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Summary

Objective To determine the proportion of the various types of
thyroid disorders among newborns detected by the neonatal TSH
screening programme, with a normally located thyroid gland.
Patients and methods Of the 882575 infants screened in our
centre between 1981 and 2002, 85 infants with a normally located
gland had persistent elevation of serum TSH values (an incidence
of 1/10 383). Six of these 85 patients were lost to follow-up and were
therefore excluded from the study. During follow-up, patients were
classified as having permanent or transient hypothyroidism.
Results Among the 79 patients included in the study, transient
(n =30, 38% of cases) and permanent (n =49, 62% of cases)
congenital hypothyroidism (CH) was demonstrated during the
follow-up at the age of 0-7 £ 0-6 years and 2-6  1-8 years (P < 0-0001),
respectively. The proportion of premature births was significantly
higher in the group with transient CH (57%) than in the group with
permanent CH (2%) (P <0-0001). A history of iatrogenic iodine
overload was identified during the neonatal period in 69% of
transient cases. Among permanent CH cases (n = 49), patients were
classified as having a goitre (n =27, 55% of cases), a normal sized
and shaped thyroid gland (n = 14, 29% of cases) or a hypoplastic
gland (n = 8, 16% of cases). The latter patients demonstrated global
thyroid hypoplasia (n = 3), a right hemithyroid (n = 2), hypoplasia
of the left lobe (n = 2), or asymmetry in the location of the two
lobes (n = 1). Patients with a normal sized and shaped thyroid gland
showed a significantly less severe form of hypothyroidism than those
with a goitre or a hypoplastic thyroid gland (P < 0-0002). Among
permanent CH cases, those with a goitre (n=27) had an iodine
organification defect (n = 10), Pendred syndrome (n=1), a defect
of thyroglobulin synthesis (1 = 8), or a defect of sodium iodine
symporter (n = 1), and in seven patients no aetiology could be deter-
mined. Among permanent cases with a normal sized and shaped thy-
roid gland (1 = 14), a specific aetiology was found in only one patient
(pseudohypoparathyroidism) and two patients had Down’s syn-
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drome. Among those with a globally hypoplastic gland, a TSH recep-
tor gene mutation was found in two patients.

Conclusions A precise description of the phenotype can enhance
our understanding of various forms of neonatal hypothyroidism as
well as their prevalence and management. It also helps to identify cases
of congenital hypothyroidism of unknown aetiology, which will need
to be investigated in collaboration with molecular biologists.

(Received 28 October 2004; returned for revision 10 December 2004;
finally revised 16 December 2004; accepted 26 January 2005)

Introduction

Neonatal biochemical screening programmes for congenital hypo-
thyroidism (CH) allow early diagnosis and treatment of infants with
CH, thereby efficiently preventing mental retardation. An absent or
ectopic gland is the most common cause of the disease. CH with a
normally located thyroid gland is a heterogeneous group accounting
for 20% of all CH cases. Defects in hormone synthesis are usually
associated with the development of a goitre, while a normal or hypo-
plastic thyroid gland is classically related to a developmental defect,
resistance to thyrotropin (TSH) at the level of the receptor or its
signalling pathway, or an as yet unknown aetiology. In addition, in
the group with a normally located thyroid gland, hypothyroidism
may be permanent or transient. In the latter group the most com-
mon causes are iodine deficiency (which varies widely in the world
according to iodine status) or iodine overload, particularly in pre-
mature newborns through intensive care or transplacental passage
of antithyroid antibodies or antithyroid drugs."” In these patients,
normalization of TSH occurs rapidly and most have normal TSH at
recall examination. These newborns are classified as false positives
at CH screening and do not require L-thyroxine treatment at that
time. However, the half-life of maternal antibodies (4—6 weeks) and
the effect of iodine overload can therefore last over 1 month past the
recall period.” When hypothyroidism is confirmed at recall exami-
nation, L-thyroxine treatment is usually initiated. In this group of
infants with a heterogeneous clinical and biochemical syndrome,
there is currently no means of distinguishing those with mild and
transient hypothyroidism from those with true permanent hypothy-
roidism. A re-evaluation of thyroid function is therefore required.”

© 2005 Blackwell Publishing Ltd
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The frequency of the different disorders among patients who have
persistently elevated serum TSH values at recall examination has not
been precisely investigated.

The present study was carried out to analyse, through a regional
cohort study, the definitive diagnosis (i.e. transient or permanent
CH), the clinical characteristics, the likely aetiology, and the
prevalence of the different forms of CH in patients with a normally
located gland.

Patients and methods

Of the 882 575 infants screened in our centre between 1981 and 2002,
252 infants were diagnosed as having persistently elevated serum
TSH values (TSH =8 mU/1) at recall, representing an incidence of
1/3502 births. Among them, 167 patients had thyroid dysgenesis
(incidence 1/5285) with ectopic thyroid tissue (1 = 125; 88 females,
37 males) or athyreosis (n=42; 33 females, nine males) and 85
patients (36 females, 49 males) had a normally located gland (incid-
ence of 1/10 383). Seventy-nine of the 85 patients with a normally
located gland were included in the study. Of the remaining six,
two died during the neonatal period (one with a history of iodine
exposure and the other with Down’s syndrome) and four were lost
to follow-up.

Elevated TSH levels at screening were confirmed in the 79 patients
at the age of 18-2 £ 13-0 days by clinical evaluation and by measure-
ment of serum TSH and free thyroxine (FT4) levels. L-thyroxine
treatment was started at the age of 19-2 %+ 17-8 days in 73 patients.
For the remaining six patients, therapy was not initiated because the
TSH value was only moderately elevated (TSH = 19-2 +17-8 mU/I).
The 79 patients were divided into two groups: those with transient
and those with permanent CH. Transient CH was defined as normal
thyroid function with normal serum TSH level (< 6 mU/l1) after
therapy had been discontinued for at least 4 weeks. Patients were
considered to have permanent CH if the serum TSH showed an
increased level (>7 mU/1) during treatment or after therapy had
been progressively withdrawn at various ages.

Methods

The existence of a normally located thyroid gland was ascertained
on the basis of thyroid radioiodine scanning (Iodine 123) and/or
ultrasonography. Thyroid scanning (n = 55) was performed before
or within the first 4 days after treatment initiation. The imaging was
performed using a gamma camera equipped with a pinhole collima-
tor, 30 min after intravenous injection of 100 uCi 123 Iodine. A per-
chlorate washout test was performed in 52 cases. Radioactive iodine
uptake values with a decrease of more than 10% at 2 h after admin-
istration of sodium perchlorate were considered positive for the
perchlorate washout test. Thyroid volume and morphology were
investigated by thyroid ultrasonography (n = 69 cases); this was
performed and interpreted by the same experienced radiologist (CG)
as previously described.’ Patients were classified as having a normal
sized and shaped thyroid gland, a goitre or a thyroid hypoplasia
(hemi or global hypoplasia).

On the basis of clinical history, thyroid scanning, perchlorate
discharge test, ultrasonography and serum thyroglobulin measure-
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ment, CH was linked in some permanent CH cases, even if the link
has not necessarily been proven by molecular investigation, to a
specific thyroid dyshormonogenesis, i.e. iodine organification
defect (with or without Pendred syndrome), thyroglobulin synthesis
or iodide transport defects and to pseudohypoparathyroidism
or hyporesponsiveness to TSH (TSH receptor defect).””” TSH
receptor gene analysis was conducted in selected cases of normal or
global hypoplastic gland and sequencing performed as previously
described (N de Roux, molecular biological laboratory, Kremlin-
Bicétre, France).10

At the time of CH diagnosis, bone maturation was assessed in term
neonates (1 = 53) by the presence or absence of knee epiphyses. Bone
maturation was considered delayed if one or both epiphyses were
absent. Serum TSH (normal range 0-5—-6 mU/1) and FT4 (normal
range 11-21 pmol/l) concentrations were measured by competitive
immunoassay based on enhanced luminescence (Bayer Corp., Paris,
France). Serum thyroglobulin was measured by radioimmunoassay
with a lower limit of sensitivity of 2:5 ug/1."" Gestational age, possible
history of iodine exposure and maternal thyroid disease were also
recorded.

Informed consent for therapy and for the evaluations was
obtained from the children’s parents.

Statistical analysis

Results are expressed as mean * SD. Data were analysed by non-
parametric tests (Mann—Whitney U-test and Kruskal-Wallis test as
appropriate) for comparison between groups. Frequency rates were
compared by ¥ -test.

Results

Among the 79 patients (33 females, 46 males), transient and perma-
nent hypothyroidism was demonstrated during the follow-up in
30 (38%) and in 49 (62%) patients, at the age of 0-7 = 0-6 years and
2:6 = 1-8 years (P < 0-0001), respectively. The clinical characteristics
of these patients are indicated in Table 1. As expected, the proportion
of premature births was significantly higher in the group with
transient (57%) than in the group with permanent CH (2%)
(P <0-0001). A history of iodine exposure was found in 69% of
cases of transient hypothyroidism. Six of the full-term transient
hypothyroid patients had no history of iodine exposure or maternal
autoimmune thyroid disease and presented with either a neonatal
goitre with a positive perchlorate test (n = 3) or a normal sized
thyroid gland (n=3). In the group of transient hypothyroid
patients, 25/30 patients (83%) were treated with L-thyroxine for
0-66 * 0-7 years. In the group of permanent hypothyroid patients, all
patients were treated with L-thyroxine, with the exception of one
patient who had moderate hyperthyrotropinaemia both at diagnosis
(TSH 11-3 mU/1) and during the follow-up.

Among the permanent hypothyroid cases (1 = 49), patients were
classified as having a goitre (n =27, 55% of cases), a normal sized
and shaped thyroid gland (n = 14, 29% of cases) or a hypoplastic
thyroid gland (n = 8, 16% of cases). The latter patients had a global
thyroid hypoplasia (n = 3), a right hemithyroid (n = 2), hypoplasia
of the left lobe (n = 2), or asymmetry in the location of the two lobes

85UB017 SUOWILIOD BA11E81D) 3|qeot[dde ay) Aq pausenob ake e O ‘88N JO S9In1 10} ArIq1T 8UIUO AB|IA LD (SUONIPUOD-PUR-SLLIBY WD A8 |IMARIq1 U1 |UO//STNY) SUORIPUOD PUe WIS 1 841 88S *[£202/T0/E2] U0 AkiqiTauliuo AB(IM ‘0B A 1A IPMS 11Bea AiseAIUN Ad X'6E220'S002'S922-G9ET (/TTTT'OT/I0p/W00 A8 | Akeaq Ut |uo//Sdiy WOl pepeojumoa ‘v ‘G002 'S922S9ET



446 R. Gaudino et al.

Table 1. Clinical findings of the 79 patients with neonatal hypothyroidism
and normally located thyroid gland diagnosed through neonatal TSH
screening and according to the evolution of thyroid function: transient or
permanent congenital hypothyroidism

Transient Permanent
hypothyroidism hypothyroidism
(n=30) (n=49)
Sex: F/M 13/17 20/29
At diagnosis
Chronological age (days) 149+ 99 202+ 14-3
Serum TSH (mU/1) 102+ 108 163 £ 200
Serum FT4 (pmol/1) 119+£7:2 9-8+7:2
Goitre 16 (53%) 27 (55%)
Premature infants 17 (57%) 1 (2%)*
At re-evaluation
Age (years) 0706 2:6+1-8%
Duration of LT4 treatment (years)  0-66 + 0-7 229+ 1-6*
Serum TSH (mU/1) 22%1 182 £ 15:9*

*P < 0-0001 permanent hypothyroidism group vs. transient hypothyroidism
group.

(n =1).Asshown in Table 2, patients with a normal sized and shaped
thyroid gland had a significantly less severe form of hypothyroidism
(as demonstrated by moderate hyperthyrotropinaemia and normal
bone maturation at the time of diagnosis) than those with a goitre
or a hypoplastic thyroid gland.

Based on the clinical, radiological and biological findings, patients
with a goitre were suspected of having an iodine organification defect
(n=10), Pendred syndrome (n = 1), a defect of thyroglobulin
synthesis (n = 8), or a defect of sodium iodine symporter (n = 1).
In seven patients (26% of cases), no aetiology could be proposed.
Among permanent hypothyroid cases with a normally sized and
shaped thyroid gland, no aetiology could be found in a high

proportion of cases (79%). One patient had pseudohypoparathy-
roidism and two patients had Down’s syndrome. Interestingly, the
mother of two siblings with moderate permanent hyperthyrotropi-
naemia (TSH values of 11 and 8-5 mUI/] of therapy, respectively)
had been treated for Graves’ disease. The two siblings had a moderate
goitre and a normal thyroid gland, respectively. Moreover, among
the 10 remaining patients with permanent hypothyroidism of
unknown aetiology, no anomaly in the TSH receptor gene was found
in the seven cases that were tested for this gene. Among patients with
a global hypoplastic thyroid gland, a TSH receptor mutation was
found in the two patients who demonstrated no iodine uptake at
thyroid scanning.

Discussion

Through our screening programme we established that 1/3 of patients
diagnosed as having hypothyroidism at recall examination had a
normally located gland. Among these patients, transient hypothy-
roidism was demonstrated in 38% of cases. Thus, as previously
reported,” the overall incidence of permanent CH was approximately
1/4000, with thyroid dysgenesis being the most common aetiology.
In CH cases with a normally located gland, it is difficult to differen-
tiate between transient and permanent CH. As shown in our study,
neither serum thyroid hormone levels at recall examination nor the
presence of a neonatal goitre can differentiate those with transient
CH from those with permanent CH; they also are not predictors of
thyroid function later in life. However, as expected, transient CH was
more frequently associated with premature birth, and a history of
iatrogenic iodine overload during the perinatal period was identified
in 69% of transient cases. In our study, no aetiology could be iden-
tified in six transient CH patients who were born at term. Until
recently, transient CH was exclusively attributed to environmental,
iatrogenic or immune factors.” However, monoallelic inactivating
mutations in the gene for thyroid oxidase 2 have been shown to
be associated with transient mild CH.>'* This constitutes the first

Table 2. Characteristics of the 49 patients with permanent congenital hypothyroidism and normally located thyroid gland according to the thyroid gland

morphology evaluated during the neonatal period

Normal sized and shaped Hypoplastic thyroid
Goitre thyroid gland gland
n =27 (55%) n=14 (29%) n=38(16%)
At diagnosis
TSH (mU/1) 224 £237 47 £27%* 157 £153
FT4 (pmol/l) 5151 16-4 + 3.2%** 146 £4-3
Delayed bone 58% (n=11) 11% (n=1)* 63% (n=>5)
maturation
Aetiology/subtypes Iodine organification defect (n =10)t Pseudohypoparathyroidism (n = 1) Global hypoplasia (n = 3)$

Pendred syndrome (n=1)

Defect of Tg synthesis (1 = 8)t

Defect in sodium iodine symporter (n=1)
Mother with Graves’ disease (n = 1)1
Unknown (n = 6)%

Down’s syndrome (n = 2)
Mother with Graves’ disease (n=1)T
Unknown (n = 10)

Right hemithyroid (n = 2)
Left lobe hypoplasia (n = 2)
Asymmetry of the two
lobes (n=1)

+Two patients were siblings; $Negative perchlorate test. Thyroglobulin (Tg) measurement not done; $No iodine uptake at thyroid scanning with inactivating

TSH receptor defect (n=2).

*P < 0-05, **P < 0-0002, ***P < 0-0001 (Kruskal-Wallis test for comparison among the three groups).
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evidence of a genetic origin for transient CH. Molecular investigations
would be necessary in order to determine whether there is a genetic
component in some of our cases of transient CH of unknown aetiology,
notably those cases with a positive perchlorate test during the neonatal
period and no other iatrogenic or immune aetiological factors.

It is well established that hypothyroidism at recall examination
requires prompt L-thyroxine replacement therapy in newborns to
avoid any intellectual impairment. Treatment should be maintained
for 2-3 years before re-evaluation of thyroid function after r-

thyroxine withdrawal.>>>"

Those of our patients who were subse-
quently diagnosed as having a transient form of the disease did not
require adjustment of L-thyroxine dose during the first weeks of life.
We retrospectively found that re-evaluation of their thyroid function
had been carried out significantly earlier than in those with perma-
nent CH. We therefore believe that in most cases with a history of
premature birth, iatrogenic iodine overload and/or maternal thyroid
disease, the distinction between transient and permanent CH should
be made before the end of the first year of life to avoid prolonging
treatment unnecessarily. In our study, and as previously reported,'*
a secondary slight rise in the serum TSH level during treatment
occurred during the first 3 years of life in most permanent CH cases
and only a few patients required a trial off therapy at 2-3 years of
age to determine whether CH was permanent or transient. However,
it should be borne in mind that subclinical hypothyroidism may be
present later in life, even in those patients who have been diagnosed

as having transient CH."” "

Therefore, repeated thyroid hormone
testing after at least 6—12 weeks off therapy should be performed, and
a thyrotropin-releasing hormone test might be helpful to confirm
thyroid status, particularly in term newborns without any suspected
iatrogenic aetiology.

As found in our study, iodine organification defect and defect of
thyroglobulin synthesis are among the most frequent causes of
inborn abnormalities of thyroid hormone synthesis. The low familial
occurrence is related to an autosomal recessive mode of inheritance.
In our study, the cause of CH in six patients with a goitre remained
unclear but thyroglobulin measurements were unavailable in
these infants. To determine whether a defect of thyroglobulin
synthesis or secretion or an iodothyrosine deshalogenation defect
could be involved would have required further investigations in these
patients.”>"’ Interestingly, 45% of our patients with permanent CH
demonstrated a normal or a hypoplastic thyroid gland. Only one of
these cases with a normal sized thyroid gland was related to pseu-
dohypoparathyroidism, a resistance to TSH at the level of the sig-
nalling pathway (i.e. Gso. protein encoding by the GNASI gene) and
two patients had Down’s syndrome, which is also known to be
associated with a high prevalence of idiopathic mild hyperthyrotro-
pinaemia.” In our study, two siblings of a mother treated for Graves’
disease were also demonstrated to have permanent CH, one with a
moderate goitre and the other with a normal thyroid gland at the
time of diagnosis. Transient CH due to antithyroid drug or TSH
receptor-blocking antibodies as well as central CH due to gestational
hyperthyroidism have been reported in infants born to mothers with
Graves’ disease.”*""?> To our knowledge, there have been no previous
reports of permanent cases of hyperthyrotropinaemia related to
maternal Graves disease. The aetiology of the CH in these children
remains unclear. A hypoplastic thyroid gland is a well-known but
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rare congenital anomaly. Inactivating mutations in the TSH receptor
gene have been found in several patients with CH and a hypoplastic

or normal thyroid gland.”

Two of our patients with a global hypo-
plastic thyroid gland and no iodine uptake at thyroid scanning were
found to have this defect. Nevertheless, as previously shown in some
patients with hyperthyrotropinaemia and normal free thyroid hor-
mone levels,” no anomaly in the TSH receptor gene was found in
7/10 permanent CH patients with a normal thyroid gland who were
tested for this gene. This might imply that other genes involved in
the TSH-TSHR-Gso cascade could be affected.”**” Finally, although
total or partial thyroid hemiagenesis is more frequently found in
euthyroid subjects and is a rare condition among CH patients with
thyroid dysgenesis, permanent CH was demonstrated in our patients
with thyroid hemiagenesis.” ' Moreover, our study showed for the
first time the precise proportion of this disorder among the various
forms of CH with thyroid dysgenesis. A genetic involvement in the
disorder is suspected but has been reported in only one case, in which
a Pax 8 gene anomaly was found.” To date, no clear explanation for
this developmental anomaly has been found in humans.”

In conclusion, a detailed description of the phenotype can enhance
our understanding of the various forms of neonatal hypothyroidism
as well as their prevalence and management. It also helps to identify
those cases of congenital hypothyroidism of unknown aetiology,
which will need to be investigated in collaboration with molecular
biologists. Even though a better understanding of congenital hypoth-
yroidism will probably have no impact on long-term treatment, it
will be important for establishing an accurate prognosis and for
genetic counselling of affected families.
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