Evaluating the utility of adult-based EU-TIRADS, ACR-TIRADS and strain elastography in pediatric thyroid nodules
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Ultrasonography is one of the most accessible and valuable diagnostic tools for thyroid evaluation in virtually every hospital setting. Sonographic features can help distinguish benign from malignant thyroid nodules and are interpreted according to  standardized Thyroid Imaging Reporting and Data Systems (TIRADS). The most widely used systems in adults are European (EU-TIRADS) and American College of Radiology(ACR-TIRADS) classifications. However, pediatric TIRADS scales remain insufficiently validated, and parameters such as nodule size and shape have not shown consistent correlation with malignancy.
In this study, we analyzed the composition, echogenicity, shape, margins, and calcifications of thyroid nodules, and its assessment according to thyroid Bethesda cytology  categories                (n = 220) and histopathology groups (n = 95). Our findings indicate that EU-TIRADS demonstrates superior correlation with malignancy compared with ACR-TIRADS. Furthermore, a higher strain ratio of elastography, the USG modality correlates with Bethesda subgroups, suggesting its potential value in predicting various histopathological outcomes.
Background:
Pediatric thyroid nodules carry a higher risk of malignancy than in adults. The diagnostic utility of TIRADS systems and elastography in this population remains limited.
Objective:
To evaluate the diagnostic value of ultrasonographic features, EU-TIRADS and ACR-TIRADS systems, and strain elastography in predicting malignancy in pediatric thyroid nodules.
Methods:
A retrospective analysis included 220 nodules in 207 patients aged 7–18 years. Ultrasound evaluation, TIRADS classification, FNAB, and histopathological verification were performed. Strain ratio (SR) values were analyzed.
Results:
Solid composition and hypoechogenicity showed the highest sensitivity, while punctate echogenic foci and irregular margins had the highest specificity. Diagnostic accuracy was 72.3% for EU-TIRADS and 69.5% for ACR-TIRADS. SR values increased with malignancy risk and differentiated benign from malignant lesions, but were less useful in patients with autoimmune thyroiditis.
Conclusions:
Our findings indicate that EU-TIRADS demonstrates slightly superior performance in predicting malignancy compared with ACR-TIRADS. Additionally, higher strain ratio values correlate with Bethesda categories and histopathological outcomes, supporting the role of elastography as a useful adjunct in risk stratification.
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Abbreviations:
ACR-TIRADS – American College of Radiology - Thyroid Imaging Reporting and Data System
EU-TIRADS- European -Thyroid Imaging Reporting and Data System 
HR USG - High-resolution ultrasonography
PTC- papillary thyroid carcinoma


1. Introduction

The detection of focal thyroid lesions in the pediatric population has increased due to advances in ultrasonographic (USG) diagnostics [1]. The malignancy rate in thyroid nodules is approximately 22-26% in children and 5-10% in adults respectively [2]. Accurate identification of US features is crucial for determining the need for thyroid surgery and defining its extent. 
Commonly used adult-based USG scales of malignancy risk do not involve assessment of the lymph nodes, which occurs in 50% of children with papillary carcinoma [3]. The most frequently mentioned ultrasound features indicating malignancy of adult lesions are hypoechogenicity, blurred borders, microcalcifications, or a dimension ratio higher than wider [4]. These USG features form the basis of various Thyroid Imaging Reporting and Data System (TIRADS) scoring systems, such as the European (EU-TIRADS) and the American College of Radiology (ACR-TIRADS) classifications. However, when applied to pediatric thyroid nodules, these scales demonstrate only moderate diagnostic performance [5,6]. An additional ultrasound-based modality, strain elastography (SE), evaluates the stiffness of thyroid nodules relative to the surrounding parenchyma and may complement conventional imaging in malignancy risk assessment [7].
The diagnostic utility of ultrasound-based scoring systems for thyroid lesions varies across populations. Unfortunately, their interpretation remains semi-subjective and depends on equipment quality, operator training, and experience. Moreover, pediatric examinations may present unique challenges due to smaller neck size, shorter neck length, and the presence of structures such as the thymus, which may occasionally be intrathyroidal. Thyroid volume also changes with age, and nodule size alone is not a reliable predictor of malignancy [8].
The criteria for qualifying for fine-needle aspiration biopsy (FNAB) in children differ somewhat from those in adults. ACR-TIRADS scoring performs well for adult lesion greater than 10 mm [9]. Nodule diameter as a major criterion qualifying for FNAB in adults is controversial in children. Therefore, indication for FNAB in pediatric patients should be guided primarily by suspicious USG features and clinical context, including a history of radiation exposure or genetic predisposition to thyroid cancer [10]. 
Moreover, autoimmune thyroiditis (AIT) may increase the risk of thyroid cancer in children with nodules. The prevalence of thyroid nodules is significantly higher in children with AIT (3.5–31.5%) compared to those without (0.5–2%)   [11, 12,13] The prevalence of AIT itself is estimated at about 2% in children and up to 10% in adolescents, depending on the studied population [14].
Suspicious USG lesions are verified with FNAB with Bethesda categorization before surgery. Pediatric Bethesda categories III and IV are indicators for hemithyroidectomy, and categories V and VI need total thyroidectomies. The final but irreversible verification is histopathology. 
Identification of ultrasonographic features in children may improve the diagnostic process, assist in decision-making regarding invasive procedures, and serve as an independent indicator for surgical qualification in ambiguous cases. [15].
The objective of this study was to evaluate the diagnostic value of specific ultrasonographic features and the performance of currently used thyroid nodule risk stratification systems (EU-TIRADS and ACR-TIRADS) and strain elastography in predicting malignancy in pediatric thyroid nodules. 
A retrospective analysis was performed on pediatric patients with focal thyroid lesions treated between 2021 and 2024 at the Department of Pediatric Surgery, University Children’s Hospital in Kraków. The study was approved by the Bioethics Committee of the Jagiellonian University in Kraków (No. 1072.6120.288.2021). Informed consent for standard diagnostic and therapeutic procedures was obtained from legal guardians of all participants, and additionally from patients older than 16 years.

2.1. Ultrasonography
 All patients underwent ultrasonographic and elastographic examinations performed by experienced ultrasonographers (AK-W and MM >15 years of experience in pediatric ultrasonography). Examinations were conducted using the Mindray Resona I9 ultrasound system (linear probes L14-3Ws, L20-5s, and hockey-stick probe L16-4Hs) and the Hitachi Aloka Arietta V70 scanner (equipped with linear probe L14-3Ws and hockey-stick probe L16-4Hs).
For each thyroid nodule, approximately 4–6 strain ratio (SR) measurements were obtained, and the mean value was calculated. Nodules larger than 5 mm were evaluated according to two ultrasonographic scoring systems: EU-TIRADS and ACR-TIRADS, and subsequently qualified for fine-needle aspiration biopsy (FNAB).


2.2. Cytology and histopathology
FNAB was performed under local anesthesia using topical lidocaine cream applied to the skin over the lesion. In exceptional cases, particularly among young or uncooperative children, FNAB was performed under general anesthesia. Cytological material obtained during FNAB was immediately transferred to a pathologist present during the procedure, fixed in 98% ethanol, and stained with hematoxylin and eosin (H&E).
Cytological evaluation was performed according to the Bethesda System for Reporting Thyroid Cytopathology by two independent pathologists. In selected cases, samples were referred for consultation to a reference center. Lesions classified as Bethesda categories III–VI were qualified for surgical management according to current recommendations: categories III–IV for thyroid lobectomy, while categories V–VI required total thyroidectomy (15). Histopathological evaluation included complete sectioning of the resected specimens and (H&E) staining, with diagnoses established according to the 2022 World Health Organization (WHO) classification of thyroid tumors and the 2017 American Joint Committee on Cancer (AJCC) staging system[16]
2.3. Study Population and Grouping
The study included patients with solid or mixed thyroid nodules larger than 5 mm. Patients with purely cystic or smaller (< 5 mm) nodules were excluded. In total, 220 nodules in 207 patients were evaluated ultrasonographically and subsequently qualified for FNAB after standard ultrasound assessment. FNAB was nondiagnostic in six nodules.
Cytological results classified according to the Bethesda system and final histopathological findings from surgical specimens were compared with baseline ultrasonographic features and elastography findings in solid nodules or the solid components of mixed nodules.
2.4. Data analysis
Statistical analyses were performed using PS IMAGO PRO 10 software (SPSS platform, Windows 365). The Mann–Whitney and Kruskal–Wallis tests were used to assess differences between two or more groups with non-normally distributed variables (n ≥ 20). The chi-square (χ²) test was applied for categorical variables with smaller group sizes.
Diagnostic performance was evaluated by calculating sensitivity (Se), specificity (Sp), positive predictive value (PPV), and negative predictive value (NPV) for key ultrasonographic features, including composition, hypoechogenicity, margin definition, microcalcifications, and nodule shape (“taller-than-wide” ratio), in relation to cytological (Bethesda category II) and histopathological findings.
Ultrasonographic characteristics were also compared between patients with and without AIT using the Kruskal–Wallis test. The same test was applied to evaluate statistical associations between cytological categories and final histopathological outcomes in surgically treated patients.
The mean and median of strain ratio (SR) values were analyzed across cytological and histological groups. Additionally, mean SR elastography indices for nodules classified as Bethesda categories III and IV were compared with final histopathological results using the Kruskal–Wallis test.


3. Outcomes
3.1. Cohort Characteristics and Ultrasonographic Features in AIT Subgroups
The study cohort comprised 220 patients aged 7 to 18 years (mean age ± SD: 14.9 ± 2.3 years), of whom 79% were female (174 of 220). The distribution of cytological diagnoses according to the Bethesda System (categories I–VI) was as follows: I – 6 cases, II – 121, III – 44, IV – 10, V – 21, and VI – 18 cases.
Histopathological evaluation was available for 95 patients, including 40 benign, 8 low-risk, and 47 malignant lesions. Detailed demographic, cytological, and histopathological data are presented in Table 1.
Significant differences were observed in TIRADS scores, strain ratio (SR) values, and ultrasonographic features across both Bethesda and histological categories. Nodule diameter was not predictive of malignancy.
Based on clinical history, biochemical results, and pathological findings, the cohort was subdivided into two groups: AIT group (n = 58) – patients with autoimmune thyroiditis and Non-AIT group (n = 162) – patients without autoimmune thyroiditis.
Nodules in the AIT subgroup were significantly more likely to be solid (p = 0.009) and irregular in shape (p = 0.004) compared with those in the Non-AIT subgroup. Additionally, hypoechoic, taller-than-wide, and large echogenic foci–containing nodules were more frequent in AIT patients, although these differences did not reach statistical significance (p > 0.1).

Table 1. Cohort characteristics. 
	
	Total (n=220)
	Non-AIT (n=162)
	AIT (n=58)

	Age (Years ±SD) 
	14.9 (2.3)
	14.9 (2.4)
	15.1 (1.9)

	Sex (M:F) 
	46:174 
	32:130
	14:44

	Lobe (R:L) 
	129:91 
	97:65
	32:26

	Bethesda 

	· I&II (I=6, II=121)
	127
	93
	34

	· III&IV (III=44, IV=10)
	54
	42
	12

	· V&VI (V=21, VI=18)
	39
	27
	12

	Histology (n=95)

	· Benign 
	40
	33
	7

	· Low-risk 
	8
	6
	2

	· Malignant 
	47
	32
	15

	SR (n=207)
	2.57 (2.01)
	2.68 (2.02)
	2.25 (2.02)

	Max. Diameter [mm; 218]
	13.6 (9.7)
	14.3 (10.6)
	11.5 (6.1)

	ACR-TIRADS (n=220; 2=26, 3=50, 4=81, 5=63)
	3.82 (0.98)
	3.70 (1.01)
	4.16 (0.81)

	EU-TIRADS (n=220; 2=26, 3=50, 4=81, 5=63)
	3.98 (0.88)
	3.88 (0.87)
	4.26 (0.87)

	Composition 

	· Cystic&Spongiform
	4
	2
	2

	· Mixed
	38
	36
	2

	· Solid
	178
	124
	54

	Echogenicity 

	· Anechogenic
	2
	1
	1

	· Hyper- & Isoechogenic
	90
	72
	18

	· Hypoechogenic
	121
	84
	37

	· Very Hypoechogenic
	7
	5
	2

	Shape 

	· Wider-than-tall
	173
	131
	42

	· Taller-than-wide
	47
	31
	16

	Margins 

	· Smooth&Ill-definied
	180
	139
	39

	· Lobulated&Irregular
	38
	21
	19

	· ETE
	2
	2
	0

	Echogenic foci 

	· Non&large cometo
	184
	136
	48

	· Macrocalcification
	5
	4
	1

	· Peripheral rim
	5
	5
	0

	· Punctate echogenic foci
	26
	17
	9


Abbreviations: SR – strain ratio, ETE – extrathyroid extension
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Figure 1. USG examination of thyroid nodules. 
A. Nodule  classified as EU-TIRADS II, ACR-TIRADS 2, Bethesda II, and benign on histopathology. The lesion shows a mixed cystic-solid echostructure and features typical of a benign nodule.
B. Nodule evaluated as EU-TIRADS 4, ACR-TIRADS 4, and Bethesda X, with a benign/low-risk/malignant histological outcome. The lesion presents a solid, hypoechoic structure with irregular margins. The ultrasonographic appearance is suspicious for malignancy.
C. Nodule classified as EU-TIRADS 3, ACR-TIRADS 3, Bethesda II, and benign on histology. The lesion presents a solid, hyperechoic structure with smooth margins, consistent with a benign nodule.
D. Normal thyroid parenchyma ; EU-TIRADS 1, ACR-TIRADS 1.
[bookmark: _Hlk217644023]E–F. Multifocal thyroid carcinoma, classified as EU-TIRADS 5, ACR-TIRADS 5, and Bethesda VI. Histopathological examination confirmed multifocal papillary thyroid carcinoma. Ultrasonographically, the lesion is irregular and diffusely distributed within the thyroid lobe. The margins are poorly defined, and the lesion shows a heterogeneous structure with both hyperechoic and hypoechoic areas. Calcifications are visible within the lesion.
3.2. The Diagnostic Value of Ultrasonographic Features in Differentiating Malignant and Benign Tumors
The most discriminating ultrasonographic features distinguishing Bethesda categories V and VI from lower categories were the presence of punctate echogenic foci and hypoechogenicity, as shown in Table 2. These associations were observed both in the overall cohort and within the Non-AIT subgroup.
Lesion margins also differed significantly across cytological categories: Bethesda III and IV nodules typically exhibited smooth margins, whereas Bethesda V and VI lesions more often demonstrated irregular margins. Lesion composition helped differentiate Bethesda I and II nodules from higher categories, with higher-grade lesions being predominantly solid.
In summary, malignant thyroid nodules in children are characteristically hypoechoic, often contain punctate echogenic foci, and display irregular margins as illustrated in Fig 1. In contrast, nodule shape (e.g., taller-than-wide configuration) did not reliably predict malignancy in the pediatric population.
Table 2. The correlation of USG features with Bethesda and histological subgroups.
	p-value
	Composition
	Echogenecity
	Shape
	Margins
	Echogenic foci

	
	Total
	Non-AIT
	AIT
	Total
	Non-AIT
	AIT
	Total
	Non-AIT
	AIT
	Total
	Non-AIT
	AIT
	Total
	Non-AIT
	AIT

	Bethesda

	I&II vs V&VI
	<0.001
	0.102
	1
	0.003
	0.002
	0.202
	0.055
	0.318
	0.813
	0.059
	0.078
	0.332
	<0.001
	0.006
	0.012

	I&II vs III&IV
	0.001
	0.374
	1
	0.237
	0.563
	0.419
	0,723
	0.292
	0.593
	0.398
	0.369
	0.419
	0.101
	0.292
	1

	III&IV vs V&VI
	0.088
	0.107
	1
	<0.001
	<0.001
	0.551
	0.053
	0.056
	0.755
	0.028
	0.024
	0.755
	<0.001
	<0.001
	0.045

	Histology

	B vs M
	0.058
	0.090
	1
	0.002
	0.003
	0,256
	0.184
	0.274
	0.821
	0.008
	0.021
	0.388
	<0.001
	0.005
	0.008

	B vs LR
	0.355
	0,374
	1
	0.354
	0.563
	0,419
	0.208
	0.292
	0,593
	0.644
	0.169
	0.419
	0.335
	0.292
	1

	LR vs M
	1
	1
	1
	0.010
	0.019
	0.190
	0.851
	0.921
	0.793
	0.223
	0.548
	0.222
	0.036
	0.187
	0.092



Our study demonstrated high sensitivity of solid composition and hypoechogenicity for detecting malignant thyroid nodules (Table 3). In contrast, punctate echogenic foci (psammoma bodies) and irregular margins showed high specificity for malignancy. However, these highly sensitive features lack specificity, and therefore their interpretation requires caution. The presence of highly specific ultrasonographic features should prompt immediate surgical evaluation, whereas nodules exhibiting only sensitive but nonspecific features warrant fine-needle aspiration biopsy (FNAB) and careful ultrasonographic follow-up.
Table 3. Ultrasonographic Features in Differentiating Malignant from Benign Thyroid Nodules (according histopathology gold standard).
	[bookmark: _Hlk188292736]USG feature 
	Sensitivity, %
	Specyficity, %
	PPV, %
	NPV, %
	Acc, %

	
	Total/Non-AIT/AIT
	Total/Non-AIT/AIT
	Total/Non-AIT/AIT
	Total/Non-AIT/AIT
	Total/Non-AIT/AIT

	Solid 
	100 
	100
	100
	8.3
	10.3
	0
	51.6
	47
	0
	100
	100
	62.5
	53.7
	59
	62.5

	Hypoecho+very hypoechogenic
	74.5
	81.3
	60
	58.3
	53.8
	77.8
	63.6
	59.1
	81.8
	70
	77.8
	53.8
	66.3
	77.5
	66.7

	Taller than wide
	34
	31.2
	40
	79.2
	82.1
	66.7
	61.5
	58.8
	66.7
	55.1
	59.3
	40
	56.8
	68.9
	50

	Irregular&ETE
	34
	34
	46.7
	91.1
	91.1
	77.8
	80
	80
	77.8
	56.9
	56.9
	46.7
	60
	60
	58.3

	Punctate foci
	42
	28.1
	60
	93.8
	92.3
	100
	87
	78.6
	100
	62.5
	63.2
	60
	68.4
	77.1
	75


PPV - positive predictive value, NPV - negative predictive value, Acc - accuracy 

3.3. Differences Between EU-TIRADS and ACR-TIRADS
The concordance between EU-TIRADS and ACR-TIRADS classifications with FNAB and surgical histopathology results was analyzed. As expected, FNAB was performed more frequently than histopathological evaluation.
In the EU-TIRADS system, the most common classifications by cytology and histology were as follows:
Bethesda I–II and benign tumors – predominantly EU-TIRADS 3,
Bethesda III–IV – most frequently EU-TIRADS 4,
Bethesda V–VI and malignant tumors – typically EU-TIRADS 5 (Table 4).
Low-risk tumors were difficult to accurately stratify using either TIRADS system.

In the ACR-TIRADS classification:

Bethesda I–II and benign tumors were most often scored as ACR-TIRADS 4,
Bethesda III–IV – also most commonly ACR-TIRADS 4,
Bethesda V–VI and malignant tumors – predominantly ACR-TIRADS 5.

Table 4. Distribution of Bethesda cytological categories and histopathological diagnoses according to EU-TIRADS and ACR-TIRADS scores.

	TIRADS category (n)
	Bethesda
	TIRADS category (n)
	Histology

	
	Total
	Non-AIT
	AIT
	
	Total
	Non-AIT
	AIT

	
	I&II
	III&IV
	V&VI
	I&II
	III&IV
	V&VI
	I&II
	III&IV
	V&VI
	
	B
	LR
	M
	B
	LR
	M
	B
	LR
	M

	EU-TIRADS
	EU-TIRADS

	2 (6)
	6
	-
	-
	4
	-
	-
	2
	-
	-
	2 (0)
	-
	-
	-
	-
	-
	
	-
	-
	-

	3 (69)
	49
	17
	3
	42
	15
	2
	7
	2
	1
	3 (25)
	16
	4
	5
	14
	3
	4
	2
	1
	1

	4 (68)
	43
	21
	4
	31
	17
	3
	12
	4
	1
	4 (23)
	14
	1
	8
	12
	1
	6
	2
	-
	2

	5 (77)
	29
	16
	32
	16
	10
	22
	13
	6
	10
	5 (57)
	10
	3
	34
	7
	2
	22
	3
	1
	12

	ACR-TIRADS 
	ACR-TIRADS

	2 (26)
	23
	3
	-
	21
	3
	-
	2
	-
	-
	2 (3)
	3
	-
	-
	3
	-
	-
	-
	-
	-

	3 (50)
	32
	15
	3
	26
	13
	2
	6
	2
	1
	3 (22)
	13
	4
	5
	11
	3
	4
	2
	1
	1

	4 (81)
	49
	24
	8
	31
	20
	5
	18
	19
	3
	4 (28)
	15
	1
	12
	13
	1
	8
	2
	-
	4

	5 (63)
	23
	12
	28
	15
	6
	20
	8
	6
	8
	5 (42)
	9
	3
	30
	6
	2
	20
	3
	1
	10



According to the histopathological gold standard for the entire cohort, the sensitivity and specificity of the EU-TIRADS system (score 5) were 72.3% and 72.3%, respectively, while for ACR-TIRADS they were 63.8% and 75.0%, respectively. The overall accuracy was 72.3% for EU-TIRADS and 69.5% for ACR-TIRADS. The positive predictive value (PPV) and negative predictive value (NPV) were 72.3% and 72.3% for EU-TIRADS, and 71.4% and 67.9% for ACR-TIRADS, respectively (Table 5) .

In the non-AIT subgroup, the sensitivity and specificity were 68.7% and 76.9% for EU-TIRADS, and 62.5% and 79.5% for ACR-TIRADS. The accuracy was 73.2% for EU-TIRADS and 71.8% for ACR-TIRADS. Corresponding PPV and NPV values were 71.0% and 75.0% for EU-TIRADS, and 71.4% and 72.1% for ACR-TIRADS, respectively.

In the AIT subgroup, the sensitivity and specificity were 80.0% and 55.6% for EU-TIRADS, and 66.7% and 55.6% for ACR-TIRADS. The accuracy reached 70.8% for EU-TIRADS and 62.5% for ACR-TIRADS. The PPV and NPV were 75.0% and 62.5% for EU-TIRADS, and 71.4% and 50.0% for ACR-TIRADS, respectively.

Table 5. Diagnostic performance of EU-TIRADS and ACR-TIRADS (score 5) in predicting malignancy based on histopathological findings.
	Scale
	Sensitivity, %
	Specificity, %
	PPV
	NPV
	Accuracy

	
	Total
	Non-AIT
	AIT
	Total
	Non-AIT
	AIT
	Total
	Non-AIT
	AIT
	Total
	Non-AIT
	AIT
	Total
	Non-AIT
	AIT

	EU-TIRADS
	72.3
	68.7
	80.0
	72.3
	76.9
	56.6
	72.3
	71.0
	75.0
	72.3
	75.0
	62.5
	72.3
	73.2
	70.8

	ACR-TIRADS
	63.8
	62.5
	66.7
	75.0
	79.5
	55.6
	71.4
	71.4
	71.4
	67.9
	72.1
	50.0
	69.5
	72.1
	62.5


PPV - positive predictive value, NPV - negative predictive value
Both ultrasonographic scoring systems demonstrated good diagnostic performance in differentiating Bethesda categories I–II from V–VI in the overall cohort, and in distinguishing Bethesda III–IV from V–VI among Non-AIT patients. However, neither EU-TIRADS nor ACR-TIRADS could reliably differentiate between Bethesda I–II and III–IV categories (Table 6). 

These findings indicate that in Non-AIT patients, ultrasonographic assessment can be a useful preoperative tool for predicting malignancy. Nonetheless, the ability of USG to distinguish between benign and indeterminate nodules remains limited. In contrast, among AIT patients, USG imaging was unable to discriminate between Bethesda III–IV and V–VI categories, indicating that these patients more frequently require fine-needle aspiration biopsy (FNAB) than Non-AIT patients.
Postoperative histopathological analysis further confirmed that both USG scales performed well in distinguishing benign from malignant lesions in Non-AIT patients. Additionally, EU-TIRADS correlated significantly with low-risk versus malignant histopathological outcomes in the Non-AIT subgroup. However, neither ultrasonographic scale showed significant correlation with cytological or histological results in AIT patients.
Analysis of FNAB and histopathology correlations with EU-TIRADS and ACR-TIRADS revealed the limited utility of USG in the evaluation of AIT patients, emphasizing that surgical decisions in this group should rely primarily on cytological findings. In Non-AIT patients, malignancy could be more accurately predicted using EU-TIRADS compared with ACR-TIRADS. Both systems, however, showed poor performance in assessing low-risk tumors.
Table 6. Performance of ACR-TIRADS and EU-TIRADS classifications across Bethesda and histological diagnostic groups.
	Group
	N
	Tested 
	p-values for ACR-TIRADS
	p-values for EU-TIRADS

	
	Total
	Non-AIT
	AIT
	
	Total
	Non-AIT
	AIT
	Total
	Non-AIT
	AIT

	Bethesda
	Bethesda

	I&II 
	127
	93
	34
	I&II vs V&VI
	<0.001
	<0.001
	0.032
	<0.001
	<0.001
	0.040

	III&IV
	54
	42
	12
	I&II vs III&IV
	0.115
	0.158
	0.145
	0.103
	0.106
	0.394

	V&VI
	39
	27
	12
	III&IV vs V&VI
	<0.001
	<0.001
	0.394
	<0.001
	<0.001
	0.111

	Histology
	Histology

	B 
	40
	33
	7
	B vs M
	<0.001
	<0.001
	0.402
	<0.001
	<0.001
	0.178

	LR
	8
	6
	2
	B vs LR
	0.816
	0.774
	0.876
	1.000
	0.967
	0.876

	M
	47
	39
	9
	LR vs M
	0.053
	0.086
	0.428
	0.023
	0.056
	0.270


 Abbreviations: B – benign, LR – low-risk, M – malignant

3.4  Elastography findings 

Strain ratio (SR) values of thyroid nodules were analyzed for their correlation with cytological and histopathological classifications (Table 7) as well as with ultrasonographic features (Table 2). Higher SR values were observed in solid nodules and in lesions containing punctate echogenic foci across all subgroups (total cohort, AIT, and Non-AIT). In the overall cohort, hypoechoic nodules also demonstrated significantly higher SR values.
The mean SR value increased progressively with the risk of malignancy as determined by both cytology and histopathology—measuring 2.45, 2.64, and 4.70 for benign, low-risk, and malignant tumors, respectively. In comparison with Non-AIT patients, AIT patients exhibited lower SR values in non-malignant nodules.
SR values corresponded well to Bethesda categories, except in AIT patients, where SR failed to distinguish between Bethesda I–II and III–IV categories. However, SR effectively differentiated benign from malignant nodules according to histopathological outcomes.
Overall, SR values demonstrated a strong correlation with cytological results in nearly all groups, whereas the correlation with histopathology was less consistent. Despite this limitation, strain elastography proved to be a valuable adjunct to the TIRADS classification, particularly useful for surgical planning, as it correlates well with cytology in multiple diagnostic subgroups.

Table 7. Mean strain ratio (SR) values across Bethesda and histological diagnostic groups.

	Group
	SR, mean (SD)
	Tested
	p-values

	
	Total
	Non-AIT
	AIT
	
	Total
	Non-AIT
	AIT

	Bethesda

	I&II
	1.96 (1.33) n=127
	2.07 (1.35) n=93
	1.66 (1.02) n=34
	[bookmark: _Hlk186485981]I&II vs III&IV
	0.011
	0.018
	0.562

	III&IV
	2.55 (1.50) n=54-5=49
	2.75 (1.57) n=40
	1.67 (0.60) n=9
	I&II vs V&VI
	<0.001
	<0.001
	<0.001

	V&VI
	5.06 (3.01) 
n=39-8=31
	5.20 (3.02) n=21
	4.77 (2.94) n=10
	III&IV vs V&VI
	<0.001
	0.003
	0.004

	Histology

	B 
	2.45 (1.59) n=40
	2.67 (1.66) n=33
	1.41 (0.39) n=7
	B vs M
	<0.001
	<0.001
	<0.001

	LR
	2.64 (0.96) n=8
	2.85 (1.02) n=6
	2.00 (0.00) n=2
	B vs LR
	0.485
	0.688
	0.390

	M
	4.70 (2.98)
n=34
	4.67 (3.00) n=24
	4.77 (2.94) n=10
	LR vs M
	0.078
	0.214
	0.134


Abbreviations: SR – strain ratio, B – benign, LR – low-risk, M – malignant.



[bookmark: _Hlk186206317]4. Discussion
 Since 2009, thyroid imaging reporting and data systems (TI-RADS) have been playing an
increasing role in the ﬁeld of thyroid nodules imaging. Their common aims are to provide
sonologists of varied medical specialties and clinicians with an ultrasound  based malignancy risk stratiﬁcation score and to guide decision making of ﬁne-needle aspiration. Schematically, all TI-RADSs scores can be classiﬁed as either pattern-based or point-based approaches. The main strengths of these systems are their ability to homogenize USG thyroid nodules descriptions among operators, to provide quantitative ranges of malignancy risk assessment with high sensitivity and negative predictive values, and to reduce the number of unnecessary FNAB [17]. This study demonstrated the usefulness of ultrasonographic risk stratification systems in distinguishing benign from malignant thyroid lesions in the pediatric population, particularly in non-AIT patients. The EU-TIRADS scale showed slightly superior performance compared with ACR-TIRADS in differentiating benign, low-risk, and malignant tumors, with higher accuracy for malignancy (72.3% vs. 69.5%). Both TIRADS systems correlated well with Bethesda categories I–II versus V–VI in the entire cohort, as well as in the non-AIT and AIT subgroups, and with Bethesda III–IV versus V–VI in the total cohort and non-AIT patients.
Comparable findings have been reported in adult populations. Chen et al. [18] reported similar performances of Chinese C-TIRADS,  Korean K-TIRADS and ACR-TIRADS. But in papers published by Borges et all. nodules revealed equally good sensitivity of both systems in the detection of malignancy, but weak specificity, slightly greater with ACR TI-RADS (27.1% vs 18.6%)[19] In a meta-analysis, Kim et al. [20] evaluated six TIRADS systems (ACR-, AME-, ATA-, EU-, C-, and K-TIRADS) in adults and reported pooled sensitivity and specificity ranging from 64–77% and 82–90%, respectively, with ACR-TIRADS demonstrating the highest overall diagnostic performance.
Xing et al. (2023), in an meta-analysis of ACR, ATA, EU, K, and Kwak-TIRADS, reported high specificity and accuracy, while low sensitivity of all these systems.[21]
In pediatric studies, the diagnostic performance of TIRADS systems appears lower. Scappaticcio et al. reported a sensitivity of 41.7% for ACR-TIRADS and EU-TIRADS, and 50% for K-TIRADS and ATA-US RSS[22]Also, Xing et al. (2023) reported the ACR-TIRADS, ATA, and EU-TIRADS moderate diagnostic performance in pediatric thyroid nodules [23,24]. In our cohort, 72.3% and 63.8% of patients with thyroid carcinoma were classified as category 5 in EU-TIRADS and ACR-TIRADS, respectively, indicating moderate-to-good sensitivity. We identified several ultrasonographic features that strongly warrant FNAB: solid composition and hypoechogenicity showed very high sensitivity (approximately 100% and 75%, respectively). Conversely, irregular margins and punctate echogenic foci (psammoma bodies) were highly specific for malignancy (approximately 91% and 94%, respectively), indicating the need for surgical verification when present. These findings align with Tuli et al. (2022) and Al Nofal (2016)[ 8,25] who emphasized the necessity for pediatric-specific FNAB criteria and adjunct diagnostic tools distinct from those used in adults.One of those techniques could be Raman spectroscopy [26]
Elastography analysis in our study showed that the strain ratio (SR) correlated with both cytological and histopathological classifications in the total cohort and in non-AIT patients, but not between Bethesda I–II and III–IV in AIT patients. The lower SR observed in AIT likely reflects the increased density and fibrosis of autoimmune thyroid parenchyma, which reduces the contrast between nodule and background tissue. In contrast, fibrosis and calcifications in malignant tumors increase sonographic stiffness  [27]. Similarly we confirmed in previous study, that SR values >3 are highly suggestive of malignancy.[28] Our data support this threshold for distinguishing benign from malignant lesions, although SR was not informative for identifying low-risk tumors . 

The diagnostic challenge remains greatest for Bethesda category III (AUS/FLUS) nodules. In these indeterminate cases, the predictive value of TIRADS and elastography is limited, as both correlate with cytological but not low-risk histological categories. Importantly, smooth margins on ultrasound may indicate lower risk in this group [29], malignant cases are more likely to have a higher EU-TIRADS score, indicating a positive correlation with malignancy risk, particularly in Bethesda 4 cases. However, the EU-TIRADS system’s predictive value for malignancy in Bethesda 3 cases is poorer.[30].
Overall, while TIRADS scales and elastography improve diagnostic confidence and surgical planning in children, their performance in differentiating indeterminate and low-risk lesions remains suboptimal. Therefore, further refinement of pediatric-specific ultrasonographic criteria and the development of novel adjunctive diagnostic tools are urgently needed [31].
This study has several limitations. It was conducted in a single tertiary surgical center, and the relatively small number of pediatric cases may limit the generalizability of the findings. The cohort represented a selected group of patients referred for surgical management, introducing a potential selection bias. Therefore, the results should be interpreted with caution. Future multicenter studies with larger, more diverse pediatric populations are needed to validate these findings and establish standardized ultrasonographic and elastographic diagnostic criteria for children.

5. Conclusions
In pediatric patients, the EU-TIRADS and ACR-TIRADS systems demonstrate good sensitivity and accuracy for predicting thyroid malignancy. Features with high specificity-such as high strain ratio (SR > 3), irregular margins, and punctate calcifications-should prompt immediate surgical evaluation, as they are strongly associated with malignancy. Conversely, solid and hypoechoic nodules, though highly sensitive, require FNAB and close monitoring.
The detection of low-risk tumors remains challenging in children, largely due to their smaller thyroid volume and nodule size, which complicate margin assessment and weakly correlate with malignancy risk. Further pediatric-focused studies are needed to refine diagnostic thresholds and integrate elastography with ultrasound-based risk stratification systems for optimal surgical decision-making.
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