 1.77 2.7
56 No Rx 240 1.55 4.2
86 No Rx 176 1.21 2.1
Normal range
0-2d 6-13 50-80 30-60 7-12 0.7-1.9 <30 up to 200
3-30d 1-5 up to 60
>30d 5-12 90-215 16-36 6-10.5 0.5-4.0 1-40

Free T,l, Free T, index; Rx, treatment; rT5, reverse Ts.

ical exam was normal. At the age of 2 months, and after
withdrawal of L-T, treatment, TSH was 4.2 w/liter and free
T, 1.55 ng/dl. The impression was mild transient hyperthy-
rotropinemia, possibly due to transplacental transfer of PTU.
The suppressed TSH and low birth weight seen in unaf-
fected infants born to mothers with RTH did not occur.

Controversies and Areas of Uncertainty

In the absence of prospective data on a large number of
pregnant subjects, hard and fast approaches cannot be
recommended. The concept to treat maternal hyperthy-
rotropinemia to avoid maternal thyrotroph hyperplasia
and to reduce fetal goiter remains unproven in pregnant
RTH mothers. Although we still believe that aggressive
management of pregnant RTH mothers is not warranted
(51), data from pregnancy and outcome from the Azorean
population with RTH (20) and data in a mouse model of
RTH (52) raised concern for the health of the fetus. We
believe that investigation into the efficacy of treatment of
affected gravid subjects with RTH is in order. Given the
low frequency of this condition, it would be helpful for the
scientific community to cooperate in the sharing of infor-
mation regarding pregnancy and outcomes.

In the following paragraphs, three scenarios are being
considered as indications for special testing and consider-
ation for intervention. This requires obtaining prenatal in-
formation on the genotype of the fetus and a thorough his-
tory of the outcome of previous pregnancies as well as a

history of the course and outcome of other family members
with RTH.

Mothers carrying an unaffected fetus

Limited, although solid, data indicate that the high levels
of TH in pregnant mothers with RTH adversely affect nor-
mal fetuses, suppressing their TSH and producing infants
with low weight for gestational age (20). In such mothers, the

free T, should be maintained not higher than 20% of the
upper limit of normal. This can be achieved by the judicious
use of PTU. Careful follow-up is mandatory to avoid over-
treatment and induction of fetal hypothyroidism. An eleva-
tion in maternal TSH is expected but is, probably, of no
consequence to the fetus. Current data indicate that affected
fetuses carried by affected mothers have normal birth
weights and TSH concentration. In such circumstances,
no therapeutic intervention is recommended.

Normal mothers carrying an affected fetus

The detrimental effect of maternal hypothyroidism on
the fetus is well established (detailed in Chapter 14 of the
online “Thyroid disease manager” by DeGroot L, “Thy-
roid regulation and dysfunction in the pregnant patient,”
http://www.thyroidmanager.org/Chapter14/14-framehtm).
Itis, therefore, surprising that affected fetuses carried by nor-
mal mothers do not show the effects of hormone deprivation
during gestation. No increased rate of miscarriage, no birth
complications, or elevated serum TSH at birth have been
observed (20). Therefore, there is no basis for treatment un-
less fetal goiter or distress occurs. In such instances, intra-
amniotic instillation of 1-T, is in order. Alternatively, treat-
ment of the mother with TRIAC (in countries where this
compound is available) may be appropriate.

Family history of abnormal pregnancies or fetal
outcome among subjects with RTH

Although, with exception to the problems mentioned
above, the great majority of pregnancies in subjects with
RTH have no major consequences, in some families RTH has
been associated with serious maternal and fetal problems. In
addition to frequent miscarriages, these include preeclamp-
sia, hydramnios, fetal goiter, and fetal distress. Newborns
can have large goiters and very abnormal thyroid function
tests with TSH values well above 400 mU/liter. Frame shift
mutations in the amino terminus of the TR and homozy-
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gotes for missense mutations in the TR gene defects are
particularly prone to such problems (53, 54). The obstetri-
cian and pediatrician should be prepared to provide the nec-
essary supportive care. Sometimes treatments to increase the
TH level or decrease TSH are necessary.
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