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Abstract: Congenital hypothyroidism (CH), the most common pediatric endocrine disorder
with an estimated prevalence of 1:2,000 to 1:4,000, is an under-recognized problem in countries
without routine newborn screening (NBS) programs. Thyroid dysgenesis (TD) is the most com-
mon cause of primary CH accounting for approximately 85% of all cases; most of the remaining
patients have dyshormonogenesis. Transient CH and CH with eutopic gland, are increasingly
being identified after introduction of routine NBS. The clinical features of CH are often subtle
resulting in delayed diagnosis and eventually poor intellectual outcome. In developed countries,
detection by NBS and early initiation of treatment has largely eliminated the intellectual dis-
ability caused by this disorder. The lower screening thyroid stimulating hormone (TSH) cutoff
and changes in birth demographics in some countries have been associated with an increase in
the reported incidence of CH. However, the additional cases detected by the lower TSH cutoff
tend to have either milder or transient hypothyroidism. Diagnosis of CH is made on the basis of
serum concentrations of TSH and thyroxine (T4). Thyroid ultrasound, radionuclide scintigraphy,
serum thyroglobulin (TG) levels and specific genetic tests help ascertaining the exact etiological
diagnosis. Non-availability of later tests should not deter the pediatrician from initiation of treat-
ment. Age at initiation of treatment and starting dose of levothyroxine are critical factors that
determine the long-term outcome. Higher doses of levothyroxine at 10—15 pg/kg/day are required
in infants, with titration based on T4 and TSH levels, which are repeated frequently. Coexistence
of other congenital anomalies in children with CH adds to the morbidity. Approximately 70%
of babies worldwide are not born in an area with an established NBS program and hence are
not detected and treated early. Consequently, the economic burden of mental retardation due to
CH remains a significant public health challenge in countries without NBS. The health burden
owing to CH continues to be high even in countries with well-developed NBS.

Keywords: congenital hypothyroidism, newborn screening, thyroid stimulating hormone,
Down syndrome, 1Q, mutations

Introduction

Congenital hypothyroidism (CH) is one of the leading causes of preventable mental
and growth retardation, especially in underdeveloped and developing countries that
do not routinely employ newborn screening (NBS). It has been broadly classified as
primary (thyroid gland dysfunction) and secondary (pituitary gland dysfunction),
permanent and transient types, and syndromic. Whatever the etiology, CH results in
significant loss of productivity, generally considered to exceed the cost of a routine
NBS program.! Approximately 28% of children with CH have intellectual disability
(defined as 1Q <70), with mean 1Q of 85%, a leftward shift of one standard deviation.?
Routine neonatal screening in developed countries has resulted in virtual disappearance
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of intellectual disability due to CH. The mean IQ has shown
an increase by 10-20 points in patients with CH before and
after introduction of screening programs in these countries.?
Despite the documented impact of NBS programs since
1970s, lesser developed countries have failed to implement
the same because of financial constraints, logistic issues, and
poor commitment of policymakers. The incidence of CH
varies widely from 1:2,000 to 1:4,000 in different countries
and has shown a consistent increase over the past several
decades. The disease burden remains very high in countries
with huge populations and no NBS programs. Even in coun-
tries with well-developed NBS, the health burden due to CH
continues to be high.?

Epidemiology

Before the advent of NBS programs, the incidence of CH,
usually detected after appearance of clinical features, was
reported to range between 1:7,000 and 1:10,000.* With the
NBS experience, the incidence is considered as 1:3,000 to
1:4,000 live births.* The differences in incidence are gener-
ally attributed to geographical and ethnic variations, but
are more likely to be related to iodine deficiency or type of
screening method used.’> A very high incidence (1:914 to
1:1,985) has been reported from some countries with not so
well-established NBS programs.®” In the USA, the incidence
of CH has shown an increase (from approximately 1:4,100
to 1:2,350) over the past few decades.® The major reason
for the increase is considered to be the inclusion of cases
with transient hypothyroidism (TH).® A consistent increase
(1:3,616 in 2005, 1:1,369 in 2006, and 1:1,030 in 2007)
was noted in Brazil and was mainly attributed to reduction
of neonatal thyroid stimulating hormone (TSH) value limits
over time.’” A high incidence (1:1,800 live births) was also
found over a decade of usage of the NBS program in Greek
Cypriot population.’® A low incidence of 1:10,000 (after
exclusion of TH) was recorded in France after about 2 decades
of start of NBS.!! Thus, the disease burden continues to be
high worldwide.

Thyroid gland development in fetus

The thyroid gland is the first endocrine structure appearing
during development. The median thyroid anlage, which
forms the follicular cells of thyroid, appears on the floor of
pharynx on day 20-22 of development and starts migrating
caudally by day 26 to reach its definitive pretracheal position
by day 48—50 of development. The parafollicular C cells arise
from the paired lateral thyroid anlagen that develop from
the fourth pharyngeal pouch by day 26 and give rise to two

ultimobranchial bodies. Fusion of the two components occurs
by day 44, following which terminal differentiation of thyroid
follicular cells occurs. The histogenesis is complete by tenth
week of gestation.'? Expression of several genes that code for
multiple thyroid (thyroid transcription factor-1 or TTF-1, also
known as TITF1, NKX2.1, and T/EBP; TTF-2, also known as
TITF2, FKHL15, and FOXE-1; PAX-8) and pituitary (PIT1,
PROPI1, LHX3, LHX4, HESX1) transcription factors are
important for fetal gland development.'* Recent data suggest
that Tbx1-Fgf8 pathway in the pharyngeal mesoderm is a
key size regulator of mammalian thyroid gland."

Triiodothyronine (T,) and thyroxine (T,) appear by
12 weeks of gestation and TSH by 10—12 weeks. Fetal thyroid
axis does not function independently till midgestation, when
transplacental T, transfer is extremely important for fetal
brain growth. For this reason, untreated hypothyroidism in
the mother may result in poor neurodevelopmental outcome
in the infant."” Maternal T, is taken up by astrocytes and
converted by type Il monodeiodinase to T, in brain, which
is required for normal development of neocortex.'

Etiology

CH may be permanent or transient. Permanent CH may
result from primary or secondary causes. Primary causes
include defects in thyroid gland development, deficiencies
in thyroid hormone production, and defects of TSH binding
or signal transduction. Secondary or central causes include
defects of thyrotropin-releasing hormone (TRH) formation
or binding, and TSH production. Peripheral hypothyroidism
results from defects in thyroid hormone transport, metabo-
lism, or resistance to thyroid hormone action.'s CH patients
having associated defects in other organ systems are classified
as having syndromic hypothyroidism.

Data from NBS programs from developed countries
have resulted in better understanding the etiology of CH."”
An appropriate use of biochemistry, ultrasonography, and
scintigraphy, supplemented with genetic analysis wherever
available, allows an etiological diagnosis to be made in most
cases. Establishing the exact etiology of CH is important in
determining severity, clinical management, prognosis, and
genetic counseling.!” In the following sections, causes of
permanent CH are discussed.

Thyroid dysgenesis

Thyroid dysgenesis (TD) is the most common cause of
permanent CH and includes athyreosis, hypoplasia, hemi-
agenesis, and ectopic thyroid gland (ETG).'® It accounts for
approximately 85% of cases of permanent CH. Although
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most cases of TD are sporadic, higher prevalence in certain
ethnic groups like Hispanics and Caucasians, in babies with
Down syndrome, and familial occurrence in about 5% sug-
gest the possibility of a role of genetic factors.'>'8 A female
preponderance in TD has been noted in previous studies.!*?
The sex differences have been suggested to modulate thy-
roid gland development probably by involving molecular
mechanisms.?® However, recent data do not indicate sexual
dimorphism in TD.?!?> The observations that advanced
maternal age is associated with TD need to be confirmed by
further larger studies.?'*

The most common form (about two-third) of TD is ETG
worldwide and occurs due to defective migration of the
gland during development.'* However, some recent reports
indicate that the predominant form of TD is agenesis or
hypoplasia.?>* Ectopic gland may be located at sublingual,
suprahyoid, or infrahyoid region in neck, locations other than
midline of the neck, as well as aberrant locations in many
other organs in the body.

Athyreosis or aplasia refers to the complete absence
of thyroid tissue, usually indicated by absence of isotope
uptake on technetium-99m pertechnetate scintigraphy. In
some of these cases, high-resolution ultrasonography may
identify small or normal-sized thyroid in orthotopic location
indicating high TSH resistance. Combined use of thyroid
scintigraphy and ultrasonography is therefore essential in
correctly identifying true aplasia.?® Also the thyroglobulin
(TG) levels are found to be highly variable and suggest the
presence of rudimentary thyroid tissue.?’” Hypoplasia refers
to small-sized gland in normal location. This is identified by
mild-to-moderate tracer uptake on scintiscan and a thyroid
volume of less than the third percentiles of reference values
on ultrasonography. Combined scanning is mandatory to
determine hypoplasia, as several cases initially diagnosed
as athyreosis by scintigraphy may have to be reclassified as
hypoplasia.?¢ Hemiagenesis is a rare form of TD that is more
commonly reported from some countries.?>* The higher
prevalence is believed to be due to genetic factors resulting
from frequent parental consanguinity.?

Genes associated with TD include those causing syndro-
mic CH (TTF-1,TTF-2, PAX-8, G o genes) and those causing
nonsyndromic CH (TSHR gene)."

Dyshormonogenesis

Dyshormonogenesis (DH) accounts for 10%—15% of patients
with permanent CH.'® The thyroid gland is eutopic and is
often, but not always, enlarged. It is a heterogenic disorder
caused by mutations in the genes that encode enzymes,

membrane transporters, and a structural protein involved
in thyroid hormone biosynthesis.?® The sequential steps in
thyroid hormone synthesis include trapping of iodine by
sodium/iodide symporter (NIS), iodide efflux into follicular
lumen by pendrin, organification of iodine and coupling
by thyroperoxidase (TPO), hydrogen peroxide generation
by dual oxidase 2, and intrathyroidal iodine recycling by
dehalogenase.?®

Of all the biosynthetic defects, the most common is TPO
deficiency that may result in total or partial iodide organifica-
tion defect. A biallelic mutation in the 7PO gene is present
in majority of cases with permanent total iodide organifica-
tion defects, while monoallelic defects are responsible for
some cases.”>? While virtually all patients with total iodide
organification defects may have 7PO gene mutations, the
partial iodide organification defect is heterogeneous and
includes defects in the hydrogen peroxide generator that
drives TPO activity.?

Mutations in the enzyme dual oxidase 2 (DUOX2 or
THOX?2) may cause deficient hydrogen peroxide generation
and lead to total or partial organification defects.'*?*® About
28 mutations have been reported after the first description
in 2002.%83! The majority of these are nonsense, frameshift,
missense, or splice site mutations.? Recently, larger deletions
of DUOX2 locus have been reported.** The expressivity of
the DUOX2 gene defects depends on the genetic back-
ground and iodide intake, and may result in wide phenotypic
variability.?

Pendred syndrome (PDS) is characterized by a triad of
hypothyroidism, goiter, and deafness caused by a defect in
apical iodide efflux due to biallelic inactivating mutations
in the SLC2644 (PDS) gene.** About half of the patients
with SLC26A4 defects do not have thyroid abnormalities.?®
Patients with PDS are often detected to have hypothyroidism
when they present with deafness.?®

In TG deficiency, serum TG level is low and thyroid gland
is enlarged.”® About 40 inactivating mutations in the 7G gene
have been described since the first report.** Screening for 7G
gene mutations is usually undertaken after finding elevated
TSH in a neonate with enlarged thyroid gland and absent or
low serum TG level .

Iodide transport defect due to mutations in the NIS or
SLC5A45 gene is a rare cause of DH. About 13 mutations of
the SLC5A45 gene have been described since the molecular
cloning of the gene in 1996.%° Patients may be misdiag-
nosed as athyreosis if the goiter is absent or small, and TG
concentrations are not measured, as the isotope uptake on
scintigraphy is absent.?
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Defects of iodotyrosine deiodinase and TG action are
extremely rare causes of DH.!®

TSH resistance

End-organ hormone resistance is usually caused by genetic
defects of thyroid hormone receptors. Traditionally, the clini-
cal phenotypes of TSH resistance due to inactivating TSHR
mutations were thought to vary depending on the residual
mutant receptor activity.’® The two main phenotypes are
classic (compensated or uncompensated resistance) and non-
classic TSH resistance.*® Biallelic nonfunctional mutations
produce thyroid hypoplasia with overt hypothyroidism, while
hypomorphic mutations in at least one allele produce normal-
sized thyroid gland with preserved thyroid functions.*
Resistance may also occur in the absence of TSHR mutations.
Rarer forms of TSH resistance include defects in TSH signal-
ing (mutations in the o subunit of the stimulatory guanine
nucleotide binding protein, Gso. that causes pseudohypopara-
thyroidism type la) and a dominantly inherited form with a
locus on long arm of chromosome 15.163¢

Central hypothyroidism

Central CH is due to insufficient stimulation of thyroid
gland by TSH, resulting from hypothalamic and/or pituitary
dysfunction or defects in TSH production. This disorder
is uncommon and usually occurs as a part of congenital
hypopituitarism which in turn may be isolated or a compo-
nent of other genetic syndromes. Familial hypopituitarism
is caused by mutations in genes that regulate pituitary gland
development which include HESX1, LHX3, LHX4, PITI,
and PROP1, and usually results in deficiencies of other
pituitary hormones in addition to TSH deficiency. Specific
gene defects causing isolated TSH deficiency are very rare
and include mutations in the TSHP subunit gene and TRH
receptor gene. %%’

Defects of thyroid hormone transport,

metabolism, or action

The peripheral defects of thyroid hormone metabolism are
very rare causes of CH. These are associated with mutations
of the gene encoding selenocysteine insertion sequence
binding protein 2 (SBP2), the SBP2 gene."* A defect in
the iodothyronine transporter, MCTS, results in CH and
severe neurological deficits.*® The defective transporter
impairs the entry of iodothyronine into neurons resulting
in elevation of T,, low T,, and normal TSH concentrations.
First reported in boys with mental retardation, the disorder is
also called Allan-Herndon—Dudley syndrome.* Permanent
CH may also occur due to dominantly inherited mutations

in genes encoding for thyroid hormone receptor beta, which
results in resistance to thyroid hormone action.* The affected
infants usually escape detection by NBS as thyroid hormone
levels are mildly elevated without suppression of TSH.*

Transient congenital

hypothyroidism

Transient CH contributes significantly to the increasing

incidence of CH as detected by NBS in many developed

countries.®*%4! In a cohort of French children with CH, 38%

were reported to have TH.!' The following factors may

result in TH:

1. lodine deficiency: maternal iodine deficiency due to
iodine-deficient diets, common in many European and
Asian populations, puts infants, especially those born
premature, at risk of developing TH."'*> The condition
usually lasts a few weeks after birth but may be prolonged.
Some of these infants may require treatment.*

2. lodine excess: fetal or postnatal iodine excess may
result in TH, especially in preterm babies, due to their
inability to regulate the iodine uptake and reduced renal
clearance.* Todine excess may occur due to exposure to
drugs like amiodarone, radiocontrast agents, and iodine-
containing antiseptics in mother or infant.*?

3. Maternal TSHR-blocking antibodies: transfer of TSHR-
blocking antibodies from mother to infant may result
in neonatal hypothyroidism which lasts for 3—6 months
and requires treatment in most cases.*>* The scinti-
graphic findings suggest agenesis as there is no isotope
uptake due to blocking of binding and action of TSH by
antibodies.*® However, the gland is normally visualized
on ultrasonography. Persistence of antibodies in mother
is a risk for recurrence of TH in future pregnancies.*

4. Maternal ingestion of goitrogens: goitrogens are sub-
stances that interfere with the function of thyroid gland.
Various maternal goitrogens include antithyroid drugs
such as methimazole, carbimazole, and propylthiouracil,
excessive consumption of vegetables in the Brassica
genus (broccoli, brussel sprouts, cabbage, canola,
cauliflower, mustard greens, radishes, and rapeseed) and
other vegetables and fruits (spinach, cassava, peanuts,
soybeans, strawberries, sweet potatoes, peaches, pears,
and kale).'® Recent data suggest that exposure to endo-
crine disrupters during pregnancy may also affect the
fetal and neonatal thyroid function.®

5. Mutations in DUOX2 and DUOXAZ2: both monoallelic
and biallelic mutations in DUOX?2 gene which is involved
in production of hydrogen peroxide for thyroid peroxida-
tion cause transient CH."
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6. Isolated hyperthyrotropinemia: this is characterized by
an elevated TSH but normal total and free T,. In some
children, it is caused by transient immaturity of the
hypothalamic-pituitary thyroid (HPT) axis. In others,
inactivating mutations of TSHR may be associated with
transient or permanent CH.*® Follow-up of thyroid func-
tion is important as about one-third of such children can
develop subclinical hypothyroidism.

7. Maternal hyperthyroidism: this may suppress the fetal
TSH and lead to central hypothyroidism in the baby.*’
Free T, concentrations in the serum are low, and TSH
may be low or normal.

8. Prematurity and very low birth weight: these infants are at
risk of developing hypothyroidism for a variety of reasons
such as withdrawal of maternal-placental T, transfer,
HPT axis immaturity, developmental constraints on the
synthesis and peripheral metabolism of iodothyronines,
and iodine deficiency.*

9. Steroids and dopamine: use of these drugs in critically ill
neonates may cause central hypothyroidism by inhibition
of TSH release.

10. Isolated hypothyroxinemia: this is characterized by low
concentrations of free T,, but normal concentrations of
TSH, and a normal response of TSH to TRH stimulation.
The condition is common in preterm and very low birth
weight babies and may also occur secondary to nonthyroidal
illness and/or drug usage in these babies.*? Similar thyroid
dysfunction may also be found in T -binding globulin
(TBG) deficiency, undernutrition, liver dysfunction, or
recovery from sick euthyroid syndrome.

11. Liver hemangiomas: congenital liver hemangiomas produce
large amounts of type 3 iodothyronine deiodinase and result
in severe consumptive hypothyroidism.* Serum T, levels
are low due to its conversion to inactive reverse T, (1T,)
by deiodinases. Large amounts of T, are usually required,
particularly during the proliferative phase of hemangioma
during infancy. Some authors believe that a combination of
liothyronine and T, may work better as the exogenous T, is
also converted to inactive rT,.*’ Resolution of hypothyroid-
ism occurs with treatment or spontaneous involution of
hemangioma but may recur with regrowth.*®

Hypothyroidism with eutopic
thyroid gland

Changes in screening strategies for CH in recent years
have led to an increased detection of mild forms of CH
associated with eutopic thyroid gland.!' A normal thyroid
gland is found in approximately 20% of the cases detected
on neonatal screening. On reevaluation, an almost equal

proportion of patients may show TH, permanent CH, or
persistent hyperthyrotropinemia.'*®* Many of these cases
may have iodine organification defects, DUOX2 muta-
tions, or TSH resistance.* In the latter situation, there may
be hypoplasia of thyroid gland. Other causes are iodine
deficiency or overload and transplacentally transmitted
antithyroid drugs or TSHR antibodies. To establish transient
or permanent CH, a reevaluation is mandatory at about
3 years of age or earlier in those requiring lower T, doses
(<3.25 pg/kg). 303!

Sick euthyroid syndrome in

critically ill neonates

Neonates with severe illness may show low T, or T, and
elevated rT, with normal TSH levels. Commonly known
as “sick euthyroid syndrome”, it may be physiological or
adaptive response to decrease the metabolic rate to divert
energy expenditure to respond to acute illness.>? It may be
pathological as low T, levels are due to inappropriately low
TSH and TRH secretion.” The role of T, replacement in
such neonates is uncertain. Only when TSH elevation is more
than 15-20 mU/L or TSH remains high for a month or longer,
is treatment needed, while other cases may only need serial
determinations of free T, and TSH.*

Special issues regarding

preterm neonates

Thyroid dysfunction is common in premature neonates. It is
due to immature HPT axis, postnatal depletion of T, reserves,
increased incidence of severe systemic illnesses, and exposure
to drugs such as dopamine, steroids, topical iodine, commonly
used in neonatal intensive care units (ICUs).> The HPT axis
maturation continues through 35-40 weeks gestation.'? The
evolution of hypothyroid state in preterm babies remains dif-
ficult to predict. Approximately half of these babies may have
TH, while the rest may either have permanent CH or persistent
hyperthyrotropinemia.” Delayed TSH elevation in most pre-
term babies by early screening based on TSH-first approach
often makes detection difficult. Additionally, premature babies
» T, and normal TSH
concentrations mimicking the hormone profile of sick euthy-

tend to have elevated rT,, low normal T

roid syndrome.> For these reasons, a periodic reevaluation of
thyroid functions should be done to avoid overtreatment.

Hypothyroidism in neonates

with Down syndrome

Thyroid dysfunction is a well-known feature of Down syn-
drome, and its frequency increases with age.>* Majority of
the patients have subclinical hypothyroidism.> The etiology
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of CH in Down syndrome is still under debate. Absence of
goiter indicates that DH is unlikely. Approximately one-third
of the patients show mild abnormalities on scintigraphy.”
A high prevalence of thyroid hypoplasia was found in a recent
study, but these findings need to be confirmed on larger patient
populations.®® There is an underemphasis on diagnosis of
hypothyroidism in children with Down syndrome in national
programs. The decision to start treatment is often difficult as
thyroid dysfunction is usually mild, and there are no clear
recommendations for T, supplementation.* In countries with
well-established screening programs, treatment is usually begun
in the neonatal period.*” In other countries, delayed initiation of
treatment is common due to absence of standardized national
screening protocols and delayed diagnosis.>® Recent data sug-
gest that early T, supplementation improves psychomotor and
physical development in these children.*®%

Modes of inheritance in congenital
hypothyroidism

Familial occurrence has been noted in TD and DH. However,
mutations are detected in only about 2% of cases of TD, but
in majority of patients with DH.'*?® The modes of inheritance
are largely unknown. Recent studies suggest autosomal
recessive inheritance and familial dominant occurrence of
TD.%! An increased frequency of minor abnormalities of
the thyroid development has been described in first-degree
relatives of patients with TD.'®¢2 Although the available data
are scarce, it has become apparent that TD, at least in a subset
of patients (<5%), is caused by molecular genetic defects,

which in principle are inheritable.®

In majority of patients,
however, a non-Mendelian genetic defect or somatic muta-
tions have to be considered as possible mechanisms. The
mode of inheritance of DH is considered autosomal recessive
in most cases.”® A high recurrence risk of CH is also seen
in babies born to mothers with high levels of thyrotropin

receptor blocking antibody (TRB-ADb).'¢

Clinical features

The clinical features of CH are often subtle, and many new-
born infants remain undiagnosed during the critical treatment-
sensitive newborn period. The evolution of symptoms may
also be very slow. Hence, early detection is only possible
through NBS. Few of the common symptoms in infants are
postmaturity, birth weight exceeding 90%, prolonged jaun-
dice, feeding difficulties, abnormal cry, constipation, and leth-
argy. Examination may show macroglossia, cold or mottled
skin, hypothermia, edema, wide fontanel, open sutures, flat
nasal bridge, protuberant abdomen, umbilical hernia, delayed
reflexes, and hypotonia. Presence of goiter indicates DH.

During childhood, patients may have short stature,
decreased intelligence, gross/fine motor incoordination,
speech disorders, attention deficit, and sensory neural
deafness.® Patients with long-standing untreated CH may
present with proximal muscle weakness associated with
calf hypertrophy, also known as Kocher—Debre—Semelaigne
syndrome.® Although delayed puberty is more common in
CH, pseudoprecocious pubertal development, also called Van
Wyk—Grumbach syndrome, may occur similar to children with
untreated autoimmune thyroiditis.>¢ Other unusual features
include prepubertal gynecomastia®” and menorrhagia.®

Associated congenital anomalies

The prevalence of congenital malformations is increased
in children with CH in comparison with the normal child
population.® The prevalence is usually less than 20% of
children with CH.®”° An unusually high prevalence of
59% was noted in a study from India.”" The extrathyroidal
anomalies are more commonly seen in patients with TD
than in other forms of CH. Majority of the malformations
are cardiac, but malformations of genitourinary, gastrointes-
tinal, skeletal, renal, and urogenital systems have also been
described.® "' Developmental dysplasia of hip, spina bifida
occulta, spiky hair, cleft palate, and multiple malformations
are also reported.® ! The most common cardiac anomaly is
atrial septal defect as opposed to ventricular septal defect in
the general population.®7! A close relationship of developing
thyroid with developing heart has been proposed as the pos-
sible explanation for associated cardiac defects. Mutations in
transcription factors and genes (NKX.2 and HEX) involved in
the development of both cardiovascular system and thyroid
may be responsible in some cases.”>"

Mutations of several genes that cause CH may also
result in distinct clinical phenotypes. The presence of inner
ear malformations is essential for diagnosis of PDS due to
PDS gene mutations.” However, some patients may not have
inner ear malformations, and mutations in the PDS gene.”
This condition has been termed “pseudo-Pendred syndrome”
and is considered to be of autoimmune origin. Additional
mutational analysis for 7PO gene has been suggested in these
patients.”>’® Bamforth—Lazarus syndrome, characterized by
TD, choanal atresia, cleft palate, and spiky hair, is caused by
mutation of the gene for TTF-2, which is expressed in the
tongue, epiglottis, and palate in addition to thyroid gland.”
Mutations in NKX 2.1 cause CH along with respiratory
distress and neurologic problems such as benign hereditary
chorea and ataxia.” Another syndrome that features CH with
sensorineural hearing loss and multiple other anomalies is
known as Johanson—Blizzard syndrome.”
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Diagnosis and other evaluation

The diagnosis of CH is made after detection by NBS in most
of the developed countries.* These regions include Japan,
Australia, USA, Canada, Mexico, Western Europe, New
Zealand, and Israel. Many countries in Eastern Europe, Asia,
and Africa are in the process of developing NBS programs.
Without neonatal screening, the diagnosis is usually delayed
and made only after development of clinical features of CH.
A complete diagnostic evaluation includes detection of CH
by NBS, followed by confirmation by repeat thyroid function
testing, and use of available modalities to determine the exact
underlying etiology.

Newborn screening results: { Initial T,
and T TSH or initial TSHT

Neonatal screening and confirmatory
tests

Blood from a heel prick (or cord) collected on special filter
paper cards usually between 2 and 5 days of age is sent for
either initial TSH or initial T, test, with a follow-up TSH test
according to the local NBS program.*® With either approach,
a diagnosis is made in most infants with primary CH. Some
NBS programs measure both T, and TSH so as to not miss any
cases with central CH, mild hypothyroidism, and those with
delayed TSH rise. Many programs employ age-related cutoffs
forT, and TSH and follow an algorithm as suggested in Figure
1.' Each program must develop its own T, and TSH cutoff for

Clinically suspected

hypothyroidism

Measure serum TSH and free T, (or T,

and T, resin uptake)

TSH T (>9 mUIL)
Free T, | (<0.6 ng/dL)

Free T, (<0.6 ng/dL)

Confirms diagnosis of

primary CH

Undertake other diagnostic
studies to determine
etiology (optional):

e Radionuclide uptake
and scan
Ultrasonography
Serum thyroglobulin
Maternal antithyroid
antibodies

Urinary iodine

Figure | Diagnostic algorithm for congenital hypothyroidism.

TSH ! (<9 mU

Diagnosis likely secondary
(central) CH

TSH T (>9 mU/L) but free T,

) or normal normal (>0.6 ng/dL)

Consider transient or mild
permanent CH, delayed HPT
axis maturation, thyroid
hormone resistance etc

Evaluate for

Karyotype for

other pituitary

Down syndrome

hormone

if phenotype

deficiencies

suggestive

If isolated: TSHp

Reassess at 3 yr

gene analysis

of age or earlier

MRI of brain

if T, requirement

Eye exam-check

is low

for optic nerve

hypoplasia

Note: Abnormal newborn screening test results or a clinical suspicion of hypothyroidism leads to serum thyroid function tests (typically TSH and free T,) to confirm the
diagnosis after which other diagnostic studies can be undertaken to determine the exact underlying etiology.

Adapted from Rastogi MV, LaFranchi SH. Congenital hypothyroidism. Orphanet | Rare Dis. 2010;5:17.'

Abbreviations: T,, thyroxine; TSH, thyroid stimulating hormone; T,, triiodothyronine; CH, congenital hypothyroidism; HPT, hypothalamic-pituitary thyroid; TSHp,

TSH f3 subunit; MRI, magnetic resonance imaging; yr, years.
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recall of infants with abnormal test results. Recent guidelines
suggest immediate institution of therapy if venous TSH level is
more than 20 mU/L or if venous free T, levels are below norms
for age.®" If free T, levels are normal and TSH values range
from 6 mU/L to 20 mU/L, a repeat evaluation is mandated after
3 weeks of age to reestablish abnormal T, and TSH levels and
to obtain a definitive diagnosis and decide about initiation of
therapy.®! Most confirmatory serum tests are done after 2 weeks
of life, when the upper TSH range falls to approximately 10
mUY/L. The approximate normal reference ranges at 2—4 weeks
of life are as follows: serum free T, =10-26 pmol/L, total T,
=90-206 nmol/L, and TSH <10 mU/L.!® The diagnosis of
primary CH is confirmed by the finding of an elevated serum
TSH level and a low free T, or total T,. Subclinical primary
hypothyroidism is diagnosed if free T, or total T, concentra-
tions are normal, but TSH is elevated.® A low T,, with either a
low or an “inappropriately normal” TSH level confirms central
or secondary CH. Infants diagnosed to have central CH must
undergo evaluation for other pituitary hormone deficiencies.
Infants showing a low serum total T,, but a normal free T,
and normal TSH level may have TBG deficiency which can
be confirmed by a low serum TBG level.¥%!

Evaluation for the underlying etiology
Several diagnostic studies may be undertaken to determine
the precise etiology of CH, including thyroid ultrasonography,
thyroid radionuclide uptake and scan, serum TG measure-
ment, antithyroid antibody determinations, and measurement
of urinary iodine.

All these studies are optional because their results do
not influence treatment decisions, which are based on serum
thyroid function tests. These studies help in differentiating
transient from permanent CH, lead to performing specific
genetic tests, especially in patients with DH, and guide
genetic counseling in familial forms.

Thyroid ultrasonography

Due to its easy availability at most centers, ultrasound is usu-
ally the first imaging modality in infants with CH. It is rapid,
noninvasive, cheap, and requires no special preparation. The
disadvantages are operator dependency, lesser sensitivity for
the most common variant, ie, TD, and inability to provide
information on thyroid function.® Introduction of high-
resolution and color Doppler ultrasonography has signifi-
cantly increased the ability to pick ETG.* However, color
Doppler ultrasonography is based on increased vascularity
and may falsely identify vascular structures like thymus and
lymph nodes as thyroid gland.*

Thyroid scintigraphy
Thyroid radionuclide uptake and scan performed with either
iodine-123 (I-123) or sodium pertechnetate 99m (Tc-99m)
accurately defines all variants of TD.® If the scan shows
no radionuclide uptake, it needs to be confirmed with
ultrasonogarphy. Combined scanning using high-resolution
ultrasonography and scintigraphy is considered more infor-
mative compared to single scanning in the diagnosis of CH.?
In addition to thyroid aplasia, absent uptake is seen with
TSH suppression from levothyroxine administration, cystic
degeneration of thyroid gland, TSHf3 gene mutations, TSHR
mutations, iodide trapping defects, and with maternal TSHR-
blocking antibodies. Ultrasonography and other additional
studies such as estimation of serum TG or TSHR antibodies
are carried out to differentiate these etiologies from aplasia.'¢
Increased radionuclide uptake in an eutopic large gland is
seen in biosynthetic defects beyond trapping. In these cases,
arapid discharge of iodide from the gland after high dose of
perchlorate (perchlorate discharge test) suggests defective
oxidation and organification of iodide. Subsequent genetic
analysis may identify 7PO gene mutations in these cases.
Thyroid scintigraphy is performed before initiation of
levothyroxine during infancy, if this is readily available.
Delaying initiation of therapy for carrying out scintigraphy
is unjustified during infancy. In such cases, scan is performed
after interruption of therapy after 3 years of age when brain
growth has almost completed. Postponement of scintigraphy
can be avoided with use of recombinant TSH which allows the
scan to be performed without interruption of treatment.®

Serum thyroglobulin determination

Serum TG concentration is an indirect marker of thyroid
gland volume. The levels are lowest in thyroid aplasia,
intermediate in ectopia, and high in large glands. Serum TG
is absent in true aplasia if measured within few weeks after
birth. However, some patients identified as having aplasia on
scintigraphy may show detectable TG levels indicating the
presence of functional thyroid tissue.?” Also, patients with
absent uptake on scintiscan and increased TG concentrations
may have a trapping defect, maternal TSHR antibodies, or
TSH receptor inactivating mutation.®

Antithyroid antibodies

Determination of TSHR-blocking antibodies is recom-
mended only if a mother with known autoimmune thyroid
disease and with a previous child diagnosed with transient
CH is pregnant again.!® Transient CH caused by maternal
transfer of TSHR-blocking antibodies is rare (approximately
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1:100,000 newborns), despite common occurrence (about
5%) of maternal autoimmune thyroid disease.'®

24-hour urinary iodine

This determination is undertaken if iodine excess
or deficiency is suspected to be the cause of CH, which is
transient in almost all cases. The normal level in neonates
is 50-100 ug.

Genetic tests

Genetic analysis is only undertaken if the other diag-
nostic studies indicate a specific defect. These are more
useful in cases of DH because most of the biosynthetic
defects are well characterized and associated with known
gene mutations. In cases of TD, mutations are identified in
only about 2%—5% of cases.'>*

Treatment

Timely initiation of T, replacement in children with CH is
crucial for neurological outcome. The goal of therapy is
to achieve a growth and mental development close to the
genetic potential of patients. A rapid normalization and
maintenance of normal thyroid functions is important to
achieve these goals.

Levothyroxine is the treatment of choice. Replacement
with T, is not needed as most of the T, in brain is formed by
local deiodination of T,. Treatment with only levothyroxine
has been shown to normalize serum T, and is considered
sufficient. Combination of T, and T, does not provide any
additional benefits. In all countries except Europe, only
levothyroxine tablets are approved for use, as suspensions
may result in unreliable dosing.'® The efficacy of liquid and
tablet forms was, however, found to be similar in one study.
The absorption of medication is best on empty stomach and
may be impaired by gastrointestinal disorders like celiac
disease, inflammatory bowel disease, lactose intolerance,
Helicobacter pylori infection, and atrophic gastritis as well as
drugs such as proton pump inhibitors, aluminum-containing
antacids, sucralfate, cholestyramine and other resins, ferrous
sulfate, calcium, phosphate binders, fiber supplements, and
soy protein formulas.®’

The dose and timing of levothyroxine therapy are crucial
to the neurologic outcome in CH. Behavioral and cognitive
testing scores are significantly lower when normalization
of T, takes more than 2 weeks.** A high starting dose
of 10-15 pg/kg/day is recommended by the American
Academy of Pediatrics and the European Society for Pae-
diatric Endocrinology (ESPE).®! Additionally, the delay in

TSH normalization is also related to neurodevelopmental
outcome.'® The T, levels normalize in first 3 days of initia-
tion of treatment, while TSH levels take up to 1 month for
normalization even though a 50% decrease occurs in first
3—4 days.” The desired target levels for serum total T, free T,
and TSH are 10-16 ng/dL (130-206 nmol/L), 1.4-2.3 ng/dL
(18-30 pmol/L), and <5 mU/L, respectively.®!85 Care should
be taken to avoid under- as well as overtreatment. Children
having T, levels <10 pg/dL and TSH >15 mU/L during the
first year of life have been shown to have lower 1Qs than
those with T, levels >10 pg/dL.°" Variations in TSH are
also related to verbal 1Qs and other developmental indices.”!
Overtreatment may result in hyperactivity, delinquency, and
aggression.”

Traditionally, T, administration is done as a once-daily
dose.'*888 The efficacy of this daily-dose regimen is proven.
However, an alternate day dosing schedule which offers
flexibility and choice of administration to caregivers has
been used effectively to maintain euthyroidism in children
with CH.”

The ESPE guidelines, endorsed by many other endocrine
societies of Asia-Pacific region, recommend first follow-up
examination 1-2 weeks after start of treatment, every 2
weeks until complete normalization of TSH concentration,
every 1-3 months till 12 months of age, every 2—4 months
from 1 to 3 years of age, and every 3—12 months thereafter.”!
All children confirmed to have permanent CH need lifelong
treatment. Serial TSH values and need for increasing levothy-
roxine dose with age are indicators of permanence of CH. In
children suspected to have transient CH, a trial of discontinu-
ation of therapy should be given at about 3 years of age or
earlier to decide about further continuation of therapy.>**-!

Outcome

Factors known to influence the neurodevelopmental
outcome in children with CH are the age at initiation of
treatment, starting dose of levothyroxine, severity of hypo-
thyroidism, serum T, concentrations in the first 2 years
of life, and compliance to therapy.'® Early diagnosis and
treatment of CH have significant impact on the long-term
neurodevelopmental outcome of the affected children.
Majority of the studies on outcome conducted during the
pre-NBS era suggested an inverse relationship between the
age at diagnosis and IQ outcome.'® A study from Auckland
on children detected through NBS reported normal intel-
lectual and motor development after prompt normalization
of thyroid function using initial high-dose T, and frequent
monitoring and dose alterations in first 2 years of life.”*
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However, recent data from Netherlands found no correla-
tions between starting day of treatment and developmental
outcome in a cohort of toddlers who were started on T,
on day 9 of life.” As a group, the initial T, concentration
and initial T, dose were found to be weak predictors for
developmental outcome. However, the subgroup of children
with severe CH was documented to be at risk for motor and
cognitive problems, probably due to the consequence of
prenatal hypothyroid state or thyroid hormone deficiency
in early neonatal life.” After early initiation of therapy
in neonatal life, careful monitoring of thyroid functions
throughout childhood and adulthood has been suggested to
avoid numerous problems related to sensorimotor, cognitive,
behavior, socioeducational, growth, puberty, fertility, body
composition, bone health, metabolic, and cardiovascular
health in these patients.?®?’

Conclusion

In children, CH is the most common congenital endocrine
disorder and preventable cause of mental retardation. The
incidence of CH has shown an increase over the past few
decades. The etiology of TD, which is the most common
cause of CH, is largely unknown. The optimum long-term
outcome depends on an early detection through NBS, rapid
normalization, and careful monitoring of thyroid functions
throughout childhood and adulthood. There is an urgent
need to implement NBS programs in all countries to prevent
significant health burden due to CH.
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