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The predictive value of ultrasound viscoelastic imaging peritumoral parameters for benign
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[Abstract] Objective: To explore the predictive values of viscoelasticity (VE) for benign and malignant breast imaging reporting and
data system (BI-RADS)4 breast nodules. Methods: A total of 102 patients (105 nodules) with BI-RADS 4 breast nodules diagnosed by
conventional ultrasound in Wuxi People”s Hospital Affiliated to Nanjing Medical University from February 2024 to March 2025 were
retrospectively analyzed. VE and shear-wave elastography (SWE) were used to measure ultrasound parameters. Through the system

measurement tool “Shell”, the Shell thickness (n) was manually adjusted from 1.0 to 5.0 mm at an interval of 1.0 mm to obtain the

[(BEWE]  BaERAATCH 0 NS5 Im R T (WMCC202304)
{5 E# (Corresponding author) , E-mail : zhpy28@hotmail.com (ORCID: 0000-0001-7605-3916)



A5 HH 11

*1564- Mo BE R K % 2 kR 2025411 H

peritumoral ultrasound parameters, and the differences of ultrasonic parameters between the two groups were compared. The receiver
operating characteristic(ROC) curve was drawn to analyze the diagnostic efficacy of VE, SWE ultrasound parameters and conventional
ultrasound BI-RADS classification alone or combined to predict the nature of BI-RADS 4 breast nodules. Results: A total of 105
BI-RADS 4 breast nodules were selected and divided into the benign group (n=58) and the malignant group (n=47) according to the
pathological results. The diagnostic value of Shell2.0 maximum elastic modulus value (Emax) was the highest in the two groups of
SWE ultrasound parameters. When the cutoff value was 89.48 kPa, its area under the ROC curve CAUC) for predicting the benign
and malignant of BI-RADS 4 breast nodules was 0.709, the sensitivity was 53.20% , and the specificity was 84.50%. The diagnostic
value of Shell3.0 maximum viscosity value (Vmax) was the highest in the two groups of VE ultrasound parameters. When the cutoff
value was 5.77 Pa-s, its AUC for predicting the benign and malignant of BI-RADS 4 breast nodules was 0.750, the sensitivity was
70.21% , and the specificity was 72.41% . When Shell2.0 Emax and Shell3.0 Vmax were combined with BI-RADS classification to
predict the benign and malignant of BI-RADS 4 breast nodules, the AUC value increased to 0.941, with a sensitivity of 93.60% and a
specificity of 93.10%; and the difference was statistically significant(P < 0.05). Conclusion: VE peritumoral parameters alone have high
diagnostic value in predicting the benign and malignant of BI-RADS 4 breast nodules. VE, SWE technology combined with conventional

ultrasound BI-RADS classification has the best diagnostic efficiency for the benign and malignant of BI-RADS 4 breast nodules.
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Table1 Comparison of SWE ultrasound parameters between the benign and malignant groups (kPa)
Ultrasonic parameter Benign group(n=58) Malignant group(n=47) P
Emax[ M(Pxs,Prs) ] 49.65(36.58,63.25) 57.68(36.57,77.10) 0.250
Emean[ M(Pys, Pss) | 19.40(16.16,24.03) 17.33(13.18,22.40) 0.100
Emin[ M(Pas, Pss) ] 6.30(4.22,9.07) 3.95(2.95,5.56) 0.001
Esd[M(Pss, Pss) ] 7.54(5.02,10.23) 7.39(5.70,10.78) 0.369
Shell1.0 Emax[ M(Pss, Pss) | 57.41(39.83,69.98) 63.99(39.04,86.20) 0.140
Shell1.0 Emean(x + s) 22.04 +8.25 22.86 + 10.34 0.880
Shell1.0 Emin[ M(Pss, Ps) ] 7.10(3.91,9.72) 4.79(2.99,7.36) 0.020
Shell1.0 Esd[ M (P, Pss) ] 10.40(6.55,13.71) 10.44(6.41,15.78) 0.569
Shell2.0 Emax(x +s) 66.25 +24.14 98.91 +£43.29 <0.001
Shell2.0 Emean(x + s) 21.38+7.92 23.09 £9.90 0.710
Shell2.0 Emin[ M(Pss, Ps) ] 5.52(2.68,7.13) 3.25(2.40,5.17) 0.010
Shell2.0 Esd(x + s) 10.77 + 4.95 13.17 £ 8.51 0.323
Shell3.0 Emax(x + s) 64.84 +27.59 82.81 +44.92 0.013
Shell3.0 Emean(x + s) 20.44 +7.60 2273 £9.29 0.400
Shell3.0 Emin(x + s) 478 £2.32 3.32£2.08 0.002
Shell3.0 Esd(x + s) 10.71 £4.79 13.11 £ 8.28 0.305
Shell4.0 Emax(x + s) 66.88 +27.40 85.70 + 43.81 0.080
Shell4.0 Emean (x + s) 19.61 £7.29 22.05 + 8.74 0.280
Shell4.0 Emin(x + s) 4.01 £2.03 3.06 + 1.94 0.020
Shell4.0 Esd[ M(Pas, Pss) ] 10.55(6.93,14.58) 10.82(6.98,18.10) 0.270
Shell5.0 Emax(x + s) 68.11 £26.41 89.12 +43.33 0.030
Shell5.0 Emean(x + s) 18.96 + 7.01 21.26 +8.21 0.220
Shell5.0 Emin[ M(Pas, Pys) ] 3.60(2.40,4.68) 2.42(1.42,4.21) 0.020
Shell5.0 Esd[ M(Pas, Pss) ] 10.50(7.06,14.81) 10.63(7.19,16.92) 0.242
R2 SWEBESHISEIMEELLE
Table 2 Comparison of diagnostic efficacy of SWE ultrasound parameters

Ultrasonic parameter Cut-off(kPa) Sensitivity (%) Specificity (%) AUC(95%CI)
Emin 6.18 17.00 48.30 0.318(0.215-0.422)
Shell1.0 Emin 6.68 25.50 44.30 0.363(0.257-0.469)
Shell2.0 Emax 89.48 53.20 84.50 0.709(0.609-0.810)
Shell2.0 Emin 5.32 23.40 41.40 0.357(0.250-0.465)
Shell3.0 Emax 103.48 29.80 93.10 0.591(0.480-0.702)
Shell3.0 Emin 5.56 10.60 58.60 0.328(0.225-0.431)
Shell4.0 Emin 3.73 27.70 48.30 0.364(0.257-0.470)
Shell5.0 Emax 104.30 34.00 93.10 0.623(0.513-0.733)
Shell5.0 Emin 2.47 48.90 24.10 0.366(0.259-0.474)
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Table 3 Comparison of VE ultrasound parameters the between the benign and malignant groups (Pa-s)
Ultrasonic parameter Benign group(n=58) Malignant group(n=47) P
Vmax[ M(Pas, Pss) ] 4.44(3.65,5.63) 4.50(3.65,6.86) 0.402
Vmean (x + 5) 1.74 £ 0.60 1.25 +£0.62 <0.001
Vmin[ M(Pss, Pss) ] 0.26(0.10,0.41) 0.15(0.10,0.24) 0.012
Vsd[M(Pss,Pss) ] 0.73(0.49,0.86) 0.64(0.50,0.96) 0.899
Shell1.0 Vmax(x +s) 4.63 +1.92 6.34 +2.93 0.001
Shell1.0 Vmean[ M(Pxs, Pys) ] 1.77(1.41,2.10) 1.56(0.92,1.96) 0.146
Shell1.0 Vimin[ M(Pss, Pss) | 0.16(0.10,0.43) 0.14(0.10,0.30) 0.167
Shell1.0 Vsd[ M(P»s, Pss) | 0.57(0.82,1.08) 1.00(0.64,1.41) 0.048
Shell2.0 Vmax(x +s) 4.79 + 1.89 7.21 £3.14 <0.001
Shell2.0 Vmean[ M (P, Pss) ] 1.66(1.30,2.01) 1.56(1.06,2.09) 0.5731
Shell2.0 Vimin[ M(P»s, Pss) ] 0.13(0.04,0.27) 0.10(0.01,0.20) 0.058
Shell2.0 Vsd[ M(P»s, Pss) | 0.84(0.61,1.06) 1.07(0.69,1.56) 0.004
Shell3.0 Vmax(x + 5) 4.99 +1.88 7.53 +3.07 <0.001
Shell3.0 Vmean[ M(Pas, Pss) ] 1.51(1.23,1.86) 1.52(1.10,1.94) 0.991
Shell3.0 Vmin[ M(Pss, Pss) ] 0.04(0.01,0.12) 0.01(0.01,0.13) 0.092
Shell3.0 Vsd[ M (P, Prs) | 0.87(0.60,1.04) 1.04(0.75,1.56) 0.002
Shell4.0 Vmax(x +s) 5.37£2.08 7.76 +2.97 <0.001
Shell4.0 Vmean[ M(Pas, Pys) ] 1.53(1.13,1.75) 1.40(1.09,1.91) 0.839
Shell4.0 Vmin[ M(Pss, Pss) ] 0.02(0.01,0.73) 0.01(0.01,0.08) 0.066
Shell4.0 Vsd[ M (P, Prs) | 0.90(0.59,1.03) 1.06(0.73,1.49) 0.001
Shell5.0 Vmax(x +s) 5.53+£2.18 7.81 £2.96 <0.001
Shell5.0 Vmean (x + s) 1.41 £0.46 1.47 £0.48 0.506
Shell5.0 Vmin[ M(Pas, Pss) ] 0.01(0.01,0.03) 0.01(0.01,0.02) 0.062
Shell5.0 Vsd[ M (P, Pr5) | 0.92(0.59,1.11) 1.00(0.76,1.41) 0.003
®4 VEBESHISHRBELLE
Table 4 Comparison of diagnostic efficacy of VE ultrasound parameters
Ultrasonic parameters Cut-off(Pa-s) Sensitivity (%) Specificity (%) AUC(95%CI)
Vmean 1.15 46.80 13.80 0.272 (0.173-0.371)
Vmin 0.31 4.30 62.10 0.357(0.251-0.463)
Shell1.0 Vmax 5.44 57.40 75.90 0.669(0.563-0.775)
Shell1.0 Vsd 1.30 34.00 89.70 0.612(0.502-0.722)
Shell2.0 Vmax 6.20 61.70 79.31 0.730(0.632-0.829)
Shell2.0 Vsd 1.07 51.06 79.31 0.664(0.559-0.770)
Shell3.0 Vmax 5.77 70.21 72.41 0.750(0.655-0.845)
Shell3.0 Vsd 1.14 46.80 86.20 0.679(0.575-0.783)
Shell4.0 Vmax 6.75 61.70 79.31 0.733(0.637-0.830)
Shell4.0 Vsd 1.16 44.70 86.20 0.685(0.582-0.787)
Shell5.0 Vmax 6.75 61.70 75.86 0.726(0.630-0.823)
Shell5.0 Vsd 1.18 42.60 89.70 0.670(0.566-0.774 )
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