




bility that T
3
generated from T4 could

occupy fetal T3 receptor sites. How­
ever, only minimum attention has
been directed to the biologic effect of
such small quantities of transferred
hormone. Bonet and Herrera have
shown that maternal thYroidectomy
in the same period reduces the fetal
pituitary growth hormone content
by 30%.17 These levels could be re­
stored by physiologic replacement
doses of thyroid hormone to the
mother. In the adult rat, the pitu­
itary production of growth hormone
very closely depends on the thyroidal
state of the animal. Morreale de
Escobar and colleagues have also
shown that the thyroid hormone
content offetal brain is dependent
on the availability of serum T4 but
not ofT

3
.16 This may be due to the

fact that the activity of 5'D-type II
deiodinating enzYme, which con-

verts T4 to T3in the brain, increases
when the serum T4 is low. This
phenomenon may also account for
the brain-blood barrier for T3 since,
after the injection of labeled thyroid
hormones, the choroid plexus and
the brain accumulate T4 but not T

3
.18

From these studies, Morreale de
Escobar and colleagues have pro­
posed that normal maternal T4 levels
mitigate any potential T3deficiency
in the fetal brain. Extrapolated to
the human situation, these findings
suggest that normal levels ofmater­
nal thYroxine may be important
during pregnancy. The transpla­
cental transport of maternal T4 to
the fetus and the maintenance of
neural brain T3 even in the presence
oflow concentrations of serum T4 in
the fetuses may serve to protect the
brain against the damaging effects
offull-blown fetal hypothyroidism.

Transplacental Transport
in the Human

Available data suggest that trans­
placental transport also occurs in
humans, at least to a limited extent.
The results of published studies are
summarized in Table 1. Two groups
have investigated transplacental
transport shortly before birth by
comparing maternal to cord radioac­
tivity following the injection of radio­
iodine-labeled T3 • In one of those
studies, Grumbach and Werner esti­
mated by protein precipitation of
serum radioactivity that the mater-

- nal/cordratio of radioiodinated T3
ranged from 5/1 to 10/1. 19 These re­
sults point to a modest placental
transfer ofT3 • The maternal/cord ra­
tio for T4 was 8/1. Unfortunately,

Table 1: Placental Transfer of Thyroid Hormones in Humans

Grumbach and
Fisher and Raiti et al22 and

Werner19 and
colleagues21 Dussault et al23 Carr et a124

Kearns and Hutson2O

Method Tracer 131T3_131T
4
(N) LT4 (500 Ilg - 8,000 Ilg) LT3 (100 Ilg - 300 Ilg) Administration of

at delivery IV at delivery po at delivery supraphysiologic
doses of thyroid
preparations during
pregnancy

Measure Maternal/cord ratio of Increase in cord blood Thyroid function Thyroid status of
protein precipitable BEl radioactivity suppression in fetus mother and infant
radioactivity

Results T3: ratio 5/1 to 10/1 When 8,000 Ilgis 50% were suppressed Treated hypothYroid
T4 : ratio 8/1 injected mother gives birth

BEl: Cord=10-20 Ilg/dl to euthyroid infant
Maternal=40-70 Ilg/dl who later becomes

hypothyroid
Treated euthyroid

mother gives birth
to infant with
suppressed thyroid

Problem No identification of ------------- Relative fetal -------------

compounds pituitary resistance
to suppression
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these investigators did not chromato­
graphically define the specific com­
pounds in the cord serum. Keams
and Hutson obtained similar data?O
These studies together suggest that
about 10% ofinjected T4 , and approx­
imately 25% of injected T3,cross the
placenta.

Fisher et al injected varying doses
ofLT4 (500 to 8,000 j..lg) in women in
labor and measured cord blood BEI,21
The increase in cord BEl was roughly
proportional to the dose adminis­
tered. Administration ofas much as 8
mg T

4
intravenously to the mother 3

to 52 hours prior to delivery, however,
increased the fetal serum BEl by only
10 to 20 j..lg/dl, whereas the maternal
concentrations ranged from 40 to 70
Ilg/dl. Although the extent of transfer
could not be reliably quantified, only
1% of the administered dose could be
accounted for in the neonates at the
time of delivery. These authors con­
cluded that maternal-fetal placental
transfer of thyroxine in the human is
limited by an inherent placental im­
permeability to thyroxine.

Raiti et al studied T3 transfer by
assessing fetal thyroid suppression
following administration of up to 300
J.lg ofT3to the mother before deliv­
ery.22 They measured the total serum
T4in cord blood of infants. In the
mothers given 300 j..lg, 50% of the
cord blood specimen samples showed
suppressed T4 levels. Use of a lower
dose ofT3did not lead to suppression.

With a similar protocol, we ob­
tained entirely comparable results. 23

Among patients given 300 /lg ofT3
daily 3 weeks before delivery, only
50% showed a significant suppres­
sion, similar to that obtained by
Raiti et aJ.22 The fall in fetal T

4
levels

in response to the administration of
T3to the mother, however, may not
faithfully reflect transplacental
transport since the fetal pituitary is
less sensitive to suppression than is
the adult pituitary.

Carr and co-workers gave increas­
ingly large doses of desiccated thy­
roid to a hypothyroid expectant
mother, starting with 6 gr (360 mg)
in the 20th week of pregnancy and

4

ending with 22 gr (1320 mg).24 For
comparison, the average daily re­
placement dose of desiccated thyroid
in hypothyroid patients is 2 to 3 gr
(120-180 mg). At birth, the infant
was euthyroid but later developed
hypothyroidism. These authors also
reported on a euthyroid pregnant
woman who received 20 gr of desic­
cated thyroid daily until delivery.
The child exhibited suppressed thy­
roid function tests, thus further
demonstrating placental transfer of
thyroid hormones. From the forego­
ing studies, it is clear that the hu­
man placenta does transfer thyroid
hormones even though this process
is limited in degree.

Transplacental Transfer of
Thyroid Hormone in

Congenital Hypothyroidism

In 1989, Vulsma et al studied 25
neonates born with a complete in­
ability to iodinate thyroid proteins
and therefore to synthesize T4 (Fig­
ure 1).4 Cord serum T)evels in af­
fected neonates ranged from 35 to 70
nmol/liter, with an estimated biologic
half-life of 3.6 days. Similar data
were obtained in 15 neonates with
thyroid agenesis. The authors con­
cluded that, in infants with severe
congenital hypothyroidism, substan­
tial amounts ofT4were transferred
from mother to fetus during late ges­
tation. In a collaborative study in
1986 (Figure 2), we also found, in 25
cases of athyreosis, an average
serum thyroxine of38 nmol/liter.
This value decreased to 26 nmol/liter
within a week, whereas in newborns
with ectopic glands, the T4levels
increased from 44 nmol/liter to 65
nmol/liter in the third week.25 These
data could also be interpreted as in­
dicating maternal-fetal transfer in
athyreosis. In cases of ectopic glands
offetal origin, the increase in T4 fol­
lowing TSH probably represents
stimulation of the ectopic tissue.

In summary, currently available
data strongly support the conclusion

of at least a minimal transfer of thy­
roid hormone from mother to fetus.
However, we have found that about
10% of neonates diagnosed with thy­
roid agenesis at the time of screen­
ing have no detectable serum T4.
Transfer of thyroid hormone may be
partially determined by placental
deiodinase activity.4 A reduction in
placental deiodinase might make
more T4available to the fetus.
Conversely, the thyroidal state of
the fetus may also serve to regulate
placental deiodinase activity.

The Relevance ofPlacental
Transfer ofThyroid

Hormones

We have found that infants with a
low serum T4concentration and a re­
tarded bone age at the time of detec­
tion in a screening program may
exhibit a somewhat retarded neuro­
logic developmental level at ages 5, 7
and 12 years when compared to in­
fants with a higher serum T4 level at
the time of diagnosis. 26,27 Patients
with more severe hypothyroidism at
diagnosis (T4 < 2 /lg/dl) and a de­
creased knee epiphyseal surface
«0.05 cm2) also scored consistently
lower in all developmental assess­
ments performed with the Griffith's
scales at the ages of 18 months, 3
years and 5 years, and at the age of 7
with the Wechsler Intelligence Scale
for Children - Revised. Other work­
ers have obtained similar results at
age 12 (Glorieux et aI, unpublished
data). These results could not be ex­
plained by a delay in initiating treat­
ment or in the dosage of replacement
therapy used (8 to 10 mg/kg/day).27
We believe that hypothyroidism in
late gestation is responsible for min­
imal brain damage and that, in
these patients, the maternal-fetal
transfer may not have been suffi­
cient to prevent this outcome.

Animal experiments have shown
that most of the extrathyroidal T3 is
derived from conversion ofT4by a 5'­
deiodinase. In the brain, 80% of the



Figure 1. Serum T4 concentrations plotted against time in neonates with total organification effect. (With permission, from
Vulsma, Gons and de Vijlder:)

T3used by this tissue is produced in
situ by the type II deiodinase. The
activity of this deiodinase is in­
creased in hypothyroidism and the
fractional rate of degradation of T3
generated is reduced. Morreale de
Escobar et al have shown, in the rat,
that maternal T4 levels are able to
maintain normal T3 levels in the fe­
tal brain.3In human pregnancy, are
the levels transferred from the
mother to her hypothyroid fetus
sufficient to maintain normal levels
of T3in the brain? Larsen thinks SO,5

but our clinical data suggest that
this may not always be the case.

Previous experimental studies
have shown that there exists for
each brain region a "critical period"
during which the level ofT3 in cells
must be sufficiently high to permit
normal development. As demon­
strated by Legrand, hypothyroidism
established at birth can be corrected
during the second postnatal week
but no longer in the third postnatal
week. 28 However, hypothyroidism es­
tablished after the end of the second

week does not result in permanent
structural defects in cerebellar de­
velopment. Such a "critical period"
may vary from one cell type to an­
other and from one brain region to
another. For example, in the new­
born rat, hearing loss caused by fetal
hypothyroidism cannot be prevented
by thyroid hormone administration
before day 5 or after day 12.29 In
vitro cultured cholinergic neurons
allow stimulation of neurite growth
and induction of acetylcholinesterase
activity by thyroid hormones only
between culture days 8 and 15.30

Thus, demonstration ofnormal lev­
els of thyroid hormone in the devel­
oping rat at an arbitrary time point
and in an arbitrary brain region may
not guarantee hormonal normaliza­
tion at other critical time points and
at other potentially relevant brain
areas. Bernal and Pekonen have
shown the presence ofT3receptors in
the brain ofthe lO-week-old embryo,31
thus raising the potential that there
could be significant thyroid hormone
effects at this level of development.

Thyroidal State
of the Mother

The physiologic data reviewed thus
far raise the distinct possibility that
the thyroidal state of the mother
might play an important contribut­
ing role in determining the develop­
ment of the progeny. The most likely
adverse effect of maternal hypothy­
roxinemia on fetal development
probably occurs when the fetus itself
is hypothyroid. Matsura et al have
evaluated the outcome of transient
neonatal hypothyroidism resulting
from the transplacental passage of
maternal TSH receptor antibodies. 32

Five of 17 patients had an IQ below
80. The mothers of all five cases had
either not been treated at all or had
reduced their dosage of thyroid med­
ication during pregnancy, and thus
could be considered to be in a rela­
tively hypothyroid state during their
pregnancy. When compared to the
IQs of newborns detected through

the neonatal screening
program in Japan, the
incidence of cases with
IQs below 80 is lO-fold
higher in the patients
with transient hypo­
thyroidism.

Whether maternal
hypothyroidism per se
can adversely affect the
growth and brain devel­
opment of the offspring
is not clear. Using BEl as
a measure of serum T4

concentration, Man and
Serunian reported that
the offspring ofhypothy­
roxinemic mothers have
a lower IQ2; however, no
independent assessment
of the thyroidal status of
the newborns was car­
ried out. These studies
were conducted prior to
the general use ofTSH
immunoassays and
specific assays for T3

and T4 •
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Figure 2. Profile ofthe T, and T, concentration in newborns with thyroid agenesis or ectopy. (With permission, from Morissette and
Dussault.")
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contrary.34 The effect of thyroid hor­
mones on the development of
specific cell types and regions is de­
pendent on the availability of the
hormone at specific critical periods.
Under any circumstance, it appears
prudent to maintain maternal
serum TSH within the normal adult
range throughout the entire
pregnancy.

The suspicion of fetal hypo­
thyroidism should be raised by
inadvertent 1311 treatment during
pregnancy, the existence of thyroid­
related genetic disorders, by the
presence of maternal blocking anti­
bodies in a newborn with transient
hypothyroidism, and by the finding
of a fetal goiter on ultrasonography.
Ultrasensitive TSH assays can eas­
ily delineate abnormal TSH values

in amniotic fluid
and confirm the
diagnosis (per­
sonal data).
Although percuta-
neous umbilical
blood sampling
(cordocentesis)
could also be used
to confirm the di-
agnosis offetal hy­
pothyroidism, this
manipulation still
has a 10% compli­
cation rate even in
the best hands. It
has recently been
recommended
that, in the case of
proven fetal
hypothyroidism,
weekly intra­
amniotic injections
should be given to
the fetus rather
than high-dose
oral LT4therapy to
the mother. 35 The
recommended
weekly dose of LT4

is 250 Ilg, equiva­
lent to the oral
requirement of the
newborn (10
Jlg/kg/day).

43
Age (weeks)

this animal model is not appropriate
for the study of the effects of mater­
nal thyroid hormone on fetal devel­
opment in human pregnancy. In the
rat, however, there is evidence for
minimal placental transfer ofT4and
T3throughout pregnancy. The rat
model might thus be more appropri­
ate for the study ofhormonal trans­
fer in human pregnancy, in which
transfer has been established in the
majority of cases of fetal hypothy­
roidism. Nevertheless, it is not clear
whether hormonal transfer in hu­
man pregnancy occurs only in late
pregnancy, nor whether such trans­
fer is of sufficient magnitude to miti­
gate the effects of hypothyroidism
on the fetal brain. Clinical data indi­
cating that this is not the case26

,27

conflicts with data suggesting the
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Since there is no evidence for pla­
cental transfer ofT4in the sheep,

The recent report of Mandel et al
emphasizes the need to monitor LT4
replacement therapy in women with
primary hypothyroidism when they
are pregnant.33 These investigators
showed a consistently higher re­
quirement for LT4to maintain the
serum TSH within the normal
range. The physiologic basis for the
increased requirement was not
defined but might well represent the
effects of increased utilization ofLT4
by the placenta and fetus.
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