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Timing of thyroid ultrasonography 
in the etiological investigation 
of congenital hypothyroidism
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ABSTRACT
Objectives: To describe the findings of thyroid ultrasonography (T-US), its contribution to diagnose 
congenital hypothyroidism (CH) and the best time to perform it. Subjects and methods: Forty-four 
patients with CH were invited to undergo T-US and 41 accepted. Age ranged from 2 months to 45 
years; 23 patients were females. All were treated with L-thyroxine; 16 had previously undergone 
scintigraphy and 30 had previous T-US, which were compared to current ones. Results: At the current 
T-US, the thyroid gland was not visualized in its normal topography in 10 patients (24.5%); 31 T-US 
showed topic thyroid, 17 with normal or increased volume due to probable dyshormonogenesis, 13 
cases of hypoplasia and one case of left-lobe hemiagenesis. One patient had decreased volume due 
to central hypothyroidism. Scintigraphy scans performed 3-4 years earlier showed 100% agreement 
with current results. Comparisons with previous T-US showed concordant results regarding thyroid 
location, but a decrease in current volume was observed in eight due to the use of L-thyroxine, calling 
the diagnosis of hypoplasia into question. Conclusions: The role of T-US goes beyond complementing 
scintigraphy results. It allows inferring the etiology of CH, but it must be performed in the first months 
of life. An accurate diagnosis of CH will be attained with molecular study and the T-US can guide this 
early assessment, without therapy withdrawal. Arch Endocrinol Metab. 2017;61(5):432-7
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INTRODUCTION

I n the early years of life, thyroid ultrasonography 
(T-US) can be performed on individuals with sus-

pected congenital hypothyroidism (CH), assisting in 
the etiological diagnosis. Thyroid dysgenesis includes: 
athyrosis, as an “empty” thyroid area with or without 
ectopic tissue (agenesis), and thyroid hypoplasia. When 
the thyroid, visualized at the ultrasound assessment, has 
normal or increased volume, one of several forms of 
dyshormonogenesis is suggested (1,2).

The diagnosis of CH through screening programs 
has greatly contributed to the start of treatment within 
an adequate time frame and the etiological diagnosis 
has been sought by these programs aiming at genetic 
counseling (3-7).

Due to the need to initiate treatment within the 
first month after birth aiming to preserve the child’s 
neuronal development, the investigation of CH etiology 
is usually delayed until the age of 3, when treatment 
withdrawal for one month does not result in much 
impairment or, in many cases, is not performed due 

to the lack of resources in the region where the child 
resides or due to limited mobility to the capital cities, 
which are the centers of screening programs (6,7).

The aim of the present study was to describe the 
ultrasonographic findings and their contribution to 
the diagnosis of CH in a series of 41 patients, as well 
as evaluate the most appropriate time to perform the 
T-US.

SUBJECTS AND METHODS

Forty-four individuals with a previous diagnosis of 
CH were invited to undergo T-US at the Imaging 
Service of Universidade Federal do Triângulo Mineiro 
(UFTM). Of these patients, 23 were from the State’s 
Newborn Screening Program (SNSP) and were being 
followed at the Municipal Health Unit of Uberaba,  
while another 21 patients being followed at the 
Department of Endocrinology of UFTM were from 
Uberaba and other municipalities in the Triangulo 
Mineiro region, state of Minas Gerais, Brazil. A total 
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of 41 patients, 23 females and 18 males, aged 0.2 to 
45 years (median: 6 years) accepted the invitation to 
undergo T-US. The study was approved by the local 
University Medical Ethic Committee. 

All patients were undergoing treatment since the 
diagnosis, with the exception of one patient who had a 
positive newborn screening test, but whose TSH levels 
normalized after medication withdrawal, being considered 
a case of transient hyperthyrotropinemia (case 21). 

Of the patients referred by the SNSP (n: 23), 15 
had already undergone etiological investigation after 
treatment withdrawal between 3 and 4 years old, having 
been submitted to T-US and scintigraphy. Of the patients 
from UFTM (n: 21), 15 had undergone T-US and of 
these, only two had undergone scintigraphy. Therefore, 
of the total of 41 patients, 30 had undergone T-US and 
17 scintigraphy, prior to the study (Tables 1 and 2).

Of the 30 patients with previous T-US, test results 
found in the medical records of 23 patients allowed a 
comparison with the current results, as they contained 
thyroid descriptions and volumes (Tables 1 and 2).

All children participating in the study underwent 
T-US, which evaluated the following thyroid 
gland characteristics: position, texture, volume and 
additional findings. The examinations were performed 
with patients in the supine position with neck 
hyperextension (1). The assessment started with the 
cervical region evaluation from the base of the tongue 
to the thyroid, characterizing its lobes and the isthmus 
regarding their depth, length and width, evaluating the 
neck position, echotexture, calculated dimensions and 
volumes according to the formula π/6 x depth x length 

x width (8). Total thyroid volume was obtained by 
adding both lobes, whereas the isthmus was disregarded 
when determining the volume. Color Doppler was also 
used to assess its behavior. If any thyroid lesion was 
identified, it was recorded and analyzed separately.

The ultrasound assessments were performed in 
the Radiology and Imaging Diagnostic Department 
of Hospital de Clinicas, UFTM. The ultrasound 
equipment used for the assessments was a Philips device, 
model HD11 (Philips Healthcare, The Netherlands) 
with a 7.5-MHz frequency linear transducer (3-13 
MHz). An Accuvix V10 device (Samsung Medison 
Heathcare) with a 7.5 MHz frequency linear transducer 
(6-12 MHz) was also used. 

Reference values used for individuals aged ≥ 6 
years to evaluate the volumes obtained were the ones 
described by Chanoine and cols. (9), and Zimmermann 
and cols. (10), i.e., thyroids with a total volume  
< 1.5 mL were considered compatible with low volume 
and, therefore, hypoplastic. In individuals aged up to 5 
years, the reference values used were those obtained at 
the service itself from 30 normal children and stratified 
by age group, as follows: from 2 months to 3 years (n: 
15) ranging from 0.52 to 1.3 mL; and from 3.1 to 5 
years (n: 15) ranging from 0.98 to 2.7 mL. In adults, 
the volume considered normal was 10.3 ± 5.1 mL (11).

Statistical analysis 

Numerical data are shown as median, minimum and 
maximum values. Student’s t test was employed when 
comparing volumes obtained at prior x current T-US, 
with P < 0.05 being considered significant.

Table 1. Data from congenital hypothyroidism patients whose thyroids were not visualized on Ultrasonography (T-US) or with ectopic thyroid confirmed by 
scintigraphy (131I)

Case
N. Gender

Initial T-US
TT

Current T-US
TT 131I Diagnosis

Local Total 
volume (mL) Local Total 

volume (mL)

1 F E 0.81 3 E - 7.0 SME Ectopic

2 M NV - 3 E - 4.4 SLE Ectopic

3 M NV - 4 NV - 3.6 - Dysgenesis

4 M T 1.0 10 NV - 15.7 - Dysgenesis

5 M T 1.2 29 E - 32.0 SLE Ectopic

6 M NV - 19 NV - 21.0 Agenesis Dysgenesis

7 F NV - 14 NV - 20.8 - Dysgenesis

8 F NV - 3 NV - 14.0 - Dysgenesis

9 M - - - NV - 0.7 - Dysgenesis

10 M - - - NV - 2.2 - Dysgenesis

TT: time of treatment (years); E: ectopic; SME: submentonian ectopia; NV: not visualized; SLE: sublingual ectopia; T: topic.
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RESULTS 

Of the 44 patients invited to participate in the study, 41 
underwent T-US. The thyroid gland was not visualized 
in its bed in 10 cases (24.5%), which were considered 
as thyroid dysgenesis (Table 1). Of these, four had 
undergone scintigraphy, of which three had an ectopic 
thyroid and one thyroid agenesis. In this group, eight 
patients had previously undergone T-US. In case 1 the 
thyroid was located in the submentonian region, which 
was confirmed by scintigraphy. In two cases (cases 4 

and 5) the thyroid was topic, but was not seen in the 
current T-US. In case 4, the thyroid was very small 
and its volume might have reduced even further with 
L-thyroxine treatment, but in case 5, the thyroid gland 
was located in the sub-lingual region at the scintigraphy, 
showing a disagreement between the initial T-US and 
the scintigraphy (Table 1).

Thirty-one patients had topic thyroids (75.6%), 
with volumes ranging from 0.2 to 14.2 mL (median: 
1.95 mL). One patient had left-lobe hemiagenesis, 

Table 2. Sonographic (T-US) and scintigraphic (131I) data of congenital hypothyroidism patients with topic thyroids and etiological diagnosis

Case
N. Gender

Initial T-us
TT

Current T-uS
TT 131I Diagnosis

Local Total 
volume (mL) Local Total 

volume (mL)

11 F T 1.85 3.0 T LLH 8.1 T LLH

12 M T 4.34* 3.0 T 0.70* 9.0 T D

13 F T 4.35* 3.0 T 2.80* 9.0 T D

14 F T 0.26 4.0 T 0.20 4.7 - H

15 F T 0.73 3.5 T 1.00 6.0 T H

16 F T 1.79* 3.0 T 1.20* 8.5 T D

17 F - - - T 2.50 4.0 T D

18 M T 0.50 4.0 T 0.80 4.6 - H

19 F T 0.89 3.5 T 1.00 7.9 T H

20 M T 13.2* 3.0 T 6.50* 10.8 T D

21 F - - - T 3.00 3.0 T TH

22 F T 1.41 3.0 T 1.50 6.9 T D

23 M T Not described 3.0 T 14.20 14.0 T D

24 M T 2.30* 3.0 T 0.50* 14.4 T HC

25 F - - - T 1.10 6.0 - H

26 F T 0.94 7.0 T 3.00 11.0 - D

27 M T 1.70 0.1 T 2.10 5.9 - D

28 F T 0.50 0.1 T 0.85 12.5 - H

29 F T 0.90 1.0 T 1.00 4.9 - D

30 M T 7.70 8.0 T 8.50 13.0 - D

31 F - - - T 4.50 1.8 - D

32 M T 11.00* 0.1 T 3.00* 2.0 - D

33 F T 5.40* 37.0 T 2.00* 45.0 - D

34 F T 1.90 5.0 T 2.00 20.0 - D

35 M T 2.35 2.0 T 2.40 11.4 - D

36 F - - - T 5.50 6.0 - D

37 F - - - T 0.20 0.2 - H

38 F - - - T 1.90 1.5 - D

39 M T 13.00* 0.1 T 3.00* 0.5 - D

40 M - - - T 1.90 1.0 - D

41 F - - - T 0.80 0.9 - D

TT: time of treatment (years); T: topic; LLH: left lobe hemiagenesis; D: dyshormonogenesis; H: hypoplasia; TH: transient hyperthyrotropinemia; CH: central hypothyroidism. * Decrease in volume from 
previous to current T-US.
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confirmed by a previous T-US. Thirteen patients (cases 
12, 14, 15, 16, 18, 19, 22, 24, 25, 28, 33, 34 and 37) 
had homogeneous thyroids with reduced volumes for 
their ages, which could be considered hypoplastic if they 
had not undergone a previous T-US for comparison. 

In this group, 11 had undergone previous T-US 
and in six, thyroid volume was normal for age. Of 
these six patients, four showed a reduction in volume 
over the course of treatment with L-thyroxine (cases 
12, 16, 24 and 33) and case 14 was diagnosed with 
central hypothyroidism. Thus, taking into account 
these particularities, only seven of the 13 patients could 
be actually considered as having true hypoplasia and, 
therefore, thyroid dysgenesis, being one patient with 
central hypothyroidism and the remaining five with 
dyshormonogenesis (Table 2). 

As for the other cases of topic thyroid (n = 17) 
(Table 2), the patients showed normal or increased 
thyroid volumes according to the reference standards 
for age. In this group, 11 had previously undergone 
T-US, confirming the diagnosis of dyshormonogenesis. 
It was also observed that four cases had a reduction 
in thyroid volume with treatment, but still kept within 
normal limits for age.

Thus, of the total of 31 patients, one case of 
thyroid hemiagenesis, seven cases of true hypoplasia, 
one case of central hypothyroidism, one of transient 
hyperthyrotropinemia (21 cases) and 21 cases of 
dyshormonogenesis were identified (Figure 1).

In the group of topic thyroid, scintigraphy with 
123I had been performed on 12 patients, and showed 
100% agreement with the results obtained from the 
current T-US, considering the thyroid location. When 
analyzing the two groups (topic and ectopic thyroid), 
scintigraphy showed to be more accurate in locating 
the remaining ectopic gland. It also allowed identifying 
the iodine organification defect in three cases through 

the perchlorate test performed in 11 patients with 
topic thyroid. The remaining patients did not undergo 
scintigraphy due to younger ages or because they did 
not have access to the exam.

DISCUSSION

A child with a confirmed diagnosis of CH needs prompt 
treatment with L-thyroxine and the etiological research 
may be delayed until 3 years of age, considering that the 
first concern is to preserve the child’s developing central 
nervous system, growth and cognitive capacity (12-16).

Some doctors advise parents that, at some point, the 
drug will be discontinued and the etiology of CH will 
be investigated (6,7). In some cases, this information 
generates a degree of anxiety and an indeterminate 
diagnosis can lead to difficulties in the relationship 
between doctor and parents, who also inquire about 
treatment duration. The physician should convey 
confidence and reassure the parents that there is a best 
moment for this investigation to occur.

In clinical practice, the institution of L-thyroxine 
treatment in a timely manner was a breakthrough of 
the screening programs and, until recently, there were 
no resources for the study of CH etiology, considered 
a research subject limited to only a few centers of 
excellence and this is not the case in many Brazilian 
states (3-7).

This series includes some children who were 
investigated between 3 and 4 years of age, in the city 
of Uberaba, from SNSP-MG, but there are adults aged 
45 years that received the diagnosis of CH at birth, 
have been using L-thyroxine adequately and the T-US 
was the only test they had access to. In adulthood, the 
patients themselves ask their doctors why they have the 
disease, express their desire to know the nature of the 
defect and whether they could pass it on to offspring, 

N: 44 invited

41 underwent T-US 3 did not accept the invitation

10 thyroid glands not visualized 
(dysgenesis – 24.5%)

21 non-ectopic thyroids
with normal or increased volume
(dyshormonogenesis – 51.0%) 

1 case of central hypothyroidism (2.5%)

7 hypoplasic topic thyroids
1 left lobe hemiagenesis (dysgenesis 19.5%)

1 case of transient
hyperthyrotropinemia (2,5%)

Figure 1. Patient distribution according to thyroid location after ultrasonography and etiological diagnosis.
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prompting the physician to attain a more accurate 
diagnosis to support genetic counseling. 

As it is currently carried out, the etiological research 
of CH is difficult and inaccurate, as well as expensive 
and limited to large centers in the capital cities of Brazil. 
Thyroid scintigraphy, considered the “gold standard” 
for the gland identification, could be performed in the 
neonatal period when treatment has not been started 
yet, but would require prompt availability of a Nuclear 
Medicine Service, only available in certain cities (2). 
Most often, it is carried out much later in life, after 
medication withdrawal for at least a month (6).

The T-US complements the scintigraphy; it is 
very effective for thyroid identification and can be 
performed in the neonatal period, after treatment 
has been instituted (2). When the gland is located in 
its normal topography, the T-US can also disclose its 
characteristics, and according to the volume found, 
it may indicate whether it is normal, increased or 
decreased, or whether there is hemiagenesis of one of 
the lobes (1,17). 

In the present study, we observed very good 
agreement between the two tests regarding thyroid 
location. In 10 cases the thyroid was not visualized by 
T-US, probably due to dysgenesis. Among the 31 cases 
of topic thyroid, 21 had normal or increased volume 
for age, probably due to dyshormonogenesis, 7 had 
topic thyroid with reduced volume, configuring thyroid 
hypoplasia, one case showed central hypothyroidism, 
one case had transient hyperthyrotropinemia and 
one case had left lobe hemiagenesis, a rare variant of 
dysgenesis (18). However, to attain a secure diagnosis, 
the T-US should be performed as soon as possible, and 
not much later as it was done, after long-term use of 
thyroid hormone (2). 

In 22 cases of topic thyroid gland, thyroid volume 
obtained through the previous T-US was compared 
with the current one, demonstrating volume reduction 
in eight. This probably occurred due to L-thyroxine 
use since birth, which reduces volume and changes 
characteristics of the gland (19). These data indicate 
that the best time to perform the T-US is within the first 
few months after birth, when the thyroid still retains its 
original features and when it is topic and has reduced 
volume, CH may be due to hypoplasia or central 
hypothyroidism. A patient with central hypothyroidism 
(case N. 14) had decreased thyroid volume, decreased 
TSH with low free T4 and a prior investigation had 
revealed a TSH-receptor defect (20,21). Increased 

thyroid volume was also observed in some cases, 
which can be explained by the fact that thyroid volume 
increases with age, especially after 8 years old (22).

A T-US limitation is that when the thyroid is 
ectopic, its location is not always defined, in which case 
scintigraphy is superior, being effective in accurately 
locate the gland along the embryonic migration path 
(17). In a previous study involving a few cases of this 
series (6) scintigraphy effectively located two ectopic 
thyroids in 15 cases and when the perchlorate test was 
performed, it indicated iodine organification defect 
in three cases. In other cases of dyshormonogenesis, 
scintigraphy associated with the perchlorate test, as well 
as the T-US do not have the power to diagnose the 
cause of dyshormonogenesis. 

Further progress toward etiological diagnosis will 
come with molecular studies of congenital thyroid 
defects (23-25) and the T-US can direct the initial 
evaluation, without requiring therapy interruption. 
The collection of material for DNA extraction can be 
carried out by a small laboratory and the material may 
be sent to referral centers closer to the municipality 
where the child resides.

Until recently, thyroid dysgenesis was considered 
a sporadic event (26). In recent years, there have 
been reports of families with multiple affected cases 
and molecular biology studies have demonstrated the 
involvement of genes (TTF1 and 2, PAX8, TSH-R), 
which encode highly conserved transcription factors 
that result in agenesis, ectopia and thyroid hypoplasia, 
when inactivated (27,28).

Furthermore, the description of other affected 
genes responsible for cases of dyshormonogenesis 
(25) will make the etiological diagnosis much more 
practical and objective. Currently, the main proteins 
responsible for most of the critical biochemical steps 
in thyroid hormone synthesis have been identified, 
with increasing knowledge of the phenotype/genotype 
correlation, allowing a more accurate diagnosis to be 
attained (25). Even the transient hyperthyrotropinemia 
diagnosed in one of our cases can interfere with 
cognitive development and subsequently express as 
manifest hypothyroidism and has been considered a 
thyroid hormonogenesis defect (29).

We conclude that the role of T-US is more 
than a complementary test to scintigraphy. Its early 
performance, after the diagnosis of CH, in the first years 
of life allows suggesting the diagnosis of hypoplasia or 
dyshormonogenesis according to the observed volume 
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and characteristics and, when the gland is not visualized, 
it allows suggesting thyroid dysgenesis. According to 
this classification patients may be referred to molecular 
study of thyroid dysgenesis or dyshormonogenesis in 
the first year of life, without the need for treatment 
interruption, which offers more comfort to the patient, 
allowing the physician to attain an accurate diagnosis 
and offer adequate genetic counseling.

Funding statement: this research received no specific grant from 
any funding agency in the public, commercial or not-for-profit 
sectors.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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