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ABSTRACT Objective: To analyze the application value of ultrasound shear wave elastography (SWE), contrast enhanced ultra-
sound (CEUS), virtual touch tissue imaging quantification (VTIQ) combined with thyroid stimulating hormone (TSH) in the differential
diagnosis of benign and malignant thyroid nodules. Methods: 120 patients with indeterminate thyroid nodules were selected from Ningde
Hospital and divided into benign group and malignant group with pathological results as the golden standard. Differences between the
two groups in SWE, CEUS, VTIQ imaging parameters and preoperative TSH levels were analyzed. Receiver operating characteristic
(ROC) curves were used to evaluate the value of combined application of above-mentioned techniques in differential diagnosis of benign
and malignant thyroid nodules. Results: A total of 128 nodules were detected in this study, including 47 benign and 81 malignant nod-
ules. The elasticity modulus values (Emax, Emin, Emean) in SWE of the malignant group were larger than the benign group (P<0.01).
There was a statistically significant difference in CEUS enhancement between the two groups (P<0.05). The maximum, minimum and av-
erage shear wave velocities (SWV) in VTIQ of the malignant group were higher than the benign group (P<0.01), and the preoperative
TSH level was also higher than the benign group(P<0.01). ROC curve analysis showed that the efficiency of combined detection of SWE,
CEUS, VTIQ and TSH was the highest in diagnoses of benign and malignant thyroid nodules. The sensitivity, specificity, accuracy and
area under the curve (AUC) were 85.19%, 89.36%, 86.72% and 0.873. Conclusion: The combined application of SWE, CEUS, VTIQ and
TSH is of high value in the diagnosis of benign and malignant thyroid nodules.
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Table 1 Comparison of SWE parameters between benign group and malignant group and ROC curves(xt s, kPa)

Groups Number of nodules Emax Emin Emean
Benign group 47 22.48+ 2.53 14.52+ 1.56 19.41+ 1.98
Malignant group 81 47.45% 4.86 17.22+ 1.79 36.49+ 3.77

t value 32.709 8.613 28.808

P value <<0.001 <<0.001 <0.001
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Fig.1 ROC curves of diagnoses with SWE parameters
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Table 2 Comparison of CEUS parameters between benign group and malignant group

Groups Types Benign group(n=47)  Malignant group(n=81) X P value
High enhancement 8(17.02) 13(16.05) 37.962 <0.001
Enhanced degree Low enhancement 18(38.30) 66(81.48)
Equal enhancement 21(44.68) 2(2.47)
Homogeneity of Homogeneous 17(36.17) 13(16.05) 6.710 0.010
enhancement Inhomogeneous 30(63.83) 68(83.95)
Centripetal 9(19.15) 33(40.74) 7.842 0.020
Enhancement modes Eccentric 3(6.38) 8(9.88)
Diffuse 35(74.47) 40(49.38)
Existence 4(8.51) 0(0) - 0.017
Annular enhancement
Absence 43(91.49) 81(100.00)
Fast 7(14.90) 57(70.37) 39.593 <0.001
Abatement modes Slow 30(63.83) 13(16.05)
Synchronous 10(21.27) 11(13.58)
%3 RMEAEEMSA VTIQ SH LB R ROC Lk (xt s, m/s)
Table 3 Comparison of VTIQ parameters between benign group and malignant group and ROC curves(xt s, m/s)
Groups Number of nodules Emax Emin Emean
Benign group 47 2.89+ 0.34 2.19+ 0.25 245+ 0.28
Malignant group 81 3.53%£ 0.38 2.75+ 0.29 3.16% 0.34
T value - 3.539 11.063 12.123
P value - <0.001 <0.001 <0.001
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Table 4-1 SWE, VTIQ, CEUS and TSH combined diagnosis results

Pathological results

Diagnostic techniques Types Total
Malignant Benign
Malignant 60 17 77
SWE(Emean )
Benign 21 30 51
Malignant 63 16 79
CEUS
Benign 18 31 49
Malignant 65 11 76
VTIQ(SWYV average value )
Benign 16 36 52
Malignant 59 13 72
TSH
Benign 22 34 56
Malignant 64 10 74
SWE+VTIQ
Benign 17 37 54
Malignant 65 9 74
CEUS+VTIQ
Benign 16 38 54
Malignant 67 7 74
SWE+VTIQ+TSH
Benign 14 40 54
Malignant 69 5 74
SWE+VTIQ+CEUS+TSH
Benign 12 42 54

% 4-2 SWE,VTIQ.CEUS,TSH BX &2 &
Table 4-2 Diagnostic value of SWE, VTIQ and CEUS combined with TSH

Diagnostic techniques Sensitivity Specificity Accuracy AUC Critical value
SWE(Emean ) 74.07 63.83 70.31 0.707 20.15 kPa
CEUS 77.78 65.96 73.44 0.719 -
VTIQ( SWV mean value ) 80.25 76.60 78.91 0.762 2.96 m/s
TSH 72.84 72.34 72.66 0.726 1.16 pIU/mL
SWE+VTIQ 79.01 78.72 7891 0.789 -
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CEUS+VTIQ 80.25 80.85 80.47 0.805 -
SWE+VTIQ+TSH 82.72 85.11 83.59 0.839 -
SWE+VTIQ+CEUS+TSH 85.19 89.36 86.72 0.873 -
Z value 8.129
P value 0.002
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Fig.3 ROC curves of combined diagnosis of SWE, VTIQ, CEUS and TSH
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