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Abstract

BACKGROUND/AIMS: Ectopic thyroid gland is the most common cause of permanent congenital hypothyroidism. Thus, this study aimed to
examine the clinical and laboratory findings of patients with ectopic thyroid glands.

MATERIALS and METHODS: Age of diagnosis, gender, presenting symptoms, anthropometric measurements, capillary thyroid-stimulating
hormone (TSH) in neonatal screening, venous TSH and free thyroxine (FT4), thyroglobulin, 1Q score, thyroid gland imaging results, and treatment
doses were extracted from the patients” hospital files.

RESULTS: Thus study included 26 patients (Female: 20) with the diagnosis of ectopic thyroid. The mean age of the diagnosis in patients born
before the neonatal screening program (68.22 + 59.02 months) was higher than those born after neonatal screening (1.32 + 1.41) (p < 0.001).
All patients had overt or subclinical hypothyroidism. The most common localization was the sublingual thyroid gland, which was detected in 23
patients (88.4%). The molecular genetic analysis of 16 patients with persistently elevated TSH and FT4 did not detect thyroid hormone receptor
beta (TRB) gene mutation. The Cattel intelligence test scores were within normal ranges, except for one case that had been diagnosed at the age
of 4 years. Patients who had been diagnosed at the neonatal screening program had a better final height standard deviation score (p = 0.018)
but without differences in the Cattel intelligence test scores (p = 0.373). TSH was normal in the sample of neonatal screening in one patient
(TSH = 1.2 ulu/mL).

CONCLUSION: The majority of our patients with ectopic thyroid gland was female and had sublingual thyroid gland. Delayed diagnosis of overt
and subclinical hypothyroidism due to neonatal screening unavailability, did not affect the psychomotor development but caused poor growth
outcome. Neonatal screening cannot always detect the ectopic thyroid gland.
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INTRODUCTION

Dysgenetic thyroid gland accounts for 80%—85% of patients
with permanent congenital hypothyroidism (CH). The ectopic
thyroid gland constitutes 60% of dysgenesis” and can be
detected at any age, with an average age of 40.5 years for all
age groups?. Age upon diagnosis in childhood peaks in two
periods: 1-2 years and 4-5 years®. Children with a missing
diagnosis at the neonatal period are presented later in life with
the symptoms of hypothyroidism or compression depending on
the thyroid gland localization. Growth retardation is the most
common presenting feature in childhood. Additionally, lingual,
sublingual, and laryngeal ectopic thyroid can cause bleeding,
difficult intubation, and perioperative bleeding due to foreign
body and upper airway obstruction, dyspnea, dysphagia, and
superficial vein ulceration in the ectopic thyroid tissue®*”. The
therapy of choice is L-Thyroxin, which is essential not only for
hypothyroidism treatment but also for compressive symptom
prevention by reducing gland size. Surgical treatment or I-131
ablation are recommended in patients with ectopic thyroid in
severe compression/obstruction or bleeding despite appropriate
L-Thyroxin therapy®.

During the organogenesis, disorders that result in a defective
migration of the thyroid gland to its normal anatomical position
account for the etiology of the ectopic thyroid gland. However,
the etiopathogenesis has not been fully elucidated. Maternal
anti-thyroid antibodies are suggested to cause a migration
defect by agonistic effects on thyroid antigens. Additionally,
some involved gene mutations (Nkx 21, Nkx 25, PAX8, FOXET,
and HHEX) in thyroid development and differentiation have
been reported to cause an ectopic thyroid gland?. Furthermore,
thyroid dysgenesis is suggested as a polygenic disease, which can
be affected by various epigenetic factors®'".

The most common locations of the ectopic thyroid gland include
thelingual,sublingual, thyroglossal, pretracheal, laryngotracheal,
laterocervical, submandibular, and retroperitoneal region, and
rarely in esophagus, mediastinum, heart, aorta, adrenal glands,
pancreas, gall bladder, and skin. Dual ectopia is extremely rare.
Often one of the tissues is located in the lingual or sublingual
region and the other in the subhyoid (usually) or suprahyoid
region®'?. Persistent hyperthyrotropinemia (PH) in treated
thyroid dysgenesis children is a well-known situation™. It has
been attributed to suboptimal therapy or abnormal setting of
the thyroid hormones’ negative feedback control of pituitary
thyroid-stimulating hormone (TSH) secretion. Therefore, some
case reports in the literature with PH were attributed to thyroid
hormone receptor beta (TRf3) gene mutation in the ectopic thyroid
gland™. Thyroid hormone resistance (THR) is characterized by
the unresponsiveness of the target organ to thyroid hormone.
Loss of function mutations in the TR gene accounts for the
underlying genetic etiology. Markedly elevated free thyroid
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hormone level and normal or slightly elevated TSH are the main
hormonal features of THR. THR can rarely accompany to ectopic
thyroid gland with an estimated frequency of 1: 140,000,000 .
This study aimed to evaluate the clinical and laboratory findings
of 26 patients who were diagnosed before and after neonatal
screening program with the ectopic thyroid gland and investigate
the presence of THR in patients with persistently elevated TSH
and free thyroxine (FT4) under L-Thyroxin treatment.

MATERIALS and METHODS

Data of 26 patients with ectopic thyroid gland diagnosis between
2009 and 2019 in the Pediatric Endocrinology Department of
a tertiary center hospital were retrospectively analyzed. The
ethical approval was obtained from the local ethics committee
(document no: 19.12.2019/398). An informed consent form
was obtained from the parents of all children following the
Declaration of Helsinki. Age upon diagnosis, gender, presenting
symptoms, anthropometric measurements, capillary TSH value
in neonatal screening, venous TSH and FT4, thyroglobulin value,
thyroid gland imaging (ultrasound (USG)/scintigraphy) results,
and treatment doses were extracted from the patients’ hospital
files. TR gene mutation analysis was performed in patients with
persistently elevated TSH and FT4 despite appropriately adjusted
L-Thyroxin dose. The Cattel intelligence test was performed in
patients older than 6 years to evaluate the |1Q score. TSH and FT4
levels were analyzed on the Abbott Architect 18000 device using
the Electrochemiluminescence Immunoassay method. Normal
ranges were 0.35-4.94 ulU/mL for TSH and 0.70-1.48 ng/dL
for FT4. Thyroid scintigraphy was performed using 2—4 mCi Tc*
pertechnetate. Ectopic thyroid gland was defined as abnormal
thyroid localization in scintigraphy, which was confirmed using
a correlative USG once applicable.

Statistical Analysis

Statistical analyses were performed using International Business
Machines Statistical Package for the Social Sciences Statistics for
Windows, version 21 (IBM Corp., Armonk, N.Y., USA). Continuous
variables were presented as mean =+ standard deviation (SD),
whereas categorical variables were presented as number and
percentage (%). The Shapiro-Wilk test was used for the normality
data distribution. The comparison of patients who were born
before and after the neonatal screening program was made
using the Student’s t-test for normally distributed values and
the Mann—Whitney U test for non-normally distributed data. A
p-value of <0.05 was considered statistically significant.

Molecular Genetic Analysis

Genomic DNA of patients was extracted from the peripheral
blood using a MagPurix Blood DNA Extraction Kit by MagPurix 12
(Zinexts Life Science Corp., Taiwan) following the manufacturer
protocol. All coding exons of the TRB gene and their flanking
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splice site junctions were amplified by polymerase chain
reaction using custom-designed primers. The libraries were
prepared with the Nextera V2 kits (lllumina Inc.) following the
manufacturer’s instructions. Next-gene sequencing was carried
on the MiSeq platform (lllumina, San Diego, CA, USA). Results
were analyzed according to alignments of TRS gene transcript
(NM_000461.4) via Geneticist Assistant software.

RESULTS

A total of 26 patients with ectopic thyroid gland (20 females)
diagnoses were recruited. The mean age of patients was 39.32
+ 55.5 months (0.1-192). The clinical and laboratory features
of patients are shown in the table. Since 2006, our country has
had a national neonatal screening program based on capillary
TSH measurement in blood spots. Eleven patients were admitted
due to elevated TSH levels in neonatal screening. Of 12 patients
who were born after the screening program had launched, 11
have high TSH in blood spots obtained for neonatal screening.
The average capillary TSH was 82.23 + 33.24 ulU/mL (1.2-105).
TSH was normal in the sample of neonatal screening in one
patient (TSH = 1.2 ulU/mL). Of whom, the diagnosis of CH and
sublingual thyroid gland was considered during an outpatient
clinical visit at the age of 2 months, where an elevated TSH was
detected in venous TSH measurement.

Of 26 patients, 23 have first venous TSH above the upper
detectable limit of 100 ulU/mL, whereas <30 ulU/mL in the
remaining three patients. Patients who were born before the
neonatal screening program had lower venous TSH values
compared to those diagnosed during neonatal screening (p =
0.03). Mean FT4 was 0.47 £ 0.23 ng/dL (ranges 0.1-0.9) and
the mean thyroglobulin level was 117.62 = 147.63 ng/mL
(ranges 5.1-482). Scintigraphy detected the sublingual thyroid
gland in 23 out of 26 (88.4%) patients, lingual in 1 (3.8%), and
submental thyroid in 1 (3.8%), whereas thyroid scintigraphy
could not be performed in 1 patient who was on L-Thyroxin
therapy at admission. Thyroid USG did not observe the thyroid
gland in normal localization but the upper line of the trachea.
Psychomotor development was normal in all patients, except for
one patient who was diagnosed at 4 years old. This patient had
a mild learning disability and 1Q score at the lower normal limit
in the Cattel intelligence test.In 16 patients with a persistently
elevated TSH and FT4 during follow-up, mutation analysis for the
TR gene was performed, and no mutation was detected. TSH
and FT4 levels of 16 children were shown in Figure 1.

The mean age upon diagnosis for patients born before the
neonatal screening program was 68.22 * 59.02 months. Of
whom, 10 patients were admitted to the clinic due to growth
retardation, 1 with prolonged jaundice, 1 with speech delay, and
2 with elevated TSH level in a routine laboratory examination
(Figure 2). Patients who were born before the neonatal screening
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program, thereby with diagnosis delay, had lower final height
and weight SD scores compared to those diagnosed during
neonatal screening (p = 0.018, p = 0.016, respectively). However,
no statistically significant difference was found in the Cattel
intelligence test scores, FT4 and thyroglobulin levels at the
diagnosis, and final L-Thyroxin doses (p = 0.373) (Table 1).

DISCUSSION

This study evaluated the clinical characteristics, diagnostic
methods, neurodevelopmental outcome, and molecular
genetics analysis of 26 patients (age range: 3 days—16 years
old) with ectopic thyroid gland diagnosis and revealed a female
predominance, with the majority of patients having sublingual
thyroid gland. One of the 12 (8.3%) patients who underwent
neonatal screening had missing diagnoses. Our study, to the best
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Figure 1. TSH and FT4 levels of 16 children with persistently
elevated TSH and FT4.TSH, Thyroid-stimulating hormone;
FT4, Free T4.
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Figure 2. Manifestations of children with the ectopic
thyroid gland.
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Table 1. Comparison of patients with and without neonatal screening

Neonatal screeningavailable = Neonatal screening not available value Total

(mean x SD) (mean * SD) P (mean % SD)
gty USH 82.18+33.25 : 82.18433.25
(uIU/mL)
Age of diagnosis (month) 1.3241.41 68.22459.02 <0.001** 39.924+55.56
VEImes F 0.44+0.21 0.45+0.23 0.36* 0.44+0.22
(ng/dL)
Venous TSH 108.33+20.41 88+28.02 0.03* 95.17+29.25
(ulu/mL)
Thyroglobulin (ng/mL) 181.83+187.56 57.18+62.39 0.135* 110.60£142.15
Current age(year) 6.121£3.48 12.3£3.91 <0.001%* 9.6914.81
Current height SD —0.45+1.14 -1.99+1.84 0.018%* —1.34+1.74
Current weight SD ~0.2+1.16 ~1.1842.2 0.016%* —0.76+1.87
Gt LyFdnedose | g gen 3.48+1.61 0.571%* 3314143
(ug/kg/day)
1Q score 101.28+18.77 98.93+14.88 0.373%* 99.68+15.8

*: Independent sample t-test, **: Mann-Whitney U test, TSH, Thyroid-stimulating hormone; FT4, Free T4; SD, Standard deviation.

of our knowledge, is the first study that evaluated the clinical
features and long-term outcome of patients with the ectopic
thyroid gland and compared patients born before and after the
neonatal screening program.

All large series that evaluated patients with ectopic thyroid
reported a female predominance with ratios ranging between
61% and 88%“7). Our series revealed a similar rate of female
predominance (76%). The exact mechanism for female
predominance in patients with ectopic thyroid glands has not
been fully elucidated.

Lingual thyroid is the most common form among ectopic
thyroids®. The frequency of the sublingual thyroid gland has
been reported as 47% ), 34.6% %, 17%°, and 53%". Our patient
group, unlike other studies, reported 88.3% sublingually and
3.8% lingually located ectopic thyroids. The discrepancy between
the lingual and sublingual thyroid ratios could be related to
the underlying genetic and epigenetic etiologies that cause
migration abnormalities during organogenesis.

The mean age upon diagnosis of patients born before the neonatal
screening program (68.22 + 59.02 months) was higher than
those born after the program. No difference was found in Cattel
intelligence test scores, FT4, thyroglobulin, and final L-Thyroxin
dose among those who are born before and after the screening
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program (Table 1). Growth retardation was more prominent in
patients who were born before the screening program. Despite
achieving euthyroidism, after an average of 7-year follow-up,
patients who were diagnosed earlier in neonatal screening had
a better growth outcome compared to those without neonatal
screening. However, no difference was found in psychomotor
development, which suggested that a small thyroid gland might
produce well-enough thyroid hormone and achieve a thyroid
hormone value that can prevent neurodevelopmental delay but
does not appear to achieve appropriate growth.

Compression symptoms in the lingual thyroid are more common
than sublingual thyroid®. None of our patients had any signs of
compression due to ectopic thyroid, which was attributed to the
higher frequency of sublingual thyroid and the lower mean age
upon diagnosis compared to the cases reported in the literature.

Patients with ectopic thyroid gland usually have an elevated
TSH upon diagnosis in the neonatal period. Neonatal screening
programs reported a broad range from 15 to 144 mlU/L of
average TSH of patients with the ectopic thyroid gland®9,
Therefore, in TSH-based neonatal screening programs, there
is a risk of missing the diagnosis of the ectopic thyroid gland,
which has been reported as 1.6% in lingual thyroid®. A study
that evaluated the French neonatal screening program results in
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9 years revealed that 50 patients missed the diagnosis. Of those
patients, 23 (4 with agenesis and 11 with ectopic thyroid) have
TSH below the cut-off value assigned in the screening program”.
Capillary TSH, which was examined twice in our patients in the
national neonatal screening program, was normal in 1 (8.3%)
of 12 patients (first sample TSH of 1.2, second sample TSH of
0.01). This patient was diagnosed with sublingual thyroid at
the age of 2 months after the measurement of high TSH in an
outpatient clinical visit. The mean TSH level was 82.23 + 33.24
mlU/L in the remaining 11 patients. Similar to the literature, our
patients have a high mean capillary TSH level, except for the case
with a missing diagnosis. However, despite the low cut-off TSH
value assigned in our neonatal screening program (4.5 miU/L)
compared to many screening programs, the rate of missed
diagnosis of ectopic thyroid in the screening program was 8.3%
(1/12) that was higher than those reported in the literature.
Furthermore, an autopsy study involving 200 cases reported
a 10% frequency of ectopic thyroid®. This high rate of ectopic
thyroid gland suggests much more cases with missing diagnosis
and a higher exact frequency of ectopic thyroid gland than those
reported in the literature.

Scintigraphy, which requires high TSH levels during scanning,
is the gold standard in ectopic thyroid diagnosis. Many centers
performed scintigraphy at a later age when treatment is ceased.
Those centers claim that ectopic thyroid diagnosis or agenesis
does not change the treatment approach. Contrarily, USG is
suggested as a non-invasive method, which is easily accessible,
distinguishes between structural anomaly and normal gland, and
gives information about thyroid size. Additionally, detection of
vascularization in ectopic thyroid tissue in cervical USG increases
the diagnostic sensitivity®?. However, we do not entirely agree
with this approach. Elevated TSH does not affect individuals
with thyroid agenesis but stimulates the thyroid gland, which
causes enlargement, thereby increasing the risk of compression.
Therefore, scintigraphy and correlative ultrasound or vice versa
are recommended as an adjunctive tool in case the first test does
not provide adequate information about the localization as well
as the size of the thyroid gland.

Hypothyroidism is detected in 33%-62% of patients with ectopic
thyroid®. Hyperthyroidism and thyrotoxicosis have also been
reported very rarely®. All our patients had overt or subclinical
hypothyroidism at diagnosis. The rate of hypothyroidism was
higherthanthatreported in the literature. Patients with euthyroid
at birth may progress to overt or subclinical hypothyroidism in
case of increased thyroid hormone requirement and accelerated
growth such as puberty, pregnancy, trauma, and infection®.

PH is a common problem during CH treatment. Factors, which
might contributeto PH, include an inadequate dose of L-Thyroxin,
patient’s noncompliance, and incomplete maturation of

feedback mechanism that regulates TSH secretion. TSH levels
usually stabilize after the first year of treatment. PH has been
shown in 20%—40% of infants with CH. However, it persists in 10%
of these patients to childhood"™. THR and ectopic thyroid can
rarely coexist with PH. The etiopathogenesis of the co-existence
of these two rare entities is unknown. Retinoid X receptor (RXRs),
a heterodimer of the thyroid hormone receptor, plays a key
role in embryonic development and organogenesis. Therefore,
the relationship between mutant TR and RXRs during thyroid
organogenesis has been speculated to create a dominant-
negative effect, thereby causing dysgenetic thyroid gland.

There are four patients with the ectopic thyroid gland and THRin
the literature™'*2" of whom three showed TRB mutation. TRB
mutation analysis was performed in 16 patients with persistently
elevated TSH and FT4 during follow-up, and mutation was not
detected in any of those patients. Therefore, the persistent high
TSH and FT4 are attributed to treatment noncompliance.

This study has some limitations. It was a retrospective study.
Previously, when the TSH value was >100 mIU/L, the quantitative
value could not be measured. Thus, the initial serum TSH value
of some patients was unknown.

Therefore, in our series of 26 patients, the majority with
ectopic thyroid glands were female with a predominance of
sublingual thyroid. Some patients cannot be detected in the
newborn screening program since capillary TSH in the neonatal
screening can be below the cut-off value. In patients with ectopic
thyroid who are born before the start of the neonatal screening
program, overt or subclinical hypothyroidism did not affect
the neurodevelopmental outcome but led to a poor growth
prognosis. Patients with biochemical THR did not genetically
confirm this situation, which made this association controversial
and suggested to be co-incidental in previously reported cases.

Main Points

» The ectopic thyroid gland is the most common cause of
permanent congenital hypothyroidism.

» Neonatal screening cannot always detect the ectopic thyroid
gland.

* Subclinical hypothyroidism due to the ectopic thyroid gland
may not affect the neurodevelopmental outcome but lead to
poor growth prognosis in children.
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