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Objective: The purpose of this study was to evaluate the predictability of two-dimensional 

shear wave elastography (2D-SWE) for papillary thyroid microcarcinoma (PTMC).

Materials and methods: One hundred and eighteen patients with 137 thyroid nodules 

(46 benign nodules, 91 malignant nodules) were included in this study who received conven-

tional ultrasound (US) and 2D-SWE before fine-needle aspiration or surgery. The diagnostic 

performance was compared between US findings only and the combined use of US findings 

with 2D-SWE, which were correlated with pathology results.

Results: Receiver-operating characteristic curve analysis was performed to assess the diagnostic 

performance of 2D-SWE. Conventional US findings and 2D-SWE values were analyzed and 

compared between benign and malignant thyroid nodules. The mean values of SWE_mean, 

SWE_min, and SWE_max were 46.6±16.7, 26.2±9.5, and 73.6±18.1 kPa, respectively, in 

PTMC, which were significantly higher than those in benign tumors (27.8±12.4, 15.8±8.6, and 

50.3±22.6 kPa, P0.001). The optimal cut-off values of SWE_mean, SWE_min, and SWE_max 

for predicting malignancy were 34.5, 21.8, and 53.2 kPa, respectively. Taller than wide, micro-

calcification, and SWE_mean were found to be independent risk factors for predicting PTMC. 

The overall sensitivity, specificity, accuracy, positive predictive value, and negative predictive 

value of combined conventional US features with 2D-SWE parameters were 95.7%, 94.5%, 

94.9%, 89.8%, and 97.7%, respectively; these were superior to those of conventional US (89.1%, 

90.1%, 89.9%, 82.0%, and 93.2%).

Conclusion: The study indicates that the quantitative parameters of 2D-SWE are an indepen-

dent predictive factor for diagnosing PTMC, which could provide valuable information when 

conventional US cannot give determinate results.
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Introduction
Papillary thyroid microcarcinoma (PTMC) is defined as a papillary thyroid cancer 

where the maximum diameter is 10 mm.1 Recent studies have suggested that the 

overall incidence of PTMC is rapidly increasing.2,3 It has been reported that the treat-

ment of PTMC should be tailored to the biological behavior of tumors. For some 

PTMC, consecutive follow-up with ultrasound (US) every 6 or 12 months is feasible4 

because of the wide availability of high-frequency ultrasonic transducers and the 

improvement of spatial resolution. US is now the preferred imaging method for the 

screening of thyroid diseases and is one of the most important methods used to moni-

tor patients with PTMC. The feature of firmness and hardness on palpation is known 

to be associated with a higher risk of malignancy.5

Two-dimensional shear wave elastography (2D-SWE) uses the acoustic radiation 

force induced by a focused US beam to reach underlying tissues, and an ultrafast US 
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sequence (up to 20,000 Hz) to record the propagation of the 

shear waves in real time. It does not rely on external compres-

sion.6 As a novel, reproducible, and quantitative sonographic 

technique, 2D-SWE is widely used in diagnosing differential 

benign and malignant liver, breast, and thyroid lesions.7,8 

Several reports about 2D-SWE on the quantitative evalua-

tion of thyroid malignant nodules elasticity showed that the 

optimal cut-off values vary, ranging from 39.3 to 87.8 kPa.9–12 

Therefore, the purpose of this study was to evaluate how 

valuable 2D-SWE is in predicting PTMC by using biopsy 

and surgery histopathological references and establishing the 

optimal cut-off values for predicting PTMC.

Materials and methods
Patients
Between February 2014 and May 2015, 118 patients 

(75 females and 43 males) with 137 thyroid nodules were 

enrolled in the study. The mean age was 45.9±13.4 years 

(range: 18–83 years). The inclusion criteria were as follows: 

1) the diameter of thyroid nodules 10 mm; 2) patients 

diagnosed with solid thyroid nodules on US examination, 

including one or more suspicious characteristics, such as 

irregular shape, poorly defined margins, absence of halo 

sign, hypo-echogenicity, and presence of microcalcification; 

and 3) patients scheduled to undergo fine-needle aspiration 

or thyroid surgery. Diffuse thyroid disease and nodules with 

nondiagnostic or indeterminate results were excluded.

imaging evaluation and measurement
Written informed consent was obtained from all enrolled 

patients. This study was approved by the ethics committee 

of PLA General Hospital.

Thyroid US and 2D-SWE scans were performed using 

a real-time US device (Aixplorer; Supersonic Imagine, Aix 

en Provence, France) equipped with a linear transducer with 

4–15 MHz liner transducer.

The patient was positioned on his or her back with the 

neck slightly extended over a pillow. After US examination, 

the transducer was switched to SWE mode. The probe was 

applied as lightly as possible to the lesion to minimize the 

compression artifact. The probe must be kept still during 

image acquisition. The patient was requested not to breathe for 

a few seconds to avoid influencing the results. After a stable 

image was recorded, a region of interest was chosen to cover 

the lesion and a part of normal thyroid parenchyma to calcu-

late elasticity value. Maximum, mean, and minimum elastic-

ity and elasticity ratio between lesions and the surrounding 

parenchyma were recorded. Three regions of interest in the 

lesion and peripheral parenchyma were selected; the average 

values were used to calculate the final value.

statistical analysis
SPSS 18.0 software was applied to all the statistical analyses 

in our study. Descriptive statistics were applied to all col-

lected variables expressed as frequency tables for categorical 

data or mean values ± standard deviations for continuous 

data. Student’s t-tests or Mann–Whitney tests were used to 

assess the differences between two groups of quantitative 

variables. Links between these two qualitative variables 

were estimated using a chi-square test or Fisher’s exact test. 

The diagnostic value of SWE in distinguishing between 

benign and malignant nodules was analyzed by means of 

the receiver-operating characteristic curve and calculated 

area under the curve. Using this curve to establish a cut-off 

point, we established sensitivity and specificity values and 

likelihood ratios. Logistic regression analysis was used to 

assess independent factors for predicting malignancy of each 

suspicious conventional US finding and each optimal cut-

off value. For all analyses, P-value 0.05 was considered 

statistically significant.

Results
Patients
The mean size of the 137 thyroid nodules was 6.0±3.2 mm, 

ranging from 2 to 10 mm. Fifty-seven nodules were located 

in the right lobe, 66 in the left, and 14 in the isthmus. Of the 

137 cases, 91 cases had a final diagnosis of malignancy based 

on histological evidence of PTMC. Benign nodules included 

nodular goiter (n=20), follicular adenomas (n=16), eosino-

philia granuloma (n=7), and Hashimoto pseudo-nodule (n=3). 

The characteristics of the nodules are reported in Table 1.

conventional Us features
The following conventional US features were recorded as 

the suspicious characteristics of PTMC: hypoechogenicity, 

Table 1 Distribution of nodular histopathological characteristics

Parameters Frequency Percentage

number of lesions 137
Benign lesions 46 33.6
nodular goiter 20 14.6
adenoma 16 11.7
eosinophilia granuloma 7 5.1
hashimoto pseudo-nodule 3 2.2
Malignant lesions 91 66.4
Papillary thyroid carcinoma 91 66.4
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irregular margin, shape (taller than wide), halo sign, micro-

calcification, and vascularity. The corresponding sensitivity, 

specificity, accuracy, positive predictive value (PPV), and 

negative predictive value (NPV) are shown in Table 2. Hypo-

echogenicity and absence of halo sign had higher sensitivities 

(82.4% and 85.7%). The overall sensitivity, specificity, 

accuracy, PPV, and NPV of conventional US were 89.1%, 

90.1%, 89.9%, 82.0%, and 93.2%, respectively.

shear wave elastography
The values of SWE_mean and SWE_min (46.6±16.7 and 

26.2±9.5 kPa) in PTMC were significantly higher than those 

in benign tumors (27.8±12.4 and 15.8±8.6 kPa, P0.01). The 

value of SWE_max (73.6±18.1 kPa) in PTMC was higher 

than that in benign tumors (50.3±22.6 kPa, P0.05), and 

there was no statistical significance (Table 3). The optimal 

cut-off values (SWE_mean, SWE_min, and SWE_max) for 

predicting malignancy were 34.5, 21.8, and 53.2 kPa, respec-

tively (Table 4). The area under the curve of SWE_mean, 

SWE_min, and SWE_max was 0.789, 0.703, and 0.701, 

respectively (Table 4). The diagnostic performance of 

each value in predicting PTMC is shown in Figure 1. This 

result suggested that SWE_mean had more sensitivity and 

specificity in predicting PTMC. Figures 2 and 3 show typical 

nodules correctly classified by 2D-SWE.

Multivariate logistic regression analysis 
for predicting PTMc
In univariate logistic regression analysis, each suspicious 

conventional US finding and the cut-off value were statisti-

cally significant predictors of PTMC: hypoechogenicity (odds 

ratio [OR] =0.280, P=0.009), taller than wide (OR =9.006, 

P=0.003), microcalcification (OR =4.667, P=0.015), and 

SWE_mean (OR =2.083, P=0.037). Taller than wide 

(OR =5.461, P=0.019), microcalcification (OR =2.239, 

P=0.049), and SWE_mean (OR =6.025, P=0.031) were 

found to be independent risk factors for predicting PTMC 

by multivariate analysis (Table 5).

comparison of conventional Us and 
combined conventional Us with 2D-sWe
The overall sensitivity, specificity, accuracy, PPV, and NPV 

of combined conventional US features with 2D-SWE param-

eters were 95.7%, 94.5%, 94.9%, 89.8%, and 97.7%, which 

were superior to those of conventional US (89.1%, 90.1%, 

89.9%, 82.0%, and 93.2%), respectively. This indicates 

that the quantitative parameters of 2D-SWE provide useful 

and additional information for diagnosing PTMC, which 

improved the diagnosis efficiency.

Table 2 Diagnostic performance of conventional ultrasound characteristics

US features Malignant n=91 Benign n=46 Sensitivity (%) Specificity (%) Accuracy (%) PPV (%) NPV (%)

hypoechogenicity

Y 75 10 82.4 78.2 81.0 88.2 69.2
n 16 36

irregular margin
Y 70 9 76.9 80.4 78.1 88.6 63.8
n 21 37

Taller than wide
Y 50 11 54.9 76.1 62.1 81.9 46.1
n 41 35

halo sign
Y 13 36 85.7 78.3 83.2 88.6 73.5
n 78 10

Microcalcification
Y 65 9 71.4 80.4 74.5 87.8 58.7
n 26 37

Vascularity
iii–iV 35 28 38.5 39.1 38.7 55.6 33.9
i–ii 56 18

conventional Us 89.1 90.1 89.8 82 93.2

Abbreviations: PPV, positive predictive value; nPV, negative predictive value; Y, yes; n, no; Us, ultrasound.

Table 3 Diagnostic performance of sWe characteristics

Histopathology SWE_mean 
(kPa)

SWE_min 
(kPa)

SWE_max 
(kPa)

Benign nodules 27.8±12.4 15.8±8.6 50.3±22.6
Malignancy nodules 46.6±16.7 26.2±9.5 73.6±18.1
P-value 0.003 0.007 0.004

Abbreviation: sWe, shear wave elastography.
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Discussion
The treatment for patients with PTMC remains a debat-

able topic. Although the majority of PTMC are considered 

indolent and innocuous, some may be inclined to aggres-

sive behaviors.13,14 High rates of invasiveness, lymph node 

metastases, and distant organ metastases were also reported 

in several experiments. Therefore, it is necessary to make an 

early and accurate diagnosis of PMTC.15,16

It is well known that US is one of the most valuable tools 

for diagnosing thyroid diseases, but, up until now, no single 

US pattern could be used as a definite criterion of malignancy. 

2D-SWE, as a novel developed quantitative elastography, 

does not require the compression of the tissues and depends 

less on the individual operator during the examination. There-

fore, the information obtained is more objective and can be 

reproduced more easily.17 The quantitative parameters of 

elastography reported differ significantly between malignant 

and benign lesions.18–21

To our knowledge, the study on the value of 2D-SWE in 

diagnosing PTMC is seldom, and the optimal cut-off value 

is not consistent. One previously study referred to the value 

of 2D-SWE in differentiating PTMC. Unfortunately, only 

19 nodules were evaluated in their study; the majority of the 

microcarcinomas were missed by 2D-SWE.22 The latest study 

by Kim et al reported that the SWE_mean was significantly 

higher in papillary thyroid carcinoma (85.52±41.94 kPa) than 

in benign thyroid nodules, in which 49.4% nodules included 

were 1 cm.12 Therefore, further study to evaluate the value 

of 2D-SWE in diagnosing PTMC and determine the optimal 

cut-off value is needed.

In our study, the SWE_mean was significantly higher 

in PTMC (46.6±16.7 kPa) than in benign thyroid nodules 

(27.8±12.4 kPa). The SWE_max and SWE_min were also 

significantly higher in malignant tumors (73.6±18.1 and 

26.2±9.5 kPa) than those in benign nodules (50.3±22.6 and 

15.8±8.6 kPa). Fukuhara et al’s study showed that while 

the normal thyroid tissue had a low cell density, the benign 

thyroid nodules had a high cell density. The PTMC had a 

mixed pathologic structure with solid cells, fibrosis, and 

adipose tissue.23 This result demonstrated that the shear wave 

velocity was critically increased in fibrotic tissue, and was 

only mildly influenced by cellular density. The shear wave 

velocity of malignant samples was significantly higher than 

those of benign nodules, which was inconsistent with the 

result of our study.

The result of our study also showed that the optimal 

cut-off value for predicting malignancy was in accordance 

with previous reports (SWE_mean: 34.5 kPa; SWE_min: 

30.0 kPa; SWE_max: 55.8 kPa). The sensitivity and specific-

ity were 83.7% and 77.4%, 71.4% and 64.2%, and 82.1% and 

62.3%, respectively. When combined with the conventional 

US features, the overall sensitivity, specificity, accuracy, 

PPV, and NPV were 95.7%, 94.5%, 94.9%, 89.8%, and 

97.7%, respectively; these were higher than those of con-

ventional US (89.1%, 90.1%, 89.9%, 82.0%, and 93.2%). 

According to Sebag et al’s report,18 the combination of the 

higher value (65 kPa) and gray-scale US finding increased 

the diagnostic performance with a sensitivity of 81.5% and a 

specificity of 97%. The result of Veyrieres et al’s study also 

showed that association of higher value (66 kPa) and mor-

phological features presented elevated sensitivity (97%) and 

Table 4 Optimal cut-off values for sWe parameters

Parameters AUC (95% CI) Cut-off value Sensitivity (%) Specificity (%) Accuracy (%) PPV (%) NPV (%)

sWe_mean 0.789 (0.690–0.887) 34.5 83.7 77.4 79.6 63.3 89.7
sWe_min 0.703 (0.584–0.822) 21.8 71.4 64.2 66.4 50.0 81.7
sWe_max 0.701 (0.589–0.814) 53.2 82.1 62.3 68.6 52.1 86.4

Abbreviations: SWE, shear wave elastography; AUC, area under the curve; CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value.

Figure 1 receiver-operating characteristic curves for 2D-sWe parameters.
Abbreviation: 2D-sWe, two-dimensional shear wave elastography.
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× 

Figure 2 images of a typical hard thyroid nodule (0.5×0.4 cm) from a 45-year-old female.
Notes: (A) 2D-sWe mapping. sWe_mean value of the nodule was 65.1 kPa. (B) Pathological image (h&e, ×10). Operational histopathology was papillary thyroid carcinoma.
Abbreviations: 2D-sWe, two-dimensional shear wave elastography; h&e, hematoxylin and eosin.

Figure 3 images of thyroid nodule (0.7×0.5 cm) with coarse calcification from a 52-year-old male.
Notes: (A) 2D-sWe mapping. sWe_mean value of the nodule was 11 kPa. (B) Pathological image (h&e, ×10). Operational histopathology was adenoma.
Abbreviations: 2D-sWe, two-dimensional shear wave elastography; h&e, hematoxylin and eosin.

× 

Table 5 logistic regression analysis of suspicious conventional Us features and elasticity indices for predicting malignancy

US features  
and elasticity indices

Univariate analysis Multivariate analysis

Odds ratio P-value Odds ratio P-value

conventional Us

hypoechogenicity 0.280 0.009* 1.063 0.827
irregular margin 1.727 0.149 0.897 0.944
Taller than wide 9.006 0.003* 5.461 0.019*
halo sign 1.100 0.758 2.011 0.525
Microcalcification 4.667 0.015* 2.239 0.049*
Vascularity 0.667 0.442 0.570 0.621

elasticity indices
sWe_mean 34.5 kPa 2.083 0.037* 6.025 0.031*

sWe_min 21.8 kPa 1.176 0.622 0.280 0.069

sWe_max 53.2 kPa 1.200 0.547 0.137 0.361

Note: *P-value 0.05 was considered statistically significant.
Abbreviations: Us, ultrasound; sWe, shear wave elastography.

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2016:9submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1316

Duan et al

NPV (99.5%).19 These findings suggest that SWE can be used 

as a feasible technique to provide quantitative information 

of tissue stiffness. It is of great value to differentiate small 

thyroid nodules, combined with conventional US.

Our study comprehensively analyzed the value of each 

US feature in differential diagnosis of benign and malig-

nant nodules by using binary logistic regression analysis. 

In univariate logistic regression analysis, hypoechogenicity, 

taller-than-wide shape, microcalcification, and SWE_mean 

value were found to be the significant predictors of thyroid 

malignancy, while only taller-than-wide shape, micro-

calcification, and SWE_mean value were the independent 

predictors of thyroid malignancy in multivariate logistic 

regression analysis. In fact, microcalcification is considered 

a specific sign of malignancy; macrocalcifications were 

usually features of benignity observed by conventional US. 

Liu et al reported that microcalcification was the most predic-

tive index of the conventional US features in the diagnosis 

of thyroid malignancy with the highest sum of sensitiv-

ity and specificity and the accuracy can achieve 76.6%.21 

Furthermore, Park et al reported a retrospective analysis 

of 476 thyroid nodules in 453 patients. The multivariate 

regression analysis result showed that microcalcification or 

mixed calcification, taller-than-wide shape, SWE_mean, and 

SWE_max were the independent predictors for the diagnosis 

of thyroid malignancy.20

There were several limitations in our study. First, the 

patients enrolled in this study were scheduled for fine-

needle aspiration or surgical excision, which may result in 

selection bias that benign nodules were relatively fewer than 

the literatures. Second, the number of involved nodules was 

small; the malignant nodules were only papillary carcinoma. 

Previous studies reported that elasticity values of 2D-SWE 

were different in various pathology types of thyroid nodules. 

Therefore, further prospective studies with larger samples 

are needed in the future.

Conclusion
In summary, the results of the present study indicate that 

2D-SWE is a promising imaging technique. Quantitative 

parameters of 2D-SWE are an independent predictive factor 

for diagnosing PTMC. This could provide valuable infor-

mation when conventional US cannot produce determinate 

results.
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