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Use of Conventional Ultrasound, Contrast-enhanced Ultrasound, Shear Wave Elastography
for the Differential Diagnosis of Benign and Malignant Thyroid Nodules
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Abstract: [Objective] To evaluate the efficiency of conventional ultrasound (CUS), contrast-enhanced ultrasound (CEUS),
shear wave elastography (SWE), and their different combinations for the differential diagnosis of benign and malignant thyroid
nodules. [ Methods] 45 patients were recruited from the out-patient clinic of the first affiliated hospital of Sun Yat-Sen University. The
predictive value of conventional US, CEUS, and SWE were collected and compared with pathology of core needle biopsy or surgery.
[Results] A total of 35 benign and 10 malignant lesions were analyzed. Characteristics of SWE (cutoff, 39.3 kPa) were: sensitivity =
90.0%, and specificity = 80.0%. The AUC was 0.850. Characteristics of the CUS Score were; sensitivity = 70.0%, and specificity =
74.3% . Characteristics of the CEUS Score were: sensitivity =66.7% , and specificity =75.0% . When used in combination,
“conventional US or SWE” and “CEUS or SWE” both gained a sensitivity of 100%. The combination of “conventional US and SWE”
improved the specificity to 85.7% . [Conclusion] SWE may be the most efficient sonographic technique for evaluation of thyroid
nodules, and the combination of conventional US and SWE in an “and” / “or” rule may bring further improvement of specificity and
sensitivity in the differential diagnosis of benign and malignant thyroid nodules.
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Table 1 Characteristic of patients from benign and malignant groups at baseline

[(%+s) or M(range) or n/N(%) |

Basic data Benign group Malignant group P value
Case No. 35 10

Age/year 44.57 = 13.51 41.10 £9.81 0.454
Male/Female 8/27 (22.9%) 2/8 (20.0%) 0.848
dMax of abnormal nodule /cm" 2.54 + 1.51 1.41 + 0.56 0.026
TSH /(mU/L) 1.03 (0.24 ~ 1.67) 1.97 (1.43 ~ 13.37) 0.004
Tg—Ab/ (U/mL) 2.67 (1.40 ~ 11.04) 2.53 (1.32 ~75.89) 0.832
TPO-Ab/ (U/mL) 0.38 (0.25 ~ 3.10) 0.51 (0.21 ~ 682.19) 0.534
Tg /(pmol/L) 90.14 (34.82 ~ 215.89) 52.92 (19.45 ~205.97) 0.595

1) Maximum diameters were according to results of conventional ultrasound. TSH: thyrotrophin; Tg—Ab: antithyroglobulin antibody; TPO-Ab .

anti—thyroid peroxidase antibody; Tg: thyroglobulin
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Fig.1 Thyroid nodule images obtained on conventional ultrasound
A a benign thyroid nodule which presents the features of mixed cystic—solid, mixed —echogenicity, irregular margins, A/T ration <1, non-—
calcification, central vascularity, B: a thyroid papillary carcinoma which presents the features of solid, mixed—echogenicity, irregular margins, A/T

ration <1, micro—calcification, peripheral vascularity.
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Fig.2 Thyroid nodule images obtained on contrast—enhanced ultrasound

A a benign thyroid nodule which presents homogeneous high—enhancement, B: a thyroid papillary carcinoma which presents heterogeneous low—

enhancement
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Fig.3 Thyroid nodule images obtained on shear wave elastography

A abenign thyroid nodule, B a thyroid papillary carcinoma. Summary SWE stiffness data for an ROI is displayed on the right side of the image,

including SWE_mean of 28.0 kPa for a benign thyroid nodule (A) and 65.3 kPa for a thyroid papillary carcinoma.

x2 ZMBEKRERMREBKENASKREL R Kappa — KK
Table 2 Kappa consistency tests of diagnoses of three sonographic techniques used independently and in combination

between malignant and benign groups

Sonographictechniques ~ No. Sonographic diagnoses Benign group/%  Malignant group/%  Kappa value P Value?

CUS 45 Benign 26 3 0.365 0.010
Malignant 9 7

CEUS 41 Benign 24 3 0.347 0.020
Malignant 8 6

SWE 45 Benign 28 1 0.576 <0.001
Malignant 7 9

CUS and" SWE 45 Benign 30 4 0.441 0.003
Malignant 5 6

CUS or? SWE 45 Benign 24 0 0.492 <0.001
Malignant 11 10

CUS and CEUS 419 Benign 27 3 0.473 0.002
Malignant 5 6

CUS or CEUS 42 Benign 21 2 0.295 0.027
Malignant 12 7

CEUS and SWE 43 Benign 29 4 0.392 0.010
Malignant 5 5

CEUS or SWE 43 Benign 23 0 0.517 <0.001
Malignant 10 10

1)“and”; only when both of them suggest positive constitute a positive result; “or”: only when both of them suggest negative constitute a negative
result. 2)P < 0.05 shows the consistency between malignant and benign groups were of statistical significance according to kappa consistency check. 3)
Only 41 cases were included since 3 cases were excluded from CEUS because of contraindication, 1 case without a defined diagnosis were also

excluded. CUS: conventional ultrasound; CEUS: contrast enhanced ultrasound; SWE: shear wave elastography.
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Table 3 The diagnostic values of 3 sonographic techniques used independently and in combination (ROC analysis)

value (95%CI)

Sonographic techniques Sensitivity/ % Specificity/ % Accuracy/% AUCY P

CcUs 70.0 (34.8 ~93.3) 74.3(56.7 ~87.5) 73.3(58.1 ~85.4) 0.721(0.535~0.908) 0.034
CEUS 66.7 (29.9 ~92.5) 75.0(56.6 ~ 88.5) 73.2(57.1 ~85.8) 0.708(0.507 ~0.909)  0.059
SWE 90.0(55.5~99.8) 80.0(63.1 ~91.6) 82.2(68.0 ~92.0) 0.850(0.715 ~0.985)  0.001
CUS and" SWE 60.0(26.2 ~87.8)  85.7(69.7 ~95.2) 80.0(65.4 ~90.4) 0.729(0.532 ~0.925)  0.029
CUS or’ SWE 100(69.2 ~ 100) 68.6(50.7 ~ 83.2) 75.6(60.5 ~87.1) 0.843(0.731 ~0.954)  0.001
CUS and CEUS 66.7(29.9 ~92.5) 84.4(67.2~94.7) 80.5(65.2~91.2) 0.755(0.557 ~0.953)  0.021
CUS or CEUS 77.8(40.0 ~97.2)  63.6(45.1 ~79.6) 66.7(50.4 ~80.4) 0.707(0.519 ~0.895)  0.059
CEUS and SWE 55.6(21.2 ~86.3) 85.3(68.9 ~95.0) 79.1(64.0 ~90.0) 0.704(0.493 ~0.916)  0.062
CEUS or SWE 100(69.2 ~ 100) 69.7(51.3 ~ 84.4) 76.7(61.7 ~88.2)  0.848(0.737 ~0.960)  0.001

1)“and”; only when both of them suggest positive constitute a positive result; “or”: only when both of them suggest negative constitute a negative

result. 2) AUC: area under curve according to ROC analysis. 3) P value are statistically calculated from ROC analysis. P < 0.05 stands for a statistical

significance exists. CUS: conventional ultrasound; CEUS: contrast enhanced ultrasound; SWE: shear wave elastography.
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