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[ Abstract ] Objective To develop a quantitative scoring system based on conventional ultrasonographic semantic
features and to evaluate its diagnostic value for diffuse thyroid disease (DTD). Methods A total of 185 patients with
clinically suspected DTD were prospectively enrolled from Shanghai Fourth People’s Hospital Affiliated to Tongji University
and Naval Medical Center of Naval Medical University between Mar. 2024 and Jan. 2025. Based on the salivary gland
ultrasonographic scoring method for Sjogren’s syndrome, a quantitative scoring system of ultrasonographic semantic features
of DTD was constructed, comprising 8 core indicators: volume and shape, capsular integrity, echogenicity, homogeneity,
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nodules, linear hyperechogenicity, calcifications, and vascular pattern, with a total score ranging from 0 to 19. Two senior
ultrasound physicians (with =35 years of experience) independently performed double-blind scoring according to this system.
To assess intra-observer reliability, 30% of the cases (#=56) were randomly selected and re-scored after a 2-week interval.
Both inter-observer and intra-observer consistency were assessed using the intraclass correlation coefficient (ICC). Receiver
operating characteristic (ROC) curve analysis was used to evaluate the diagnostic performance of the scoring system.
Multivariate binary logistic regression was applied to identify independent predictive factors among the ultrasonographic
semantic features for discriminating DTD. Results Based on laboratory tests (thyroid function, thyroid peroxidase antibody,
thyroglobulin antibody, and thyroid stimulating hormone receptor antibody), clinical history, and imaging follow-up,
128 of the 185 (69.19%) suspected DTD patients were confirmed as DTD, and 57 (30.81%) as non-DTD. The median score
of the quantitative ultrasonographic semantic feature scoring system in the DTD group was significantly higher than that
in the non-DTD group (9 vs 4, P<<0.001). Inter-observer and intra-observer agreements were excellent (ICC=0.97 and
0.96, respectively). ROC curve analysis showed that the quantitative ultrasonographic semantic feature scoring system
demonstrated excellent diagnostic performance for DTD, with an area under the ROC curve of 0.91 (95% confidence interval
0.87-0.96). At the optimal cut-off value of 5.5, the sensitivity was 93% and the specificity was 87%. Multivariate regression
revealed that glandular homogeneity and vascular score were independent predictors for DTD. Conclusion The quantitative
scoring system based on conventional thyroid ultrasonographic semantic features shows good diagnostic performance
and high reproducibility for DTD. It may contribute to the development of an intelligent structured reporting system for
thyroid ultrasound, showing promise as an auxiliary tool for objective and quantitative ultrasonographic diagnosis of diffuse
thyroid disease.
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Fig1 Representative ultrasound images of DTD

A: Markedly decreased echogenicity (lower than that of the adjacent sternocleidomastoid muscle) with diffuse and pronounced
heterogeneity; B: Obviously decreased echogenicity (lower than that of normal thyroid parenchyma) with characteristic “mesh-like”
changes; C: Color Doppler shows markedly increased vascularity, presenting as a “thyroid inferno” (Alder semi-quantitative blood flow

grading: grade [V); D: Mildly increased vascularity (Alder semi-quantitative blood flow grading: grade II). DTD: Diffuse thyroid disease.

&1 DTD BEIENFEENITDIRE

Tab 1 Quantitative scoring criteria of ultrasonographic semantic features for DTD

Featu Grade

eature 0 N > 3
Volume & shape Normal Plump Atrophic -
Capsular integrity Clear & intact Partially interrupted Irregular/indistinct -
Echogenicity Isoechoic Focal/mildly Moderately Markedly
Homogeneity Homogeneous Mildly Obviously Markedly, mesh-like
Nodule Absent Solitary Multiple -
Linear hyperechogenicity Absent Focal scattered Widespread -
Calcification Absent Coarse Microcalcification —

Vascularity pattern” Normal, grade [ Mildly increased, grade Il Moderately increased, grade lll Markedly increased, grade IV

*: Classification being performed based on Alder semi-quantitative blood flow grading; —: No corresponding score for that
feature. DTD: Diffuse thyroid disease.
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Tab 2 Comparison of baseline characteristics and quantitative scores of ultrasonographic semantic features between 2 groups

Variable Total N=185 Non-DTD N=57 DTD N=128 Statistic P value
Agelyear, x s 53.46+13.72 53.67+13.25 53.38+13.97 t=0.13 0.894
Gender, 1 (%) 1=14.09  <0.01
Male 70 (37.84) 33 (57.89) 37 (28.91)
Female 115 (62.16) 24 (42.11) 91 (71.09)
Ultrasonvgraphic semantic score, M (Q,, O5)
Total 7 (5, 10) 4(3,5) 9(7,11) Z=-—9.00 <<0.001
Volume & shape 0(0,1) 0(0,1) 0(0,1) Z=—1.25 0.212
Capsular integrity 0(0,1) 0 (0, 0) 1(0,1) Z=—6.04 <0.01
Echogenicity 1(1,2) 1(0,1) 2(1,2) Z=—6.70 <0.01
Homogeneity 2(1,3) 1(1,1) 3(2,3) Z=-—9.03 <0.01
Nodule 0(0,1) 0(0,1) 0(0, 1) Z=—2.28 0.023
Linear hyperechogenicity 2(1,2) 1(1,2) 2(1,2) Z=-—423 <0.01
Calcification 0(0,0) 0(0,0) 0(0,0) Z=—1.65 0.098
Vascularity pattern 1(0,1) 1(0,1) 1(1,1) Z=—538 <0.01
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Fig2 ROC curve for predicting DTD using the quantitative
scoring system of ultrasonographic semantic features
DTD: Diffuse thyroid disease; ROC: Receiver operating characteristic;

AUC: Area under curve; 95%CI: 95% confidence interval.
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Tab 3 Univariate and multivariate binary logistic regression analyses of the association between quantitative scores of

ultrasonographic semantic features and DTD

Variable Univariate Multivariate
b SE  Zvalue P value OR (95%CI) b SE  Zvalue P value OR (95%CI)
Capsular integrity 2.75 0.61 453 <0.001 15.71 (4.77,51.77)
Echogenicity 1.34 023 593 <0.001 3.82(2.45,5.95)
Homogeneity 248 038 654 <0.001 11.98(5.69,25.23) 232 039 6.01 <<0.001 10.20 (4.78,21.76)
Nodule 0.75 033 230 0.021 2.12(1.12,4.04)

<<0.001
<<0.001

Linear hyperechogenicity 1.00 0.25  4.01
Vascularity pattern 1.63 032  5.02

2.73 (1.67, 4.45)
5.09 (2.70, 9.62)

1.19 046  2.55 0.011  3.27(1.32,8.14)

DTD: Diffuse thyroid disease; b: Regression coefficient; SE: Standard error; OR: Odds ratio; 95%CI: 95% confidence interval.
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