
Citation: Borysewicz-Sańczyk, H.;
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Abstract: There are data indicating the coexistence of papillary thyroid carcinoma and autoimmune
thyroiditis (AIT) in children. The aim of the study was elastographic evaluation of thyroid nodules in
children and adolescents with AIT and nodular goiter in relation to cytological and/or histopatho-
logical diagnosis. We examined 215 children (57 boys and 158 girls) with 261 thyroid nodules (143
non-AIT and 118 AIT). All study participants underwent a conventional ultrasound examination with
elastography followed by fine needle aspiration biopsy (FNAB). Abnormal Strain Ratio (SR ≥ 5) was
observed in 36 non-AIT nodules and 15 AIT nodules. Papillary thyroid carcinoma was diagnosed in
5 patients (2% of all investigated nodules). SR of malignant thyroid nodules was statistically higher
in comparison to SR of benign nodules both in the group of non-AIT (6 ± 4 vs. 3.67 ± 2.62, p = 0.024)
and AIT nodules (6.3 ± 0.01 vs. 2.92 ± 1.89, p = 0.047). Comparison of non-AIT and AIT benign
nodules revealed that SR was higher in non-AIT nodules (3.67 ± 2.62 vs. 2.92 ± 1.89, p = 0.01). We
observed a strong positive correlation (R = 1) between TSH concentration and SR ratio in the group
of all malignant thyroid nodules. Autoimmune inflammatory process of the thyroid gland does not
limit the use of elastography in the diagnosis of thyroid nodules in children.

Keywords: children; thyroid nodules; thyroid cancer; nodular goiter; autoimmune thyroiditis;
Hashimoto’s thyroiditis; elastography

1. Introduction

Chronic autoimmune thyroiditis (AIT) is the leading cause of thyroid dysfunction in
children [1]. In recent years, an increase in the prevalence of Hashimoto’s thyroiditis (HT),
which is the most common form of thyroiditis in paediatric patients, has been observed [1–3].
AIT is an organ-specific, autoimmune disease, characterised by autoimmune-mediated de-
struction of the thyroid gland [4]. The diagnosis is suggested by a characteristic ultrasound
pattern and/or presence of antithyroid antibodies [1,4] or cytology results. At diagnosis,
patients may be euthyroid, may have subclinical hypothyroidism, hypothyroidism or, in
rare cases, initial transient hyperthyroidism [1]. Along with considerable alterations in
thyroid function, AIT in children may be accompanied by structural changes in the thyroid
gland [5] as the disease involves gradual atrophy of follicular tissue secondary to infiltration
of lymphocytic cells and fibrotic changes [6]. Moreover, some patients develop thyroid
nodules in the course of autoimmune thyroiditis [6], which might potentially be associated
with an increased risk of malignancy.

Research indicates that thyroid nodules in children carry a greater risk of malignancy
compared to adults [5]. Although thyroid cancer (TC), with papillary thyroid cancer (PTC)
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being the most common histological type, is a rare childhood malignancy with the reported
incidence of around 0.59 cases per 100,000 each year, its incidence is increasing at a rate
of approximately 1% per year [7]. The coexistence of TC and AIT has been observed [8],
and the autoimmune process has been indicated as a risk factor for the development of
TC [1,6,8]. This finding may influence the management and follow-up of patients with
this disease. Thus, it is recommended that every child with HT should have a thyroid
ultrasound examination at least once a year [9], and any nodules identified as suspicious
by ultrasonography (US) will require a fine-needle aspiration biopsy (FNAB) to exclude
malignancy.

Thyroid US is the most commonly used diagnostic method for visualizing the macro-
scopic structure of the thyroid gland. The sonographic appearance of the thyroid gland
varies depending on the phase and severity of AIT. Typical sonographic features of HT
include diffuse heterogeneity, hypoechogenic background, hypoechogenic areas, hypere-
chogenic septations, and hypervascularity [6]. Furthermore, US allows for the detection
and characterisation of very small, impalpable thyroid nodules. The ultrasound features of
thyroid nodules suggesting thyroid cancer are: hypoechogenicity, irregular shape without
a halo, a taller-than-wide shape, presence of microcalcifications, intranodular vascularity
greater than peripheral vascularity, and cervical lymph node enlargement [10–14]. The pres-
ence of a few suspicious sonographic features increases the risk of malignancy, although no
characteristic appears sufficiently sensitive or specific in isolation to identify all malignant
nodules [15].

Ultrasound elastography, usually performed as an extension of conventional US, is
gaining interest in ultrasonographic diagnosis of thyroid lesions since it provides new
details about the examined tissue and appears to increase the accuracy of US in differential
diagnosis of thyroid nodules [16,17]. The mechanical properties of tissue, such as tissue
stiffness, are features that reflect the nature of a thyroid lesion. In the gland that is inflamed
or in which cancer has formed, tissue composition and structure are changed, which
influences the parenchymal stiffness [16,18]. As demonstrated by a number of authors,
most malignant thyroid nodules (e.g., papillary carcinoma) are hard, with low elasticity
on palpation due to the presence of increased amounts of collagen and increased numbers
of myofibroblasts [19,20]. Studies show that in the course of HT, thyroid parenchymal
stiffness might be increased due to lymphocytic infiltration and variable degrees of fibrosis
of the thyroid, which may affect the cohesiveness of the gland [21]. Two main thyroid
elastography methods are used in clinical practice: strain elastography (SE) and shear-wave
elastography (SWE). The former assesses tissue elasticity through tissue displacement
induced by compression, and the latter, also called dynamic elastography, assesses tissue
elasticity by measuring the propagation speed of transverse shear waves [22]. Thyroid
elastography has recently been recommended as a useful complementary tool to the
conventional US to improve specificity and to monitor lesions previously diagnosed as
benign at FNAB [16,23]. As elastography provides information about which part of the
gland has decreased elasticity, it allows for determination of the area of thyroid tissue or
nodule that may require further, invasive diagnostic evaluation [16]. Furthermore, some
studies indicate that elastography may help identify benign nodules and thus reduce the
number of unnecessary thyroid biopsies [23–25].

Since the coexistence of thyroid nodules and HT, and the risk of papillary carcinoma in
children with HT has been reported, the aim of our study was to determine the elastographic
features of thyroid nodules in children and adolescents with HT in relation to cytological
and/or histopathological diagnosis, and to assess if the autoimmune process reduces the
accuracy of elastography in thyroid nodule evaluation.

2. Materials and Methods
2.1. Patients

A total of 261 thyroid nodules (118 AIT and 143 non-AIT) from 215 children and
adolescents 5 to 18 years of age were included in the study conducted at the Department
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of Paediatrics, Endocrinology, Diabetology with Cardiology Unit, Medical University of
Bialystok, Poland. Among patients with AIT nodules, only patients with HT were included
in the study. The diagnosis of AIT was based on a typical ultrasound pattern and/or
presence of antithyroid antibodies or cytology results. The study was granted ethical
approval by the Ethics Committee of the Medical University of Bialystok, Poland. Written
informed consent was obtained from the parents of participants under the age of 16, and
from participants over the age of 16. The exclusion criteria were: clinical or laboratory
diagnosis of Graves’ disease, a cyst detected by ultrasonography, and lack of consent to
participate in the study. Table 1 shows characteristics of the study group.

Table 1. Characteristics of the study group.

All, Range (Mean ± SD) AIT, Range (Mean ± SD) Non-AIT, Range (Mean
± SD) p

number of thyroid nodules 261 118 143
sex (boys/girls) 73/188 37/81 36/107

left/right 116/145 55/63 60/83
malignant/benign 5/256 2/116 3/140

age (years) 5–18 (14.60 ± 3.12) 5–18 (14.02 ± 3.34) 5–18 (15.08 ± 2.85) <0.01
TSH (µIU/mL) 0.13–14.55 (2.90 ± 2.04) 0.13–14.55 (3.55 ± 2.47) 0.34–6.72 (2.29 ± 1.27) <0.0001

fT4 (ng/dL) 0.84–5.81 (1.4 ± 0.54) 0.92–1.8 (1.3 ± 0.23) 0.84–5.81 (1.4 ± 0.74) ns
TPO antibodies (IU/mL) 1.08–1300 (108.6 ± 192.0) 1.08–1300 (183.7 ± 230.4) 5–34 (12.87 ± 7.5) <0.0001
Tg antibodies (IU/mL) 10–1617 (161.1–304.1) 10–1617 (229.67 ± 347.14) 10–17.2 (11.38 ± 2.32) <0.01

length (mm) 3.0–28.0 (7.9 ± 4.2) 3.5–21.0 (7.3 ± 3.5) 3.0–28.0 (8.3 ± 4.8) ns
width (mm) 1.7–24.0 (6.2 ± 3.6) 1.7–22.0 (5.8 ± 3.3) 1.8–24.0 (6.5 ± 3.9) ns

p—significance level between nodules of AIT (Autoimmune Thyroiditis) and Non-AIT (Non-Autoimmune
Thyroiditis); ns—not statistically significant.

2.2. Serum Analysis

Blood samples were collected for analysis from the basilic vein in the morning follow-
ing an overnight fast and centrifuged for 10 min at 2000 rpm. Serum levels of thyrotropin
(TSH) and free thyroxine (fT4) were determined by electrochemiluminescence “ECLIA”
with a Cobas e 411 analyzer (Roche Diagnostics, Warsaw, Poland). Normal values for TSH
ranged between 0.28 and 5.0 µIU/mL, and between 1.1 and 1.7 ng/dl for fT4. Thyroperoxi-
dase (TPO) and thyroglobulin (Tg) antibodies titers were measured using electrochemilu-
minescence “ECLIA” with Modular Analytics E170 analyzer (Roche Diagnostics). Negative
values for TPO antibodies were less than 34 IU/mL and negative values for Tg antibodies
were less than 115 IU/mL.

2.3. Thyroid Imaging—Ultrasonography and Elastography

Conventional ultrasonography and elastography were performed in all patients using
Toshiba Aplio MX SSA-780A system equipped with a 12 MHz linear transducer by the
same, experienced ultrasonographer. Initially, the echotexture of the thyroid gland and
nodules were evaluated using B-mode and Doppler ultrasound imaging. Following the
assessment of sonographic characteristics, elasticity of the nodules was assessed using
strain elastography. Elastography was performed by real-time, freehand method. The
thyroid gland was lightly compressed and decompressed above the nodule. The process
was repeated 5 times. The result was presented as the Strain Ratio (SR) which indicates
deformation of the nodule, i.e., region of interest 1 (ROI 1) in comparison to the region of
interest of healthy tissue (ROI 2) as a reference (ROI1/ROI2 index). Following the guidelines
for studies in adults, SR 5 was taken as the cut-off value for thyroid elastography in our
paediatric patients, where SR 5 or more indicated an abnormal elastography result and an
increased risk of malignancy. The results were also presented in the form of a colour maps,
called elastograms, which showed soft tissue in red and hard tissue in blue. Importantly,
cystic elements and calcifications were excluded from the elastographic evaluation since
they may have falsified the test result.
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2.4. Fine Needle Aspiration Biopsy

An ultrasound-guided FNAB was performed in each patient with a 23-Gauge needle
attached to a 5-mL disposable plastic syringe. Aspirates were smeared onto glass slides
and immediately fixed in 95% alcohol for both H&E staining and May-Grunwald-Giemsa
staining. A smear was considered adequate when 6 clusters of cells with >10 cells per
cluster were present. Cytological diagnosis was made by an experienced pathologist and
presented according to the Bethesda system. If clinically indicated (thyroid nodules within
Bethesda categories VI, V, IV, or III accompanied by abnormal ultrasound findings), the
patient was treated surgically and the final diagnosis was made based on histopathological
results.

2.5. Data Analysis

Biostatistical analysis of collected data was performed using GraphPad Prism 9.0
statistical software (GraphPad Prism Inc., San Diego, CA, USA). Due to the non-Gaussian
distribution of data, the nonparametric Mann-Whitney U test was applied to compare
differences between the groups. Data were presented as mean values with SD range.
Significance level was set at p ≤ 0.05 and differences were indicated with asterisks or exact
p values: * −p < 0.05, ** −p < 0.01, *** −p < 0.001, **** −p < 0.0001. Correlations within
the studied groups were assessed using the non-parametric Spearman’s correlation, and
the obtained results were presented on heat maps as correlation coefficients (r values),
and asterisks indicating statistically significant correlations. Depending on the value of
r, the obtained correlations were considered weak (0.2–0.39), moderate (0.4–0.59), strong
(0.6–0.79), or very strong (0.8–1.0).

3. Results
3.1. Cytological and Histopathological Results

A total of 118 single nodules (45%) out of the 261 examined nodules were AIT nodules.
There were no statistically significant differences between the diagnosed AIT and non-AIT
nodules in terms of size and fT4 concentration. Non-AIT patients were marginally older.
TSH concentration, TPO, and Tg antibody titers were significantly higher in AIT patients
(Table 1). Abnormal FNAB results—Bethesda categories III, IV, V, and VI—were obtained
for 23 nodules (8 AIT and 15 non-AIT nodules), which constituted 9% of all investigated
nodules. In 11 cases, the histopathological results were available following surgical treat-
ment (ultrasound characteristic is presented in Table 2). Ultrasound surveillance was
recommended for the remaining 12 nodules classified as Bethesda category III. A diagnosis
of cancer was confirmed on histopathology in five patients (2% of all investigated nodules)
whose nodules were classified as Bethesda categories V or VI. Two of them were AIT
nodules (which constituted 1.7% of AIT nodules) and three of them were non-AIT nodules
(which constituted 2.1% of non-AIT nodules). The patients diagnosed with cancer were pu-
bertal and remained euthyroid at the time of diagnosis. One nodule classified as Bethesda
category VI proved to be hyalinizing trabecular tumour/adenoma in histopathological
examination, a relatively rare benign tumour whose cytological features resemble those of
papillary carcinoma. One nodule classified as Bethesda category III proved to be adenoma
in histopathological examination. In all patients with malignant disease, papillary thyroid
carcinoma was confirmed by histopathology. Of the four patients with cancer, three were
located in the right lobe, and in one was in the left lobe. Among benign, non-AIT thyroid
nodules (128 nodules), the most common cytological diagnoses were: nodular goiter (40%),
nodular colloid goiter (34%), nodular partially cystic goiter (11%), nodular goiter with a
proliferative nodule (6%), nodular goiter with oxyphilic metaplasia (3%), a lymph node
(2%), cyst (2%), and parenchymatous goiter (1%).
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Table 2. US characteristic of the thyroid nodules with histpoathological diagnosis.

Bethesda
System hp Echogenicity Margin Compositoin

Taller-than-
Wide
Shape

Suspected
Lymph
Nodes

Echogenic Foci

VI ptc hypoechogenic irregular solid yes no microcalcifications

VI ptc hypoechogenic irregular solid yes no micro- and
macrocalcifications

V ptc hyperechogenic irregular solid yes no microcalcifications
V ptc hypoechogenic irregular solid yes no microcalcifications
V ptc hypoechogenic irregular solid yes no microcalcifications

IV benign hypo- and
isoechogenic regular solid and

cystic yes no no

IV benign hypoechogenic irregular solid no no microcalcifications
III benign hypoechogenic regular solid yes no no
III benign hypoechogenic irregular solid no no microcalcifications
III benign hypoechogenic regular solid no no no
III benign hypoechogenic regular solid no no no

hp—histopathological diagnosis, ptc—papillar thyroid cancer.

3.2. Non-AIT Thyroid Nodules

In the group of patients without AIT, malignant thyroid nodules were larger in com-
parison to benign nodules and the difference in size was close to statistical significance.
There were no differences between benign and malignant nodules in this group in terms of
laboratory results. Malignant thyroid nodules fell within a significantly higher Bethesda
category (Table 3). Mean SR in patients in whom cancer was diagnosed was statistically
higher than in patients with benign lesions (Scheme 1). Figures 1 and 2 show the ultrasound
and elastography images of non-AIT nodules.

Table 3. Non-AIT nodules.

Malignant Mean ±
SD Benign p

Bethesda system 5.33 ± 0.58 2.31 ± 0.61 <0.001
length 12.83 ± 7.00 8.21 ± 4.69 0.097
width 10.50 ± 6.26 6.37 ± 3.90 0.075
TSH 1.66 ± 0.50 2.31 ± 1.29 ns
fT4 1.19 ± 0.15 1.42 ± 0.75 ns

TPO antibodies 9.40 ± 0.01 12.93 ± 7.60 ns
ns—not statistically significant; TSH—thyroid-stimulating hormone; fT4—free thyroxine; TPO—thyroperoxidase.
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Figure 2. (a) A non-AIT malignant thyroid nodule; (b) A non-AIT malignant thyroid nodule in
elastography, SR 6.9.

3.3. AIT Thyroid Nodules

Similarly to non-AIT nodules, in the group of AIT patients, malignant nodules fell
within a higher Bethesda category and were bigger (significant difference). Laboratory
results were similar in both groups, although malignant nodules were characterised by
higher Tg titers (Table 4). The mean SR of malignant nodules was higher in comparison to
benign nodules (Scheme 1). Figures 3 and 4 show the ultrasound and elastography images
of AIT nodules.

Table 4. AIT nodules.

Malignant Mean ±
SD Benign p

Bethesda system 5.50 ± 0.70 2.12 ± 0.33 <0.001
length 19.00 ± 2.83 7.10 ± 3.08 <0.001
width 17.00 ± 2.83 5.53 ± 2.87 <0.001
TSH 3.00 ± 0.01 3.55 ± 2.48 ns
fT4 - 1.32 ± 0.23 -

TPO antibodies 167.5 ± 106.77 184.16 ± 233.11 ns
Tg antibodies 1617.0 ± 0.001 200.15 ± 283.54 <0.001

ns—not statistically significant; TSH—thyroid-stimulating hormone; fT4—free thyroxine; TPO—thyroperoxidase;
Tg—thyroglobulin.
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Figure 4. AIT malignant thyroid nodule.

3.4. Benign Thyroid Nodules

Non-AIT lesions were bigger in comparison to benign AIT nodules. Bethesda cate-
gories were similar in both groups. TSH concentrations and antithyroid antibody titers
were higher in benign AIT nodules while fT4 concentrations were comparable in both
groups (Table 5). SR was higher in non-AIT nodules (Scheme 2).

Table 5. Benign nodules.

Non-AIT Mean ±
SD AIT Mean ± SD p

Bethesda system 2.31 ± 0.61 2.12 ± 0.33 ns
length 8.21 ± 4.69 7.10 ± 3.08 0.044
width 6.37 ± 3.90 5.53 ± 2.87 0.075
TSH 2.31 ± 1.28 3.55 ± 2.48 <0.001
fT4 1.42 ± 0.75 1.32 ± 0.23 ns

TPO antibodies 12.93 ± 7.60 184.16 ± 233.11 <0.001
Tg antibodies 11.39 ± 2.32 200.15 ± 283.54 0.003

ns—not statistically significant; TSH—thyroid-stimulating hormone; fT4—free thyroxine; TPO—thyroperoxidase;
Tg—thyroglobulin.
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3.5. Malignant Thyroid Nodules

There were no significant differences in size, Bethesda classification, laboratory results,
and SR between malignant AIT and non-AIT nodules (Table 6, Scheme 3).

Table 6. Malignant nodules.

Non-AIT Mean ±
SD AIT Mean ± SD p

Bethesda system 5.33 ± 0.58 5.50 ± 0.70 ns
length 12.83 ± 7.00 19.00 ± 2.83 ns
width 10.50 ± 6.26 17.00 ± 2.83 ns
TSH 1.66 ± 0.50 3.00 ± 0.01 ns
fT4 1.19 ± 0.15 - -

TPO antibodies 9.40 ± 0.01 167.5 ± 106.77 ns
ns—not statistically significant; TSH—thyroid-stimulating hormone; fT4—free thyroxine; TPO—thyroperoxidase.

J. Clin. Med. 2022, 11, x FOR PEER REVIEW 9 of 14 
 

 

 

Scheme 3. Mean SR of malignant nodules in non-AIT and AIT patients, ns—not statistically signif-

icant. 

In addition, we observed a strong positive correlation (R = 1) between TSH concen-

tration and SR ratio in the group of all malignant thyroid nodules (Scheme 4). 

 

Scheme 4. Relationship between SR, dimensions, TSH and TPO in malignant thyroid nodules. * 

<0.05. 

3.6. Accuracy of Elastography 

Elastography revealed abnormal SR (5 and above) in 36 non-AIT nodules and 15 AIT 

nodules. The sensitivity of the method in non-AIT nodules was 67% and in AIT nodules 

100%. The specificity of elastography in detecting malignant nodules in non-AIT patients 

was 76% and in AIT patients 88%. In non-AIT nodules, NPV was 99% and in AIT nodules, 

NPV was 100%. 

4. Discussion 

The relationship between AIT and TC has been the focus of considerable research 

aimed at determining the potential impact of thyroid autoimmunity on the clinical out-

come of TC [26,27]. It is indicated that chronic inflammation in HT patients may provide 

a mutagenic environment through the contribution of intratumoural T and B lymphocytes 

to the evolution of TC [26,27]. According to various authors, the prevalence of thyroid 

Scheme 3. Mean SR of malignant nodules in non-AIT and AIT patients, ns—not statistically signifi-
cant.

In addition, we observed a strong positive correlation (R = 1) between TSH concentra-
tion and SR ratio in the group of all malignant thyroid nodules (Scheme 4).
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3.6. Accuracy of Elastography

Elastography revealed abnormal SR (5 and above) in 36 non-AIT nodules and 15 AIT
nodules. The sensitivity of the method in non-AIT nodules was 67% and in AIT nodules
100%. The specificity of elastography in detecting malignant nodules in non-AIT patients
was 76% and in AIT patients 88%. In non-AIT nodules, NPV was 99% and in AIT nodules,
NPV was 100%.

4. Discussion

The relationship between AIT and TC has been the focus of considerable research
aimed at determining the potential impact of thyroid autoimmunity on the clinical outcome
of TC [26,27]. It is indicated that chronic inflammation in HT patients may provide a
mutagenic environment through the contribution of intratumoural T and B lymphocytes to
the evolution of TC [26,27]. According to various authors, the prevalence of thyroid nodules
in children with AIT ranges from 12.2% to 31.5% [1,28–32]. However, data regarding the
relationship between AIT and risk of TC development in children are inconsistent. It
has been reported that, in adults, the coexistence of thyroid nodules and AIT increases
the incidence of TC [33–36]. Moreover, it has been demonstrated that cancer in adult
patients with AIT is diagnosed at a more advanced stage and that the tumour is more often
multicentric [4,33,37]. With regard to paediatric patients, the correlation between AIT and
TC is still under discussion. Based on a review of reports published in the years 2000–2020,
Sur et al. concluded that the development of PTC in children with HT appeared to be higher
than in the healthy population [38]. In Poland, a tenfold increase in the coexistence of
AIT and TC was observed in children in the years 2001–2015 in comparison to the 15-year
period before the year 2000 [39]. By contrast, Radetti et al. found that HT contributes
to the development of thyroid nodules, but not cancer in children and adolescents [29].
Similar observations have been reported by Ben-Skowronek et al. [40]. In the present
study, we observed 1.7% incidence of TC in patients with thyroid autoimmunity and 2.1%
incidence in patients without autoimmune thyroid disease. According to other authors,
the rate of TC among AIT children ranges from 0.67% to 9.6% [1,28,30–32]. In children
with thyroid nodules, the percentage of TC is estimated at 22% [41], while in children
with HT and thyroid nodules it ranges from 5.13 to 35% [38]. Therefore, because of the
potential link between AIT with TC, careful follow-up of HT patients is necessary and
polish recommendations state that children with HT should have thyroid US screening at
least once a year [9].

The importance of ultrasound in guiding decisions regarding thyroid biopsies is em-
phasised by a number of authors. Studies in adults have shown that the use of elastography,
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as well as elastograhy combined with the Thyroid Image Reporting And Data System
(TIRADS) classification, significantly increases the sensitivity and negative predictive value
of the diagnosis of indeterminate thyroid nodules [42,43]. In our previous work, we demon-
strated that elastography, as an additional diagnostic method, may improve the accuracy of
the US differential diagnosis of thyroid nodules in children [44]. However, it is still a matter
of debate whether the coexisting thyroid autoimmune inflammation might influence the
results of the elastographic evaluation of thyroid nodules. There are studies indicating
that the elasticity of autoimmune thyroid tissue is amended. Menzilcioglu et al. found
significantly higher SR in HT adult patients in comparison to normal thyroid parenchyma
in real-time ultrasound elastography [45]. Similar observations have been made in reference
to the use of quantitative elastographic analysis evaluated by shear wave elastography
(SWE) in adults [23,46]. Studies in paediatric patients have revealed that SWE scores in
AIT children are significantly higher compared to paediatric patients with healthy thyroid
tissue [47,48].

There are few studies in the literature evaluating the use of elastography in the
differential diagnosis of thyroid nodules in AIT patients. In our study, we detected a
higher SR of malignant thyroid nodules in comparison to benign nodules, both in non-AIT
and AIT nodules. Moreover, the SR ratio revealed a strong positive correlation with TSH
concentration, a high concentration of which is known for its carcinogenic effect. Similar
observations were made by Magri et al. who reported a higher SR of malignant nodules
compared to benign nodules in adult patients with and without autoimmune disease [49].
Liu BJ et al. also observed significant differences between benign and malignant nodules in
HT adult patients in elastography [50].

When non-AIT and AIT benign nodules were compared in our investigation, SR was
higher in non-AIT nodules, which may be due to the lower elasticity of the surround-
ing thyroid tissue in autoimmune disease. However, a different study by Magri et al.
demonstrated similar elasticity of benign thyroid nodules in SWE in HT and non-HT adult
patients, although in HT, the stiffness of extra-nodular tissue increased in relation to the
thyroid antibody titre [51].

The present study demonstrated high sensitivity (100%) and specificity (88%) of
elastography in detecting malignancy in AIT nodules. The values in the non-AIT group
were comparable. Moreover, the method proved to have high NPV in both analysed groups
(99% in non-AIT nodules and 100% in AIT nodules), denoting that a low SR in elastography
in children indicates nodules that do not require invasive diagnostic procedures.

A limitation in using strain elastography for the diagnosis of thyroid nodules in
autoimmune thyroiditis may be difficulty in finding healthy tissue (ROI 2) within the
thyroid gland to which the elasticity of the nodule is compared (SR) since inflammation
is commonly found in the entire thyroid gland. Therefore, studies involving shear wave
elastography, a user-independent ultrasound technique that does not require comparison
to healthy tissue, will not be burdened with this limitation.

Another consideration is the SR cut-off value, which has not been established in the
paediatric population. Following the guidelines for studies in adults, we took the value of
SR 5 as a cut-off point for thyroid elastography in our paediatric patients. However, further
studies are needed to determine the optimal SR cut-off value for children [52,53].

A major limitation of the present study is a small sample size which is due to the low
prevalence of TC in children. Since postoperative histopathological diagnosis was available
only in 11 cases out of the 261 examined nodules, the prevalence of TC may have been
underestimated.

5. Conclusions

In conclusion, elastography is characterised by high sensitivity, specificity, and NPV
both in AIT and non-AIT children, and the autoimmune inflammation process in the course
of HT does not decrease the accuracy of elastography in differential diagnosis of thyroid
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nodules. Thus, performance of elastography along with regular ultrasound examinations
in children with AIT might improve diagnosis of thyroid nodules.
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44. Borysewicz-Sańczyk, H.; Sawicka, B.; Karny, A.; Bossowski, F.; Marcinkiewicz, K.; Rusak, A.; Dzięcioł, J.; Bossowski, A. Suspected
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Thyroiditis in Children Using Shear Wave Elastography. J. Clin. Res. Pediatr. Endocrinol. 2019, 11, 132–139. [CrossRef]

48. Kandemirli, S.G.; Bayramoglu, Z.; Caliskan, E.; Sari, Z.N.A.; Adaletli, I. Quantitative assessment of thyroid gland elasticity with
shear-wave elastography in pediatric patients with Hashimoto’s thyroiditis. J. Med. Ultrason 2018, 45, 417–423. [CrossRef]

49. Magri, F.; Chytiris, S.; Capelli, V.; Gaiti, M.; Zerbini, F.; Carrara, R.; Malovini, A.; Rotondi, M.; Bellazzi, R.; Chiovato, L. Comparison
of elastographic strain index and thyroid fine-needle aspiration cytology in 631 thyroid nodules. J. Clin. Endocrinol. Metab. 2013,
98, 4790–4797. [CrossRef]

50. Liu, B.J.; Xu, H.X.; Zhang, Y.F.; Xu, J.M.; Li, D.D.; Bo, X.W.; Li, X.L.; Guo, L.H.; Xu, X.H.; Qu, S. Acoustic radiation force impulse
elastography for differentiation of benign and malignant thyroid nodules with concurrent Hashimoto’s thyroiditis. Med. Oncol.
2015, 32, 50. [CrossRef]

51. Magri, F.; Chytiris, S.; Capelli, V.; Alessi, S.; Nalon, E.; Rotondi, M.; Cassibba, S.; Calliada, F.; Chiovato, L. Shear wave elastography
in the diagnosis of thyroid nodules: Feasibility in the case of coexistent chronic autoimmune Hashimoto’s thyroiditis. Clin.
Endocrinol. 2012, 76, 137–141. [CrossRef] [PubMed]

52. Wang, H.; Brylka, D.; Sun, L.N.; Lin, Y.Q.; Sui, G.Q.; Gao, J. Comparison of strain ratio with elastography score system in
differentiating malignant from benign thyroid nodules. Clin. Imaging 2013, 37, 50–55. [CrossRef] [PubMed]

53. Ning, C.P.; Jiang, S.Q.; Zhang, T.; Sun, L.T.; Liu, Y.J.; Tian, J.W. The value of strain ratio in differential diagnosis of thyroid solid
nodules. Eur. J. Radiol. 2012, 81, 286–291. [CrossRef] [PubMed]

http://doi.org/10.1210/jc.2013-1796
http://www.ncbi.nlm.nih.gov/pubmed/23737541
http://doi.org/10.1007/s11547-021-01349-5
http://www.ncbi.nlm.nih.gov/pubmed/34129178
http://doi.org/10.3389/fonc.2022.845549
http://doi.org/10.3390/jcm11071768
http://doi.org/10.1259/bjr.20140604
http://www.ncbi.nlm.nih.gov/pubmed/25315887
http://doi.org/10.1007/s40477-020-00437-y
http://www.ncbi.nlm.nih.gov/pubmed/32185701
http://doi.org/10.4274/jcrpe.galenos.2018.2018.0137
http://doi.org/10.1007/s10396-018-0859-0
http://doi.org/10.1210/jc.2013-2672
http://doi.org/10.1007/s12032-015-0502-5
http://doi.org/10.1111/j.1365-2265.2011.04170.x
http://www.ncbi.nlm.nih.gov/pubmed/21740455
http://doi.org/10.1016/j.clinimag.2012.04.003
http://www.ncbi.nlm.nih.gov/pubmed/23206607
http://doi.org/10.1016/j.ejrad.2010.12.010
http://www.ncbi.nlm.nih.gov/pubmed/21237598

	Introduction 
	Materials and Methods 
	Patients 
	Serum Analysis 
	Thyroid Imaging—Ultrasonography and Elastography 
	Fine Needle Aspiration Biopsy 
	Data Analysis 

	Results 
	Cytological and Histopathological Results 
	Non-AIT Thyroid Nodules 
	AIT Thyroid Nodules 
	Benign Thyroid Nodules 
	Malignant Thyroid Nodules 
	Accuracy of Elastography 

	Discussion 
	Conclusions 
	References

