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Congenital Thyroid Anomalies
and Thyroid Diseases in Children

Alexander N. Sencha and Munir G. Tukhbatullin

The thyroid gland affects the development of a child at any age. Adequate thyroid
function is necessary for the development of the brain and other organs and systems,
including the immune system and sexual development. Much attention is paid to
examining the thyroid gland in children, taking into account the influences of
numerous negative factors [1]. The most significant factors are an iodine deficiency,
an unfavorable ecological situation, an urbanization, and an intense rhythm of life
with stressful influences. In this regard, regular screening has become a medical
standard, especially in children suspected of having a thyroid pathology.

The technique of thyroid US in children actually does not differ from that in
adults, except for special demands in relation to the accuracy of the volume calcula-
tion. Thyroid US in infants is preferably performed with an assistant due to certain
difficulties in fixing the baby’s head. The assistant places the hand under the baby’s
neck and upper back and slightly lifts it supporting the jaw with the thumb to pre-
vent the baby from reflex flexing the head.

A change in gland volume accompanies almost all thyroid pathologies in chil-
dren. Inspection and palpation fail to assess the thyroid volume correctly in about
35% of cases. In areas of mild to moderate iodine deficiency, the sensitivity and
specificity of palpation are very poor. Measurement of thyroid size using ultrasound
is preferable.
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The thyroid volume is the sum of the volumes of both lobes. The volume of each
lobe is calculated from the measurements of the depth (d), the width (w), and the
length (/) by the standard formula: V (mL) =0.479 x d x w x [ (cm). The volume of
the isthmus is not included.

The issue of correctly interpreting the US measurements obtained in children
and teenagers is a pertinent one. Numerous attempts have been made to define nor-
mal values of thyroid volume in different age [2, 3].

WHO [4] proposed the international reference values for goiter screening pre-
sented as a function of age, sex, and body surface area (BSA) (Tables 3.1 and 3.2).
These were based on the study of Zimmermann et al. [6] that conferred the data of
3529 children from areas of long-term iodine sufficiency in North and South
America, Central Europe, the Eastern Mediterranean, Africa, and the Western
Pacific. By using the ultrasonography criteria, a thyroid gland will be called

Table 3.1 Median [50th percentile (P50)] and 97th percentile (P97) values for thyroid volume
measured by ultrasound according to sex and age in an international sample of 6—12-year-old
children from areas of long-term iodine sufficiency

Boys Girls
Age (y) P50 P97 P50 P97
mL mL
6 (n =468) 1.60 291 1.57 2.84
7 (n=561) 1.80 3.29 1.81 3.26
8 (n=579) 2.03 3.71 2.08 3.76
9 (n=1588) 2.30 4.19 2.40 4.32
10 (n =528) 2.59 4.73 2.76 4.98
11 (n=492) 2.92 5.34 3.17 5.73
12 (n=313) 3.30 6.03 3.65 6.59

Table 3.2 Median [50th percentile (P50)] and 97th percentile (P97) values for thyroid volume
measured by ultrasound according to sex and body surface area (BSA) in an international sample
of 6-12-year-old children from areas of long-term iodine sufficiency

Boys Girls

P50 P97 P50 | P97
BSA* (m?) mL mL
0.7 (n=138) 1.47 2.62 1.46 2.56
0.8 (n=493) 1.66 2.95 1.67 291
0.9 (n=592) 1.86 332 1.9 332
1.0 (n = 640) 2.10 3.73 2.17 3.79
1.1 (n = 536) 2.36 42 247 4.32
1.2 (n = 445) 2.65 4.73 2.82 4.92
1.3 (n=330) 2.9 5.32 321 5.61
1.4 (n=174) 3.36 5.98 3.66 6.40
1.5 (n=104) 3.78 6.73 4.17 7.29
1.6 (n=177) 4.25 7.57 4.76 8.32

“The body surface area is calculated using the formula of Dubois and Dubois: BSA (m?) = W4
x H*7 x 71.84 x 107 [5]
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goitrous when its values will be above the 97th percentile of the volume found in an
iodine-replete population used as control. Typically, reference values for the 97th
percentile for thyroid volume, as a function of both age and sex, are used (Table 3.1).
BSA reference (Table 3.2) is potentially useful in countries with a high prevalence
of child growth retardation due to malnutrition with both stunting (low height-for-
age) and underweight (low weight-for-age). An advantage of the thyroid volume for
BSA is that the age of the child is not required, which in some populations is not
known with certainty.

The norms listed above for the thyroid volume with respect to age or BSA have
been simplified and adapted for US screening. They do not take into account the
physical development of a child and puberty in a teenager. Kasatkina et al. [7] sug-
gested a method of defining thyroid hyperplasia and hypoplasia in children, which is
linked to anthropometric parameters that depend on age and the presence of puberty.
Thoracic circumference at maximal expiration is measured at the ages of 4—6 years,
leg length (distance between the greater trochanter and the sole) at 7-9 years of age
and in children over 10 years of age who are yet to enter puberty, and body weight in
children undergoing puberty. Table 3.3 is used to interpret the obtained data.

Table 3.3 Limits on normal thyroid volume in children as a function of age, anthropometric
parameters, and puberty [7]

Prior to puberty During puberty

4-6 years 7-9 years 13-15 years

TC LL UL Leg length LL UL Body weight | LL UL
(cm) [(mL) |(mL) |(cm) (mL) | (mL) (kg (mL) | (mL)
46 0.42 2.12 46 0.43 293 30 0.42 7.34
47 0.48 2.18 47 0.43 3.01 31 0.43 7.41
48 0.53 2.23 48 0.50 3.08 32 0.43 7.49
49 0.59 2.29 49 0.58 3.16 33 0.50 7.56
50 0.64 2.34 50 0.65 3.23 34 0.58 7.64
51 0.70 2.40 51 0.73 3.31 35 0.65 7.71
52 0.76 2.46 52 0.81 3.39 36 0.73 7.79
53 0.81 2.51 53 0.88 3.46 37 0.80 7.86
54 0.87 2.57 54 0.96 3.54 38 0.88 7.94
55 0.92 2.62 55 1.03 3.61 39 0.95 8.01
56 0.98 2.68 56 1.11 3.69 40 1.03 8.09
57 1.04 2.74 57 1.19 3.77 41 1.10 8.16
58 1.09 2.79 58 1.26 3.84 42 1.18 8.24
59 1.15 2.85 59 1.34 3.92 43 1.25 8.31
60 1.20 2.90 60 1.41 3.99 44 1.33 8.39
61 1.26 2.96 61 1.49 4.07 45 1.40 8.46
62 1.32 3.02 62 1.57 4.15 46 1.48 8.54
63 1.37 3.07 63 1.64 4.22 47 1.55 8.61
64 1.43 3.13 64 1.72 4.30 48 1.63 8.69
65 1.48 3.18 65 1.79 4.37 49 1.70 8.76
66 1.54 3.24 66 1.87 4.45 50 1.78 8.84

(continued)



56 A.N. Sencha and M. G. Tukhbatullin

Table 3.3 (continued)

Prior to puberty During puberty

4-6 years 7-9 years 13-15 years

TC LL UL Leg length LL UL Body weight | LL UL
(cm) [(mL) |(mL) |(cm) (mL) | (mL) | (kg) (mL) | (mL)
67 1.60 3.30 67 1.95 4.53 51 1.85 8.91
68 1.65 3.35 68 2.02 4.60 52 1.93 8.99
69 1.71 3.41 69 2.10 4.68 53 2.00 9.06
70 1.76 3.46 70 2.17 4.75 54 2.08 9.14
71 1.82 3.52 71 2.25 4.83 55 2.15 9.21
72 1.88 3.58 72 2.33 4.91 56 2.23 9.29
73 1.93 3.63 73 2.40 4.98 57 2.30 9.36
74 1.99 3.69 74 2.48 5.06 58 2.38 9.44
75 2.04 3.74 75 2.55 5.13 59 2.45 9.51
76 2.10 3.80 76 2.63 5.21 60 2.53 9.59
77 2.16 3.86 77 2.71 5.29 61 2.60 9.66
78 2.21 391 78 2.78 5.36 62 2.68 9.74
79 2.27 3.97 79 2.86 5.44 63 2.75 9.81
80 232 4.02 80 2.94 5.51 64 2.83 9.89
81 2.38 4.08 81 3.01 5.59 65 2.90 9.96
82 2.44 4.14 82 3.09 5.67 66 297 10.04
83 2.49 4.19 83 3.16 5.74 67 3.05 10.11
84 2.55 4.25 84 3.24 5.82 68 3.12 10.19
85 2.60 4.30 85 3.32 5.89 69 3.20 10.26
86 2.66 4.36 86 3.39 597 70 3.27 10.34
87 2.72 4.42 87 3.47 6.05 71 3.35 10.41
88 2.71 4.47 88 3.54 6.12 72 3.42 10.49
89 2.83 4.53 89 3.62 6.20 73 3.50 10.56
90 2.89 4.58 90 3.70 6.27 74 3.57 10.64

TC thoracic circumference at maximal expiration, LL lower limit of thyroid volume, UL upper
limit of thyroid volume. For children of 10—12 years in the absence of puberty, the columns for
children of 7-9 years are used (anthropometric parameter: leg length); in the presence of
puberty, the columns for children of 13-15 years are used (anthropometric parameter: body
weight). At adiposity during puberty (13—15 years), it is necessary to use not the actual body
weight value but the upper limit on the normal body weight taken from standard height—weight
tables

The isthmus depth is usually neglected. The thickness of the isthmus can be
taken into account indirectly if the thyroid volume appears close to the upper limit.
The boundary volume of the thyroid gland is reported normal if the isthmus thick-
ness is normal. Alternatively, if the isthmus is enlarged (thicker than 3 mm in chil-
dren under 10 years of age and more than 5 mm in teenagers), the thyroid is reported
enlarged.

The echodensity of thyroid tissue in children, as well as in adults, is compared to
that of the salivary gland. Normal thyroid tissue shows homogeneous echostructure
(Fig. 3.1). However, in rare cases, the homogeneity of the tissue does not exclude
initial stages of sporadic or endemic diffuse euthyroid goiter.
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Fig. 3.1 Sonogram of a normal thyroid gland. Grayscale mode. (a) A 1-year-old child. (b) A
5-year-old child

Fig. 3.2 Sonogram of a normal thyroid gland. CDI. (a) A 1-year-old child. (b) A 5-year-old child

CDI and PDI allow changes in the functional activity of both the thyroid gland
and nodules to be gauged and several pathologic conditions to be differentiated
based on the vascularization features (Fig. 3.2). However, quantitative assessment
with PW Doppler is very subjective, especially for the vessels of the parenchyma,
and is not used in everyday practice.

Congenital anomalies of the thyroid occur in <0.3-0.5% of the population. They
appear at the stage of prenatal development. The embryonic primordium of the
gland descends between weeks 3 and 5 of gestation as a median diverticulum from
the floor of the pharynx, which makes its appearance at the level of the second pair
of pharyngeal pouches. It evaginates, migrating caudally to the level of the III-IV
pairs of pharyngeal pouches, and retains its connection with the pharynx only by a
narrow thyroglossal duct at the root of the tongue. It is contributed to by the primor-
dia, which arise laterally from the fourth pharyngeal pouches. The thyroglossal duct
obliterates, and the germs of lateral lobes grow quickly and migrate caudally to the
inferior part of the fetal neck. The first signs of independent function in the fetal
thyroid are observed at week 8 of gestation. Thyroid function becomes apparent
between weeks 12 and 14 of gestation.

At the stage of embryogenesis, the thyroid germ migrates from the level of the
stomatopharynx to the inferior part of the neck. Various congenital anomalies of the
thyroid gland can be formed in cases where the embryo experiences disturbances
during histo- or organogenesis resulting in pathology of the thyroid primordium or
the thyroid germ fails to successfully migrate. Thus, thyroid anomalies may be
divided into size and position anomalies.



58 A.N. Sencha and M. G. Tukhbatullin
Thyroid size anomalies include the following:

e Aplasia (agenesis)
* Hemiagenesis
e Hypoplasia

Thyroid aplasia is the complete absence of thyroid tissue. This is a widespread
cause of congenital hypothyroidism, which has been recorded to occur in 1 in every
3000-5000 newborns. Here, the thyroid tissue cannot be sonographically visualized
in its typical position or higher up.

Thyroid hemiagenesis is usually a purely sonographic finding and is not accom-
panied by thyroid disorders. Here, only one thyroid lobe can be detected at its typi-
cal site (Fig. 3.3). Its volume, as a rule, does not exceed the standard limits for the
total volume of a normal thyroid gland. Echodensity and echostructure of the lobe
in grayscale and Doppler modes are normal. The second lobe cannot be visualized.

Congenital hypoplasia of the whole thyroid gland is the second cause of congeni-
tal hypothyroidism. Sonography reveals a low thyroid volume, which is more than
2-2.5 times below the lower limit. The gland parenchyma appears normal with nor-
mal blood flow. Alternatively, it may exhibit slightly increased echodensity with
heterogeneous structure and irregular margins. Hypoplasia of only one thyroid lobe
is much more common. Here, the volume of the affected lobe is 2—2.5 times smaller
as compared with the contralateral one (Fig. 3.4).

Fig. 3.3 Thyroid sonograms. Hemiagenesia of the right lobe of the thyroid gland. The age of the
child is 6 months. (a) B-mode and (b) PDI

Fig. 3.4 Hypoplasia of the
left thyroid lobe. Grayscale
sonograms. The age of the
child is 15 years
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Thyroid gland position anomalies are as follows:

e Dystopia
* Ectopia

Thyroid dystopia and ectopia are sonographically characterized by an absence of
thyroid tissue at its typical location. Dystopia refers to the localization of thyroid
tissue close to the typical site along the route of natural migration during embryo-
genesis (within the neck, along the thyroglossal duct). If thyroid tissue is found at
an atypical site outside the path of the thyroglossal duct, it is known as thyroid
ectopia (aberrant thyroid). An ectopic thyroid gland is at an increased risk of malig-
nant transformation compared to either dystopic or normal thyroid glands.

Thyroid dystopia can take the form of the following variants, depending on the
height of location:

e Lingual (goiter of the tongue root)

e Intralingual (lingual goiter)

e Sublingual

e Thyroglossal

e Pre- and intratracheal

e Intraesophageal

e Intrathoracic (truly retrosternal, in cases with an entirely retrosternal location)

Ectopic thyroid can be found in the lateral neck (Fig. 3.5), in an ovary (struma
ovarii), in a testicle (struma testis), in pericardium (struma pericardii), etc.

Midline cysts of the neck are similar to dystopia in their pathogenesis. Failed
obliteration of the thyroglossal duct during fetal thyroid migration results in the
formation of an epithelial cavity with subsequent fluid accumulation. US detects a
cystic lesion cranial to the normal thyroid gland.

Thyroid pathology is widespread in children and teenagers. Girls suffer more
often. Morbidity increases distinctly with age and reaches its peak in puberty.

Diffuse thyroid diseases in children include pathologic processes characterized
by hypertrophy and/or hyperplasia of glandular tissue with thyroid enlargement or
by its atrophy with a decrease in thyroid size. Different variants of diffuse euthyroid

Fig.3.5 Aberrant thyroid Hinuma =251 cu
gland in the left - *Rnwna=1,20 cu
supraclavicular area. The
age of the child is 13 years.
Grayscale US image
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goiter dominate among diffuse thyroid diseases in children. Diffuse goiter is a uni-
versal pathologic sign of several diseases, such as the following:

e Endemic goiter

e Simple nontoxic (juvenile) goiter
¢ lodine-induced goiter

¢ Idiopathic goiter

e Autoimmune thyroid disease

e Graves’ disease

e Pendred syndrome

* Congenital nontoxic goiter

Diffuse endemic goiter is the most common thyroid pathology in children and
teenagers. It is associated with iodine deficiency and is identical to the same in
adults. Children and adolescents contribute up to 40% of the cases in the total num-
ber of diffuse endemic goiter [7]. This disease is sonographically characterized by
normal thyroid tissue. Thyroid echostructure remains homogeneous and isoechoic
with unchanged tissue vascularity according to color-coded Doppler imaging
(Fig. 3.6). The only sign of the disease is an increase in thyroid volume, which thus
differentiates it from the norm.

Autoimmune thyroid disease (AITD) in children under 15 years of age reaches
20-25 cases per 100,000. It quite often results in hypothyroidism. The specific
features of AITD in children are a consequence of short duration of the disease and
minimal changes in the thyroid tissue. Hence, the disease is more difficult to diag-
nose than it is in adults. The US image is quite variable and is characterized by the
heterogeneity of thyroid tissue due to hypoechoic foci (lymphocytic infiltration),
which contrast with the normal or slightly hypoechoic surrounding tissue (Fig. 3.7).
It may also show the heterogeneous decrease in echodensity of the entire thyroid
gland. Increased vascularity of the parenchyma and irregular vascular pattern are
registered less often than in adults. Fibrosis is sometimes possible to visualize as
echogenic septa. Pseudonules in AITD are often difficult to differentiate with
US. Reactive lymph nodes adjacent to lower poles of the lobes tending to upper
mediastinum are typical. A specific feature of humoral immune response in

Fig. 3.6 Sonograms. Diffuse thyroid hyperplasia. The age of the child is 13 years. (a) B-mode,
axial scan. (b) CDI, longitudinal scan
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Fig. 3.7 Sonograms. AITD. The age of the child is 10 years. (a) B-mode. (b) CDI

children with early AITD is a high rate (up to 60%) of cases without any increase
in both anti-thyroglobulin (anti-Tg) and antithyroid peroxidase (anti-TPO) anti-
bodies [8]. Such cases of AITD are subject to puncture biopsy and cytology.
Expressed autoimmune changes during the initial stages of AITD do not lead to a
very big goiter, unlike in adults. The thyroid volume in the majority of children
with AITD, as well as those with endemic goiters, is increased by <50-60% com-
pared to the norm [7].

Graves’ disease in children and teenagers is a serious endocrine pathology. The
annual morbidity is 2—4 cases per 100,000. The disease disproportionately affects
girls 10-15 years of age. The clinical symptoms of Graves’ disease in children are
variable, but they do not develop as quickly as in adults. Organ compression symp-
toms may arise in cases with a retrosternal thyroid location. However, the degree of
thyroid enlargement does not define the severity of thyrotoxicosis. The results of
treatment depend on the accuracy and the timeliness of diagnosis. Sonography usu-
ally reveals an enlarged thyroid gland with regular, well-defined margins and rela-
tively homogeneous and significantly hypoechoic parenchyma. Blood flow supply
in the parenchyma is substantially increased and demonstrates “thyroid inferno” in
CDI and PDI. The blood flow velocities in the large arteries with PW Doppler are
also significantly increased. Wide veins are often registered with possible arteriove-
nous shunts.

Thyroid nodules in children and teenagers are noted less often than in the adult
population. The incidence of thyroid nodules in children does not exceed 0.5-2%
[9]. More than half of the nodules (63.4%) are detected with US screening, and they
are more prevalent in elder children. Solitary nodules are detected in about 88.6%
of cases [10]. Nodule size, as a rule, does not correlate with age. Thyroid nodules in
children do not show specific US features and are similar to such lesions in adults
(Fig. 3.8). Specific pitfall in diagnosis of thyroid nodules in children is aberrant
thymic tissue within the thyroid gland that may be mistaken for thyroid nodule.
Intrathyroid ectopic thymic tissue is usually found incidentally in prepubertal pedi-
atric population, rarely in adults due to age-related involution. It is detected with US
in 1% of general pediatric population [11] and is presented by round, oval, or polyg-
onal hypoechoic or hyperechoic lesion, with multiple granular and punctate echo-
genic foci that are typical for thymus (Fig. 3.9). It is predominantly soft with
elastography making no difference as compared to the surrounding thyroid tissue.
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Fig.3.9 Sonograms. Intrathyroid ectopic thymic tissue in a child of 6 years. (a) B-mode. (b) CDI.
(¢) Compression elastography

Thyroid cancer is the most widespread tumor of the endocrine system in chil-
dren. It accounts for up to 45.3% of all malignant neoplasms of endocrine glands at
this age [12]. The incidence of pediatric thyroid cancer among all tumors of the
head and neck is 8-22% [13, 14]. According to Kiyaev et al. [10], thyroid cancer in
children is detected in 11.5% of suspicious thyroid nodules subject to puncture
biopsy.

Papillary cancer dominates among all thyroid malignancies in children, as well
as in adults. Children 8—14 years of age show the disease more often, with the peak
occurring during puberty. The ratio of boys to girls with thyroid malignancy is about
1:1.6. US image of thyroid cancer in children is identical to the same in adults
(Fig. 3.10).

The disease is more aggressive in children than in adults. Multicentric growth of
thyroid cancer in children is observed in more than half of cases (up to 65%) [12].
Invasion of the tumor through the thyroid capsule is registered in 24-52% of
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Fig. 3.10 Papillary thyroid cancer. Age of the child is 16 years. Echograms. (a) Grayscale image
(b) PDI. (¢) Compression elastography. (d) ARFI demonstrates high share-wave velocity

patients. The incidence of lymph node metastases in children is 37-93% [15]. More
than 30% of children have metastases in cervical lymph nodes before surgery, and
up to 28% have distant metastases. Thyroid cancer recurrence occurs more often in
children than in adults and constitutes 19—-39%. Precise sonography with all acces-
sible options in children with thyroid malignancy before and after surgery permits
improved management of thyroid cancer.
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