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ABSTRACT Objective: Virtual touch tissues quantification (VTQ) is a new elastography method which can evaluate the tissue stiff-
ness noninvasively and quantitatively. The aim of this study is to investigate the clinical value of VTQ technique in differential diagnosis
of thyroid microcarcinomas (TMCs). Methods: Virtual touch tissue quantification (VTQ) was used to examine 114 thyroid nodules and
the adjacent thyroid tissues in 110 patients. The values of shear wave velocities (SWV) of nodules and the adjacent thyroid tissues were
obtained and analyzed. Receiver operating characteristic (ROC) curve was used to evaluate the diagnostic performance of VTQ and to
define the optimal cut-off point. Results: 114 nodules included 32 benign lesions (30 nodular goiters and 2 adenomas) and 82 malignant
lesions (papillary microcarcinomas). The mean SWYV in benign nodules and the adjacent thyroid tissues were 2.30+ 0.49 m/s (range:
1.39~4.03 m/s), 2.08+ 0.40 m/s (range: 1.30~2.79 m/s), respectively, while in malignant nodules and the adjacent thyroid tissues were
3.12+ 0.97 m/s (range: 1.96~8.34 m/s), 2.06x 0.46 m/s (range: 1.05 3.13 m/s), respectively. The mean SWV of malignant thyroid nodules
was significantly higher compared with benign thyroid nodules (t=5.911, P<0.0001). A significant difference was found between malig-
nant thyroid nodules and the adjacent tissues of thyroid (P<0.0001), while no statistical difference was found between benign thyroid nod-
ules and the adjacent thyroid tissues (P>0.05). The area under ROC curve (AUC) was 0.833, using 2.30 m/s was the cut-off point, the
sensitivity and specificity of VTQ were 90.2 % and 62.5 %, respectively. Conclusion: Mean value of SWV of malignant thyroid nodules
were significantly higher than that of benign ones. VTQ technique could be an effective tool in the differential diagnosis of TMCs by pro-
viding quantitative infor- mation about tissue stiffness.
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considered to be highly reproducible and more objective for assess

Introduction
the stiffness of target tissue. At present, VTQ technique has been

Thyroid microcarcinoma (TMC) is defined as a tumour < 1 mainly applied to assess hepatic fibrosis and has a good diagnostic
cm in the greatest dimension ™. As occult primary focus, clinical  accuracy for the staging of liver fibrosis®®¥. In addition, VTQ tech-

symptoms are not typical, and thus missed diagnosis and misdiag-  nique has been used to evaluate other organs, such as pancreas,

nosis rate are higher. With the development of high-frequency ul-
trasound, the detection rate of TMCs increased, however, there are
some limitations of conventional ultrasound in differential diagno-
sis of TMCs®. Despite fine needle aspiration biopsy (FNAB) has
been proved an effective method for thyroid carcinoma diagnosis,
it is an invasive examination and has a strong dependence on oper-
ator B4, Elastography was first proposed in the year of 1991by
Ophir et al Pl and was used to assess the stiffness of the tissue by
measuring the degree of distortion under external force. Virtual
touch tissues quantification (VTQ) is an emerging elastography
technique which can evaluate the tissue stifiness noninvasively
and quantitatively. It estimates the tissue stiffness by measuring
shear wave velocity (SWV) in the regions of interest (ROI) and
can be performed during routine ultrasound examinations. Com-

pared with conventional ultrasound elastography, VTQ has been

spleen, kidney and prostate, as well as breast™!!, Recently, the fea-
sibility of VTQ for evaluating thyroid disease was shown >,
However, the report about VTQ technique in differentiation of
TMCs is few. The aim of the current study is to explore the clini-
cal value of VTQ technique in differentiating TMCs. In this study,
we measured SWV of all the enrolled nodules by using VTQ tech-
nique. Values of SWV of TMCs were compared with that of the
benign thyroid nodules. Clinical value of VTQ in differentiating
malignant nodules from benign ones were detected by ROC

curves.

1 Materials and Methods

1.1 Patients
A total of 125 thyroid nodules in 121 consecutive patients

were selected from September 2012 to July 2013 in a affiliated
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hospital of a university. All patients underwent conventional US
followed by VTQ elastography by one sonographer with 15 years
of experience of ultrasound and about 1 month of special training
in performing VTQ on thyroid nodules.

The inclusion criterion were the presence of a thyroid nodules
< 1 cm in diameter, solid or almost solid thyroid nodules, no treat-
ment performed on the nodules and all nodules were confirmed by
histopathology after surgery. The nodules that displayed X. XX m/s
were excluded. Finally, 114 thyroid nodules in 110 patients (84 fe-
males and 26 males; age mean 45.3+ 12.0 years, range, 14~77
years) were enrolled in this study. The mean diameter of nodules
was 0.73% 0.16 cm (range, 0.4~1.0 cm). All patients who partici-
pated in this study were given informed consent in advance.

1.2 Conventional US

All examinations were performed using an Siemens-Acuson
S2000 US system (Siemens Medical Solutions, Mountain View,
CA, USA) equipped with a 9L4-linear array transducer with fre-
quency ranged from 7.0 MHz to 9.0 MHz. Conventional US fea-

tures of thyroid nodules were evaluated for size, margin, shape, e-
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chogenicity, halo-sign, spot microcalcification (hyperechoic spots
less than 2 mm, without acoustic shadowing). Then color Doppler
flow imaging (CDFI) was performed.
1.3 VTQ elastography

VTQ elastography was performed on the longitudinal axis
section with the same equipment and the same probe after the con-
ventional US examination. The probe should come into contact
with the surface of skin gently. The patients were positioned in a
supine position and were asked to hold breath and then VTQ func-
tion was initiated. The shear wave velocity (SWYV) within a ROI
was estimated by system automatically and displayed on the
screen, the results being expressed in meters per second (m/s) (Fig.
1). Firstly, the ROI cursor was moved onto the center of the nod-
ules, avoiding coarse calcifications and liquefaction necrosis. And
then, the ROI was moved to the surrounding thyroid tissue and the
same procedure was repeated. In each patient, at least 5 valid
SWYV measurements were performed in nodules and the adjacent

thyroid tissues, then the mean value were calculated.

-

Fig.1 The SWV ofa thyroid nodule in ROI was 3.85 m/s. B: The ROI placed in the adjacent tissue measuring the SWV was 1.57 m/s in the same patient.

Pathologic findings revealed papillary carcinoma.

1.4 Statistical analysis

We used SPSS17.0 statistical software package (SPSS Inc,
Chicago, IL) for statistical analysis. The continuous data were ex-
pressed as mean + SD. The difference between two different
groups were compared with independent t test. P<0.05 was found
to be statistically significant. Receiver operating characteristic
(ROC) curve was used to evaluate the diagnostic performance of
VTQ. The area under ROC curve (AUC) and 95 % confidence in-
tervals (CI) were determined. The maximum value of Youden's in-
dex (sensitivity specificity 1) was performed to define the optimal
cut-off point for VTQ, and the sensitivity and specificity of this

cut-off point were calculated.

2 Results

2.1 Pathologic findings
Totally 110 patients with 114 nodules with pathological diag-
nosis were enrolled in this study. Among the 32 benign nodules in

31 cases, 30 were nodular goiters and 2 were adenomas. The re-

maining 82 nodules in 80 cases were all papillary thyroid micro-
carcinomas.
2.2 VTQ elastography

The mean SWV in benign nodules and the adjacent thyroid
tissues were 2.30% 0.49 m/s (range: 1.39~4.03 m/s), 2.08+ 0.40
m/s (range: 1.30~2.79 m/s), respectively, while in malignant nod-
ules and the adjacent thyroid tissues were 3.12+ 0.97 m/s (range:
1.96~8.34 m/s), 2.06+ 0.46 m/s (range: 1.05~3.13 m/s), respec-
tively. Mean SWV of malignant thyroid nodules was significantly
higher compared with benign nodules (t=5.911, P<0.0001) (Figure
2). A significant difference was found between malignant thyroid
nodules and the adjacent tissues of thyroid (P<0.0001), while no
statistical difference was found between benign thyroid nodules
and the adjacent thyroid tissues (P>0.05).
2.3 ROC analysis

The AUC for the SWYV in differentiating benign from malig-
nant thyroid nodules was 0.833(95 % CI 0.751-0.916) (Fig. 3). Us-
ing 2.30 m/s as the best cut-off point for VTQ, the corresponding
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sensitivity and specificity of VTQ for detection of malignancy
were 90.2 % and 62.5 %, respectively. The distribution of VTQ e-
lastography in TMCs was shown in Table 1.
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Fig.2 Mean SWV assessed by VTQ elastography in malignant and benign

thyroid nodules
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Fig.3 ROC curve for VTQ elastography of TMCs
Table 1 The distribution of VTQ in TMCs
Nodules Pathologic finding
SWV
() Malignant Benign
= 2.30 m/s 87 74 13
<230 m/s 27 8 19

3 Discussion

The incidence of thyroid cancers has been increasing year by
year "2 TMC is a specific subgroup of thyroid carcinoma. It is re-
ported that more than 30 % of patients with TMC [, Ultrasound

has become the first choice as a convenient and noninvasive tool

for the examination of thyroid lesions. Previous studies showed
that microcalcification, marked hypoechogenicity, taller-than-wide
shape and spiculated margin were the ultrasound specific features
of thyroid malignancy™'. However, the accuracy of these features
was lower. Real-time tissue elastography (RTE) provides qualita-
tive and semi-quantitative information about the tissue stiffness"”,
the applications in clinical medicine are more extensive. Numer-
ous studies have demonstrated that RTE plays a role in differenti-
ating malignant thyroid nodules from benign ones ¥, Although
there are many advantages of RTE, it has limitations in that elasto-
graphic images acquisition and interpretation which are highly de-
pendent on the operator. As the images are produced by applying
repetitive compression with the probe to the skin, so it is inevitable
there are variabilities within and across observers .

VTQ is a newly quantitative method which is used to mea-
sure the stiffness of tissue by measuring the velocity of shear
waves within a ROI. It exploits a short-duration, high-intensity a-
coustic pulses to generate localized tissue displacements. At the
same time, a shear wave speed is obtained by tracking these dis-
placements of the tissue in the vertical direction. The shear wave
velocity represent the local elasticity properties of the tissue in
ROYI, and is proportional to the square root of the tissue elasticity™.
The stiffer the tissue is, the higher the SWV>!, Recent studies have
proved that it has high applied value in diagnosis of thyroid carci-
noma™>), and yet, there have been rare reports on TMCs.

In the present study, the mean SWV of benign and malignant
nodules were 2.41+ 1.36 m/s and 5.02+ 2.94 m/s, respectively.
The SWV in malignant nodules was significantly higher than those
of benign ones. It indicated that SWV associated with pathologic
components. In papillary carcinoma, the differentiations of tumor
cells are variant. Fibrosis and psammoma bodies are often found in
mesenchyme, which makes nodular stiffiness increased™, thus the
SWYV is higher. Compared with papillary carcinoma, the benign le-
sions such as nodular goiter and adenoma, organizations constitut-
ed by follicles, which contain colloids, so the nodular stiffness is
relatively reduced, thus, the SWV is lower. In addition, some be-
nign nodules with calcification or fibrosis and some malignant
nodules with hemorrhage or cystic change may effected on tissue
stiffness. In this study, there were 8 malignant nodules that of
SWV<2.30 m/s and 13 benign nodules that of SWV2 2.30 m/s. 8
nodules displayed X.XX m/s, this was because the SWV went out
of the setting scope 0~9 m/s, so we excluded these cases. AUC
was 0.833, which indicated that VTQ was a useful index in the dif-
ferential diagnosis of TMCs.

Our study had some limitations. First, all selected malignan-
cies were papillary thyroid carcinoma, therefore, our study can't
reflect VTQ elastography of other pathologic types of TMC. Sec-
ond, there are some limitations of VTQ technique. The VTQ-ROI
measuring is fixed to the size of 6 mmX* 5 mm, which can not be

adjusted freely. Hence, the SWV of the nodules diameter 7 mm
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may be affected because the adjacent normal thyroid tissue is in-
cluded in ROI. Third, the setting range of SWV is 0~9 m/s, if the
stiffness of the tissue beyond the range is displayed as X.XXm/s,
which cannot reflect its stiffness. Fourth, the SWV value is higher
for the nodules with macrocalcification because during the mea-
surement it is difficult to avoid the macrocalcification. Fifth, the
sample size of the present study is relatively small. Further larger
studies are needed to confirm the clinical value of VTQ elastogra-
phy.

In conclusion, we found that @ malignant nodules of thyroid
were much stiffer than benign ones, and this could be useful in the
differential diagnosis in clinical. @ Value of SWV of TMCs were
significantly higher than that of benigns. ® VTQ could be an ef-
fective tool in differenting malignant nodules from benign ones by
providing quantitative information of thyroid stiffness. However,
papillary carcinomas bigger than 1 cm were not include in this
study. Clinical value of VTQ in the diagnosis of other kind of
pathological nodules should be studied in future, as well as the in-
tra- and inter-observer reproducibility.
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