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Abstract

This study was conducted to investigate and compare thyroid ultrasonography (US) findings in children and adolescents VQ
goiter and normal thyroid function with positive or negative thyroid autoimmunity. From 2000 to 2020, we reviewed initial thyroid
US images in 33 autoimmune thyroid diseases (AITDs) patients and 52 nonAlTD patients. Our review of the images focused
on thyroid parenchymal hypoechogenicity and heterogeneous echopattern subdivided into 2 groups according to severity:
hypoechogenicity 1 and 2 (HO1 and HO2) and heterogeneity 1 and 2 (HE1 and HE2). HO1 and HE1 were observed more
frequently in the nonAITD group (86.5% and 42.3%, respectively), while HO2 and HE2 were observed more frequently in the
AlITDs group (36.4% and 81.8%, respectively). More patients in the AITDs group showed change of both US groups and thyroid
function state within the follow-up periods than in nonAITD group (83.3% and 5.77%, respectively). Children and adolescent
AlTDs patients showed more severe parenchyma hypoechogenicity and heterogeneous echopattern compared with nonAITD
patients with goiter and normal thyroid function.

Abbreviations: AlTDs = autoimmune thyroid diseases, AS = anterior strap muscle, GD = Graves’ disease, HE1 = heterogeneity
1, HE2 = heterogeneity 2, HO1 = hypoechogenicity 1, HO2 = hypoechogenicity 1, HT = Hashimoto’s disease, TGAb =
antithyroglobulin antibodies, TPOAb = antithyroid peroxidase antibodies, TRAb = receptor antibodies, TSH = thyroid stimulating

hormone, US = ultrasonography.
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1. Introduction

Goiter is the most common physical presentation of thyroid dis-
ease in children and adolescents.!"! Goiter is enlargement of the
thyroid gland resulting from various causes including inflam-
mation owing to AITDs, space occupying lesion, or infection.?!
Among them, AITDs are the most common cause of thyroid
dysfunction in children and adolescents.!

It is improper to predict underlying diseases that cause thy-
roid dysfunction with only goiter presentation because it is non-
specific and can be accompanied by normal or abnormal thyroid
functions. Therefore, when goiter appears, the appropriate
examination to be carried out depends on patient circumstance.

To identify underlying causes of goiter, several evaluations
should be performed. When patients show hypo- or hyperthy-
roidism, thyroid autoantibody level should be assessed with sus-
picion of AITDs.B! In cases of patient with goiter and normal
thyroid function, which is called euthyroidism, there is no con-
sensus regarding choice of autoantibody evaluation.™!

US is a widely used diagnostic tool for evaluating thyroid size,
anatomy, and parenchymal abnormalities adjunct to the clinical
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exam.’! On US of patients with goiter, thyroid gland enlarge-
ment, parenchymal abnormality, or focal lesion can be found.*!
Previous studies have analyzed thyroid parenchymal echogenic-
ity on US among the general population and in patients with
underlying Hashimoto disease (HT).®! Unfortunately, there
is scarce previous study of US findings in children and adoles-
cent patients with goiter and initial normal thyroid function.
However, this situation should not be overlooked because thy-
roid dysfunction can appear later.>!"!

The purpose of this study was to investigate and compare
thyroid US findings of children and adolescents with goiter and
normal thyroid function in patients with positive and negative
thyroid autoimmunity.

2. Materials and Methods
2.1. Study population

This retrospective study was approved by our institutional review
board. The requirement for informed consent was waived, and
patient information was anonymized prior to analysis.
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We completed a retrospective search of medical records
using the electronic database from January 2000 through
April 2020, which yielded 85 consecutive children and ado-
lescent patients with goiter and normal thyroid function. All
patients underwent initial thyroid US and biochemical eval-
uation of thyroid autoimmunity within 3 months after US
examination. The AITDs group was comprised of 33 patients
(male to female ratio, 3:30; mean age 15+3.80 years) who
were positive for thyroid autoimmunity including antithy-
roglobulin antibodies (TGAb), antithyroid peroxidase anti-
bodies (TPOADb), or thyroid stimulating hormone (TSH)
receptor antibodies (TRAD). The nonAITD group consisted
of 52 patients (male to female ratio, 13:39; mean age 12 +3.9
years) who were negative for all 3 thyroid autoantibodies and
regarded as the control group.

The patients’ medical charts were reviewed for demograph-
ics, clinical profiles, and detailed biochemical thyroid function
tests.

2.2. US examinations

All patients underwent a detailed thyroid US examination,
which was performed by 1 of 3 pediatric radiologists (three
radiologists with 10, 17, and 18 years of experience in thy-
roid US, respectively, at the time of first assessment of study
participants). The US systems (IU22 US or HDI 5000, Philips
Healthcare; LogiQ E9, GE Healthcare) with high-resolution lin-
ear-array transducers (5-12 MHz and 6-15 MHz) were used for
the examinations.

Two radiologists (with 10 and 12 years of pediatric imaging
interpretation experience, respectively) retrospectively reviewed
all images in consensus. Although the reviewers knew that all
patients had been referred with a chief complaint of goiter, they
were unaware of other clinical information.

The parameters assessed by US included thyroid gland
enlargement, parenchymal hypoechogenicity, and parenchy-
mal heterogeneous echopattern. Thyroid gland enlargement
was defined when it exceeded the normal range according to
height and weight of the patient.!''! Parenchymal hypoecho-
genicity was according to degree of low echogenicity area
within thyroid gland compared to the structure of the adja-
cent anterior strap muscle (AS). This type of hypoechogenic-
ity was subdivided into 2 groups. Hypoechogenicity grade 1
(HO1) (Fig. 1) was defined by lower parenchymal echogenicity
than that of normal thyroid tissue but more echogenic com-
pared to the AS. Hypoechogenicity grade 2 (HO2) (Fig. 2) was
defined by greater hypoechogenicity than the AS. Parenchymal
heterogeneous echopattern also was subdivided into 2 groups.
Heterogeneous grade 1 (HE1) (Fig. 3) was defined as echo-
genicity area of irregular or mottled shape with or without
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internal echogenic strands involving <50% of the entire thyroid
glands. Heterogeneous grade 2 (HE2) (Fig. 4) was defined as
echogenicity area of irregular or mottled shape with or with-
out internal echogenic strands involving more than 50% of the
entire thyroid glands. US grades were evaluated qualitatively by
visual assessment.

2.3. Statistical analysis

Statistical analyses were performed using SPSS software
(SPSS, version 23.0; SPSS, Chicago, IL, USA). Data were con-
sidered significant if the P-value was < .05. Descriptive data
were summarized as the mean = standard deviation or num-
ber of individuals (percentage). Statistical differences were
compared using either 2-sample t-test or Mann-Whitney test
for continuous variables and Fisher exact test for categorical
variables.

3. Results

3.1. Clinical profiles and laboratory data

The clinical profiles and laboratory data in AITDs and
nonAITD groups are presented in Table 1. Both groups
reflected female predominance. TGAb and TPOAb levels in
the AITDs group were significantly higher than those in the
nonAITD group.

3.2. Imaging findings

The US findings of the 2 groups are presented in Table 2. All
patients in both groups showed enlarged thyroid gland on
US. HO1 was observed more frequently in the nonAITD
group (45/52 86.5%) than in the AITDs group (21/33 63.6%)
(P = .017). HO2 was observed more frequently in the AITDs
group (12/33 36.4%) than in the nonAITD group (7/52 13.5%)
(P =.031). HE1 was observed more frequently in the nonAITD
group (22/52 42.3%) than in the AITDs group (6/33 18.2%)
(P =.0322). HE2 was observed more frequently in the AITDs
group (27/33 81.8%) than in the nonAITD group (30/52
57.7%) (P = .032). There were 11 out of 33 patients (33.3%)
who showed change of US group in the AITDs group and 3 out
of 52 patients (5.77%) in the nonAITD group (Table 3). Thyroid
hormone level was also changed in patients who showed change
in US group, from normal to subclinical hypo/hyperthyroidism
or overt hypo/hyperthyroidism (Fig. 5). There were significantly
more patients with change in both US groups and thyroid func-
tion states in the AITDs group (P = .001). The mean follow-up
period in the AITDs group was 22.8 +2.18 months, and that of
the nonAITD group was 15.7+13.9 months.

Figure 1. Transverse and longitudinal US images of the HO1 group, defined by lower parenchymal echogenicity than that of normal thyroid tissue but more

echogenic compared to the anterior strap muscle (AS).
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Figure 3. Transverse and longitudinal US images of HE1, defined as echogenicity area of irregular or mottled shape with or without internal echogenic strands
involving <560% of the entire thyroid gland. Note the outlined area with internal asterisk in lower column images.

4. Discussion

Our results revealed that children and adolescent patients with
goiter and euthyroidism in the AITDs group showed more severe
hypoechogenicity and heterogeneous echopattern of thyroid gland
on initial US than did those in the non AITD group. In addition,
in the AITDs group, thyroid dysfunction was more frequently
observed, and the US findings were aggravated during follow-up.

In children and adolescents, goiters are often found inciden-
tally by parents or doctors.! When goiter presents, thyroid
abnormality can be considered first because it is the most com-
mon endocrinologic problem in children and adolescents.!'? In
children and adolescent patients with goiter, presence or absence
of symptoms and degree of thyroid dysfunction are variable.
Even in goiter patients with risk of underlying thyroid disease
with positive thyroid autoantibody, in a euthyroid state, symp-
toms might not be apparent. Onset of thyroid function abnor-
mality and symptoms are challenging to predict. As a result, in
children and adolescent thyroid dysfunction patients, diagno-
sis and treatment can be delayed.!"l Normal thyroid function is
especially important in children and adolescents not only for

physical development, but also for intellectual and cognitive
development.!'3!

The most common underlying cause of goiter is AITDs,
including HT and Graves’ disease (GD), which are the most
common causes of hypothyroidism and hyperthyroidism in chil-
dren and adolescents, respectively.l®”!>191 HT is a goitrous form
of AITD. In HT, a high level of antithyroid antibodies damage
the thyroid gland cells with infiltration by macrophages and
lymphocytes.’"'”1 In GD, autoantibodies against the TSH recep-
tor on follicular epithelial cells mimic TSH and stimulate the
thyroid gland. This results in overproduction of thyroid hor-
mone."8! Histologically, lymphoplasmacytic infiltration, ger-
minal center formation, and follicular destruction are seen in
HT; and hypercellular, patchy lymphocytes infiltration and a
decrease in colloid amount are noted in GD.[**!

For diagnosis of AITDs, various tests can be performed,
among which the presence of thyroid autoimmunitiy is confir-
matory. US is often used to identify thyroid parenchymal pat-
tern change, size change, and presence of focal lesions.[®15:20]
In US of AITD patients, thyroid glands tend to be enlarged
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Figure 4. Transverse and longitudinal US images of the HE2 group, defined as echogenicity area of irregular or mottled shape with or without internal echogenic
strands involving more than 50% of the entire thyroid gland. Note the outlined area with internal asterisk in lower column images.

The clinical profiles and laboratory data in AITDs and Non AITD groups.

Variable Total (N = 85) AITDs (n = 33, 38.8%) Non AITD (n = 52, 61.2%) P-value
Age (year) 13+41 15+3.8 12+3.9 0.873
Male 16 (18.8 %) 3(9.1%) 13 (25 %) 1.000
Female 69 (81.2 %) 30 (90.9 %) 39 (75 %)

TSH (0.55-0.478 ulU/mL) 2.47+218 2.33+3.00 2.55+1.46 0.028
T3 (60—181 ng/dL) 116.61+£30.95 108.01 £33.53 122.17+28.13 0.045
T4 (0.89-1.76 ng/dL) 1.24+0.22 1.22+0.18 1.26+0.24 0.264
TGADb (5-100IU/mL) 216.42 +486.76 407.03+629.28 17.86+25.19 <0.001
TPOAb (1-16IU/mL) 710.52£1265.07 1265.67 +1475.1 1.16+2.25 <0.001
TRAD (0.0-1.75IUL) 6.59+15.73 6.59+15.73 NA

Values are presented as mean =+ standard deviation (range) or number (%).

AlTDs = autoimmune thyroid diseases, fT4 = Free throxine, TGAb = antithyroglobulin antibodies, TPOAb = antithyroid peroxidase antibodies, TRAb TSH receptor antibodies, TSH = thyroid stimulating

hormone, T3 = triiodothyronine.

The US findings in AITDs and Non AITDs groups.

pattern of the thyroid gland in AITD patients can change as
mentioned above.

There were several studies with AITD patients or general
population evaluating usefulness of thyroid US for detection of

AITDs (n =33 NonAITD (n = 52 P . . .
{ ) ( ) disease. Rago T. et al, found that hypoechogenicity on thyroid
Enlarged 33 (100%) 52 (100%) 1.000 US can detect thyroid autoimmune disease in apparently healthy
HO1 21 (63.6% 45 (86.5% 0.0175 ; ; ; ;
i T ( '400) (6. 0") o3 patients in advanced cases, while present and future thyroid dys-
02 (36.4%) 7 (13.5%) 0.0315  f1nction are more rapidly predicted by hypoechogenicity via US
HET 6(18.2%) 22 (42.3%) 00822 han by presence of serum thyroid autoantibodies in adults.?¢
HE? 27 (81.8%) 30 (57.7%) 0.0322 p :

Values are presented as number (%).
AlTDs = autoimmune thyroid diseases, HO = hypoechogenicity, HE = heterogeneous echopattern.

with hypoechogenicity, and uneven parenchymal echogenicity
can present as well.l¥) Pathologically, decrease in colloid con-
tent, lymphocyte infiltration among thyroid follicles, variable
degree of fibrosis, and increase in intrathyroidal flow change
the normal follicular structure of the thyroid parenchyma in
AITD patients.?!2? Because thyroid gland tissue echogenicity
varies according to cellularity and vascularization,?3->5! the US

Jeong SH et al, reported that hypoechogenicity grade of the
thyroid gland correlates with HT severity in children and ado-
lescents.”? According to Pernille V et al, among healthy popula-
tions not diagnosed with existing thyroid abnormalities, there is
tendency for future thyroid dysfunction when heterogeneity is
present on initial US.!!

In cases of children and adolescent euthyroid goiter, about
20% develop AITDs presenting of hyper- or hypothyroidism
requiring future treatment. There are studies on factors that
can predict thyroid dysfunction in patients with euthyroid goi-
ter which should not be overlooked because thyroid function
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The US findings and thyroid status change at follow up in AITDs and NonAITD groups.

Patient number US grades Thyroid function states p

AITD (n =11, 33.3%) 1 HO1/HE2 — HO2/HE2 Eu — overt hyperthyroidism 0.0016

2 HO1/HE2 — HO2/HE2 Eu — subclinical hyperthyroidism

3 HO1/HE1 — HO2/HE2 Eu — subclinical hyperthyroidism

4 HO1/HE2 — HO2/HE2 Eu — overt hyperthyroidism

5 HO1/HE2 — HO2/HE2 Eu — overt hyperthyroidism

6 HO1/HE2 — HO2/HE2 Eu — overt hypothyroidism

7 HO1/HE2 — HO2/HE2 Eu — overt hyperthyroidism

8 HO1/HE2 — HO2/HE2 Eu — overt hypothyroidism

9 HO1/HE1 — HO2/HE2 Eu — subclinical hypothyroidism

10 HO1/HE1 — HO2/HE2 Eu — subclinical hypothyroidism

" HO1/HE2 — HO2/HE2 Eu — subclinical hypothyroidism
Non (n =3.5.77%) 1 HO1/HE1 — HO2/HE2 Eu — subclinical hyperthyroidism

2 HO1/HE1 — HO2/HE2 Eu — subclinical hypothyroidism

3 HO1/HE1 — HO2/HE2 Eu — subclinical hypothyroidism

AITDs = autoimmune thyroid diseases, EU = euthyroidism, HE = heterogeneous echopattern, HO = hypoechogenicity.

x5

Figure 5. Transverse and longitudinal US images of the patient number 3 on Table 3. On initial US (a, b) thyroid echogenicity was classified into HO1/HE1
group. On follow up US after 20 months (c, d) thyroid echogenicity was aggravated and classified into HO2/HE2 group. At the same time thyroid function was

aggravated as well from initial euthyroidism to subclinical hyperthyroidism.

abnormality appears in a considerable proportion of such
patients. In adult goiter patients, treatment is recommended
when antibodies are identified.l) In children and adolescents
who have euthyroid goiter, it is helpful to assess antibody levels
to predict the need for future treatment. It was also reported
that, in initial antibody-negative euthyroid goiter patients, pro-
gression to HT during follow up was seen frequently in patients
with family history or persistent goiter over an average follow up
period of about 2 years.* In our study, the mean follow-up peri-
ods between initial thyroid US and biochemical thyroid dysfunc-
tion with changes in US groups were about 22 and 15 months in
AITDs and nonAITD groups, respectively. Considering previous

study and our results, it is better to advise thyroid function test
and US follow up for at least 2 years to monitor development of
thyroid dysfunction in euthyroid goiter children and adolescent
patients regardless of autoantibody presence.

Autoimmue thyroid disease was reported more prevalent
during developing of secondary sex characteristics and at
puberty.””! The age of development of secondary sex character-
istics ranges 9—13 years in girls and 10-14 years in boys."?®! The
average age of menarche onset in Koreans was 12.7 year.!””! The
mean age in our study was 15 years in AITDs group and 12
years in nonAITD group, which implies most of the children
in our study were at the age of secondary sexual characteristics
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development. For AITDs group, the average age was about 3
years higher than nonAITD group, so more children with devel-
oped secondary sexual characteristics, such as the onset of men-
arche, would have been included. In addition, the incidence of
AITDs and thyroid dysfunction increases with age.*” The phy-
sician should investigate symptoms of hyper/hypothyroidism
more carefully and frequently in post-pubertal adolescents than
in prepubertal children.

In our study, children and adolescent goiter patients with
initial normal thyroid function and negative autoantibody test
also showed increase in thyroid gland size, mild hypoecho-
genicity, and heterogeneous echopatterns on US. The patho-
genesis of thyroid gland enlargement is not clear in this case.
Histologically, increased thyroid follicle size filled with a large
amount of colloid was noted. There was no combined inflam-
mation, infection, or neoplasm in enlarged thyroid gland."? In
congenital hypothyroidism, possible genes for euthyroid goiters
have been noted.?! However, in our study, the target patients
are children and adolescents, so it is difficult to see them as
hereditary. At puberty, the thyroid gland tends to be enlarged
in patients with antibody-negative goiter.’? In girls, timing of
puberty is similar to that of increase in thyroid size. In our study,
thyroid gland enlargement and mild change in parenchyma in
the nonAITD patients group was explained partially as above.

In our study, initial TPOAb and TRAbD levels were signifi-
cantly higher in the AITDs group. Various conclusions have
been drawn in previous studies on whether thyroid antibody
level is related to degree of US findings. In a few studies, there
was no correlation between autoantibody level and thyroid
gland echogenicity.”® However, in cases of mild thyroid dys-
function, together with US, thyroid antibody levels are helpful
to predict the future direction of the disease and the need for
treatment.’* Since our study was conducted in patients with
normal thyroid function, we suggest that we are now closer to
confirming that measuring initial antibody levels are helpful in
mild thyroid dysfunction cases.

In our study, TGADb was positive in 53.8% (14/26) in AITD
group and 3.8% (1/26) in nonAITD group, respectively. TPO
was positive in 75% (18/24) in AITDs group and 30.8% (8/26)
in nonAITD group, respectively. According to previous study
in general population of adults, TGAb was positive in 27.9
~72.7% and TPO was positive in 32.1~72.7%, respectively.l®! In
AITDs group, TGAb showed similar result and TPOAb showed
more prevalent result. In nonAITD group, TGAb showed less
prevalent result and TPOAb showed similar result. In previous
study with adults, as the thyroid gland echogenicity decreased,
the positive antibody rate increased as well.¥! In our study, the
higher positivity rate of TPOAD in the AITDs group may be due
to the fact that many patients with a higher frequency and sever-
ity of hypoechogenicity were included.

Our study has several limitations. First, our study was ret-
rospective study with only 20 years limited data and had small
sample size in both groups. Although all US examinations were
performed by qualified pediatric radiologists according to a
detailed US protocol, prospective study with a larger-scale inves-
tigation is necessary to validate US findings. Second, there may
had been a bias because radiologists knew that patient had thy-
roid ultrasound with suspicion of goiter. Third, there was limited
follow-up duration, which might have missed later development
of thyroid dysfunction.

5. Conclusions

Our study showed that US findings can predict the association
with AITDs in children and adolescent patients with normal
thyroid function who presented with the first physical presenta-
tion of goiter without previous thyroid abnormalities. This can
help in the decision of further evaluation and management in
patients with goiter and normal thyroid function.
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