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SUMMARY

Goitre is common and alterations in bio-
chemical indices of thyroid function are inva-
riable during preganncy, but thyroid disease, of
which hyperthyroidism is the most frequent
(0,05% of 72,257 pregnancies at three Dublin
Maternity Hospitals, 1979-81) is rare. Good
results in terms of perinatal loss (4/112, 3.57%)
has been achieved by one of us (MID) in 109
pregnancies using antithyroid drugs alone.

Neonatal thyrotoxicosis occurs in one to two
percent of babies born to mothers with thyroid
disease. The condition is usually transient but
a prolonged course may occur in up to 20 per-
cent.

Successful pregnancy is possible despite ma-
ternal hypothyroidism; three such pregnancies
have been managed by one of us (MID).

Clinical hyperthyroidism due to trophoblastic
disease is very rare and is cured by evacuation
of molar tissue.

The course of thyroid cancer is not affected
by pregnancy.

SYNOPSIS

The diagnosis and rational treatment of thy-
roid disease during pregnancy is based on a
comprehensive knowledge of feto-maternal thy-
roid physiology. A critical review of thyroid
disease in pregnancy which incorporates the per-
sonal experience of one of the authors is pre
sented.
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INTRODUCTION

During the past twenty years many ad-
vances were made in elucidating the com-
plex changes in human feto-maternal thy-
roid physiology which make it difficult to
assess thyroid function during pregnancy.
Diagnosis of thyroid dysfunction at this
time is especially important because of
the risk of undiagnosed disease to mother
and foetus. The mode of treatment is si-
milarly complicated by foetal considera-
tions. Despite these rapid advances in our
understanding of thyroid physiology in
the pregnant mother, foetus and new born,
there are several important questions
which remain unanswered. This review
focuses on current knowledge of thyroid
pathophysiology during pregnancy. The
rational diagnosis and treatment of thyroid
disorders based on this knowledge is dis-
cussed and the clinical experience of one
of us (MID) is presented.

FETO-MATERNAL THYROID PHYSIOLOGY

Although the occurrence of thyroid
enlargement during pregnancy has been
known since antiquity, the aetiology is un-
certain. Radioiodine uptake is increased
during pregnancy (!) and the histological
evidence of large follicles filled with col-
loid suggests active formation and secre-
tion of thyroid hormone (?). Thyroid en-
Jargement is associated with low levels
of plasma inorganic iodide, a two-fold
increase in renal clearance of iodide and
1 three-fold increase in thyroidal iodine
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clearance (}). Relative iodine deficiency
may act as a stimulus to growth of the
thyroid gland. The goitrogenic action of
placental thyrotropins is speculative. As
criteria for the detection of goitre are
subjective, the exact prevalence of preg-
nancy goitte is uncertain. Using subjec-
tive, but reproducible criteria it was noted
that 74% of pregnant women in North-
East Scotland had goitre (‘). A compara-
tive study in an area of low iodine intake
showed that the prevalence of goitre was
no greater in pregnant women than in
non-pregnant controls (209) (°). Using
the same criteria, we found a goitre in
236 out of 406 (589%) Irish women at-
tending for antenatal care at the National
Maternity Hospital, Dublin (unpublished
observation).

Although pregnant women are euthy-
roid numerous changes occur in labora-
tory tests of thyroid function. The 20%
increase in basal metabolic rate (BMR)
in normal pregnancy (°) is attributed to
the increased respiration of the feto-ma-
ternal unit and increased maternal cardiac
output (7). Free thyroid hormone levels
measured either directly or indirectly are
essentially unchanged during pregnan-
cy (3?), although there have been some
minor discrepancies between results te-
ported by different authors (™). The
most comprehensive study of free hor-
mone levels in pregnancy has been per-
formed by Souma ez 4l. (**), who found
that free thyroxine levels are slightly in-
creased during the first trimester, re-
turning to normal levels during the se-
cond and third trimesters. Small sample
sizes and failure to relate results to tri-
mester may account for the minor discre-
pancies between studies.

Thyroid hormones are more than 99%
protein bound. By the eighteenth week
increasing levels of oestrogen have caused
a two-fold increase in thyroxine binding
globulin (**#). Conversely, levels of the
other two binding proteins, thyroxine
binding albumin and prealbumin may
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fall (). The increase in TBG is respon-
sible for the higher levels of protein
bound iodine (PBI), total serum thyro-
xine (T4), triidothyronine (T3) and re-
verse (3, 3’, 5’) triiodothyronine (rT3).
The increase in total thyroid hormone
concentration is maximal in the second
trimester and usually returns to normal
during the puerperium (*). The develop-
ment de novo, of thyrotoxicosis or hypo-
thyroidism, or its persistence post-partum,
occurs most commonly against a back-
ground of autoimmune thyroid disease (*).
Steady state thyroxine turnover and uri-
nary free T3 and T4 are unaltered during
pregnancy (?). Thyrotropin (TSH) levels
are slightly raised during the first tri-
mester (%), but revert to normal thereaf-
ter (> 2). Protein bound iodine, T4 and
tT3 are readily detectable in amniotic
fluid (®*%) while T3 and TSH are usually
undetectable (%),

The permeability of the placenta to
thyroid hormones has been studied in
detail in a variety of animal species, but
there are few good studies. The animal
work indicates that there are species dif-
ferences in placental permeability. Thus
transplacental transfer of T3 and T4 in
early pregnancy in the rabbit is low, but
improves in late pregnancy (*»%). There
is very little transfer in sheep (*') whilst
there is conflicting evidence on the per-
meability of the guinea pig placenta to
thyroid hormones (*» #). In the rat there
is indirect evidence of transfer of T4 and
to a lesser extent T3 (*?%), but there is
no evidence of transfer of intact hormo-
nes (). Most human studies show that
the placenta is permeable to TRH and
impermeable to TSH (*® *) while transfer
of T4 and T3 is limited. However, Man
et al. (*) concluded from their study of
butanol extractable iodine and serum pre-
cipitable iodine in maternal and neo-natal
blood (measured at various times from
dayv 4 to 52) that there was an equili-
brium with respect to hormonal iodine
across the placenta. Clinical evidence
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supporting the notion of maternal-foetal
transplacental passage of thyroid hormo-
nes is tenuous. Carr ef al. () reported
that in two mothers who had previously
given birth to cretins a prescription of
150 microgrammes of l-thyroxine- daily
during pregnancy resulted in two normal
infants. Clinical evidence for reverse
transfer i.e., from foetus to mother is
provided by Kennedy and Montgomery (*)
who reported an increase in maternal T4
and T3 and a decrease in maternal TSH,
as pregnancy advanced in a mother with
known hypothyroidism. Studies using ra-
dioine labelled T3 and T4 or large doses
of unlabelled hormone have shown that
transfer of exogenous hormone across the
placenta during the first trimester and at
term is limited (¥*). Further evidence
for the relative impermeability of the hu-
man placenta comes from the clear ab-
sence of a correlation between maternal
and foetal serum concentrations of T4,
T3, free T3 and TSH at any time during
gestation (*-1),

The development of the foetal hypo-
thalamo-pituitary-thyroid axis and the
complex changes in perinatal thyroid phy-
siology have been the subject of several
recent reviews (***). By the end of the
first trimester the foetal thvroid gland can
concentrate radioiodine, the foetal pitui-
tarv contains radioimmunoassavable TSH
and TSH and T4 are measurable in foetal
serum. Foetal serum T4 and free T4 le-
vels increase progressivelv during the last
trimester of pregnancy while serum TSH
concentration remains unchanged. Serum
T3 is unmeasurable in the human foetus
until approximatelv 30 weeks gestation
and remains considerably less than the
maternal level antenatallv. A surge of
TSH occurs during the first 30 minutes
after birth with a decline to adult values
by 24 hours. At birth, values of T3 are
anoroximately onethird of adult wvalues
while T3 is elevated during the first four
davs of life. Serum thvroxine is similat
in maternal and cord blood. After birth

T4 and T3 levels increased with a peaking
T4 at 24 hours and a peaking T3 at 2-4
hours and again at 24-36 hours. Values
d;crease slowly over the first weeks of
life.

There is a marked scarcity of metabo-
lic and histological data concerning the
effects of fetal hypothyroidism on intra-
uterine neurological development in hu-
mans. Animal experiments have shown
depressed RNA and protein synthesis and
a deficit of myelin (*%). Somatic growth
does not appear to be hormone dependent
because the birth weight and lengths of
infants with congenital hypothyroidism
are usually normal (¥). The postnatal im-
portance of thyroid hormones for CNS
development is not in doubt and the avai-
lable evidence suggests that longterm
prognosis for mental development is cri-
tically dependent on the duration of the
interval between birth and initiation of
thyroid replacement (*%),

DIAGNOSIS AND TREATMENT
OF HYPERTHYROIDISM
DURING PREGNANCY

The reported frequency of hyperthyroi-
dism complicating pregnancy has varied
from 0.05% (%) to 3% (%); the latter
seems unlikely. During the years 1979-
1981 37 hyperthyroid pregnancies were
seen by one of us (MID) at three Dublin
Maternity Hospitals (National Maternity,
Coombe Lying-In Hospital, and Rotunda
Hospitals), from a total of 72,257 preg-
nancies, giving a frequency of 0.05%.

The normal increase in maternal meta-
bolic rate can mimic the signs of hyper-
thvroidism; pregnancv goitre is common
(vide supra) and total T4 and T3 measu-
rements are unreliable, but assays for
free hormones are not yet routinely avai-
lable. The free thyroxine index for T4
(FT4I) and T3 (FT3I) calculated as:

FTI = total T4 or T3 X
patient resin T3 uptake value

X
mean normal resin T3 uptake value

81



M.I. Drury - D. D. Sugrue - R. M. Drury

allows indirect assessment of free hormo-
ne concentration and is the single most
useful laboratory test for diagnosis of
hyperthyroidism during pregnancy.

Untreated hyperthyroidism is associated
with an increase in foetal loss (¥), with
premature labour (%) and with low birth
weight (). There is some tenous evi-
dence that thyrotoxicosis may be amelio-
rated by pregnancy per se (% ). Radioac-
tive iodine is contraindicated during preg-
nancy because it is concentrated in the
foetal thyroid gland (**). Todides and potas-
sium perchlorate are also contraindicated.
Three groups of drugs have been used
for treatment of maternal hyperthyroi-
dism: thiouracils (methylthiouracil and
prophylthiouracil), imidazoles (methima-
zole and carbimazole) and beta adrenergic
blockers (propranolol). All of the anti-
thyroid drugs used in pregnancy cross the
placenta (% ™), and interfere with foetal
thyroid hormone synthesis with the po-
tential consequences of foetal goitre and
hypothyroidism. It has been suggested
that the addition of I-thyroxine to an
antithyroid drug might prevent foetal
goitre and hypothyroidism. This remains
unproven and in view of the limited pet-
meability of the placenta to thyroid hor-
mones it seems unlikely to be correct.
A direct correlation between increasing
dose of antithyroid drues and foetal eoitre
has not been found (™); goitre has oc-
curred in babies born to mothers on com-
bined treatment (*» ™ %) and combined
therapy does not prevent the as yet unk-
nown proportion of foetal goitres which
occur due to transplacental passage of
thyroid stimulating immunoglobulins (%)
nor does it prevent transient neonatal hy-
pothyroxinemia ().

Propranolo] antagonizes sympathomi-
metic effects of thyroid hormones and
diverts T4 to rT3 synthesis. There are
only two reports on the use of propra-
nolol in the treatment of six hvperthyroid
pregnancies (7> ). All six ended in nor-
mal births. There are anecdotal reports
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of foetal bradycardia, intrauterine growth
retardation, neonatal hypoglycaemia and
depressed respiration associated with ma-
ternal ingestion of propranolol (¥-%).
Small amounts of drug are excreted in
breast milk. We feel that its use should
be reserved for treatment of thyroid
crises.

Thiouracils prevent iodine binding to
thyroid hormone percursors. In addition
the drugs decrease conversion of T4 to
T3 and promote peripheral conversion of
T4 to tT3. The usual daily dose schedule
is 200-300 mg in three divided doses re-
ducing thereafter to 50-150 mg daily.
Side effects include gastrointestinal upset,
skin rashes and bone marrow depression.
Excretion in breast milk occurs, albeit to
a lesser extent that with imidazoles (%)
(vide infra).

Imidazole derivatives are concentrated
in the thyroid gland and prevent iodine
binding to thyroid hormone precursors.
They may also inhibit the production of
thyroid autoantibodies (¥). The initial
daily dose is 40-60 mg in four divided
doses, reducing after 4-6 weeks to a
maintenance dose of 5-15 mg. Imidazoles
are excreted in breast milk. Breast feeding
should be avoided although its interdic-
tion need not be absolute provided care-
ful watch is kept on neonatal thyroid
and haematological status.

Our policy is to treat maternal hyper-
thvroidism with carbimazole alone in the
minimum effective dose; treatment is rou-
tinely discontinued at 37 to 38 weeks and
resumed immediately following delive-
ry (*%). Patients on treatment before con-
ception are maintained on their usual
maintenance dose of 5-10 mg carbimazole
daily. Patients diagnosed for the first
time during pregnancy are treated ini-
tially with carbimazole 60 mg daily in
four divided doses with stepwise reduc-
tion after 4 weeks to the standard daily
maintenance dose. Control of hvperthy-
roidism is assessed clinically and bioche-
mically in view of pregnancy induced al-
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Table 1. — Treatment of hyperthyroidism com-
plicating 109 pregnancies (112 infants).

Time at which

Method of Number treatment was begun
treatment of pregnancies Before During
conception pregnancy

Carbimazole 105 86 19
Carbimazole and

l-thyroxine 1 1
Methylthiouracil 1 1
Prophylthiouracil 1 1
Lugol!’s iodine and

phenobarbitone 1 1
Total 109 88 21

terations in metabolic rate and gland size
and patients are seen regularly by the
physician and obstetrician at a joint cli-
nic. Since 1960, 109 pregnancies (88
mothers), complicated by maternal hyper-
thyroidism have been managed by one
of us (MID). Five patients had coexistent
diabetes mellitus and pregnancy was suc-
cessful in each. One hundred and five
pregnancies were managed by carbima-
zole alone and of these 86 were on treat-
ment before conception; the remaining
four patients had been started on alter-

native treatments elsewhere before refer-
ral to MID.

The overall foetal loss was 13.37 per-
cent. There were four perinatal deaths
(3.56 percent) 3 of which occurred in
mothers treated by carbimazole alone
(table 2). During the years of the study
the average perinatal loss for all patients
in the three hospitals concerned was 2.8
percent. Four infants (3.5 percent) had
goitre: details of these cases have been
published previously (% #7).

Eighteen deliveries occurred whilst the
patient was still taking carbimazole; foe-
tal goitre did not occur in this group.
There were 7 (6.6 percent) preterm deli-
veries of which three occurred among the
21 mothers started on antithyroid medi-
cation after conception. The mean birth
weight in babies born to mothers who

started treatment during pregnancy was
3.51£0.65kg. Among mothers in whom
treatment was begun during pregnancy
there was one stillbirth, one abortion at
27 weeks, three premature labours and
two congenital malformations (one Down’s
syndrome — trisomy 21 : 1 cleft lip). In-
terpretation of these differences is diffi-
cult, but it may be that the less favou-
rable outcome among the mothers in
whom treatment was begun after concep-
tion is a consequence of suboptimal con-
trol of maternal hyperthyroidism.
Controlled comparison of the various
therapies for hyperthyroidism during preg-
nancy has never been performed and va-
lid retrospective comparison between se-
ries is difficult because of marked varia-
tion in dosage schedules, patient numbers
and disease severity. Moreover, the usual
criterion for assessing treatment outcome,
namely foetal and perinatal loss is an
extremely difficult parameter to interpret
because of the multitude of factors inde-
pendent of maternal disease which affect
these figures. In most reported series
the necessary careful developmental as-
sessment and evaluation of thyroid func-
tion in children born to treated hyper-
thyroid mothers has not been performed.
The thyroid status and phvsical and psy-
chological development of 43 children
born to mothers on antithyroid drugs
alone has been assessed at follow-up pe-
riods ranging from 1 to 13 yeats in three

Table 2. — Fetal outcome in 109 pregnancies
(112 infants) complicated by byperthyroidism.
Fetal outcome (n =112) Number Percent
Abortion at  0-12 weeks 9 8.03
Abortion at 13-28 weeks 2 1.78
Stillbirth 3 2.67
Neonatal death 1 0.89
Congenital malformation (*) 4 357
Neonatal goitre 4 3.57

(*) Down’s Syndrome (trisony 21), transposition
of the great arteries, cleft lip, penile hypospadias.
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series (3%), This small experience sug-

gests that antithyroid drugs given during
pregnancy do not have detrimental long-
term effects on the offspring. All babies
born to mothers with present or previous
hyperthyroidism should be examined for
the presence of goitre and clinical or bio-
chemical evidence of thyroid dysfunction.
Satisfactory results in terms of foetal and
perinatal loss have been reported for
mothers treated by antithyroid drugs alo-
ne (> ™ %) or in combination with
l-thyroxine (* % ™8 %) A compari-
son of the results of these two forms of
treatment based on a review of the lite-
rature over thirty years was made by
Chahal ez al. (®). Two hundred and fifty
eight patients were treated by antithyroid
drugs alone with 14 (5.49%) perinatal
deaths while 162 were treated by a com-
bination of antithyroid drugs and thyroid
supplements with 7 (4.3%) perinatal
deaths. It must be emphasized that our
approach to treatment is empirical; re-
grettably the minimum effective dose of
carbimazole is not known with certainty
and varies among patients (*). Meticu-
lous antenatal care with frequent clinical
and biochemical assessment of maternal
thyroid status and foetal growth by ex-
perienced observers is of vital importance
irrespective of treatment regime. Preli-
minaty reports sugeesting that estimates
of amniotic fluid T4 (*) and rT3 (3 %)
might be useful in the evaluation of foe-
tal hypothvroidism have not been sub-
stantiated (% 100, 101y

Thyroid storm may be precipitated bv
labour or caesarean section (1) although
this is now a rare complication of preg-
nancy. There has not been a death from
thyroid crisis at these hospitals since 1948
(Annual Report of the National Mater-
nity Hospital, Dublin, 1948), during
which period there have been approxima-
tely half a million deliveries. Treatment
of thyroid storm includes general mea-
sures such as the correction of precipi-
tating factors, eg, infection; rehydration,
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antipyretic and anticonvulsant therapy.
Specific measures include iodine, antithy-
roid drugs, betablockers and corticoste-
roids.

PRIMARY HYPOTHYROIDISM

A decreased conception rate (\®), in-
creased foetal wastage, premature deli-
very, foetal malformation and abnormal
mental development have been reported
in the offspring of untreated hypothyroid
mothers ("), Winikoff and Malinek (‘%)
suggested that spontaneous abortion could
be predicted on the basis of biochemical
indices of hypothyroidism, but the low
protein bound iodine reported in women
who abort may be secondary to abortion
related placental insufficiency (**®). Success-
ful pregnancies in untreated mothers with
unequivocal biochemical evidence of hy-
pothyroidism have been reported (1%!'2) of
hypothyroid women have been reported by
one of us ("), and clearly the foetal prog-
nosis is not as poor as had been believed.

A high index of suspicion is funda-
mental in the diagnosis of hypothyroidism.
Laboratory confirmation is based on low
serum T4 and T3 levels in association
with an elevated TSH. The resin T3
uptake is not helpful in the diagnosis of
hypothyroidism.

Treatment of hypothyroidism is with
1-thyroxine in full replacement doses of
0.1 to 0.2 mg ("). It has been suggested
that T3 should be given in addition be-
cause of its relatively greater potential
for transplacental passage (). It has
also been proposed that 0.3 mg of I-thy-
roxine might be required initially to sa-
turate the increased number of TBG
binding sites which are present in preg-
nancy ('), Pregnant patients in whom
the diagnosis was not adequately esta-
blished before commencing treatment may
present on replacement doses of thyro-
xine. It is better to continue with the-
rapy until delivery at which time treat-
ment can be stopped and thyroid status
can be fully defined.
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THYROID CANCER

A combined total of 130 patients with
previous treated (n= 108) or concurrent
(n=22) thyroid carcinoma have been re-
viewed by Hill ez al. (" 8), These
authors found no evidence that pregnan-
cy influenced the course of thyroid carci-
noma. Thus the diagnosis of thyroid can-
cer during pregnancy is not an indication
for termination of the pregnancy; neither
is pregnancy a contraindication to thyroid
surgery. Painful goitre, cervical lymph-
adenopathy or hoarseness should alert the
clinician to the possibility of malignancy.

Since 1975, five pregnant patients with
previously treated thyroid carcinoma have
been seen bv one of us (MID). Four
had a follicular carcinoma and one had
a papillary carcinoma. All were on full
replacement doses of 1-thyroxine following
thyroidectomy and one patient conceived
two years following an ablative (79 mCi)
dose of ®I. All five patients had full term
normal deliveries; one patient with fol-
licular carcinoma developed skull secon-
daries in the third trimester. These re-
mitted after delivery and she remains well
eighteen months later.

HYDATIDIFORM MOLE
AND CHORIOCARCINOMA

Hyperthyroidism associated with ma-
lignant trophoblastic disease has been re-
cognised since 1940 (). Myers (') re-
ported a patient with metastatic tropho-
blastic disease and hyperthyroidism while
Tisne et al. (**') described the more com-
mon clinical association of hyperthyroi-
dism and benign trophoblastic disease.
The frequency of the association of bio-
chemical abnormalities of thyroid func-
tion and trophoblastic disease has varied
from 40% (*®) to 1009% (®). The fre-
quency of clinical hyperthyroidism has
also varied. Thus none of 15 patients
with hydatidiform mole and biochemical
hyperthyroidism reported by Nagataki ('?)

were clinically toxic, while 9 of the 14
reported by Higgins and Hersman (**)
were toxic. Review of the literature on
hyperthyroidism secondary of trophobla-
stic disease shows that goitre is an un-
common feature and that exophthalmos
does not occur. Severe symptoms of hyper-
thyroidism including thyroid storm (1 1%)
have been reported.

During the decade 1971-80 there were
53 molar pregnancies among 83,733 mo-
thers (0.06%) delivered at the National
Maternity Hospital, Dublin. None were
clinically hyperthyroid but biochemical
evidence of hyperthyroidism was not loo-
ked for routinely.

Bioassayable thyroid stimulator has
been demonstrated both in patients sera
and in molar tissue (‘B 13),  Present
evidence suggests that human chorionic
gonadotropin (HCG) has intrinsic thyro-
tropic activity and is synonymous with
molar thyrotropin (1% % 1%) " The biolo-
gical potency of HCG from different tu-
mors may vary, thus accounting for the
varying frequency of abnormalities of
thyroid function in patients with tropho-
blastic disease. The hyperthyroidism as-
sociated with trophoblastic disease is cured
by evacuation of molar tissue.

NEONATAL THYROTOXICOSIS

Neonatal hyperthyroidism has been re-
cognised for over seventy years (*!). Tt
is said that 1-29% of babies born to mo-
thers with Graves disease develop neo-
natal thyrotoxicosis (®). One has been
seen by us (0.99%) (¥); an elevated titre of
long acting thyroid stimulator protector
(LATS-p) was present in the serum of
both mother and infant. The observations
of Rosenberg et al. (**?) that LATS was
present in the serum of five mothers and
four of their five offspring with neonatal
hyperthyroidism suggested that neonatal
thyrotoxicosis resulted from transplacental
passage of thyroid antibody. Our under-
standing of the possible immunopathoge-
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nesis of neonatal Graves is complicated
by the bewildering nomenclature of thy-
roid stimulating antibodies (LATS, LATS-
protector, thyroid stimulating immunoglo-
bulin, thyroid binding inhibitor immuno-
globulin) and by the variety of iz wvivo
and in vitro assay systems for the detec-
tion of these antibodies. Following Ro-
senberg’s observations, LATS negative,
LATS-p positive cases of neonal thyro-
toxicosis were reported (76 8 13-13) " and
it was suggested that neonatal thyrotoxi-
cosis could be predicted on the basis of
the LATS-p titre in maternal serum (™).
More recent data shows clearly that trans-
placental passage of immunoglobulins is
not the only determinant of neonatal hy-
petrhyroidism. Holligsworth and Mat-
bry (*%) and Hollingsworth et al. (**)
have reviewed 75 published cases of neo-
natal thyrotoxicosis with 26 cases of
their own and noted a prolonged course
(>six months) in 209 of cases. This
cannot be explained on the basis of trans-
placental passage of thyroid stimulating
immunolgobulins (t1/2=6 days). In three
sets of twins, thyroid function in the neo-
natal period and eatrly childhood were
discordant despite identical exposure to
maternal stimulating immunoglobulins. A
case has been reported in which trans-
placental passage of the thyrotropin bin-
ding inhibitor immunoglobulins occutrred
without neonatal thyrotoxicosis (*¥); a si-
milar phenomenon has been noted by us
(unpublished) and not all mothers or in-
fants with neonatal thyrotoxicosis are
LATS-p positive. It has been suggested
that neonatal hyperthyroidism is an inhe-
rited phenomenon (*). Children may be
at risk of neonatal hyvperthyroidism even
when maternal thvroid function is normal
or hypothyroid (*¥).

Persistent foetal tachycardia >160 (%)
or 180 beats/minute (¥), increased foetal
movements (**) or increased amniotic fluid
rT3 (") may suggest foetal hyperthyroi-
dism. Neonatal hyperthyroidism may not
become manifest clinically for several
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days after delivery () and the clinical
picture may be masked by the residual
effects of antithyroid drugs which have
crossed the placenta. Affected infants may
be hyperkinetic with loose stools, tachy-
cardia, thyroid enlargement and exoph-
thalmos. Treatment of neonatal hyper-
thyroidism includes beta blockade ('),
sedation, digitalisation, antithyroid drugs
and corticosteroids (B30 131 14),

The longterm course of neonatal hy-
perthyroidism may not be benign. Of 24
children in the series of Hollingsworth
et al. (***), nine (35%) had hyperthyroi-
dism beyond the first year of life, seven
(27%) had psychomotor abnormalities
and eleven (429%) had retarded skeletal
growth.

BIBLIOGRAPHY

1) Halnan K. E.: Clin. Sci., 17, 281, 1958.

2) Burrow G. N.: Med. Clin. North Am.,
59, 1089, 1975.

3) Aboul-Khair S. A., Crooks J., Turnbull
A. C.: Clin. Sci., 27, 195, 1964.

4) Crooks J., Aboul-Khair S. A., Turnbull A.
C.: Lancet, 2, 334, 1964.

5) Crooks J., Tullock M. I., Turnbull A. C.:
Lancet, 2, 625, 1967.

6) Mussey R. D.: Am. ]J. Obst. Gyn., 36, 529,
1938.

7) Burwell C. S.: Bull. Jobns Hopkins Hosp.,
95, 115, 1954.

8) Malkasian G. D., Mayberry W. E.: Am.
J. Obst. Gyn., 108, 1234, 1970.

9) Burrow G. N.: N. Engl. ]. Med., 298, 150,
1978.

10) Ingbar S. H.: Ann. N.Y. Acad. Sci., 86
440, 1960.

11) Wellby M., O’'Halloran M. W.: Br. Med.
1., 2, 668, 1966.

12) Sterling K.. Brenner M. A.: J. Clin. Invest.,
45, 153, 1966.

13) Arrango G., Mayberry W. E., Hochert T.
J.: Mayo Clm Proc., 43, 503 1968.

14) Schatz D. I., Palter H. C Russell C. S.:
Can. Med. Ass. J., 99, 882 1968.

15) Souma J. A, Niejadlik D. G., Cottrell S.:
Am. ]. Obst. Gyn., 116, 905, 1973.

16) Dowling J. T., Freinkel N., Ingbar S. H.:
I. Clin. Invest., 35, 1263, 1956.

17) Dowling J. D., Freinkel N., Ingbar S. H.:
]. Clin. Invest 39, 1119, 1960.

18) Sackler T, Adelman S. L Bauer F.: Am.
J. Obst. Gyn., 103, 305, 1969.



A review of thyroid disease in pregnancy

19) Oppenheimer J. H., Martinez M., Bern-
stein G.: J. Lab. Clin. Med., 67, 500,
1966.

20) Chan V., Paraskenaides C. A., Hale J.F.:
Br. J. Obst. Gyn., 82, 137, 1975.

21) Amino N., Mori H., Iwatani Y.: N. Engl.
J. Med., 306, 849, 1982.

22) Selenkow H. A., Birnbaum M. O., Hol-
lander C. S.: Clin. Obst. Gyn., 16, 66,
1973.

23) Hollingsworth D.R., Austin E.: J. Paediatr.,
79, 923, 1971.

24) Sack J., Fisher D. A, Hobel C. J.: ].
Paediatr., 87, 364, 1975.

25) Chopra I. J., Crandall B. F.: N. Engl. J.
Med., 293, 740, 1975.

26) Roti E., Malavasi F., Bandini P.: J. Endo-
crinol. Invest., 2, 213, 1979.

27) Hall P. F., Myant N. B.: ]. Physiol., 133,
181, 1956.

28) Myant N. B.: J. Physiol., 142, 329, 1958.

29) Hopkins P. S., Thobrun G. D.: ]. Exdo-
crinol., 49, 549, 1971.

30) Dussault J. H., Hobel C. J., Di Stafano
J. J.: Endocrinol., 90, 1301, 1972.

31) Horger E. O., Kenimer J. G., Azukizawa
M.: Obst. Gyn., 47, 46, 1976.

32) Peterson R. R., Young W. C.: Endocrinol.,
50, 218, 1952.

33) Hirvonen L., Lybeck H.: Acta Pbysiol.
Scand., 36, 17, 1956.

34) Grumbrecht P., Loeser A.: Klin. Wschr.,
17, 223, 1938.

35) Nataf B., Sfez M., Michel R.: Comp. Rend.
Soc. Biol., 150, 1088, 1956.
36) Knobil E., Josimovich J. B.: Asan. N.Y.

Acad. Sci., 75, 895, 1960.
37) Hamburger M., Sobel E. H., Koblin R.:
Anat. Rec., 144, 219, 1962.
Burrow G. N.: The thyroid gland in preg-
nancy. Philadelphia, London, Toronto, W.
B. Saunders Co., 83, 1972.
39) Sakamoto S., Kigawa T., Mizuno M.: Acta
Obst. Gyn. Scand., Suppl., 63, 1, 1977.
40) Man E. B., Pickering D. P., Walker J.:
Pediatrics, 9, 32, 1952.
Carr E. A. Jr., Beierwaltes W. H., Raman
G.: ]. Clin. Endocrinol. Metab., 19, 1
1959.
42) Montgomery D.A.D.: Ulster Med. J., 48,
69, 1979.
43) Grumbach M. M., Wemer S. C.: J. Clin.
Endocrinol. Metab., 16, 1392, 1956.
44) Myant N.B.: Clin. Sci., 17, 75, 1958.
45) Kearns J. E., Hutson W.: J. Nucl. Med.,
4, 453, 1963.
46) Fisher D. A., Lehman H., Lackey C.: |
Clin. Endocrinol. Metab., 24, 393, 1964,
Raiti S., Holzman G.B., Scott R.L.: N.
Engl. J. Med., 277, 456, 1967.

38

~

41

~

>

~

47

~

48)
49)
50)
51)
52)
53)
54)
55)

56)

57)
58)
59

N

60)
61

NI

62)

63
64

—_ —

65

-

66)
67)
68

~

69

~

71)
72)
73)
74)

Dussault J., Row V. V. Lickrish G.: J.
Clin. Endocrinol. Metab., 29, 595, 1969.
Gelosa J. P., Hemon P., Legrande J.: Gen.
Compend. Endocrinol., 10, 191, 1968.
Fisher D. A., Hobel C. J., Garzar R.:
Pediatrics, 46, 208, 1970.

Erenberg A., Phelps D. L., Lam R.: Pe-
diatrics, 53, 211, 1974.

Fisher D. A.: Med. Clin. North Am., 59,
1099, 1975.

Illig R.: Clin. Endocrinol. Metab., 8, 49,
1979.

Fisher D. A, Klein A. H.: N. Engl. ].
Med., 304, 702, 1981.

Basel J. A, Boyd D. B.: Influence of thy-
roid hormone on fetal brain growth and
development, perinatal thyroid physiology
and disease. Fisher D.A., Burrow M. (eds.),
New York, Raven Press, 59, 1975.

Grave G. D.: Thyroid hormones and brain
development. New York, Raven Press,
1977.

Anderson H. J.. Acta Paediatrica, 59,
(Suppl. 125), 15, 1961.

Raiti S., Newns G. H.: Arch. Dis. Child.,
46, 692, 1971.

Klein A. H., Meltzer S. T., Kenny F. M.:
J. Pediatr., 81, 912, 1972.

Rager K., Ranke M., Bierick J. R.: Deut-
sche Med. Wschr., 99, 2497, 1974.

Silver S.: The thyroid gland, medical sur-
gical and gynecological complications of
pregnancy. 2nd ed., Guttmacher A. F., Ro-
vinsky J. J. (eds.), Baltimore, Williams and
Wilikns, 561, 1960.

Mussey R. D., Haines S. F., Ward E.:
Am. J. Obst. Gyn., 55, 609, 1948.
Gardiner-Hill H.: Lancet, 1, 120, 1929.
Freedberg 1. M., Hamolsky M. W., Freed-
berg A. S.: N. Engl. J. Med., 256, 551,
1957.

Chahal P., Sidhu R., Joplin G. F.: J. Obst.
Gyn., 2, 11, 1981.

Jonckheer M. H., Decostre P., Bastenie
P. A.: Rev. Fran¢. Gyn., 71, 205, 1976.
Serup J., Peterson S.: Acta Obst. Gyn.
Scand., 56, 463, 1977.

Pickering D. E.: Am. ]. Dis. Chlid., 107,
567, 1964.

Elphinstone N.: Lancet, 1, 1281, 1953.
Burrow G. N.: Clin. Endocrinol. Metab.,
7, 115, 1978.

Burrow G. N.: ]. Clin. Endocrinol., 25,
403, 1965.

Piper J., Rosen J.: Acta Med. Scand., 150,
215, 1954.

Mutjaba O., Burrow G. N.: Obst. Gyn.,
46, 282, 1975.

Asper S. P. Jr., London F.: Trans. Am.
Clin. Ass., 72, 110, 1960.

87



M. 1. Drury - D. D. Sugrue - R. M. Drury

75) Cheron R.G., Kaplan M. M., Larsen P.
R.: N. Engl. ]. Med., 304, 521, 1981.

76) Dirmikis S. M., Munro D. S.: Br. Med. ].,
2, 665, 1975.

77) Langer A., Hung C. T., McA’Nulty J. A.:
Obst. Gyn., 44, 181, 1974.

78) Bullock J. L., Harris R. E., Young R.:
Am. ]. Obst. Gyn., 121, 242, 1975.

79) Tunstall M. E.: Br. J. Anaesth., 41, 792,
1969.

80) Gladstone G. R., Hordof A., Gersony W.
M.: ]. Pediatr., 86, 962, 1975.

81) Habib A., McCarthy J. S.: J. Pediatr., 91,
808, 1977.

82) Kampmann J. P., Johansen K., Hansen J.
M.: Lancet, 1, 736, 1980.

83) Williams R. H., Kay G. A., Jandorf B. J.:
J. Clin. Invest., 23, 613, 1944,

84) Low L.C.K, Lang J., Alexander W. D.:
Lancet, 2, 1011, 1979 (Letter).

85) McGregor A.M., Smith R. B., McLacklan
S. M.: N. Engl. ]. Med., 303, 312, 1980.

86) Sugrue D., Drury M. 1.: Br. J. Obst. Gyn.,
87, 970, 1980.

87) O’Herlihy C.: ]J. Ir. Med. Ass., 70, 124,
1977.

88) Greenman G. W. Gabrielson M. O., Ho-
ward-Flanders J.: N. Engl. ]. Med., 267,
426, 1962.

89) Burrow G. N., Bartsocas C., Klatskin E.
H.. Am. ]J. Dis. Child., 116, 161, 1968.

90) McCarroll A. M., Hutchinson M., McCau-
lay R.: Arch. Dis. Child., 515, 532, 1976.

91) Astwood E. B.: Clin. Endocrinol., 11,
1045, 1951.

92) Hawe P., Francis H. H.: Br. Med. |., 2,
817, 1962.

93) Becker W. F., Sudduth P. G.: Aunn. Surg.,
149, 867, 1959.

94) Mestman J. H., Manning P. R., Hodgman
J.o Arch. Int. Med., 134, 434, 1974.

95) Goluboff L. G., Sisson J. C., Hamburger
J.: Obst. Gyn., 44, 107, 1974.

96) Pekonen F., Lamberg B. A. Ikonen E.:
Ann. Chir. et Gyn., 67, 1, 1978.

97) Herbst A. L., Selenkow H. A.: N. Engl.
J. Med., 273, 627, 1965.

98) Low L. C. K., Ratcliffe W. A., Alexander
W. D.: Lancet, 2, 370, 1978.

99) Burman K. D., Read J., Diamond R. C.:
J. Clin. Endocrinol. Metab., 43, 1351, 1976.

100) Filetti S., Camus M., Rodesch F.: Arch.
Dis. Child., 52, 430, 1977.

101) Landau H., Sack J., Frucht H.: ]. Clin.
Endocrinol. Metab., 50, 799, 1980.

102) Guenter K. E. Friedland G. A.: Obst.
Gyn., 26, 403, 1956.

103) Goldsmith R. E., Sturgis S. H., Lermon J.:
J. Clin. Endocrinol., 12, 846, 1952,

104) Man E. B., Heineman M., Johnson C. E.:
J. Clin. Invest., 30, 137, 1951.

88

105) Man E. B., Shaver B. A, Cooke R. E.:
Am. J. Obst. Gyn., 75, 728, 1958.

106) Jones W. S., Man E. B.: Am. ]. Obst.
Gyn., 104, 909, 1969.

107) Man E. B.: Am. ]. Obst. Gyn., 109, 12,
1971.

108) Winikoff O., Malinek M.: Br. ]J. Obst.
Gyn., 82, 760, 1975.

109) Kock H., Kessel H., Stolte L.: Am. J.
Obst. Gyn., 95, 897, 1966.

110) Hodges R. E., Hamilton H. E., Keetel
N. C.: Arch. Int. Med., 90, 863, 1952.

111) Burk K., Kerr A. Jr.: Am. ]J. Obst. Gyn.,
68, 1623, 1954.

112) Montoro M., Collea J. V., Frasier D.: Ann.
Int. Med., 94, 31, 1981.

113) Boylan P., Drury M. L.: Ir. J. Med. Sci.,
148, 10, 1979.

114) Stock J. M., Surks M. I., Oppenheimer
J. H.: 'N. Engl. ]. Med., 290, 529, 1974.

115) Burrow G. N.: Med. Clin. North Am., 59,
1089, 1975.

116) Innerfield R., Hollander C. S.: Med. Clin.
North Am., 61, 67, 1977.

117) Hill C. S. Jr., Clark R. L., Wolf M.: Surg.
Gyn. Obst., 122, 1219, 1966.

118) Rosvoll R. V., Winship T.:
Obst., 121, 1039, 1965.

119) Smiley 1., Clements A. B.: Am. ]J. Obst.
Gyn., 40, 471, 1940.

120) Myers W. D. L.: Med. Clin. North Am.,
45, 563, 1961.

121) Tisne L., Barzelatto J., Stevenson C.: Bol.
Soc. Chil. Obstet. Ginecol., 20, 246, 1955.

122) Nagataki S., Mizuno M., Sakamoto S.: J.
Clin. Endocrinol. Metab., 44, 254, 1977.

123) Galton V. A., Ingbar S. H., Jimenez-Fon-
seca J.: J. Clin. Invest., 50, 1345, 1971.

124) Higgins H. P., Hershman J. M., Kenimer
J. G.: Ann. Int. Med., 83, 307, 1975.

125) Cave W. T., Dunn J. T.: Ann. Int. Med.,
85, 60, 1976.

126) Kim J. M., Arakawa K., McCann V.: Anes-
thesiology, 44, 441, 1976.

127) Odell W. D., Bates R. W., Rivlin R. S.:
]. Clin. Endocrinol. Metab., 23, 658, 1963.

128) Steigbigel N. H., Oppenheim J. J., Fish-
man L. M.: N. Engl. ]. Med., 271, 345,
1964.

129) Kenimer J. G., Hershman J. M., Higgins
H. P.: ]. Clin. Endocrinol. Metab., 40,
482, 1975.

130) Nisula B. C., Morgen F. J., Canfield R.E.:
Biochem. Biophys. Res. Comm., 59, 86,
1974.

131) Oschner A. J., Thompson R. L.: The sur-
gery and pathology of the thyroid gland.
St. Louis, C. V. Mosby Co., 192, 1910.

132) Rosenberg D., Grand M. J.H,, Silbert D.:
N. Engl. J. Med., 268, 292, 1963.

133) Nutt J., Clark F., Welch R. G.: Br. Med.
J., 4, 695, 1974.

Surg. Gyn.



A review of thyroid disease in pregnancy

134) Thompson J. A., Riley 1. D.: Lancet, 1,
635, 1966.

135) Thompson J. A., Dirmikis B. M., Munro
D. S.: Br. Med. ]., 2, 36, 1975.

136) Hollingsworth D. R., Mabry C. C., Reid
M. C.: New observations in congenital
graves disease. Thyroid research. VIII,
587, Proceedings of the Eighth Internatio-
nal Thyroid Congress, Sydney, Australia,
Oxford, Pergamon Press, 1980.

137) Hollingsworth D. R., Mabry C. C.: Am.
J. Dis. Child., 130, 148, 1976.

138) Hales I., Luttrell B., Saunders D.: Placen-
tal transmission of thyrotrophin binding
inhibitor immunoglobulin without neonatal

thyrotoxicosis: case report. Thyroid re-
search. VII, 591, Proceedings of the Eight
International Thyroid Congress, Sydney,
Australia. Oxford, Pergamon Press, 1980.

139) Geris J., Jonckheer M., Sacre-Smiths L.:
Eur. ]J. Obst. Gyn. Repr. Biol., 12, 271,
1981.

140) Robinson P. L., O’'Mullane N. M., Alder-
man B.: Br. Med. J., 1, 383, 1979.

141) Solomon D.: N. Engl. J. Med., 304, 538,

1981.

142) Pemberton P. J., Connell B., Shanks R.
G.: Arch. Dis. Child., 49, 813, 1974.

143) Fisher D. A.: Am. ]. Dis. Child., 130,
133, 1976.

89



