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Abstract. Thyroid function was studied in 75 fetal blood samples obtained by cordocen-
tesis from red cell isoimmunized pregnancies at 18-37 weeks of gestation. Thyroid-stimulat-
ing hormone (TSH), and free and total thyroxine and triiodothyronine were significantly
higher than in normal controls. Furthermore, there was a significant association between the
increase in TSH and the degree of fetal anemia.

Introduction

In normal fetuses, thyroid-stimulating
hormone (TSH) and thyroid hormones in-
crease with gestation. Furthermore, fetal
TSH is higher and thyroid hormones are
lower than adult values. These findings sug-
gested that maturation of the fetal thyroid
gland was independent of the pituitary, and
that the fetal pituitary was not susceptible to
negative feedback from the thyroid hor-
mones [1].

In hypoxemic fetuses with intrauterine
growth retardation (IUGR), fetal TSH is
higher and thyroid hormones lower than in
normal fetuses [2]. The decrease in thyroid
hormones was thought to be a consequence
of reduced supply of nutrients and oxygen

due to uteroplacental insufficiency and/or
reduced perfusion of the thyroid gland. Nev-
ertheless, in uteroplaccental insufficiency the
decrease in thyroid hormones could have a
beneficial effect by slowing metabolism and
thereby reducing utilization of oxygen and
nutrients. The increase in fetal TSH was
either due to the decrease in thyroid hor-
mones or rather the independent conse-
quence of increased concentration of hypox-
1a-related hormones, such as noradrenaline
[3], or increased brain perfusion, which is
well documented in fetal hypoxemia [4, 5].
The aim of the present study was to exam-
ine fetal thyroid function in red cell isoim-
munized pregnancies, which provide an al-
ternative model of fetal hypoxemia; fetal
blood gases are normal but, because of the
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anemia, oxygen content is reduced [6]. In
both red cell isoimmunization and uteropla-
cental insufficiency, fetal blood oxygen con-
tent is reduced, and noradrenaline and brain
perfusion are increased [3-9]). However, un-
like uteroplacental insufficiency, in red cell
isoimmunization placental perfusion and
therefore nutrient delivery from mother to
fetus is normal. Furthermore, the fetal circu-
lation is hyperdynamic and there is no redis-
tribution at the expense of the viscera.

Patients and Methods

TSH, total thyroxine (T4), free thyroxine (FT4),
total triiodothyronine (T3) and free triiodothyronine
(FT3) were measured in 75 umbilical venous blood
samples (1-2 ml) obtained by cordocentesis from 39
red cell isoiommunized pregnancies of 19-37 weeks of
gestation. Gestational age was established by Nae-
geles’ rule and confirmed by ultrasonographic exami-
nation in early pregnancy. Informed consent was ob-
tained from the mothers and the project was ap-
proved by the hospital ethical committee.

Cordocentesis was performed as an outpatient
procedure, without maternal sedation or fetal paraly-
sis [10]. The pre-transfusion fetal hemoglobin concen-
tration was mcasured (Coulter Channelizer, Porter
Electronics Ltd., Luton, UK) and, if this was below
the Sth percentile for gestation, fresh packed blood
compatible with that of the mother was transfused as
necessary to correct the fetal anemia. In this study
only pre-transfusion samples were analyzed. In 29
cases, the fetal blood samples were obtained from pre-
viously untransfused fetuses and Kleihauer testing
demonstrated that the samples contained only fetal
erythrocytes. In 46 cases the fetuses had received
blood transfusions 2-3 weeks previously and all
erythrocytes in the fetal circulation were adult.

Fetal blood samples were collected into plain
tubes, centrifuged for 10 min at 2,000 rpm and the
serum collected and stored at -20°C. Serum TSH
was measured by immunoradiometric assay (Celltech
Diagnostics, Slough, UK) and thyroid hormones were
measured using solid-phase radioimmunoassays
(Diagnostic Products Corporation, Los Angeles,

Calif., USA). The inter-assay and intra-assay coeffi-
cients of variation for the TSH, T4-binding globulin,
total T4 and FT4. and total T3 and FT3 were: 4.5 and
3.9%, 4.5and 3.4%. 4.9 and 4.1%. 6.5 and 4.4%, 6.6
and 5.4%, and 4.8 and 4.5%, respcctively.

Statistical Analysis

Since in normal pregnancies, fetal TSH. thyroid
hormone concentrations [1] and hemoglobin concen-
tration [11] change with gestational age, the individ-
ual values from the red cell isoimmunized pregnan-
cies were expressed as the number of standard devia-
tions (SD) by which they differed from the respective
normal mean for gestation (delta values). Student’s t
test was used to determine the significance of any dif-
ference ir the mean values of the mecasured variables
between the red cell isoimmunized pregnancies and
the previously published values for normal controls.
Regression analysis was used to determine whether
there were any significant associations between delta
TSH, delia thyroid hormones and the degree of fetal
anemia (delta hemoglobin).

Results

In red cell isoimmunized pregnancies,
compared to the normal controls, the mean
fetal hemoglobin concentration was lower
(mean difference=-1.76 SD,t=-8.09,p <
0.0001), and the mean TSH (fig. !; mean dif-
ference = 0.984, t = 4.86, p < 0.0001), T4
(mean difference = 0.399, t = 2.02, p <
0.05). FT4 (fig. 2; mean difference = 0.705,
t =284, p < 0.01), T3 (mean difference =
0.329, t=2.55, p < 0.05), FT3 (fig. 2; mean
difference = 0.823,t = 3.12, p < 0.01) were
significantly higher.

Delta TSH was significantly associated
with delta hemoglobin (fig. 1; r=-0.323,n=
75, p < 0.01); multiple regression analysis
demonstrated that this association was inde-
pendent of whether the origin of erythro-
cytes in fetal blood was fetal or adult (t =
0.04, p = 0.972). There were no significant
associations between delta TSH or delta he-
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Fig. 1. a Fetal thyroid-stimulating hormone (TSH) in red cell isoommunized pregnancies (0) plotted on the
reference range (mean, Sth and 95th percentiles) [1] for gestation. b Relation of fetal delta TSH and delta

hemoglobin (r = -0.323, n = 75, p < 0.01).

Fig. 2. Fetal free thyroxine (a) and triiodothyronine (b) in red cell isoimmunized pregnancies (0) plotted on
the appropriate reference range (mean, Sth and 95th percentiles) [1] for gestation.
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moglobin and delta T4 (r = 0.121 and r
-0.152), delta FT4 (r = 0.153 and r =
-0.132),delta T3 (r=-0.031and r=-0.139)
and delta FT3 (r = 0.126 and r = -0.126).

Comment

In red cell isoimmunized pregnancies, the
fetal hemoglobin concentration is decreased,
and TSH and thyroid hormone concentra-
tions are increased; the magnitude of TSH
elevation is significantly related to the de-
gree of anemia. The increase in both TSH
and thyroid hormones provide further evi-
dence for the autonomy of pituitary and thy-
roid glands in intrauterine life as suggested
from the findings in normal fetuses [1].

The increased TSH in anemic fetuses, as
in hypoxemic growth-retarded fetuses, may
be due to pituitary hyperactivity in response
to increased concentrations of such hor-
mones as noradrenaline [3, 12]. An alterna-
tive explanation for the apparent pituitary
hyperactivity is increased brain perfusion.
Animal experiments and Doppler studies in
human fetuses have documented that in
both fetal anemia and hypoxemic IUGR,
there is increased blood flow to the brain. A
possible mechanism by which improved or-
gan perfusion could augment hormone pro-
duction is by increasing the supply of essen-
tial nutrients and oxygen.

Unlike hypoxemic IUGR where thyroid
hormones are decreased, in red cell isoim-
munization the concentration of fetal thy-
roid hormones is increased. This thyroid hy-
peractivity may be due to the increased level
of TSH. However, there was no significant
association between delta TSH and delta
thyroid hormones. Furthermore, despite the
already high TSH concentrations, the low

levels of thyroid hormones in normal fetuses
make this an unlikely explanation. A unify-
ing hypothesis that could explain the find-
ings in both hypoxemic IUGR and red cell
isoimmunization is that the activity of the
fetal pituitary and thyroid glands is a conse-
quence of the hemodynamic alterations in
these conditions. Thus, in anemia perfusion
of both brain and viscera is increased and
this could result in both pituitary and thy-
roid hyperactivity. In hypoxia, brain perfu-
sion is increased at the expense of the viscera
and pituitary hyperactivity is accompanied
by decrease in thyroid activity.

The observed increase in thyroid hor-
mone concentration, would confer several
possible benefits on the anemic fetus. Thus,
thyroid hormones have both a direct cardio-
tonic effect and also a possible synergistic
effect on the activity of the sympathoadrenal
system to increase cardiac output and de-
crease peripheral resistance [13, 14]. Fur-
thermore, thyroid hormones stimulate pro-
duction of erythropoietin and 2,3-diphos-
phoglycerate [15, 16], the latter known to be
increased in anemic fetuses [17], with a con-
sequent increasc in red cell production and
improvement in oxygen release to the tis-
sucs.
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