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Introduction
Breast mucinous carcinoma is a malignant breast tumor in a 

rare pathological type, accounting for all breast cancer 1 to 6% [1], 
due to special pathological changes and similarity in conventional 
ultrasound images and clinical manifestation to benign fibroadenoma 
which would be misdiagnosed. Virtual touch tissue quantification 
(VTQ) imaging, a newly developed elastography, instead of using 
external compression, evaluates tissue quantitatively to providing 
complementary informations to conventional ultrasound. This study 
used the conventional high-frequency ultrasound combined with 
VTQ technology on the breast of pure mucinous adenocarcinoma 
comparison with fibroadenoma, and inspected, observated and 
compared the sonographic features and flexibility characteristics in 
order to improve understanding of pure mucinous adenocarcinoma of 
the breast [2].

Information and Methods
The object of study

Ultrasound was performed in the patients who underwent 
evaluation of breast lesions at our department from November 2010 
to December 2011 and confirmed by pathology, 12 cases of breast 
patients with pure mucinous adenocarcinoma and 30 cases of breast 
patients with fibroadenoma were analyzed retrospectively, patients 
were women, pure mucinous adenocarcinoma group aged 42 to 83 
years old, average 61.1 ± 12.8 years; a fibroadenoma age group 33 to 56 
years, an average of 38.2 ± 10.9 years.

Instruments and methods

Application of Siemens ACUSON S2000 ultrasound diagnostic 
apparatus with Acoustic Radiation Force, Impulse (ARFI) technology, 
high-frequency linear array probe 9L4, frequency 4 ~ 9MHz.

Conventional ultrasound scanning was performed on the patients 
in the supine position, fully exposed breast, the nipple as the center, 
radial vertical and horizontal cut scanning in all quadrants, and 

according to the specific circumstances of the lesion adjusted the depth, 
gain, focus location of the images. The ultrasound characteristics 
including lesion shape, edge, border, traveling direction, internal echo 
and posterior echo were obtained.

VTQ was performed in the VTQ mode of ARFI technology by the 
same machine and the same transducer which was applied with light 
pressure to make complete contact with the breast but to let the patient 
in breath-hold. The region-of-interest (ROI) (size 0.5cm × 0.5cm) was 
placed entirely in the lesion, and the maximum depth of 5.5cm. The 
shear wave velocity (Vs) was measured in the lesion, the simultaneous 
measures in peritumoral glandular tissue (from the lesion 1 ~ 2cm) 
and the normal glandular tissue of the same depth were performed, 
every location was measured 10 times, take the results to calculate the 
average. All images and data are stored in the CD analysis.

Statistical analysis

Application of SPSS 13.0 statistical software for data analysis, in 
the conventional ultrasound imaging the differences of characteristics 
between pure breast mucinous adenocarcinoma group and 
fibroadenoma group were analyzed using the χ2 test; in the VTQ 
technology, the VTQ value (Vs) using the mean ± standard deviation, 
the difference between the two groups was analyzed by group t test, 
relationships between VTQ variables of different location were 
examined using q test, P <0.05 was considered statistically significant 
difference.
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Abstract
Objective: To analyze the characters of breast pure mucinous carcinomas on high-frequency ultrasonography 

with Virtual Touch Tissue Quantification (VTQ). 

Methods: A total of 12 patients (with breast pure mucinous carcinomas) and a group of 30 patients (with 
adenofibroma of breast) underwent breast examination with high-frequency ultrasonography to analyze the 
characters of images, and with VTQ to analyze the elastic character. 

Results: In the conventional ultrasound imaging, statistical differences were found between two groups in the 
shape, the boundary and the internal echo of the lesions. In the VTQ, the mean of shearing wave speed (Vs) in pure 
mucinous carcinomas is less than in adenofibroma of breast. 

Conclusion: Conventional high-frequency ultrasonography combining with VTQ have significant value in 
diagnosis of breast pure mucinous carcinoma.
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Results
A conventional high-frequency ultrasound performance

Comparison of conventional ultrasound performance in 12 cases of 
breast pure mucinous adenocarcinoma and 30 cases of fibroadenoma 
are shown in Table 1, differences in the shape , the boundary and 
internal echo were statistically significant (P <0.05) (Figure 1,2).

VTQ

The comparison of VTQ values (Vs) in different location of two 
groups are shown in the Table 2. The difference of Vs in the lesion 
between the two groups was significant (t = 8.42, P <0.01) (Figure 

3,4). In each group, the difference of Vs between inside the lesion and 
peritumoral glandular tissue was significant. While the difference of Vs 
between peritumoral glandular tissue and normal glandular tissue was 
not significant.

Discussion
Breast mucinous carcinoma, also known as colloid breast cancer, 

ductal epithelium, is a rare type of invasive breast cancer occurred 
in postmenopausal women over the age of 50 and clinical palpation 
texture of soft or tough, active, adhesion flu. The characteristics of 
mucinous carcinoma are extracellular mucus in the tumor, and the 
mucous component in pure mucinous carcinoma accounts for 75% or 
more. The tumor with smooth surface, clear boundary and expansive 
growth slowly has lower metastasis and significantly better prognosis 
than the other common types of breast cancers [3].

On the performance of conventional high-frequency ultrasound on 
the breast pure mucinous adenocarcinoma is low echo, clear edge and 
more enhanced effect in posterior echo, similar to the characteristics 
of these in fibroadenoma. In this study, mostly irregular breast pure 
mucinous adenocarcinoma, was Oita leafy, clear most of the tumor 
edge, no envelope boundary expressed as echogenic halo sign, and 
fibroadenoma of breast are mostly round or oval shape, with intact 
membrane, smooth, sharp boundary [4]. The internal echo of most 
of fibroadenoma was uniform low echo, while internal echo of pure 
mucinous adenocarcinoma is low or very low, mostly heterogeneous 
echo, which have smaller scattered distribution of echo-free zone, 
which was considered led to riching in mucus, and in mucinous 
adenocarcinoma related study [5], the mass no apparent liquid zone, 

Ultrasonography Pure mucinous 
adenocarcinoma Fibroadenoma χ2 

value P value

Shape
Round or oval 3 24

8.60 <0.005
Irregular in shape 9 6

Edge
Clear 8 27

3.36 0.072
Blurred or burr-like 4 3

Boundary
Interface sharp 5 29

16.82 <0.005
Strong echo halo 7 1

Mass 
orientation

Parallel 7 25
2.86 0.12

Not parallel 5 5

Internal 
echo

Uniform 3 21
7.08 <0.01

Uneven 9 9

Posterior 
echo

Increase 7 22
0.90 0.34

Does not enhance 5 8

Table 1: Comparison of conventional ultrasound performance table of breast pure 
mucinous adenocarcinoma and breast fibroadenoma.

Figure 1: Conventional high-frequency ultrasound image of a 50-year-old 
woman named Yu Guilan with a pure mucinous carcinoma of breast: irregular 
shape, clear margins, no capsule, showing the echogenic halo sign, hypoechoic 
internal echo unevenly, posterior echo enhancement.

Figure 2: Conventional high-frequency ultrasound image of a 39-year-old 
woman named Li Yan with breast fibroadenoma: regular shape, clear margins, 
complete envelope, low internal echo uniformly, posterior echo enhancement.

Figure 3: Ultrasound ARFI technique with VTQ value in a breast pure mucinous 
carcinoma of a 50-year-old woman named Yu Guilan: Vs = 0.78 m/s.

Figure 4: Ultrasound ARFI technique with VTQ value in a breast fibroadenoma 
of a 39-year-old woman named Li Yan: Vs = 2.91 m/s.

Breast tumor
The 
number 
of cases

Different location Vs (m/s, x  ± s) P values

Inside the 
lesion peritumoral Normal Internal / 

peritumoral
peritumoral/ 

normal
Pure mucinous 

adenocarcinoma 12 1.15 ± 0.75 2.03 ± 0.43 2.32 ± 0.46 <0.001 0.078

Fibroadenoma 30 3.27 ± 0.56 2.37 ± 0.66 2.24 ± 0.37 <0.001 0.14

Table 2: VTQ values of two groups and each group of lesions in different location.
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but showed cord-like hyperechoic and hypoechoic, disorganized non-
homogeneous region, is one of the characteristics of ultrasound images 
of breast mucinous carcinoma.

ARFI, a recently developed ultrasound elastography technique, 
uses probes to generate short-duration, high-intensity, acoustic 
pulse to generate localized, micron-scale displacements of tissue 
within the ROI, VTQ tracks a shear wave within the ROI that travels 
perpendicular to the transmitted longitudinal push pulse. Time to Peak 
analysis computes a numerical value of the shear wave speed obtained 
over the ROI which objectively reflects the hardness or elasticity of 
the target tissue, the greater the value, the stiffer a tissue. Krouskop 
et al. [6] showed that various breast tissues had different elastic 
stiffness, invasive carcinoma having the lowest elasticity, followed by 
noninvasive carcinoma, fibrous tissue in the breast, normal glandular 
breast tissue, and breast fat tissue in that order. Meng et al. [7] reported 
in 2011, VTQ values were significantly higher in malignant than benign 
breast lesions, and Vs are higher in both malignant and benign breast 
lesions than normal breast tissue, but most of the malignant tumors 
were invasive ductal carcinoma, not including a mucinous carcinoma. 
Elastography of breast tissue hardness is divided into five grades from 
low to high previously [8], the hardness of mucinous carcinoma is less 
than 3 grade. In this study, VTQ value of pure mucinous carcinoma of 
breast was lower than the surrounding normal breast tissue, was also 
significantly lower than the fibroadenoma. Fibroadenoma occurred in 
the end of the lobular duct and formed due to proliferation of interstitial 
cells and endothelial cells, stromal hyperplasia is more obvious. 
While the main component of pure mucinous adenocarcinoma is 
mucus, the based histopathological differences may be the hardness 
of fibroadenoma higher than pure mucinous adenocarcinoma. In this 
study, the difference of Vs of pure mucinous adenocarcinoma between 
normal glandular tissue and the peripheral tissue was not significant, 
which is different from the ordinary invasive ductal carcinoma from 
Meng et al. [7], who pointed out that Vs value of the peripheral tissues 
of invasive ductal carcinoma is significantly higher than the normal 
glandular tissue, reflecting the tissue of cancer infiltration to the 
surrounding glands. Pure mucinous adenocarcinoma was expansive 
growth and less infiltration, so it may be relevant to its prognosis of 
lower transfer rate.

As ARFI imaging generates radiation pulse from the probe to 
promote the local organization and result to a small deformation, 
compared to the other elasticity imaging techniques, ARFI takes 
advantages to not rely on the operator to push the organization, not 
be affected by adjacent hard tissue and be higher repetitive. VTQ 
technology can quantify the extent of flexibility of the organization and 
thus more objectively reflect the organization’s flexibility or hardness. 
Because incidence of breast pure mucinous adenocarcinoma is low 
and small sample size of this study, the Vs value would be biased, 
yet it needed to increase the sample size in order to further study of 
ARFI technology to the value of clinical diagnosis of breast mucinous 
carcinoma.

Simple summary, in conventional high-frequency ultrasound, 
breast pure mucinous carcinoma has the shape more irregular, 
boundary hyperechoic halo sign and heterogeneous inner echo 
texture which can be used as the identification of points with the 
fibroadenoma. On the basis of conventional ultrasound, combination 
of the VTQ technology objectively reflects the elastic characteristics of 

tissue. Our result, the hardness of pure mucinous adenocarcinoma is 
lower than fibroadenoma, provides complementary information for 
the differential diagnosis of mucinous carcinoma, but also to make 
up for the awareness to breast elastic characteristics of the type of rare 
malignant tumor.
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