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Effect of TRIAC on Thyroid li~unctionTests and Peripheral Tissue Markers of Thyroid
Hormone Action in Subjects With Resistance to 1'hyroid Hormone
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Several investigators have tried to
treat RTH with D-T4 in an effort to
decrease TSH.37-39 One subject who
had very severe RTH and was homo­
zygous for a deletion of threonine
322 was treated with D-T4 at a daily
dose of6 mg (0.65 mg/kg).40 No de­
crease in the TSH level was observed,
and the clinical situation did not
improve.38 In another RTH subject
heterozygous for a mutation in co­
don 320 of the TR~, treatment with
D-T4 (2 mg per day, 0.075 mg/kg)
was reported to be highly effective
in reducing the clinical symptoms.37

Although the authors did not specifY
which clinical parameters improved,
they did note a 90% reduction in
SHBG without change in the TSH
values. In a 15-month-old child with
RTH, D-T4 treatment (2 mg per day)
was able to reduce the TSH and pro­
duce a "definite clinical improve­
ment," although the authors do not
state the nature of the improvement
and no changes in peripheral tissue
markers of TH action (cholesterol
and SHBG) were observed.39 In all
3 cases, D-T4 (Dynothel, 2-mg tablet)

was obtained from Henning (Berlin,
Germany). It is currently available
in the United States as Choloxin
from Knoll Pharmaceuticals.

T3 and Psychological
Abnormalities

Besides analogues of thyroid hor­
mone, a single report has claimed
that physiologic amounts of T3

(50 J.lg per day) administered in the
morning suppressed TSH and ame­
liorated the hypermetabolic state in
a family with isolated pituitary resis­
tance to T4.41 The authors suggested
that the observed resistance was due
to type II 5'-deiodinase deficiency.41
In another child with typical fea­
tures of RTH but no TR~ or TRa
defect/3T3 treatment was able to
reverse failure to thrive (Figure 2).

From 48% to 73% of children with
RTH have attention deficit hyperac­
tivity disorder (ADHD).3,6,42,43 Casual
observation of patients with RTH
has suggested that treatment with
TH may improve the symptoms of

ADHD, whereas methylphenidate
may not be helpful. A prospective,
randomized, double-blind, placebo­
controlled, crossover study was con­
ducted to evaluate the effect of L-T3

on the behavior of 8 children who
had ADHD along with RTH and 9
children who had ADHD and nor­
mal thyroid function (ADHD only).44
Parent and teacher ratings of hyper­
activity (Conners scale) and a com­
puterized continuous performance
test (CPT) were the objective mea­
suresofhyperactivity, attention, and
impulsivity. L-T3 had no effect on
Conners Hyperactivity Index in 7
of 9 children with ADHD only; one
subject improved and one deterio­
rated. In contrast, the rating of 5 of 8
subjects with both ADHD and RTH
showed improvement, while that of
3 of 8 subjects remained unchanged.
L-T3 was associated with increased
commission errors in 5 of 8 children
with ADHD only and decreased
commission errors in 4 of 7 with
ADHD and RTH (Figure 3).

In children with RTH and
ADHD, particularly those who ex-
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T3 and Growth

Growth retardation and short
stature attributed to a functional
deficiency ofTH are commonly men­
tioned in publications about RTH.
One review6 supplies actual mea­
surements of 72 people and growth
curves for 13. Analysis of data utiliz­
ing North American growth curves
revealed that 11 (15%) of72 subjects
had a height below the fifth percen­
tile and 6 (8%) below the third per­
centile.45 Results were similar for
103 persons belonging to 42 families
studied at the National Institutes
of Health.3 Data showed that 9
(16%) of 57 children and 9 (20%) of
45 adults also had short stature. In
most reports, there is no information
regarding the height of unaffected
family members that could be used
to evaluate the contribution of other
genetic and environmental factors
on growth. However, the report from
the NIH showed that RTH does
not affect significantly the height
achieved at adulthood, since 11% of
unaffected family members also had
short stature. Thus it appears that
the growth retardation associated
with RTH does not result in the
adult short stature.

Delayed bone maturation is also
common in RTH.3 Although variable,
it can be severe, being inferior to
5 SD of the mean in 5 subjects
(Fl, F5, F7, F25, and F66). Of 49
persons about whom information
was available, 23 (47%) had bone
age delayed by more than 2 SD for

hibit hyperactivity, L-T3 in supra­
physiologic doses may be beneficial
in reducing hyperactivity and impul­
sivity. In the majority of children
with ADHD who do not have RTH,
L-T3 treatment has no effect or may
be detrimental.
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RTH subject F25, daughter ofLM at 31 days of age before the initiation ofTH therapy (left)
and at 136 days of age while receiving 250 jIg of L-T4 daily (right).*
* F number refers to the family number as identified in the RTH Registry.'

Influence ofL-T3 on behavior of children with both ADHD and RTH and with ADHD only.
Two separate markers of behavior are shown: Conners Hyperactivity Index and CPT-X
impulsivity. The ordinate is the difference in the score for each test while the child took
L-T3 minus the score while on placebo. A score >2 indicates a worsening in the parameter, a
score less than -2 indicates an improvement, and a score between +2 and -2 (shaded zone)
indicates no significant change."
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their chronological age. The NIH
study showed that 10 (29%) of35
persons had delayed bone age. Short
stature and delayed bone age did
not seem to be related to the loca­
tion of the mutation in the TRI3
gene. However, children with RTH
are less likely to have short stature
when born to affected mothers (9%
when the mother had RTH com­
pared with 23% when the mothers
were not affected; P=.037).3 This may
be due to the relatively lower T4 lev­
els in the blood of normal mothers
who are carrying a fetus with RTH.

In studying whether thyroid
hormone deprivation is responsible
for the growth delay observed in
subjects with RTH, colleagues and I
correlated the serum T4 and Tglevels
with the degree of growth retarda­
tion expressed as deviation (SD) from
the expected height for age and sex.
The fact that no correlation was
found is not surprising, considering
that no means are available to assess
the severity of hormonal resistance
owing to the diversity of genetic
defects. Although testimonials of
improved growth rate in response
to thyroid hormone treatment have
been published,46 we were able to
obtain reliable data concerning only
6 subjects who, over the course of
up to 7 years, were exposed to
varying levels of thyroid hormone
through therapeutic interventions
(Figure 4). Lowering thyroid hor­
mone levels reduced the rate of bone
development and linear growth.
Treatment with thyroid hormone
had the opposite effect. Growth hor­
mone treatment was ineffective for
a 15-year-old Japanese youth with
short stature and RTH.47

Management Guidelines

When therapeutic intervention is

being considered, it is useful to
categorize RTH patients as follows:

I. Asymptomatic with no prior
antithyroid therapy and no
underlying primary thyroid
disease

H. Symptoms of TH deprivation
or prior antithyroid therapy

HI. Symptoms of TH excess with no
prior treatment

IV. Infants with no previous anti­
thyroid therapy

Figure 5 summarizes the sug­
gested approach to management of
patients having RTH. Patients in
category I are believed to be com­
pensated by elevated levels of TH
appropriate for the degree of resis­
tance in both thyrotroph and periph­
eral tissue. Some investigators have
suggested that these patients may
be more prone to develop thyrotroph
adenomas because of increased thy­
rotroph activity and because thyro­
troph hyperplasia has been observed
in patients with long-standing hypo­
thyroidism. However, no pituitary
adenomas have been reported in
patients with RTH. In animal mod­
els of RTH, pituitary disease con­
sists ofthyrotroph hyperplasia only.48
Using the same logic, one might con­
clude that the thyroid gland hyper­
stimulated by TSH might also be
prone to tumor development; but
there is no increased incidence of
thyroid cancer with RTH, and the
goiters associated with RTH are
rarely obstructive. Therefore, the
mainstay of management of asymp­
tomatic RTH is to recognize the cor­
rect diagnosis and avoid antithyroid
treatment. The coexistence of auto­
immune thyroid disease or TH bind­
ing protein abnormalities in subjects
with RTH may confound interpre­
tation of thyroid function testing.

Patients who show objective evi­
dence of TH deprivation or who have
had previous antithyroid treatment

(category II) require the judicious
administration of supraphysiologic
doses of TH. The dose needs to be
titrated incrementally to the
desired effect on peripheral tissue.
Markers of TH action, such as
serum SHBG, cholesterol, basal
metabolic rate, ferritin, and
urinary excretion of hydroxyproline
as well as bone density, may be
helpful indicators ofthe efficacy
of treatment. Colleagues and I use
L-Tg during diagnostic testing in
order to obtain more rapidly a TH
effect. However, long-term treatment
with L-T4 is more practical, since it
is dosed only once daily and should
be equally effective. Doses of L-T4 as
high as 500 to 1000 J.lg per day may

• Figure 4
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Effect of thyroid hormone on length of a
patient (F25, daughter ofLM) with RTH.
Thyroid hormone treatment (L-thyroxine,
0.2-0.3 mg per day) was started at 3 months
of age in order to normalize TSH. The child
was in the 3-l0th percentile prior to T4
treatment, and increased to the 10-20th
percentile by age 2 years.45
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Suggestions for management of subjects with resistance to thyroid hormone (RTH).

be necessary for the desired TH
effect. Tachycardia should not be a
contraindication for T4 treatment,
and it can be managed with atenolol.
In several children we have treated
in this manner, diarrhea has been
a distressing side effect. However,
this was also adequately managed
with atenolol.

Patients with symptoms of hy­
perthyroidism (category III) may
benefit from treatment with TRIAC
or D-T4, which act by decreasing the
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release of TSH and may decrease
serum TH levels.

RTH in infants (category IV) is
usually diagnosed by further testing
conducted because a sibling or par­
ent is affected or because routine
neonatal testing revealed an ele­
vated T4 and a nonsuppressed TSH.
Oftentimes, the diagnosis is made
before these infants have clinical
stigmata of RTH. Treatment of
these children is controversial, as the
long-term outcome is still unknown.

In general, we tend to treat these
children with T4 if any of the fol­
lowing are present: (1) elevation of
TSH; (2) history of adverse symp­
toms, such as mental retardation,
in other affected family members;
(3) failure to thrive; (4) growth
retardation; or (5) developmental
delays.

One might hypothesize that an
affected fetus with RTH who is
developing in a normal mother (the
RTH TR~ mutation was inherited



from the father) may not be exposed
to appropriately high TH levels
during intrauterine life for normal
development and thus requires
intrauterine TH treatment. How­
ever, RTH children born to normal
mothers compared to RTH mothers
show no significant increase in mor­
bidity other than childhood short
stature.3 Successful intrauterine
treatment of an RTH fetus was
reported at the Third International
Workshop on Resistance to Thyroid
Hormone (Beck-Peccoz, personal
communication, 1997).
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ERRATUM

The following typographical
errors appeared in THYROID
TODAY: Volume XXI, Number
4, in an article by Dr. Stephen
LaFranchi entitled "Recent
Developments in Pediatric
Thyroidology" page 11, 2nd
column, lines 27 and 31. The
dose I 131 administered should
have been 50-200 microcuries
per gram of thyroid tissue
rather than 50-200 miHicuries,
as mistakenly printed.
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