Clinical Study
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Abstract
Objective: Hyperthyroidism in neonates born to mothers with Graves’ disease (GD) can be associated with significant
morbidity and mortality, but is still overlooked by clinicians. Management of neonatal hyperthyroidism would be improved
by a better understanding of the predictive factors involved. The aim of this study was to evaluate the course of thyroid
function and clinical outcomes during the first postnatal month in babies born to mothers with GD.
Design: Prospective observational study.
Methods: Sixty-eight neonates born to mothers with GD were managed from birth and divided into three groups based
on thyrotropin receptor antibody (TRAb) and anti-thyroid drug (ATD) status in the mother: TRAbKve/ATDKve, nZ27;
TRAbKve/ATDCve, nZ8; and TRAbCve/ATDCve, nZ33. The main outcome measures were clinical examination, thyroid
function tests (TSH, free thyroxine (FT4), free triiodothyronine, and TRAb), echocardiography, thyroid ultrasonography,
and bone maturation assessment.
Results: None of the infants born to TRAbKve mothers with GD developed neonatal hyperthyroidism. Of the 33
TRAbCve/ATDCve neonates, 24 (72.7%) had positive TRAb on cord blood assays, and seven of these developed neonatal
hyperthyroidism. FT4 elevation between days 3 and 7 but not at birth was predictive of the development of hyperthyroidism.
Conclusions: TRAb status should be checked in the third trimester in mothers with GD and on cord blood in their neonates; if
positive, it indicates a high risk of neonatal hyperthyroidism. FT4 measurement at birth should be repeated between days 3 and 5 (and
by day 7 at the latest); rapid FT4 elevation during the first postnatal week is predictive of hyperthyroidism and warrants ATD therapy.
European Journal of
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Introduction
Graves’ disease (GD) is present in about 0.2% of
pregnancies. Neonatal autoimmune hyperthyroidism,
although seen in only 2% of cases and usually transient
(1, 2, 3), is associated with mortality rates of up to 25%
and with both immediate and long-term morbidities.
Cardiac insufficiency is one of the major risks in these
infants. Liver dysfunction (hepatitis and cholestatic
jaundice), coagulopathy, pulmonary arterial hypertension,
craniostenosis, microcephaly, and psychomotor disabilities
may occur in severely affected infants (4, 5, 6, 7).
Fetal
thyroid
dysfunction
precedes
neonatal
www.eje-online.org
DOI: 10.1530/EJE-13-0994

Ñ 2014 European Society of Endocrinology
Printed in Great Britain

hyperthyroidism. Optimal management of GD during
pregnancy is crucial to prevent fetal death or permanent
neurological impairments (8, 9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19).
Neonatal hyperthyroidism has been evaluated in
several studies (2, 3, 7) but recent case reports (20, 21,
22) indicate that this transient disease is still overlooked
by clinicians, leading to severe complications that could
have been prevented. Better knowledge of predictors of
neonatal hyperthyroidism would result in improved
preventive and therapeutic management.
Published by Bioscientifica Ltd.
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The main objective of this observational study was
to evaluate the clinical outcomes and course of thyroid
function during the first postnatal month in a large
prospective cohort of babies born to mothers with GD,
with the goal of developing management and follow-up
plans for the first month of life.

Subjects and methods

European Journal of Endocrinology

Patients
This study was approved by the Paris-Saint-Louis Ethics
Committee for biomedical studies in humans and was
conducted in compliance with French law. Written
informed consent was obtained from the pregnant
women before study inclusion.
We studied the cohort of pregnant women with GD
and their babies from a previous study by our group (17).
The women were included prospectively and managed
over a 3-year period (between 1999 and 2002) at the Robert
Debré Teaching Hospital (Paris, France). The newborns
were also managed in the same center. The inclusion
criterion was a past or current history of GD diagnosed by
an endocrinologist based on clinical and laboratory test
evidence of hyperthyroidism with goiter, Graves’ ophthalmopathy, or dermopathy, plus at least one positive test for
thyrotropin receptor antibodies (TRAbs) (23, 24). Patients
were not selected based on thyroid function, disease
activity, or history of thyroidectomy or anti-thyroid drug
(ATD) therapy. No exclusion criteria were used. The
women were included as early as possible in the
pregnancy. We chose a single-center design to ensure
that all fetal sonograms were performed by the same
person (E Vuillard, see ‘Acknowledgements’ section). In
each woman, thyroid function tests and TRAb assays were
carried out monthly from study inclusion to delivery. The
ATDs and other treatments were adjusted by the endocrinologist to keep the serum free thyroxine (FT4) level at
the upper limit of normal (ULN) for pregnant women.
The initial cohort comprised 72 mothers and neonates,
of whom four neonates (all born to TRAbKve/ATDKve
mothers) did not receive follow-up at our institution,
which left 68 women for our study. Mean age of the
women was 33 years (range, 26–43 years) and gestational
age at inclusion was 17 weeks (range, 10–28 weeks). We
divided the women into three groups based on the risk of
fetal and neonatal thyroid dysfunction determined according to the TRAb assay results and need for ATD therapy:
controls, consistently negative TRAb assays and no ATD
treatment (TRAbKve/ATDKve group), indicating a low risk

Neonates of mothers with
Graves’ disease

170:6

856

for fetal thyroid dysfunction (25); consistently negative
TRAb assays in the third trimester of pregnancy but need
for ATD therapy (TRAbKve/ATDCve group); and at least
one positive TRAb assay in the third trimester and need
for ATD therapy (TRAbCve/ATDCve group). In this third
group, fetuses and neonates were considered at risk for
thyroid dysfunction. Maternal thyroid function did not
differ across these three groups at any time during the
pregnancies, indicating appropriate adjustment of ATD
and/or levothyroxine (L-T4) treatment. In that study,
during the third trimester, none of the pregnant women
was TRAbCve/ATDKve.

Methods
At delivery, cord blood was retrieved for thyroid function
tests (TSH, FT4, free triiodothyronine (FT3), and TRAb) and
the neonates were examined by a pediatric endocrinologist who recorded predefined criteria (heart rate,
congestive heart failure, goiter, hyperexcitability, fever,
sweating, voracity, vomiting, weight gain, diarrhea,
orbitopathy, hepatosplenomegaly, and jaundice). Cord
blood was taken from the clamp of the umbilical
cord during delivery and not through amniotic fluid or
cord puncture. In neonates born after at least 36 weeks
of gestation (WG), normal cord blood values were defined
within the 2.5th and the 97.5th percentiles, as follows: FT4
10.4–16.4 pmol/l and TSH 2.6–11.8 mU/l (26). Hypothyroidism was defined as FT4 below the 2.5th percentile and
TSH above the 97.5th percentile. Hyperthyroidism was
defined as FT4 above the 97.5th percentile and TSH below
the 2.5th percentile. Subclinical hypothyroidism was
defined as normal serum FT4 and FT3 with TSH elevation
above the 97.5th percentile and subclinical hyperthyroidism as normal serum FT4 and FT3 with TSH below the 2.5th
percentile. These values were also compared with the
values obtained in our cohort (see Table 1 below).
Each neonate was examined again on days 7, 15, and
30. Serum FT4, FT3, and TSH were assayed at the same time
points. TRAb was assayed on days 7, 15, and 30 in babies
with positive TRAb on cord blood and weekly in those
requiring ATD therapy. Echocardiography and thyroid
ultrasonography (US) were performed within a few days
after birth, by the same ultrasonographer (E Vuillard) (27).
Goiter was defined as a thyroid gland volume equal to or
greater than the meanC2 S.D. or as a thyroid gland
diameter equal to or greater than the 95th percentile
(28). Echocardiography was done in 60 of the 68 patients.
Bone maturation was assessed by a routine knee radiograph at birth and classified as advanced, delayed, or
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as an antibody titer O2 IU/l. The results are reported as
multiples of the ULN (!-ULN).

TRAbKve/ATDKve mothers). Data are presented as mean
(interquartile range) min–max.

D1
D7
D15
D30

Statistical analysis

FT3 (pmol/l)

FT4 (pmol/l)

TSH (mU/l)

2.3 (1.9–2.6)
1.1–5.75
6.6 (5.7–7.3)
4.9–8.6
6.6 (5.9–7.2)
3.8–8.9
7 (6.4–7.7)
4.7–8.2

13.8 (13.1–14.6)
9–22.9
24.5 (21.5–27.8)
18.9–32.3
18.1 (16.9–20.2)
13.3–26
16.9 (14.8–18.9)
12.3–22.4

8.4 (4.9–10.1)
2.6–24.6
2.9 (1.7–3.5)
1–5.9
3 (1.6–3.9)
1.2–7.5
2.8 (2–3.2)
1.4–6

European Journal of Endocrinology

D, day; FT3, free triiodothyronine; FT4, free thyroxine; TSH, thyroidstimulating hormone.

normal (29). Cranial radiographs were obtained routinely
to look for craniosynostosis.
Serum TSH, FT3, and FT4 were measured using a
chemiluminescence immunoassay with the ACS-180SE
system (Bayer Diagnostics) (26). TRAb was measured using
a RIA with second-generation antibodies (RIA-2 Dynotest
TRAK human, BRAHMS Diagnostica GmbH, Berlin,
Germany) (23). A positive result (TRAbCve) was defined
Table 2

Statistical analyses were carried out using JMP Software,
version 10.0.0 (SAS corporation, Tulsa, OK, USA). The data
were described as meanGS.D. and 95% CI or interquartile
range. We verified that data distribution was normal. We
compared the three groups (TRAbKve/ATDKve, TRAbKve/
ATDCve, and TRAbCve/ATDCve) using c2 tests or Fisher’s
exact test when needed. Spearman’s rank correlation test
was performed to assess correlations between variables. The
values of P!0.05 were considered statistically significant.

Results
Clinical description of the newborns at birth
There were 27 TRAbKve/ATDKve, 8 TRAbKve/ATDCve, and
33 TRAb Cve/ATD Cve newborns and their clinical
presentation is shown in Table 2. For each group mean
(range), birth weight (BW) was 3250 (1850–4830), 3102

Clinical presentation of the 68 neonates at birth according to the three groups: born to mothers TRAbKve/ATDKve (nZ27),

mothers TRAbKve/ATDCve (nZ8), or mothers TRAbCve/ATDCve (nZ33).
TRAbKve/ATDKve (nZ27)

TRAbKve/ATDCve (nZ8)

TRAbCve/ATDCve (nZ33)

P value

Intrauterine fetal death

0

0

–a

Preterm birth (!37 WG)

3

Very premature birth
(!32 WG)
Low BW (!10th percentile)
Birth length (!10th percentile)
Abnormal symptoms
Clinical goiter
Goiter (ultrasonography)
Congenital heart defects
(echocardiography)

0

1 (after fetal blood
sampling)
0

1 (35 WG, due to fetal
hyperthyroidism)
5
1

–a
0.27 (NS)
–a
–a
0.02
0.005
–a

0

6
4
5c
4
13
8 (including one with
tetralogy of Fallot, one
with left ventricular
hypertrophy and
pericardial detachment,
and one with ventricular
dysfunction)
0

NZ8
0

AZ1/NZ24/DZ2/NAZ6
0

1 (NS)

2
1
2b
0
3
2 (PFO in premature
infants)

Other congenital birth defects 1 congenital pulmonary
airway malformation
Bone maturationd
AZ0/NZ23/DZ1/NAZ3
Craniosynostosis
0

0
0
0
2
4
3 (two atrial septal defects
and one ventricular septal
defect)

1 (NS)

–a

WG, weeks of gestation; BW, birth weight; ATD, anti-thyroid drug; TRAb, TSH receptor antibody; PFO, patent foramen ovale; A, advanced bone maturation;
N, normal bone maturation; D, delayed bone maturation; NA, not available; NS, nonsignificant.
a
Too few events to allow statistical tests.
b
Vomiting and hypotonia (nZ2).
c
Hypotonia (nZ2), bradycardia (nZ1), hyperexcitability (nZ1), and aplasia cutis congenital of the scalp (nZ1).
d
Assessed by routine knee radiography at birth.

www.eje-online.org
Downloaded from Bioscientifica.com at 12/03/2018 06:05:45PM
via free access
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(2910–4040), and 2921 (1110–4070) grams; mean
gestation 38.5, 38.5, and 37.7 weeks respectively. Premature birth, low-BW, and bone maturation did not differ
across the three groups. The single very preterm baby (29
WG) was in the TRAbCve/ATDCve group. One fetus in the
TRAbCve/ATDCve group died in utero at 35.5 WG from
congestive heart failure due to hyperthyroidism. A small
area of congenital aplasia cutis on the scalp was found in
one TRAbCve/ATDCve neonate.
Goiter was only detected by clinical examination in
the TRAbKve/ATDCve and TRAbCve/ATDCve groups; but
in all three groups and with a much higher frequency on
neonatal US (Table 2). In the TRAbCve/ATDCve group,
three patients had severe cardiac abnormalities (30, 31, 32)
namely, tetralogy of Fallot (mother given L-T4 after surgery
during all pregnancy and neonate with normal thyroid
function), left ventricular hypertrophy with pericardial
detachment (mother started on propylthiouracil during
the second trimester for hyperthyroidism and neonate
with normal thyroid function but hyperkinesis on day 1),
and ventricular dysfunction (mother given propylthiouracil during the second trimester for hyperthyroidism
and neonate diagnosed with hyperthyroidism on day 3).

Cord blood tests for thyroid function and
TRAb in the newborns
Figure 1 shows the thyroid function of the 33 neonates
born to mothers positive for TRAb. Table 1 gives FT4, FT3,
and TSH values on days 1, 7, 15, and 30 in the group of
neonates born to TRAbKve/ATDKve mothers (excluding
the three preterm neonates and the one with the

Third trimester

33 TRAb+ve mothers

TRAb+ve (n = 24)

Cord blood
(D1)

Neonatal
period
(After day 1)

Hyperthyroidism
(n = 7)

Euthyroidism
(n =17)

TRAb–ve (n = 9)

Euthyroidism
(n = 9)

Four treated before day 7
Two treated on day 7
One treated on day 15

Figure 1
Evolution of thyroid function of the 33 neonates born to
mothers positive for TRAb, in cord blood assays (at day 1) and
during the neonatal period.
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pulmonary malformation) which was considered as a
control group (nZ23).
A single neonate had hyperthyroidism at birth; this
baby died in utero at 35.5 WG from congestive heart failure
with cardiomyopathy. In his postnatal cord blood sample,
FT4 was elevated at 19.3 pmol/l, TSH unrecordable
(!0.05 mU/l), and TRAb massively elevated (325!-ULN)
demonstrating hyperthyroidism. Two neonates (in the
TRAbCve/ATDCve group) had moderate hypothyroidism at
birth – FT4 9.6 pmol/l, FT3 2.3 pmol/l, and TSH 20.2 mU/l
in one; and FT4 8.2 pmol/l, FT3 2.6 pmol/l, and TSH
6.65 mU/l in the other – when compared with our
laboratory reference ranges and with the values of the
TRAbKve/ATDKve group presented in Table 1. All the
remaining neonates (nZ65) had normal thyroid values in
cord blood at delivery.
Cord blood samples at delivery from the 35 neonates
born to TRAbKve mothers were consistently negative for
TRAb (nZ27 and nZ8). Of the 33 neonates in the TRAbCve/
ATDCve group, 24 (72.7%) had TRAbCve cord blood assays.
Neonatal hyperthyroidism developed in seven of these
24 neonates (Fig. 1) and in none of the nine cord blood
cases who were negative for TRAb (see next paragraph).
We found a perfect correlation between TRAb assays in
cord blood in the newborns and TRAb assays in their
mothers at the third trimester of pregnancy when
available (r2Z0.99; P !0.01) and we also found the
same correlation if we consider only the third group of
TRAbCve/ATDCve mothers and their newborns (r2Z0.99;
P !0.01). We found a good positive correlation between
the TRAb titers in cord blood and the development of
neonatal hyperthyroidism (r2Z0.61; P !0.01). Figure 2
shows the TRAb titers in cord blood in the three groups.
The positive predictive value of cord blood TRAb is 29%
(7/24), the sensitivity is 100% and the specificity is 35%.
Of the 61 neonates with normal thyroid function, 17 had
positive TRAb cord blood samples with a mean titer of 2.4
!-ULN (from 1.1 to 6.4 !-ULN). The group of 27 neonates
born to TRAbKve/ATDKve mothers did not develop thyroid
disease during neonatal follow-up.

Thyroid function in the neonates over the first
postnatal month
Between days 2 and 15 after birth, hyperthyroidism was
diagnosed in seven neonates, based on laboratory tests in
the absence of clinical symptoms, all of whom were in the
TRAbCve/ATDCve group. Treatment was given when FT4
levels were O35 pmol/l (19). None of the neonates in the

www.eje-online.org
Downloaded from Bioscientifica.com at 12/03/2018 06:05:45PM
via free access
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TRAb titers (×-ULN)

4×102
3×102
2×102
1×102

Intrauterine death

15

Newborns treated by
ATDs for neonatal
hyperthyroidism

10

5

ve

/A
TD
+

ve

e

TR

Ab
+

Ab
–v
TR

TR

Ab
–v

e

/A
TD
+

/A
TD
–

ve

ve

0

Figure 2
Cord blood TRAb titers in the three groups of neonates: born to
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mothers TRAbKve/ATDKve (nZ27), mothers TRAbKve/ATDCve
(nZ8), or mothers TRAbCve/ATDCve (nZ33). TRAb values are
expressed as the number of times greater than the upper limit
of normal (!-ULN) which was 2 IU/l with the assay available at
the time of the study. The seven neonates treated for neonatal
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with hyperthyroidism, three had received prenatal treatment for hypothyroidism (two maternal treatment and
one intraamniotic L-T4 injection) and two for hyperthyroidism (maternal treatment). Mean FT4 and TSH
levels were 46.5G13.8 pmol/l and 0.22G0.13 mU/l,
respectively, at treatment initiation, and all seven
neonates had positive cord blood tests for TRAb with a
mean titer of 13.1 !-ULN (2–39.6 !-ULN). Carbimazole
(the methimazole pro-drug) was given in a daily dosage of
1 mg/kg for a mean duration of 5 weeks. In addition, two
neonates whose FT4 levels fell below the normal range for
age received concomitant L-T4.
According to our study protocol, the first thyroid
function evaluation after birth was to occur on day 7.
However, in two neonates, FT4 and TSH were also assayed
on days 3 and 5 because cord blood data had shown
hypothyroidism and led the physicians to control FT4 and
TSH earlier than the protocol. As shown in Fig. 3, FT4 in
both neonates was normal at birth (in the lowest values of
normal) then increased markedly between days 3 and 5
compared with values in the TRAbKve/ATDKve group.
Thus, rapid FT4 elevation during the first postnatal week
may predict hyperthyroidism.

hyperthyroidism are circled. The highest value represents the
data from a case of intrauterine death (resulting from
hyperthyroidism). Sensitivity 100%, specificity 35%. ATD,
anti-thyroid drug; TRAb, TSH receptor antibody.

other two groups had hyperthyroidism or hypothyroidism, and none was treated.
The characteristics of the seven neonates with
hyperthyroidism are presented in Table 3. Cord blood
tests (TSH, FT3, and FT4) showed subclinical hyperthyroidism in only three of these seven neonates and hypothyroidism (or low FT4) in two of these. Thus, cord blood
test results failed to predict subsequent thyroid function.
Mean age at diagnosis was 5 days. Of the seven neonates
Table 3

Patient

1
2
3
4
5
6
7

Clinical course of the neonates over the first month
Weight gain during the 1st week did not differ between
neonates with and without hyperthyroidism. None of the
seven neonates with hyperthyroidism developed clinical
symptoms of hyperthyroidism.

Discussion
The main findings of our study were as follows: i) positive
TRAb tests in the mother during pregnancy indicates a risk
of hyperthyroidism in the neonate; ii) persistently
negative TRAb testing during pregnancy, with or without

Characteristics of the seven neonates with transient hyperthyroidism.

TRAb IU/l (!-ULN)

23.5 (14.7)
24 (2.7)
46 (5.1)
63 (39.6)
40 (25)
5.2 (3.3)
28 (2)

Goiter during
third trimester

Goiter on D1
clinical/US

90th percentile
Yes
No
Yes
Yes
90th percentile
No

No/yes
Yes/yes
Yes/yes
Yes/yes
No/yes
No/no
Yes/yes

FT4 (pmol/l)
on D1

FT3 (pmol/l)
on D1

TSH (mIU/l)
on D1

CMZ treatment
duration

9.7
12.8
9.6
8.2
12.9
16.4
20.5

1.2
2
2.3
2.6
3.1
2.1
NA

5.03
10.5
20.2
6.65
0.05
1.95
48

D3–D30
D7–D30
D7–M2
D5–D30
D2–D40
D4–M2
D15–D30

TRAb, TSH receptor antibody; ULN, upper limit of normal; D, day; US, ultrasonography; CMZ, carbimazole (methimazole pro-drug); FT4, serum free thyroxine
concentration; TSH, serum thyroid-stimulating hormone concentration; NA, not available; FT3, serum free triiodothyronine.
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FT4 (1)

50

FT4 (2)
FT4 (pmol/l)

40

95% CI from control group

30
20
10
0

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38

Patient 1
Patient 2

CMZ

Postnatal days
L-thyroxine

CMZ

Figure 3
FT4 time course and treatment of two patients with neonatal
hyperthyroidism. The square-line represents the FT4 values of
the patient 1 and the round-line represents the FT4 values of the
European Journal of Endocrinology

patient 2. 95% CI is given to represent the usual values expected
in the normal population. Treatment given to the two patients
is under the graph: CMZ, carbimazole; L-T4, levothyroxine.

ATD treatment, is not followed by neonatal hyperthyroidism; iii) a positive TRAb test on cord blood indicates a
significant risk of neonatal hyperthyroidism (29%); iv)
cord blood FT4 and TSH levels mirrored the fetal thyroid
function but not the post-natal risk of neonatal hyperthyroidism; and v) rapid FT4 elevation during the first
postnatal week may predict hyperthyroidism and warrants
consideration of ATD therapy.
All seven neonates who developed hyperthyroidism
had positive cord blood TRAb tests with values O2
!-ULN, in keeping with earlier studies (33, 34, 35). It
has been reported that TRAb levels above w40 IU/l using
the BRAHMS method were predictive of neonatal
hyperthyroidism (33). However, in our study, some
neonates who developed hyperthyroidism had cord
blood TRAb titers of 20 IU/l, leading us to question this
threshold. The TRAb values were also reported as multiples
of the ULN in order to be comparable if the study was
replicated with other assays. Of the seven neonates with
hyperthyroidism, four had low TRAb titers (!6 !-ULN)
but we found a positive correlation (r2Z0.61) between the
TRAb titers in cord blood and the development of
neonatal hyperthyroidism. Thus, a positive TRAb assay
may be a better predictor of neonatal hyperthyroidism
than a high TRAb titer. We found a good correlation
between TRAb assays in cord blood at delivery in neonates
of TRAbCve/ATDCve mothers and TRAb assays in their
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mothers at the third trimester of pregnancy. Thus, if cord
blood is not available, the positivity of TRAb in mothers
may identify the subgroup of neonates at risk of neonatal
hyperthyroidism and thus can be use as a substitute. The
test (cord blood TRAb) as it is, with a very high sensitivity
(100%) and a low specificity (35%), is still useful for
clinicians. Indeed we do not wish to miss any of those
newborns with positive TRAb.
ATDs are cleared from the body within a few days,
whereas TSH-receptor antibodies persist and may result in
hyperthyroidism until the TRAb test becomes negative
(mean duration of treatment of 5 weeks) (34). Therefore,
even TRAbCve neonates without biochemical or clinical
evidence of thyroid dysfunction at birth should have
weekly clinical and laboratory follow-up until the TRAb
test becomes negative.
Weight gain in the first few postnatal days did not
predict hyperthyroidism. The prevalence of congenital
heart defects in the two groups of neonates born to
TRAbKve mothers was similar to that in the general
population (30, 31, 32). Among the neonates born to
TRAbCve mothers, two had unusual cardiac abnormalities,
both mothers having required ATD therapy during pregnancy. A possible link between ATD therapy and the cardiac
malformations is unclear and needs to be ascertained in
larger databases. Bone maturation mirrored fetal thyroid
function but did not predict neonatal thyroid dysfunction.
Antenatal US can detect goiter in fetuses that will
finally be diagnosed as TRAbKve. Anyway, most of the time
this exam can be useful to detect fetuses that will develop
neonatal hyperthyroidism. We found that neonatal US is
far superior to clinical examination at birth and that goiter
is mostly found in the TRAbCve/ATDCve group of neonates.
None of the neonates with negative TRAb cord blood
samples developed hyperthyroidism, even in the group
born to TRAbCve/ATDCve mothers. Consequently, cord
blood TRAbKve neonates can receive standard follow-up
without special thyroid function monitoring.
In contrast to TRAb status at birth, thyroid function
tests carried out on cord blood did not predict neonatal
hyperthyroidism and only mirrored fetal thyroid function. Thus, FT4 and FT3 on day 1 were not correlated with
FT4 and FT3 at the time of diagnosis of hyperthyroidism,
consistent with previous studies (16). A new finding from
our study is that FT4 elevation on days 3–5 in two neonates
from TRAb Cve mothers, monitored for suspected
hypothyroidism at birth, predicted neonatal hyperthyroidism (Fig. 3). The FT4 increase and TSH decrease
developed gradually, after day 3 but before day 15 in
neonates who subsequently developed hyperthyroidism.
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Unfortunately, we did not anticipate this early FT4
elevation and had scheduled thyroid function to be
measured only on day 7 of life in our protocol. None of
the seven neonates with hyperthyroidism had clinical
symptoms suggests that our threshold for treatment (FT4
O35 pmol/l) was effective in preventing the development
of clinical hyperthyroidism and its potentially serious
complications. Thus, we recommend that all women with
GD (active and inactive) should have TRAb tested during
the third trimester to inform neonatal management; that
TRAb status should be checked on cord blood; and that all
neonates born to TRAb-positive mothers should have
thyroid function tests (FT4, FT3, and TSH) carried out at
birth and repeated between days 3 and 5 (in any case
before day 7) or sooner if there are symptoms. FT4
elevation above 35 pmol/l on one or both assays may
warrant ATD therapy (3, 16).
Last, the FT4, FT3, and TSH values in the full-term
neonates born to TRAbKve/ATDKve mothers (Table 1) are
consistent with the previously described time-course of
FT4, FT3, and TSH values in neonates, once gestational
age at birth is taken into account (25, 36, 37). When
interpreting thyroid function data in neonates, the values
must be compared with age-specific normal ranges.

Conclusion
In neonates born to mothers with GD with positive TRAb
and having positive cord blood TRAb assays, thyroid
function tests should be carried out on cord blood and
then in serum between days 3 and 5, and the results should
be compared with age-specific normal values. FT4 elevation
detected by these early tests should prompt ATD therapy.
Further work is needed to validate our approach, thereby
laying the groundwork for developing practice guidelines.
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26 Guibourdenche J, Noël M, Chevenne D, Vuillard E, Voluménie JL,
Polak M, Boissinot C, Porquet D & Luton D. Biochemical investigation
of foetal and neonatal thyroid function using the ACS-180SE analyser:
clinical application. Annals of Clinical Biochemistry 2001 38 520–526.
(doi:10.1177/000456320103800509)
27 Ueda D, Mitamura R, Suzuki N, Yano K & Okuno A. Sonographic
imaging of the thyroid gland in congenital hypothyroidism. Pediatric
Radiology 1992 22 102–105. (doi:10.1007/BF02011305)

Neonates of mothers with
Graves’ disease

170:6

862

28 Ranzini AC, Ananth CV, Smulian JC, Kung M, Limbachia A &
Vintzileos AM. Ultrasonography of the fetal thyroid: nomograms based
on biparietal diameter and gestational age. Journal of Ultrasound in
Medicine 2001 20 613–617.
29 Wasniewska M, De Luca F, Cassio A, Oggiaro N, Gianino P,
Delvecchio M, Aiazzi R, Stoppioni V, Lombardo F, Messina MF et al. In
congenital hypothyroidism bone maturation at birth may be a
predictive factor of psychomotor development during the first year of
life irrespective of other variables related to treatment. European
Journal of Endocrinology 2003 149 1–6. (doi:10.1530/eje.0.1490001)
30 Olivieri A, Stazi MA, Mastroiacovo P, Fazzini C, Medda E, Spagnolo A,
De Angelis S, Gradolfo ME, Taruscio D, Cordeddu V et al. A populationbased study on the frequency of additional congenital malformations
in infants with congenital hypothyroidism: data from the Italian
Registry for Congenital Hypothyroidism (1991–1998). Journal of
Clinical Endocrinology and Metabolism 2002 87 557–562. (doi:10.1210/
jcem.87.2.8235)
31 Gianicolo EA, Bruni A, Rosati E, Sabina S, Guarino R, Padolecchia G,
Leo C, Vigotti MA, Andreassi MG & Latini G. Congenital
anomalies among live births in a polluted area. A ten-year retrospective
study. BMC Pregnancy and Childbirth 2012 12 165. (doi:10.1186/
1471-2393-12-165)
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