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Abstract
Purpose Various risk strati�cation systems show some discrepancies in the ultrasound (US) lexicon of nodule echotexture and hypoechogenicity. This study
aimed to determine the malignancy risk of thyroid nodules according to their echotexture and degree of hypoechogenicity in a multicenter dataset.

Methods From June to September 2015, 5,601 thyroid nodules (≥ 1.0 cm) in 4,989 consecutive patients who underwent thyroid US and with a �nal
diagnoses from 26 institutions were evaluated. Thyroid nodules were strati�ed according to the US echotexture (homogeneous vs. heterogeneous) and
degree of hypoechogenicity (mild, moderate, or marked). We then calculated malignancy risk and compared four subgroups strati�ed with nodule
composition and presence of suspicious features.

Results Heterogeneous hypoechoic nodules showed a signi�cantly higher malignancy risk than heterogeneous isoechoic nodules (P ≤ 0.017) except in
partially cystic nodules. There was no signi�cant difference in malignancy risk between homogeneous vs. heterogeneous hypoechoic nodules (P ≥ 0.086)
and between homogeneous vs. heterogeneous iso- or hyperechoic nodules (P ≥ 0.05) except in partially cystic nodules without suspicious features. The
malignancy risks of both homogeneous and heterogeneous iso- or hyperechoic nodules were low to intermediate, depending on the presence of suspicious
features. Regarding the degree of hypoechogenicity, there was no signi�cant difference in malignancy risk between markedly and moderately hypoechoic
nodules in all subgroups (P ≥ 0.48). Marked or moderately hypoechoic nodules showed a signi�cantly higher risk than mild hypoechoic (P ≤ 0.016) and iso-
or hyperechoic (P < .001) nodules.

Conclusions The predominant echogenicity effectively strati�es the malignancy risk of nodules with heterogeneous echotexture. For malignancy risk
strati�cation, the degree of nodules’ hypoechogenicity could be grouped as mild vs. moderate to marked hypoechogenicity.  

Introduction
The echogenicity of a thyroid nodule on ultrasonography (US) is an important descriptor for distinguishing malignancy from benign nodules [1–4]. Previous
studies have consistently reported that the malignancy risk of hypoechoic nodules was higher than that of iso- or hyperechoic nodules [1, 3–5]. Marked
hypoechogenicity is related to increased malignancy risk of thyroid nodules [1, 5–8] and has been adopted in several risk strati�cation systems (RSS) [9–12].

Despite of its importance, the US de�nition of nodule echogenicity shows discrepancies across risk strati�cation systems (RSS) [13]. For nodules with
heterogeneous echogenicity, guidelines adopt different strategies; the Korean Thyroid Imaging Reporting and Data System (K-TIRADS) and American College
of Radiology (ACR) TIRADS classi�ed them based on the predominant echogenicity [11, 14], but the European Thyroid Imaging Reporting and Data System
(EU-TIRADS) classi�ed heterogeneous nodules as mildly hypoechoic nodules when they had any hypoechoic portion [10]. While the American Association of
Clinical Endocrinologists/American College of Endocrinology/Associazione Medici Endocrinologi [9], ACR [11], EU-TIRADS [10], and the Chinese Thyroid
Imaging Reporting and Data System (C-TIRADS) [12] distinguished between marked and mild hypoechogenicity, the American Thyroid Association [15] and
K-TIRADS [14] did not discriminate between marked versus mild hypoechogenicity regarding nodule risk strati�cation. In these RSSs, nodules with similar
echogenicity to the anterior neck muscles (i.e., moderate hypoechogenicity) were grouped with nodules with mild hypoechogenicity [9–12, 14, 15].

A recent study demonstrated that nodule hypoechogenicity could be strati�ed as mild versus moderate to marked, and nodules with heterogeneous
echogenicity are strati�ed by the predominant echogenicity of the solid portion [7]. According to the results of this study, the 2021 K-TIRADS revised the
de�nition of marked hypoechogenicity as hypoechoic or similar echogenicity relative to the anterior neck muscles [16]. However, insu�cient evidence
supports this take on hypoechoic nodules’ strati�cation because the previous study was a single-center study [7]. We designed a multicenter study to validate
if this revised de�nition of nodule hypoechogenicity could effectively stratify the malignancy risk of thyroid nodules. The purpose of this study was to
validate thyroid nodules’ malignancy risk according to their echotexture and degree of hypoechogenicity in a multicenter cohort.

Materials And Methods
The institutional review boards of the 26 participating centers approved this study. The informed consent requirement was waived for this retrospective
review.

Study population
Patient data were collected from 26 different hospitals in Korea (Thyroid Imaging Network of Korea registry, THINK). From June to September 2015, 22,775
patients underwent thyroid US at the 26 participating institutions. Among them, 16,679 were excluded due to a lack of reference standard test (biopsy or
surgery) (n = 4304), thyroid nodules < 1.0 cm (maximal diameter, n = 12,130), suboptimal image quality (n = 245) or inconclusive biopsy results (n=1,015
patients with 1,102 nodules) [17, 18]. In this study, 59 isolated macrocalci�cations and 48 purely cystic nodules were further excluded because of an inability
to assess nodule echogenicity. We included a total of 5,601 thyroid nodules in 4,989 patients in this study. (4,101 women, 888 men; age range: 19–76 years)
(Fig. 1). Malignant nodules were diagnosed based on the histopathological results after surgery (n = 927) or malignant �ne needle aspiration (FNA) or core-
needle biopsy (CNB) results (n = 162). Benign nodules were diagnosed based on the histopathological results after surgery (n = 390), with at least two benign
FNA or CNB results (n = 594), and one benign FNA or CNB result (n = 3,528).

US examination and image analysis
All US examinations were performed with a 10–14 MHz linear probe. US images were retrospectively reviewed by one of 17 experienced radiologists with 8–
22 years of experience performing thyroid US using an online program (AIM AiCRO; http://study.aim-aicro.com). Prior to the multicenter study’s
commencement, we held training sessions to establish a baseline consensus regarding US criteria [9–11, 14, 17, 18]. The 17 radiologists evaluated images
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of biopsy-proven masses not included in the study, and were asked to assess the US criteria during a consensus meeting, including composition,
echogenicity, margin, calci�cation, orientation (taller-than-wide), spongiform appearance, and intracystic echogenic foci with comet-tail artifact. All of the
reviewers, who were blind to the FNA results and �nal diagnoses, then assessed the US features of the thyroid nodules. Reviewers determined the nodule
hypoechogenicity by assessing the echogenicity of the solid component in a nodule. In the 2021 K-TIRADS, the nodule was de�ned as hypoechoic if it was
hypoechoic relative to the normal thyroid parenchyma. The echotexture of the nodule was categorized as homogenous or heterogeneous echotexture based
on the uniformity of nodule echogenicity [7] (Figure 2). Heterogeneous echotexture was de�ned as the nodule’s solid component showing two obviously
different portions of echogenicity (iso- or hyperechoic vs. hypoechogenicity). Heterogeneously echotextured nodules’ echogenicity was determined by their
predominant echogenicity. The nodules were classi�ed into four groups: homogeneous hypoechoic, heterogeneous hypoechoic, heterogeneous iso- or
hyperechoic, and homogeneous iso- or hyperechoic.

The nodule’s degree of hypoechogenicity was categorized as mild (hypoechoic relative to the thyroid parenchyma, but hyperechoic relative to the anterior
neck muscles), moderate (similar echogenicity to the anterior neck muscles), and marked (hypoechoic relative to the anterior neck muscles) (Figure 3) [5, 7].
We assessed other US features regarding composition and presence of suspicious US features (punctuate echogenic foci, nonparallel orientation, irregular
margin) of the thyroid nodules on the basis of the 2021 K-TIRADS [16]. In the 2021 K-TIRADS, punctate echogenic foci were de�ned as punctate (≤ 1 mm)
hyperechoic foci within the solid component of a nodule, nonparallel orientation as the anteroposterior diameter of a nodule being longer than its transverse
diameter in the transverse plane, and irregular margin as a non-smooth edge with spiculation or microlobulation. The suggested malignancy risk in the 2021
K-TIRADS is proposed as follows [16]: high suspicion, > 60%; intermediate suspicion, 10 - 40%; low suspicion 3 - 10%; and benign, < 3%.

Data analysis and statistical analysis
We calculated each nodule category’s frequency and malignancy risk based on its echotexture and degree of hypoechogenicity. Chi-squared or Fisher’s exact
tests were used to compare the malignancy risk among each group. We performed subgroup analysis to assess the difference between the malignancy risks
of thyroid nodules according to their composition (solid vs. partially cystic), and the presence of any suspicious US features. This re�ects that the thyroid
nodules’ malignancy risks differ according to their composition, echogenicity, and presence of suspicious US features [4]. Chi-squared or Fisher’s exact tests
were used to compare the malignancy risk between homogeneous hypoechoic, heterogeneous hypoechoic, heterogeneous iso- or hyperechoic nodule, and
homogeneous iso- or hyperechoic nodules. Statistical analyses were performed using IBM SPSS Statistics for Windows, Version 24.0 (IBM Corp.), and
MedCalc® (version 20.009 (MedCalc Software Ltd)). A P value < 0.05 was considered statistically signi�cant.

Results

Demographic and clinicopathologic characteristics
The demographic data are summarized in Table 1. The mean size of the nodules was 53.4 ± 12.7mm (range, 10 to 100 mm). Of the 5,601 thyroid nodules,
4,512 (80.6%) were diagnosed as benign and 1,089 (19.4%) as malignant. The 1,089 malignant nodules included 989 papillary thyroid carcinomas (90.8%),
62 follicular carcinomas (5.7%), 12 (1.1%) medullary carcinomas, 7 (0.6%) poorly differentiated carcinomas, 6 (0.6%) anaplastic carcinomas, 5 (0.5%)
metastases, 4 (0.4%) unspeci�ed malignancies, 3 (0.3%) lymphomas, and 1 (0.1%) squamous cell carcinoma. Patients with malignant nodules were
signi�cantly younger (P < .001), included smaller proportions of female patients (P < .001), and smaller nodule size (P < .001) than patients with benign
nodules.
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Table 1
Demographic Data of 5601 Nodules in This Study

Nodules Total (N=5601) Benign (N=4512) Malignant (N=1089) P

Number of patients 4989 3991 998  

Age (years) 53.4±12.7 54.6±13.1 48.8±13.9 < .001

No. of female Patients (%) 4627 (82.6%) 3793 (84.1%) 834 (76.6%) < .001

Mean maximal nodule size (mm) 20.7±10.8 21.1±10.7 19.1±11.1 < .001

US echotexture of nodules       < .001

Homogeneous 4274 (76.3%) 3492 (77.4%) 782 (71.8%)  

Heterogeneous 1327 (23.7%) 1020 (22.6%) 307 (28.2%)  

US echogenicity of nodulesa       < .001

Marked hypoechogenicity 315 (5.6%) 111 (2.5%) 204 (18.7%)  

Moderate hypoechogenicity 705 (12.6%) 365 (8.1%) 340 (31.2%)  

Mild hypoechogenicity 994 (17.7%) 760 (16.8%) 234 (21.5%)  

Iso- or hyperechogenicity 3587 (64.0%) 3276 (72.6%) 311 (28.6%)  

Unless otherwise indicated, data are numbers with percentages in parentheses for categorical variables

aDetermined by the predominant echogenicity in nodules with heterogeneous echotexture

When we determined the heterogeneously echotextured nodules’ echogenicity by the predominant echogenicity, iso- or hyperechogenicity was the most
common (64.0%) in all nodules. Among 778 hypoechoic malignant nodules, 718 (92.3%) were PTCs, including 58 (7.5%) follicular variant PTCs. Thirty (3.9%)
were follicular carcinomas. In 311 iso- or hyperechoic malignant nodules, 271 (87.1%) were PTCs, including 69 (21.9%) follicular variant PTCs. Thirty-two
(10.3%) were follicular carcinomas.

Comparison of malignancy risk between nodules with homogeneous and heterogeneous
echotexture
Table 2 shows malignancy risks nodules classi�ed according to their echogenicity and echotexture. Overall, the homogeneous hypoechoic nodules’
malignancy risk was signi�cantly higher than heterogeneous hypoechoic nodules (40.5 vs. 33.5%, P = 0.022). Heterogeneous hypoechoic nodules showed
signi�cantly higher malignancy risk than heterogeneous iso- or hyperechoic nodules (33.5 vs. 15.8%, P < .001). Heterogeneous iso- or hyperechoic nodules
showed signi�cantly higher malignancy risk than homogeneous iso- or hyperechoic nodules (15.8 vs. 6.7%, P < .001).
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Table 2
Malignancy risk strati�ed by echogenicity and echotexture

    All With suspicious features c No suspicious US features c

Echotexture Echogenicity No of
malignant
nodules,
N (%)

No. of
nodules,
N (%)

Malignancy
risk (%)

No of
malignant
nodules,
N (%)

No. of
nodules,
N (%)

Malignancy
risk (%)

No of
malignant
nodules,
N (%)

No. of
nodules,
N (%)

Malignancy
risk (%)

All                    

Homogeneous Hypoechoic
b

594
(54.5)

1465
(26.2)

40.5 448
(63.1)

686
(45.5)

65.3 146
(38.5)

779
(19.0)

18.7

  Iso- or
hyperechoic

188
(17.3)

2809
(50.2)

6.7 66 (9.3) 371
(24.6)

17.8 122
(32.2)

2438
(59.6)

5.0

a

Heterogeneous
Hypoechoic
b

184
(16.9)

549
(9.8)

33.5 129
(18.2)

228
(15.1)

56.6 55 (14.5) 321
(7.8)

17.1

  Iso- or
hyperechoic

123
(11.3)

778
(13.9)

15.8 67 (9.4) 223
(14.8)

30.0 56 (14.8) 555
(13.6)

10.1

Total   1089
(100.0)

5601
(100.0)

19.4 710
(100.0)

1508
(100.0)

47.1 379
(100.0)

4093
(100.0)

9.3

Solid                    

Homogeneous Hypoechoic
b

554
(61.8)

1183
(38.9)

46.8 425
(67.6)

611
(56.6)

69.6 129
(48.1)

572
(29.2)

22.6

  Iso- or
hyperechoic

110
(12.3)

1044
(34.3)

10.5 44 (7.0) 165
(15.3)

26.7 66 (24.6) 879
(44.8)

7.5

a

Heterogeneous
Hypoechoic
b

151
(16.8)

377
(12.4)

40.1 111
(17.6)

169
(15.6)

65.7 40 (14.9) 208
(10.6)

19.2

  Iso- or
hyperechoic

82 (9.1) 437
(14.4)

18.8 49 (7.8) 135
(12.5)

36.3 33 (12.3) 302
(15.4)

10.9

Total   897
(100.0)

3041
(100.0)

29.5 629
(100.0)

1080
(100.0)

58.2 268
(100.0)

1961
(100.0)

13.7

Partially cystic                    

Homogeneous Hypoechoic
b

40 (20.8) 282
(11.0)

14.2 23 (28.4) 75
(17.5)

30.7 17 (15.3) 207
(9.7)

8.2

  Iso- or
hyperechoic

78 (40.6) 1765
(68.9)

4.4 22 (27.2) 206
(48.1)

10.7 56 (50.5) 1559
(73.1)

3.6

a

Heterogeneous
Hypoechoic
b

33 (17.2) 172
(6.7)

19.2 18 (22.2) 59
(13.8)

30.5 15 (13.5) 113
(5.3)

13.3

  Iso- or
hyperechoic

41 (21.4) 341
(13.3)

12.0 18 (22.2) 88
(20.6)

20.5 23 (20.7) 253
(11.9)

9.1

Total   192
(100.0)

2560
(100.0)

7.5 81
(100.0)

428
(100.0)

18.9 111
(100.0)

2132
(100.0)

6.2

a Nodule echogenicity was categorized by the predominant echogenicity in nodules with heterogeneous echotexture.

b Hypoechogenicity includes any of marked-, moderate-, and mild hypoechogenicity.

c Suspicious US features include punctuate echogenic foci, nonparallel orientation (taller than wide) and irregular shape.

When we classi�ed the nodules according to composition and presence of suspicious features, there was no signi�cant difference in malignancy risks
between homogeneous hypoechoic and heterogeneous hypoechoic nodules in all subgroups (P ≥ 0.086). On the contrary, heterogeneous hypoechoic
nodules showed signi�cantly higher malignancy risks than heterogeneous isoechoic nodules in all subgroups (P ≤ 0.017) except partially cystic nodules.
The malignancy risks were not signi�cantly different between heterogeneous iso- or hyperechoic nodules and homogeneous isoechoic nodules in all
subgroups except in the partially cystic nodules subgroup without suspicious features (P ≥ 0.05).

Risk strati�cation of thyroid nodules with heterogeneous echotexture
In terms of risk strati�cation, the malignancy risks of solid heterogeneous hypoechoic nodules with suspicious features were strati�ed within the high
suspicion category, along with solid homogeneous hypoechoic nodules with suspicious features (65.7% malignancy risk in solid heterogeneous hypoechoic
nodules with suspicious features and 69.6% in solid homogeneous hypoechoic nodules with suspicious features). The malignancy risks of solid
heterogeneous iso- or hyperechoic nodules ranged within the intermediate suspicion category, depending on the presence of suspicious US features (10.9% in
nodules without suspicious features and 36.3% in nodules with suspicious features). The malignancy risk of solid homogeneous iso- or hyperechoic nodules
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ranged within the low to intermediate suspicion categories, depending on the presence of suspicious US features (7.5% in solid homogeneous iso- or
hyperechoic nodules without suspicious features, 26.7% in solid homogeneous iso- or hyperechoic nodules with suspicious features).

In partially cystic nodules, the malignancy risks of hypoechoic or iso- or hyperechoic nodules (either homogeneous or heterogeneous) with suspicious
features were strati�ed within the intermediate suspicion category (10.7-30.7%). The malignancy risks of all partially cystic nodules without suspicious
features ranged within the low to intermediate suspicion category (3.6-13.3%), regardless of echogenicity and echotexture.

Malignancy risk according to degree of predominant hypoechogenicity
Table 3 lists the calculated malignancy risks of nodules categorized by their predominant degree of hypoechogenicity grouped by overall nodules and
subgroups. Overall, markedly hypoechoic nodules demonstrated a signi�cantly higher malignancy risk than moderately (P < .001) and mildly hypoechoic (P <
.001) nodules. The malignancy risk of markedly and moderately hypoechoic nodules was signi�cantly higher than that of mildly hypoechoic nodules (P <
.001).

Table 3
Malignancy Risk Strati�ed by Degree of Hypoechogenicity and Predominant Echogenicity According to Composition and suspicious Features

Echogenicity All Nodules with suspicious features a Nodules without suspicious features a

  No. of
malignant
nodules, N
(%)

No. of
nodules,
N (%)

Malignancy
risk (%)

No. of
malignant
nodules, N
(%)

No. of
nodules,
N (%)

Malignancy
risk (%)

No. of
malignant
nodules, N
(%)

No. of
nodules,
N (%)

Malignancy
risk (%)

All                  

Marked
hypoechogenicity

204 (18.7) 315 (5.6) 64.8 178 (25.1) 228
(15.1)

78.1 26 (6.9) 87 (2.1) 29.9

Moderate
hypoechogenicity

340 (31.2) 705
(12.6)

48.2 261 (36.8) 370
(24.5)

70.5 79 (20.8) 334
(8.2)

23.7

Mild
hypoechogenicity

234 (21.5) 994
(17.7)

23.5 138 (19.4) 316
(21.1)

43.7 96 (25.3) 677
(16.6)

14.2

Iso- or
hyperechogenicity

311 (28.6) 3587
(64.0)

8.7 133 (18.7) 594
(39.4)

22.4 177 (47.0) 2989
(73.1)

5.9

Total 1089 (100.0) 5601
(100.0)

19.4 710 (100.0) 1508
(100.0)

47.1 378 (100.0) 4087
(100.0)

9.2

Solid                  

Marked
hypoechogenicity

201 (22.4) 304
(10.0)

66.1 176 (28.0) 224
(20.7)

78.6 25 (9.3) 80 (4.1) 31.3

Moderate
hypoechogenicity

312 (34.8) 596
(19.6)

52.3 244 (38.8) 333
(30.8)

73.3 68 (25.4) 263
(13.4)

25.9

Mild
hypoechogenicity

192 (21.4) 660
(21.7)

29.1 116 (18.4) 223
(20.6)

52.0 76 (28.4) 437
(22.3)

17.4

Iso- or
hyperechogenicity

192 (21.4) 1481
(48.7)

13.0 93 (14.8) 300
(27.8)

31.0 99 (36.9) 1181
(60.2)

8.4

Total 897 (100.0) 3041
(100.0)

29.5 629 (100.0) 1080
(100.0)

58.2 268 (100.0) 1961
(100.0)

13.7

Partially cystic                  

Marked
hypoechogenicity

3 (1.6) 11 (0.4) 27.3 2 (2.5) 4 (0.9) 50.0 1 (0.9) 7 (0.3) 14.3

Moderate
hypoechogenicity

28 (14.6) 109 (4.3) 25.7 17 (21.0) 37 (8.6) 45.9 11 (9.9) 72 (3.4) 15.3

Mild
hypoechogenicity

42 (21.9) 334
(13.0)

12.6 22 (27.2) 93 (21.7) 23.7 20 (18.0) 241
(11.3)

8.3

Iso- or
hyperechogenicity

119 (62.0) 2106
(82.3)

5.7 40 (49.4) 294
(68.7)

13.6 79 (71.2) 1812
(85.0)

4.4

Total 192 (100.0) 2560
(100.0)

7.5 81 (100.0) 428
(100.0)

18.9 111 (100.0) 2132
(100.0)

5.2

a Suspicious US features include punctuate echogenic foci, nonparallel orientation (taller than wide) and irregular shape.

When we categorized nodules according to composition and presence of suspicious features, there was no signi�cant difference of malignancy risk between
markedly and moderately hypoechoic nodules in all subgroups, regardless of composition and presence of suspicious feature (P ≥ 0.48). In solid nodules,
markedly or moderately hypoechoic nodules showed signi�cantly higher malignancy risk than mild hypoechoic (P ≤ 0.016) and iso- or hyperechoic (P <
.001) nodules regardless of suspicious features.
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In partially cystic nodules with suspicious features, moderately hypoechoic nodules showed signi�cantly higher malignancy risk than mild hypoechoic (P ≤
0.045) and iso- or hyperechoic nodules (P < .001). There was no signi�cant difference in malignancy risk in partially cystic nodules without suspicious
features according to the degree of hypoechogenicity (P ≥ 0.116). Moderately (P = 0.008) and mildly hypoechoic (P = 0.017) nodules showed signi�cantly
higher malignancy risk than iso- or hyperechoic nodules in partially cystic nodules without suspicious features.

Risk strati�cation of thyroid nodules according to the degree of hypoechogenicity
In solid nodules, the malignancy risks of nodules with moderate (73.3%) or marked hypoechogenicity (78.6%) with suspicious features were within the high
suspicion category. Solid nodules with mild hypoechogenicity and suspicious features showed a slightly lower malignancy risk than the lower margin of the
high suspicion category (52.0%). Solid, marked (31.3%), moderate (25.9%), and mild hypoechoic nodules (17.4%) without suspicious features were strati�ed
as intermediate risk.

In partially cystic nodules, marked (50.0%) and moderate (45.9%) hypoechogenicity showed slightly higher malignancy risks than the estimated range of the
intermediate and low suspicion categories according to the presence of suspicious features. Partially cystic nodules with mild hypoechogenicity and iso- or
hyperechogenicity were classi�ed within the low and intermediate suspicion categories, according to the presence of suspicious features.

Comparisons of malignancy risks among four nodule groups, based on composition and echogenicity.

Table 4 illustrates the malignancy risks in the four groups of nodules categorized according to a combination of composition, predominant echogenicity, and
presence of suspicious features. The malignancy risks differed signi�cantly between these groups in the following decreasing order: solid hypoechoic,
partially cystic hypoechoic, solid iso- or hyperechoic, and partially cystic iso- or hyperechoic. The malignancy risks signi�cantly differed in all subgroups (all,
P < .001) except between partially cystic hypoechoic versus solid iso- or hyperechoic nodules (P ≥ 0.122), regardless of the presence of suspicious features

Table 4
Malignancy risk of four nodule categories based on composition and predominant echogenicity

  Solid
hypoechoic

  Partially cystic
hypoechoic

  Solid isoechoic   Partially cystic
isoechoic

 

  No. of
malignant
nodules/all

Malignancy
risk (95% CI)

No. of
malignant
nodules/all

Malignancy
risk (95% CI)

No. of
malignant
nodules/all

Malignancy
risk (95% CI)

No. of
malignant
nodules/all

Malignancy
risk (95% CI)

All 705/1560 45.2 (41.9,
48.7)

73/454 16.1 (12.6,
20.2)

192/1481 13.0 (11.2,
14.9)

119/2106 5.7 (4.7, 6.8)

P < .001a 0.122b < .001c

Any
suspicious
feature

536/780 68.7 (63.0,
74.8)

41/134 30.6 (22.0,
41.5)

93/300 31.0 (25.0,
38.0)

40/294 13.6 (9.7,
18.5)

P < .001a 0.954b < .001c

No
suspicious
feature

169/780 21.7 (18.5,
25.2)

32/320 10.0 (6.8,
14.1)

99/1181 8.4 (6.8,
10.2)

79/1812 4.4 (3.5, 5.4)

P < .001a 0.385b < .001c

aSolid hypoechoic vs. partially cystic hypoechoic

bPartially cystic hypoechoic vs. Solid isoechoic

cSolid isoechoic vs. partially cystic isoechoic

Discussion
Our study demonstrated no signi�cant difference in malignancy risks between homogeneous vs. heterogeneous hypoechoic nodules in all subgroups and in
homogenous vs. heterogeneous iso- or hyperechoic nodules in all subgroups except partially cystic nodules without suspicious features. Meanwhile,
heterogeneous hypoechoic nodules showed signi�cantly higher malignancy risk than heterogeneous isoechoic nodules in all subgroups except partially
cystic nodules. Our study validated the concept of classifying nodules by their predominant echogenicity as a reasonable form of risk strati�cation.
Regarding the degree of hypoechogenicity, nodules with moderate hypoechogenicity showed similar malignancy risks compared to markedly hypoechoic
nodules. In contrast, moderately hypoechoic nodules showed signi�cantly higher malignancy risks than mild hypoechoic nodules in all subgroups except
partially cystic nodules without suspicious features. Based on our results, moderately hypoechoic nodules should be grouped with marked hypoechoic
nodules for risk strati�cation.

For nodules with heterogeneous echogenicity, the EU-TIRADS suggested that nodules with any hypoechoic component should be regarded as hypoechoic
nodules and classi�ed as intermediate risk [10]. However, in our study, the malignancy risks of heterogeneous isoechoic nodules were not signi�cantly
different from their homogeneous counterparts except in the partially cystic nodules without suspicious features subgroup; this result aligned with the
�ndings of our previous study [7]. Although the malignancy risks of heterogeneous isoechoic nodules were higher than homogeneous isoechoic nodules in
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overall nodules, the malignancy risks of heterogeneous isoechoic nodules were ranged within the low to intermediate risk categories, depending on
concurrent suspicious US features. Therefore, our study’s results support the strategy provided by K-TIRADS and ACR TIRADS when assessing nodules with
heterogeneous echogenicity.

In the EU-TIRADS [10] and ACR-TIRADS [11], moderate hypoechogenicity was classi�ed as similar risk with mild hypochogenicity; however in this study,
moderate hypochogenicity showed a similar malignancy risk to marked hypochogenicity. The results of this study suggest that the previous de�nition of
marked hypoechogenicity should be revised as hypoechoic or similar echogenicity relative to the anterior neck muscles. The result of this study con�rmed
the validity of the revised de�nition of marked hypoechogenicity by 2021 K-TIRADS.

The results of our study are in line with those of our previous study in that the malignancy risks of moderately hypoechoic nodules are similar to that of
markedly hypoechoic nodules [7]. However, the results in overall nodules were somewhat discrepant from the previous study [7], demonstrating that the
malignancy risks of marked hypoechoic nodules were higher than that of moderately hypoechoic nodules [6]. In this cohort, concurrent suspicious US
features occurred more frequently in marked hypoechoic nodules than moderately hypoechoic nodules (marked hypoechoic, 72.4% vs. moderate hypoechoic,
52.5%, P <.001). The higher prevalence of suspicious features in marked hypoechoic nodules might have caused confounding effects in the malignancy risks
between these two groups.

In the partially cystic nodules without suspicious features subgroup, the malignancy risks of most nodules ranged within the low risk category, regardless of
their predominant echogenicity. This contrasts partially cystic nodules with suspicious features’ risks, which fell within the intermediate risk category in most
nodules. In contrast to solid nodules, partially cystic nodules without suspicious features showed no signi�cant difference in malignancy risk between
marked/moderate versus mild hypoechoic nodules, and the difference between various degrees of hypoechogenicity was diminished. Additionally, in partially
cystic nodules, most partially cystic hypoechoic nodules showed mild hypoechogenicity (68.7-85.0%) and the incidence of marked hypoechogenicity was
very rare. Based on our results, we assume that in partially cystic nodules, malignancy risk is mainly determined by the presence of suspicious features and
the degree of hypoechogenicity had little impact.

Our study has several limitations. First, the reference standards for benign and malignant diagnoses were based on FNA results as well as surgical histology
�ndings, which may inevitably cause false-negative or false-positive results, although the effect may have been small. Second, we retrospectively assessed
the nodules’ US features. However, we believe our large sample size across a multicenter setting mitigated this shortcoming. Third, this study did not consider
the interobserver agreement for US features described by different radiologists, possibly resulting in discrepant interpretations. However, we performed
training sessions prior to formal analysis to mitigate for interobserver variability. Although a previous study demonstrated that this proposed classi�cation of
echogenicity showed improved reproducibility than the previous lexicon [7], future in-depth studies are needed to validate the reproducibility of this US lexicon
in multiple readers.

In conclusion, the malignancy risk of nodules with heterogeneous echotexture can be strati�ed based on predominant echogenicity. Additionally, nodule
hypoechogenicity can be classi�ed as mild vs. moderate to marked hypoechogenicity for malignancy risk strati�cation.
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Figure 1

Flowchart of the study. US=ultrasonography

Figure 2

Thyroid nodules classi�ed according to the echotexture and echogenicity. A. A nodule with homogeneous hypoechogenicity. Diagnosis: Conventional
papillary thyroid carcinoma B. A nodule with heterogeneous, predominant hypoechogenicity. Note internal iso- or hyperechoic solid portions consisting less
than 50% of the nodule. Diagnosis: Conventional papillary thyroid carcinoma. C. Nodule with heterogeneous, predominant iso- or hyperechogenicity. The
hypoechoic solid portion accounts for less than 50% of the nodule. Diagnosis: Benign follicular nodule in core needle biopsy. D. Nodule with homogeneous
iso- or hyperechogenicity. Diagnosis: Benign follicular nodule in core needle biopsy
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Figure 3

Hypoechoic thyroid nodules with various degree of hypoechogenicity. A. Markedly hypoechoic nodule (hypoechoic relative to the anterior neck muscles)
Diagnosis: Conventional papillary thyroid carcinoma B. Moderately hypoechoic nodule (similar echogenicity to the anterior neck muscle). Diagnosis:
Conventional papillary thyroid carcinoma C. Mildly hypoechoic nodule (hypoechoic relative to the normal thyroid parenchyma, but hyperechoic relative to the
anterior neck muscle). Diagnosis: Follicular variant papillary thyroid carcinoma


