
eMaterial 1. Supplemental methods 

 

Sonographic features for the diagnosis of thyroid nodules 

In 2011, The Japan Society of Ultrasonics in Medicine (JSUM) published ultrasound 

diagnostic criteria for thyroid nodules.1, 2 To establish these criteria, a multi-center study 

was performed and revealed that the shape, border character, and internal echo level 

showed the highest sensitivity and specificity, followed by the edge definition and 

heterogeneity of internal echoes.3 These characteristics were selected as the primary 

findings. In addition, the marginal hypoechoic zone and fine strong echoes were 

considered secondary findings1 because the statistical differences between benign and 

malignant nodules were lower than those in the primary findings.3 

 

Risk assessment of thyroid carcinoma by ultrasound findings 

Recently, in Japan, it has been reported that adult cases with papillary thyroid 

microcarcinoma 10 mm or less without metastasis or extrathyroidal invasion for the 

recurrent nerve or trachea have less tumor growth and good prognosis.4 Therefore, even 

in microcarcinomas of 10 mm or less, detailed ultrasonography may contribute to 

reducing the risk of overdiagnosis of thyroid cancer by detailed assessment of risk. In a 

multivariate study of risk factors for tumor growth, macroscopic (coarse) calcification 

(>1 mm), agglutinated calcification with acoustic shadow, rim calcification completely 

aligned along the rim of the tumors, and poorer vascularity were significantly correlated 

with non-progression, and extrathyroidal invasion, lymph node metastasis, and poorly 

differentiated composition were significantly associated with adverse outcomes.5, 6 In 

patients with surgically treated micropapillary carcinoma, ill-defined tumor edges and 



fine strong echoes on ultrasound images have been shown to be associated with 

recurrence and lateral lymph node metastasis of thyroid cancer.7 In addition, risk factors 

for lymph node metastasis of microcarcinoma were shown to be male sex, younger age 

(<45 years), larger tumor size, microcalcification, extrathyroidal invasion, 

hypoechogenicity within the tumor, and multicentricity.8-14 The line of evidence has led 

to the publication of fine needle aspiration cytology (FNAC) implementation criteria 

based on risk assessment by ultrasonographic findings in Japan and subsequently 

worldwide.2 

 

Implementation criteria for fine needle aspiration cytology 

The Japan Association of Breast and Thyroid Sonology (JABTS) published criteria for 

the management of thyroid nodules and presented a diagnostic flowchart for nodular 

thyroid disease to provide a standard.2, 15 This flowchart categorizes nodular lesions into 

solid and cystic nodules, providing the criteria for each of them. In 2016, the JABTS 

revised the guidebook (3rd edition), and only the criteria for the management of cystic 

nodules were revised.2, 16 

According to this criterion, FNAC is recommended for nodules measuring 5.1–

10.0 mm in diameter that are strongly suspicious for thyroid carcinoma according to the 

primary and secondary findings in JSUM diagnostic criteria; that is, when most of the 

malignant sonographic findings are observed.2, 15 FNAC is also recommended for 

nodules sized 10.1–20.0 mm in diameter that are suspicious for carcinoma according to 

the above criteria (ie, when some of the malignant sonographic findings were observed). 

All nodules >20 mm in diameter and nodules showing spongiform patterns are 

subjected to FNAC. 



If cystic lesions are observed, they are classified according to the presence or 

absence of a solid portion. If there is no solid component, FNAC is not recommended 

for ≤20.0 mm, and aspiration of the cyst fluid is considered for cysts of 20.1 mm or 

greater in diameter to relieve symptoms.15, 16 The ratio of the solid component in the 

maximum cross-section is divided into 50% or more and less than 50%, and the former 

follows the above-mentioned management criterion for solid nodules.2, 16 In the latter 

case, FNAC is not recommended when the maximum diameter, including the cystic 

component, is 5 mm or less. For nodules with a maximum diameter of ≥5.1 mm and 

≤20.0 mm, FNAC is recommended when a nodule is suspected to have extramural 

infiltration, even if the solid component is less than 5.1 mm. FNAC is recommended 

when there are multiple malignant findings among the irregular surfaces of solid 

components, fine multiple high-echo spots, and increased blood flow for a nodule with 

5.1 to 10.0 mm in diameter of a solid component. For a nodule with a solid area 

exceeding 10.0 mm, FNAC is recommended when any of the above malignant findings 

are present. If the maximum diameter of a cystic nodule is 20.1 mm or more, in 

principle, FNAC is performed. 
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