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Purpose: Thyroid dysgenesis is one of the most common causes of permanent 
congenital hypothyroidism. Thyroid ultrasonography or scan is used to detect 
thyroid dysgenesis. We analyzed the sensitivity and specificity of thyroid 
ultrasonography and scan in diagnosing thyroid dysgenesis to determine the 
clinical utility of each thyroid imaging method.
Methods: Sixty-one patients younger than 7 years of age were investigated via 
thyroid scan. Nineteen patients who were initially interpreted as having thyroid 
dysgenesis, such as ectopia, hemiagenesis, or aplasia, by thyroid scan were included 
in the study. Clinical characteristics and findings of a thyroid imaging study were 
reviewed.
Results: Initially, thyroid scan results were interpreted as ectopia (n=9), 
hemiagenesis (n=1), and nonvisualization (n=9). In contrast, the results of thyroid 
ultrasonography were normal thyroid gland (n=5), ectopia (n=6), and hypoplasia 
(n=8). After reviewing the results of both studies, final imaging diagnoses were as 
follows: normal thyroid gland (n=5), hemiagenesis (n=1), ectopia (n=9) including 2 
dual ectopy, hypoplasia (n=3), and aplasia (n=1). Thyroid ultrasonography showed 
higher sensitivity and specificity in detecting presence of normal thyroid gland. 
Thyroid scan was better to detect ectopia. Among 8 patients who were initially 
interpreted as having hypoplasia by ultrasonography, 4 were confirmed as ectopia 
and one as aplasia.
Conclusion: This study showed that thyroid ultrasonography is useful as the first-
line imaging study to detect normal-sized eutopic thyroid gland. Thyroid scan 
should be performed to investigate the presence of ectopia if hypoplasia or aplasia 
is suspected by ultrasonography.

Keywords: Thyroid dysgenesis, Ultrasonography, Scan

©2021 Annals of Pediatric Endocrinology & Metabolism

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://
creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any 
medium, provided the original work is properly cited.

ISSN: 2287-1012(Print) 
ISSN: 2287-1292(Online) 

Highlights

· Thyroid ultrasonography showed higher sensitivity and specificity in detecting presence 
of normal thyroid gland. Thyroid ultrasonography is useful as the first-line imaging study to 
detect normal-sized eutopic thyroid gland. 

· Thyroid scan was better to detect ectopia. Thyroid scan should be performed to investigate 
the presence of ectopia if hypoplasia or aplasia is suspected by ultrasonography.

Introduction

Thyroid hormone is important for normal growth and development in children.1-3) 
Congenital hypothyroidism was the leading cause of intellectual impairment in neonates if 
not treated early. After introduction of universal neonatal screening test (NST), congenital 
hypothyroidism can be identified. The incidence of congenital hypothyroidism increased 
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from 1 in 4,000 to 1 in 2,000 over the last 20 years because of 
the performance of NST and establishment of lower thyroid-
stimulating hormone (TSH) thresholds, leading to greater 
detection of milder congenital hypothyroidism.3,4)

The fetal thyroid gland arises from an outpouching of the 
foregut at the base of the tongue. The cells of the thyroid anlage 
and the ultimobranchial bodies migrate from the original sites 
and merge in the definitive thyroid gland.5)

Thyroid dysgenesis is one of the most common causes of 
permanent congenital hypothyroidism, accounting for 85% 
of primary congenital hypothyroidism.5) Thyroid dysgenesis 
presents in 3 major forms: ectopia, hypoplasia, and aplasia. 
Thyroid dysgenesis can be detected by thyroid imaging, such 
as thyroid ultrasonography and thyroid scan. Thyroid ectopia 
is defined as functional thyroid tissue located anywhere other 
than the normal anatomic location of the thyroid gland, and 
the prevalence of thyroid ectopia is reported as 1 in 100,000 to 
300,000 in the population.6) Dual ectopia is possible but is very 
rare.7-10) Thyroid dysgenesis has been considered to be sporadic, 
although recent papers reported that 2%–12% of thyroid 
dysgenesis cases are familial.11,12)

Thyroid imaging is valuable if  thyroid dysfunction was 
detected in a neonate because it can be helpful to establish a 
long-term therapeutic plan, as well as for early detection of 
an ectopic thyroid gland.2,13) Ectopic thyroid might lead to 
cretinism or a large goiter, which can cause life-threatening 
compression of surrounding structures if diagnosis and therapy 
are delayed.14-16)

In this study, we reviewed the clinical characteristics of 
thyroid dysgenesis by type and analyzed the sensitivity and 
specificity of thyroid scan and ultrasonography in diagnosing 
thyroid dysgenesis to investigate clinical utility of each method 
for diagnosis of thyroid dysgenesis.

Materials and methods

1. Study participants

This study was performed at the department of pediatric 
endocrinology in a single tertiary care hospital in Cheonan, 
South Korea. All study participants were referred for suspected 
thyroid dysfunction. A total of 61 patients younger than 7 
years was evaluated by thyroid scan due to abnormal result 
of NST or thyroid function test (TFT), palpable neck mass, 
or other suggestive symptoms of hypothyroidism, such as 
constipation or developmental delay, between 2002 and 2017. 
After reviewing the results of thyroid scan, 42 individuals who 
revealed normally positioned thyroid gland were excluded from 
the study. A total of 19 individuals was included in the study (Fig. 
1).

2. Thyroid imaging study using thyroid scan and thyroid 
ultrasonography

The thyroid scan finding was reviewed along with those 

of thyroid ultrasonography. Thyroid scan was performed 
after intravenous injection of 1–2 mCi of 99mTc by gamma 
cameras (GE Hawkeye 4, GE Healthcare, Milwaukee, WI, USA 
or Siemens symbia E, Siemens Medical Solutions, Malvern, PA, 
USA) equipped with a pin-hole collimator. The anterior image 
was obtained in the supine position with the neck extended by 
a pillow under the shoulder. If necessary, a lateral image was 
obtained. The presence, absence, shape, and location of areas of 
99mTcO4 uptake were recorded. Thyroid ultrasonography was 
performed by gray-scale US with a 12–5 MHz linear probe 
(Philips IU22, EPIQ 7, Bothell, WA, USA) and prewarmed gel. 
The participants were examined in the supine position with 
an extended neck. Ultrasonography evaluated the presence of 
a thyroid gland and isthmus at normal locations, as well as the 
volume of each lateral lobe as calculated by the formula: depth 
×length×width×π/6.17) Total thyroid volume was obtained by 
summing the volumes of all lobes. The diagnosis of hypoplasia 
was based on values suggested by several reports.17-19)

3. Measurement of TFT

The serum levels of T3, free T4, TSH, and thyroglobulin 
were analyzed by electrochemiluminescence immunoassay 
(Cobas E601 HITACHI Immunoassay Analyzers, Hitachi High 
Technology Co., Tokyo, Japan).

4. Statistical analysis

Statistical analysis was performed using R ver. 3.5.3 (R 
Foundation for Statistical Computing, Vienna, Austria). Sex; age 
at first visit; age at most recent visit; follow-up duration; initial 
presentation; accompanying clinical condition; family history; 
initial values of total T3, free T4, TSH, and thyroglobulin; initial 
dose of medication; and z-scores of recent height and weight 
were analyzed. Comparison of each variable among 5 groups 

61 January 2002‒April 2017
Thyroid scan was performned in the
patients under 7 years of age

19 Nonvisualization,
hemiagenesis, or ectopia in
thyroid scan

42 Normal-positioned, normal-sized 
thyroid gland on thyroid scan

Fig. 1. Flow diagram of the study. A total of 19 participants was included in the 
study after excluding 42 individuals who revealed normal-positioned, normal-
sized thyroid gland on thyroid scan.
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classified by final diagnosis was performed with Kruskal-Wallis 
test. Diagnostic utility of thyroid imaging study in congenital 
hypothyroidism was evaluated by calculation of sensitivity, 
specificity, positive predictive value (PPV), negative predictive 
value (NPV), and accuracy of the study results. Sensitivity, 
specificity, and accuracy between thyroid ultrasonography and 
thyroid scan were compared using McNemar test. For testing 
the statistical difference between predictive values, a generalized 
score statistic method was used.

Results

1. Study participants

A total of 19 children showing ectopic thyroid, hemiagenesis, 
or no detectable thyroid tissue on thyroid scan was included in 
the study. These comprised 5 males and 14 females. The mean 
age of the patients at first visit was 5.26±9.65 months (range, 
0.36–33.83 months). Initial presentation consisted of abnormal 
NST (n=16), developmental delay and low T4 (n=1), mass on 

tongue base (n=1), or constipation (n=1) (Table 1).

2. Results of thyroid imaging study

Initial interpretations of the thyroid scan were ectopia 
(n=9; 6 lingual or sublingual, 1 anterior neck, 2 dual ectopia), 
hemiagenesis (n=1), and nonvisualization (n=9). In contrast, 
initial readings of thyroid ultrasonography were ectopia (n=6), 
hypoplasia (n=8), and normal (n=5). The ultrasonographic 
images were reviewed along with the results of thyroid scan 
and clinical features. The final diagnosis obtained based on 
clinical information, as well as review and reassessment of 
the results of thyroid scan and thyroid ultrasonography by 
experts was as follows: ectopia (n=9, 47.4%), hemiagenesis 
(n=1, 5.3%), hypoplasia (n=3, 15.8%), aplasia (n=1, 5.3%), and 
normal (n=5, 26.3%) (Fig. 2, Table 2). Some changes occurred 
in the interpretations of  thyroid sonography. Among 6 
participants who were initially interpreted as having ectopia 
by thyroid ultrasonography, 1 was confirmed as having 
hemiagenesis. Among 8 participants who were initially 
interpreted as hypoplasia by ultrasonography, 4 were confirmed 
as ectopia and 1 as aplasia. Some changes also occurred in the 
interpretations of thyroid scan. Among 9 individuals who were 
initially interpreted as nonvisualization of the thyroid gland 
by thyroid scan, 5 were confirmed as having a normal thyroid 
gland, and 3 were confirmed as having hypoplasia by thyroid 
ultrasonography (Fig. 2). In the study, the most common thyroid 
dysgenesis was ectopia (9 of 14, 64.3%). Dual ectopia and 
hemiagenesis also were found, and those images are presented 
in Fig. 3.

Table 1. Baseline characteristics of 19 patients
Characteristic Value
Sex
  Male 5 (26.3)
  Female 14 (73.7)
Age at first visit (mo) 5.26±9.65 (0.36–33.83)
Age at recent visit (yr) 6.86±3.95 (0.82–15.10)
Follow-up duration (yr) 6.54±4.26 (0.46–15.60)
Initial presentations
  Abnormal NST 16 (84.2)
  Developmental delay and low T4 1 (5.3)
  Tongue base mass 1 (5.3)
  Constipation 1 (5.3)
Accompanying clinical condition
  Prematurity (28+3–35 wk) 4 (21.1)
  Schizencephaly 1 (5.3)
Values are presented as mean±standard deviation (range) or 
number (%).
NST, neonatal screening test.

Table 2. Final diagnosis based on the results of both thyroid scan 
and thyroid ultrasonography
Final diagnosis No. (%)
Ectopia 9 (47.4)
Hemiagenesis 1 (5.3)
Hypoplasia 3 (15.8)
Aplasia 1 (5.3)
Normal thyroid gland 5 (26.3)

Scan initial
reading

US initial
reading

Final
diagnosis

9 Ectopia 1 Hemiagenesis 9 Nonvisualization

5 Ectopia 4 Ectopia

5 Ectopia 4 Hypoplasia 1 Ectopia

1 Hemiagenesis

4 Hypoplasia 5 Normal

3 Hypoplasia 1 Aplasia 5 Normal

Fig. 2. Grouping of the patients according to the final diagnosis based on the results of thyroid scan and ultrasonography (US). Initial 
interpretations of thyroid scan and thyroid ultrasonography were changed as follows: ectopia (n=9), hemiagenesis (n=1), hypoplasia (n=3), 
aplasia (n=1), and normal (n=5).
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3. Clinical and laboratory findings

Clinical and laboratory features of  the patients were 
reviewed according to type of thyroid dysgenesis. More girls 
were observed with ectopia, hemiagenesis, hypoplasia, and 
aplasia, but there was no statistically significant difference 
among subgroups. Age at first visit, clinical features of initial 
presentation, initial result of TFT, recent z-scores of height 

and weight, and medication duration showed no statistically 
significant differences among subgroups (Table 3). Initial TSH 
level was only mildly elevated in some patients.

4. Diagnostic utility of thyroid imaging study in congenital 
hypothyroidism

 Sensitivity, specificity, PPV, NPV, and accuracy of initial 

(A) (B) (C)

Fig. 3. There were 2 patients with dual ectopy (A, B) and 1 patient with hemiagenesis (C). Dual ectopia was 
found at the level of lingual/sublingual and submandibular areas (A) and sublingual areas (B), respectively.

Table 3. Clinical and demographic features of the subjects according to the final diagnosis
Variable Ectopia (n=9) Hemiagenesis (n=1) Hypoplasia (n=3) Aplasia (n=1) Normal thyroid gland (n=5) P-value
Sex, male:female 1:8 0:1 1:2 0:1 3:2 0.34
Age at first visit (mo) 7.69±13.76

(0.36–33.83)
0.53 4.10±2.19

(1.81–6.18)
0.46 3.50±2.87

(0.72–6.9)
0.39

Age at recent visit (yr) 7.67±2.75
(3.11–11.24)

10.21 0.92±0.15
(0.82–1.09)

4.56 8.75±4.30
(3.51–15.10)

0.07

Follow-up duration (yr) 7.13±3.37
(0.62–11.33)

10.31 0.59±0.13
(0.46–0.72)

4.59 8.69±4.60
(3.41–15.60)

0.09

Initial presentations
  Abnormal NST 8 (88. 9) 1 (100) 2 (66.7) 1 (100) 4 (80) 0.88
  Tongue base mass 1 (11.1) 0 (0) 0 (0) 0 (0) 0 (0) 0.89
  Developmental delay 0 (0) 0 (0) 1 (33.3) 0 (0) 0 (0) 0.25
  Constipation 0 (0) 0 (0) 0 (0) 0 (0) 1 (20) 0.59
Accompanied clinical conditions
  Prematurity 1 (11.1) 0 (0) 1 (33.3) 0 (0) 2 (40) 0.68
  Schizencephaly 0 (0) 0 (0) 1 (33.3) 0 (0) 0 (0) 0.25
  Developmental delay 0 (0) 0 (0) 1 (33.3) 0 (0) 1 (20) 0.52
Family history of thyroid disease
  Thyroid cancer 1 (11.1) 0 (0) 0 (0) 0 (0) 0 (0) 0.89
  Congenital hypothyroidism 0 (0) 0 (0) 1 (33.3) 0 (0) 0 (0) 0.25
Initial thyroid function test
  Total T3 (ng/dL) 114.4±55.8

(37.0–195.8)
113.7 82.6±37.8

(43.7–119.1)
36.4 132.8±93.1

(14.8–240.2)
0.45

  Free T4 (ng/dL) 0.91±0.58
(0.17–1.62)

0.42 0.65±0.34
(0.35–1.02)

0.09 0.75±0.29
(0.33–1.08)

0.46

  TSH (µIU/mL) 193.4±348.1 
(9.18–1,000)

64.4 18.32±25.8
(1.57–48.00)

100 16.3±16.7
(0.7–41.4)

0.20

  Thyroglobulin (ng/mL) 302.2±251.4 
(16.35–696.8)

15.5 26.5±26.8
(7.6–45.4)

5.12 18.5±12.0
(9.1–36.7)

0.77

Recent follow-up
  Height z-score 0.34±0.80

(-0.62 to 2.01)
-0.25 -2.03±2.75

(-4.93 to 0.55)
0.13 -0.32±0.97

(-1.31 to 1.16)
0.45

  Weight z-score 0.55±1.17
(-1.07 to 2.67)

0.93 -2.31±1.95
(-3.85 to -0.11)

0.7 -0.59±1.28
(-2.3 to 1.3)

0.14

Initial dose of Medication (µg/day) 37.2±7.7 (25–50) 40 30±26.5 (0–50) 33 34.0±8.9 (20–40) 0.93
Values are presented as mean±standard deviation (range) or number (%).
NST, neonatal screening test; TSH, thyroid-stimulating hormone.
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reading of  the thyroid scan and ultrasonography were 
analyzed to determine their diagnostic utility in evaluation 
of thyroid dysgenesis. In detecting the presence of normal 
thyroid gland, thyroid ultrasonography showed higher values 
in sensitivity, PPV, NPV, and accuracy than thyroid scan 
(Table 4), although statistical significance was only found for 
NPV (P=0.009). In diagnosis of ectopia, thyroid scan was 
superior to ultrasonography in NPV (P=0.017). In detecting 
hypoplasia, thyroid ultrasonography showed a higher sensitivity 
than thyroid scan, although statistical significance was not 
identified by McNemar test. In diagnosing aplasia, thyroid 
ultrasonography showed better specificity (P=0.013) and 
accuracy (P=0.046) than thyroid scan.

Discussion

Management of congenital hypothyroidism has focused 
on early identification and treatment to maintain the euthy-
roid state, especially in the first few years of critical brain 
development.1,2) Some clinicians do not recommend routine 
thyroid imaging when starting therapy, because the imaging 
result does not usually change the treatment plan of congenital 
hypothyroidism. However, early determination of the exact 
cause of congenital hypothyroidism can provide important 
information for genetic counseling and be useful to understand 
the need for lifelong therapy.2,13)

This study investigated the diagnostic values of thyroid 
imaging study in children with suspected thyroid dysgenesis. 
Average age at thyroid scan and thyroid ultrasonography was 
0.99±1.31 years and 0.73±0.98 years, respectively. We confirmed 
that thyroid ultrasonography is better as an initial evaluation 
of thyroid gland to find a normally positioned thyroid gland. 

We also found that it is necessary to perform a thyroid scan to 
confirm the presence of ectopia when hypoplasia or aplasia is 
suspected by thyroid ultrasonography.

Thyroid ultrasonography and scan have different advantages 
and disadvantages in evaluation of the thyroid gland.20-23) 
Thyroid ultrasonography is radiation free and does not require 
sedation. Moreover, it is valid for evaluation of normally 
positioned thyroid tissue.24) However, thyroid ultrasonography 
requires expertise to successfully execute. Thyroid scan is a 
very useful imaging study to identify the existence and location 
of thyroid tissue.25) However, estimation of exact size and 
morphology of thyroid gland are difficult by thyroid scan, and 
the results can be obscured by prior medication of thyroid 
hormone, iodine-containing agents, or the presence of TSH 
receptor blocking antibody.

In this study, some final diagnoses were changed to ectopia 
by thyroid scan when thyroid hypoplasia was suspected by 
thyroid ultrasonography (4 of 8, 50%). Five of 8 patients who 
were suspected as having hypoplasia by ultrasonography 
were confirmed as ectopia (n=4) or aplasia (n=1). During re-
evaluation of the thyroid ultrasonography images, hyperechoic 
fat tissues located at normal thyroid area were interpreted as 
thyroid tissue by thyroid ultrasonography. A similar result was 
reported by Bubuteishvili et al.26) Karakoc-Aydiner et al.27) and 
suggested the possibility of remnants of ultimobranchial bodies.

Ectopic thyroid is a well-known cause of congenital hypothy-
roidism. Dual ectopia can exist but is very rare.7-10) In this study, 
there were 2 patients with dual ectopia. The ages at diagnosis 
of dual ectopia were 2 years 6 months and 2 years 9 months, 
respectively, and both were females. One patient visited our 
department for an incidentally noted mass on the tongue base, 
and the other patient visited for follow-up of an abnormal NST 
result. Neither patient was using thyroid hormone medication 
before visiting. The levels of free T4 and TSH were 1.62 ng/
dL and 9.18 mIU/L in the first case and 1.03 ng/dL and 13.04 
mIU/L in the second, respectively. Both cases were diagnosed 
as dual ectopia by thyroid scan and started thyroid hormone 
medication.

In this study, normal thyroid gland could not be detected 
by thyroid scan in some situations. There are many causes 
of nonvisualization of thyroid gland by scan such as prema-
turity, prior medication of  thyroid hormone, congenital 
hypothyroidism with TSH receptor blocking antibody, or 
central type of congenital hypothyroidism in addition to 
thyroid aplasia. Clinical information and TFT results, as well 
as thyroid ultrasonography, should be reviewed in diagnosing 
thyroid aplasia. In this study, 5 participants who were confirmed 
as having a normal thyroid gland showed nonvisualization by 
thyroid scan. All showed a normal range of TSH level at the time 
of thyroid scan (TSH: 1.15±0.75 [0.47–2.38] mIU/L). Among 5 
patients, 4 started thyroid hormone medication before thyroid 
scan and 1 was a premature baby (gestational age 30+2 weeks) 
with normal TSH level (T3 82.1 ng/dL, free T4 0.66 ng/dL, TSH 
2.38 mIU/L). Three participants were confirmed as having 
hypoplasia by thyroid ultrasonography, although the thyroid 

Table 4. Comparison of sensitivity, specificity, PPV, and NPV of 
initial readings of thyroid scan and thyroid ultrasonography 
based on the final diagnosis

Variable Sensitivity 
(%)

Specificity 
(%)

PPV 
(%)

NPV 
(%)

Accuracy
(%)

Scan initial reading
  Ectopia (n=9) 100 100 100 100 100
  Hemiagenesis (n=1) 100 100 100 100 100
  Hypoplasia (n=3) 0 100 NA 84.2 84.2
  Aplasia (n=1) 100 55.6 11.1 100 57.9
  Normal thyroid gland
    (n=5)

0 100 NA 73.7 73.7

US initial reading
  Ectopia (n=9) 55.6 90 83.3 69.2 73.7
  Hemiagenesis (n=1) 0 100 NA 94.7 94.7
  Hypoplasia (n=3) 100 68.8 37.5 100 73.7
  Aplasia (n=1) 0 100 NA 94.7 94.7
  Normal thyroid gland
    (n=5)

100 100 100 100 100

PPV, positive predictive value; NPV, negative predictive value; NA, 
not available; US, ultrasongraphy.
Accuracy=true positive+true negative/(true positive+true 
negative+false negative+false positive).
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did not reveal uptake by thyroid scan. Among 3 participants, 1 
was a premature baby (gestational age 28+3 weeks) with normal 
TSH level (T3, 120.9 ng/dL; free T4, 0.76 ng/dL; TSH, 3.93 mIU/
L), 1 had central congenital hypothyroidism associated with 
schizencephaly (TSH, 0.03 mIU/mL), and 1 had TSH receptor 
antibody. It is important to remember that nonvisualization 
by thyroid scan should not be concluded as aplasia without 
investigation by thyroid ultrasonography.

This study showed that thyroid ultrasonography is a better 
tool to detect normally positioned thyroid gland, implying 
that thyroid ultrasonography is useful as a first-line imaging 
study to detect normal thyroid gland. Thyroid scan is very 
useful in diagnosing ectopia and should be performed to 
investigate the presence of ectopia if hypoplasia or aplasia is 
suspected by thyroid ultrasonography. Both thyroid scan and 
ultrasonography are recommended in diagnosing aplasia or 
ectopia.

This study has some limitations, including a small study 
population and lack of comparison using definite thyroid 
volume among study participants. However, this study 
presented various detailed clinical information about 
congenital hypothyroidism, including dual ectopic patients, 
and emphasized the importance of thyroid imaging study 
in congenital hypothyroidism. We confirmed that thyroid 
ultrasonography is better as the initial evaluation to determine 
the normally positioned thyroid gland and found that it is 
necessary to perform thyroid scan to investigate the presence 
of ectopia when hypoplasia or aplasia is suspected by thyroid 
ultrasonography.

 In conclusion, this study showed that thyroid ultrasono-
graphy is useful as the first-line imaging study to detect normal 
thyroid gland. Thyroid scan was required to investigate the 
presence of ectopia if hypoplasia or aplasia was suspected by 
ultrasonography. Both thyroid scan and ultrasonography are 
recommended in diagnosing aplasia or ectopia.
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