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Introduction
Breast carcinoma is one of the most common forms of

malignant tumors in women worldwide. With the increas-
ing global prevalence of breast carcinoma, it is becoming
increasingly difficult to diagnose breast cancer because dif-
ferent types of breast cancers have similar signs, making it
difficult to be classified. Currently, ultrasonography (US)
has been regarded as a major technology for the diagnosis
of breast cancer, however the accuracy of ultrasound eval-
uation is poor detection in size change of breast cancer
caused by fibrosis and necrosis after chemoradiotherapy
treatment. Currently, contrast-enhanced ultrasound (CEUS)
has made further improvement on microbubble stability
with much more advances. 

Blood flow distribution, form, type, enhancement pat-
tern, and duration time in different kinds of breast tumors
present various characteristics. As a result, systematic ob-
servation of morphological characteristic in high frequency
imaging and contrast perfusion mode in breast tumors is in
popular demand.

The present study used systematic analysis for determin-
ing the morphologic feature gathered in high-frequency ul-
trasound (HFU), color blood flow imaging, and contrast
perfusion mode in breast lesions. This process focused par-
ticularly in malignant lesions that were then compared with
actual pathological results, revealing the characteristic of
US and contrast perfusion mode in different breast tumors.
The present study as a whole, contributes to the generation
of new ideas and in the advancement of diagnostic criteria,
in the hope of providing basis for continuous research on
tumor angiogenesis and ultrasound imaging. The knowledge
and new discoveries in differential diagnosis obtained in this

study may be valuable for improving the accuracy in breast
lesion diagnosis.

Materials and Methods
Patients

A total of 752 patients with breast tumor underwent color
Doppler contrast-enhanced US, from March 2007 to June 2011.
All patients were female, in which 108 of them (mean age 50.17
± 11.54) were proven to have malignant lesions by pathological
examination or operation. The diameters of the lesions were four
to 54 mm. No treatments were provided before operation. There
were no complications in all the patients included. Specimens of
the lesions were collected and sent for pathological examination.
This study was conducted in accordance with the declaration of
Helsinki, and with approval from the Ethics Committee of the
People’s Hospital of Guangxi Zhuang Autonomous Region. Writ-
ten informed consents were obtained from all participants.

Ultrasonography procedures
An ultrasound scanner, with a linear-array probe (12.0 MHz)

and a contrast probe (9.0 MHz), was used in the experiments. The
contrast agent used was SonoVue. The SF6 microbubble suspen-
sion was prepared using SonoVue, with the addition of five ml of
sterile saline solution.

Conventional two-dimensional gray-scale ultrasound exami-
nation was first conducted to record the size, location, shape,
margins, internal echo, and the relationship with peripheral tissue
of the lesions. Compressed probe was used to find any change in
lesion morphology and size. Color Doppler flow imaging and
color Doppler energy were used to observe the flow distribution
and to measure the peak systolic velocity, minimum diastolic ve-
locity, and resistance index. Richest blood flow cut surface of the
lesions was selected, then subjected into the real-time ultrasound
imaging mode with the contrast probe. SonoVue (2.4 ml) was in-
jected via the elbow vein in a bolus manner, and the distribution
and location of the microbubble contrast agents inside the lesion
were then dynamically observed. Real-time dynamic images
were stored for four minutes, and then were saved for further of-
fline analysis. One region of interest (ROI) of the lesion was se-
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lected to analyze the time-intensity curve, recording the initial
time of perfusion (ITP), time to peak (TTP), peak intensity (PI),
and the washout time (WOT) (1/2 WOT).

Imaging analysis
The entire malignant lesion was classified in detail based on

the pathological results, and the feature of the perfusion mode in-
side and around of the lesions were recorded. Classification was
based on the enhancement, intensity, and time-intensity curve [1].
The types of enhancement pattern (EP) can be divided into the
following: pin point enhancement, ring or semi-ring enhancement,

dendrites enhancement, partial enhancement, and global en-
hancement. The intensity criterion indicated that the normal tissue
around the lesion was with moderate-enhancement. Thus, with
this standard, the intensity of the lesion was divided into hyper-
enhancement, moderate-enhancement, hypoenhancement, and no
enhancement [2, 3].

Statistical analysis
Data were analyzed by using SPSS 11.5. All the measured data

were presented as mean ± standard deviation (x ± s). T-test was
used with measurement data and the chi-square test was used with
enumeration data.

Results
General information

Of the total 108 patients with malignant cases, 82 were
with invasive ductal carcinoma, eight with intraductal car-
cinoma (three carcinoma in situ with microinvasive), seven
with invasive lobular carcinoma, three with phyllodes car-
cinoma, one with intraductal papilloma with local cancer-
ation, five mucinous carcinoma, and one clear cell
carcinoma (Table 1).

Of the total 120 benign lesions, 49 were fibroadenoma
and 58 were cyclomastopathy and 13 were papilloma. The

Figure 1. — A) Contrast-enhanced
US shows a partial enhancement
mass by heterogeneous enhance-
ment; B) Contrast-enhanced US
shows a mass with the features of
heterogenous enhancement and rel-
atively rich perfusion.

Figure 2. — Imagings of gray scale
US and contrast-enhanced US of the
same patient having invasive ductal
carcinoma.
A) Gray scale US shows the mass
with irregular margin.
B) Contrast-enhanced US shows the
mass with features of global en-
hancement and rich perfusion.

Table 1. — The major contrast-enhanced manifestation of
different types of malignant tumor.
Type of malignant tumor n Contrast-enhanced

manifestation (major)
Invasive ductal carcinoma 82 Hyperenhancement
Intraductal carcinoma 8 Hyperenhancement
Invasive lobular carcinoma 7 Moderate enhancement
Phyllodes carcinoma 3 Hyperenhancement
Intraductal papilloma 1 Moderate enhancement
with local canceration
Mucinous carcinoma 5 Hypoenhancement
Clear cell carcinoma 1 Moderate enhancement
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Figure 3. — Imagings of gray scale
US and contrast-enhanced US of the
same patient. A) Gray scale US
shows enhacement around the mass;
B) Contrast-enhanced US shows the
perfusion area is obviously larger
compared to the mass size showing
at gray scale US.

Figure 4. — Imagings of gray scale
US and contrast-enhanced US of the
same patient. A) Gray scale US
shows a mass of poorly-defined mar-
gin, with spiculate sign; B) Contrast-
enhanced US shows the mass
perfusion area obviously enlarged,
within the feature of peripheral ra-
dial enhancement.

Figure 5. — Imaging of Gray scale
US and Contrast-enhanced US of the
same patient having clear cell carci-
noma. A) Gray scale US shows a
mass with the features of relatively
regular margin; B) Contrast-enhanced
US shows the mass perfusion area is
the same to that at gray scale US.

Figure 6. — The time-intensity curve
of breast mass. A) The curve of breast
cancer displayed as “fast washin and
slow washout”; B) The curve of fi-
bradenoma displayed as “fast washin
and washout” (yellow for mass, green
for the tissue around).
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fibroadenoma lesions consisted of 33 cases of simple fi-
broadenoma, ten fibroadenoma with hyperplasia and duct
ectasia, six fibroadenoma with extensively hyaline degen-
eration and calcium deposition. Among the 58 cyclo-
mastopathy, 14 were cystic hyperplasia, 19 were with
adenomatous hyperplasia, 12 were with lobular hyperpla-
sia, five were sclerosing adenosis hyperplasia, and nine
were with papilloma hyperplasia and mild to severe atypi-
cal hyperplasia. 

The internal features of malignant breast lesion by CEUS
were as follows: 1) most enhancement pattern showed het-
erogeneous enhancement (Figure 1) and whole enhance-
ment (Figure 2), but less local or pinpoint enhancement; 2)
majority of the intensity displayed as hyperenhancement,
whereas hypoenhancement was less. Most of the invasive
ductal carcinoma, intraductal carcinoma, and phyllodes car-
cinoma showed hyperenhancement, whereas mucinous car-
cinoma showed hypoenhancement. Hyperenhancement,
moderate-enhancement, and hypoenhancement showed in
91, ten, and seven cases, respectively (Table 1). Meanwhile,
the following observations were recorded for the sur-
rounding manifestation of malignant lesions: 1) Most ma-
lignant lesions showed the perfused areas were enlarger
than that in the two-dimensional US (Figure 3); 2) contrast
agent perfused into the lump via several vessels showed a
radial enhancement around the lesion (Figure 4); 3) It was
hardly observed that the perfusion area was consistent with
the two-dimensional imaging (Figure 5). 

The contrast-enhanced internal manifestation of benign
lesions were as follows: 1) benign lesions showed scattered
punctiform enhancement, heterogeneous enhancement,
dendritic enhancement, and whole enhancement (Figure 6).
2) Most benign lesions showed moderate enhancement and
hypoenhancement. Hyperenhancement, moderate hypoen-
hancement, hypoenhancement, and non-enhancement, are
showed in Table 2, respectively. Otherwise the surround-
ing manifestation of benign lesions were observed as fol-
lows: 1) it was shown that the perfusion area was consistent
with the two-dimensional imaging; 2) the periphery of the
lesions always showed as annular or semi-annular en-
hancement with thick or thin wall; 3) the perfusion area be-
yond that on the two-dimensional US was hardly shown.

The characteristic of time-intensity curve: the benign
group displayed as “slow washin and fast washout” and
“fast washin and fast washout”, while “fast washin and
slow washout” was shown in the malignant group. The
present study showed that there are no significant differ-
ences (p > 0.05) in terms of ITP and TTP, although they
seem to be faster in malignant lesions than in benign le-
sions.However, the PI and WOT are significant differences
between benign lesions and malignant lesions (p < 0.05,
Table 3).

The result of CEUS examination (with pathological di-
agnosis as the gold standard): the sensitivity, specificity, ac-
curacy, positive predictive value, and negative predictive
value of diagnosis in malignant lesions were 98.5%,
86.13%, 91.34%, 88.33%, 97.75%, respectively (Table 4).

Nineteen cases were misdiagnosed in 120 breast cancer
by using the contrast-enhanced US: five fibroadenoma,
nine cyclomastopathy, meanwhile five cases were papil-
loma, and two cases misdiagnosed as adenopathy hyper-
plasia proved to be intraductal carcinoma and invasive
ductal carcinoma.

Discussion
Breast tumor is a vascular-dependent lesion, and its

growth, invasion, and metastasis is on the premise of an-
giogenesis. CEUS improves the sensitivity of color
Doppler, making it possible to detect even at low blood
flow, and displays the characteristics of blood supply by
enhancing the contrast between lesions and the surrounding
normal tissue, which is not achievable with traditional ul-
trasound due to the abnormal perfusion areas caused by the
damaged vessels or diseased tissue. CEUS is valuable in
early diagnosis, understanding blood perfusion, especially
in differential diagnosis, which led to its popularity in clin-
ical practice and gained increased attention in the tumor

Table 2. — CEUS results of breast neoplasms (%, n).
Group Hyper- Moderate- Hypo- No-

enhancement enhancement enhancement enhancement
Breast cancer 84.26 (91) 9.26 (10) 6.48 (7) 0
(n = 108)
Fibroadenoma 28.57 (14) 24.49 (12) 32.65 (16) 14.29 (7)
(n = 49)
Hyperplasia 24.14 (14) 27.59 (16) 31.03 (18) 17.24 (10)
(n = 58)
Papilloma 61.54 (8) 15.38 (2) 23.08 (3) 0
(n = 13)

Table 3. — Comparison of contrast filling models in lesions
(± s).
Breast lesion ITP (s) TTP (s) WOT (s) PI (dB)
Benign 11.25±3.68 17.20±4.53 29.22± 5.71* 8.16±3.05*
(n = 120)
Malignant 10.56±3.68 16.33±3.45 53.13±10.71 15.22±4.01
(n = 108)
*Compared with malignant lesion, p < 0.05.

Table 4. — CEUS of breast cancer with different
histopathologic types (cases).
CEUS Finding Histopathologic classification Total

Breast cancer Benign lesions
Breast cancer 106 (a) 19 (b) 125 (a+b)
Benign lesions 2 (c) 101 (d) 103 (c+d)
Total 108 (a+c) 120 (b+d) 228 (a+b+c+d)
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field [4-8]. Several studies have already discussed the role
of HFU and color Doppler flow imaging in the diagnosis of
breast cancer, where several certain features of benign and
malignant lesions are characterized [9, 10]. However, gray-
scale US images of breast are still better for viewing small
mammary tumor, which shows more complexity and di-
versity. Breast cancers that are less than two cm in size
often lack characteristics in high-frequency images, which
always results to the identical appearance of benign and
malignant lesions. Moreover, conventional ultrasound can
only measure blood flow in arterioles and venules ($ 200
um), but not in capillaries. Contrast-enhanced US has been
the main technology for the differential diagnosis of breast
lesions, despite the lack of feature in some small breast
masses [11, 12].

The rise and rapid development in ultrasound technology
through the use of contrast agents brings new hope in ul-
trasonic diagnosis [13, 14]. The enhancement mode analy-
sis of malignant lumps using histopathology exhibited that
majority of the tumors (91/108) showed hyperenhance-
ment, including invasive ductal carcinoma, intraductal car-
cinoma, phyllodes carcinoma, and clear cell carcinoma.
The vessels in these tumors lack the normal branching
structures, but vascular ring, arteriovenous fistula, venous
lake at the end of the vein, venous caecum, and the addition
of vessels can be easily observed. The vessels of these tu-
mors were thin, lack muscular layer, with incomplete base-
ment membrane, and lacuna vasorum communicated with
extravascular tumor cell, leading to the increase of vessel
permeability. Moderate-enhancement was observed in in-
vasive lobular carcinoma; however, some can also be ob-
served with moderate enhancement or hypoenhancement.
Histopathologically, large regions with the hemorrhage
necrosis and calcification features were observed. One in-
traductal carcinoma was also characterized with hypoen-
hancement because the tumor cell was limited to the inner
duct and did not penetrate the basement membrane of the
duct on the microscope. According to the 2003 edition of
the WHO histopathologic diagnostic criteria, invasive duc-
tal carcinoma can be classified into three grades, namely,
the low-grade, mid-grade, and high-grade invasive ductal
carcinomas, based on the morphology and karyostenosis
level of the tumor cell. The degree of malignancy depends
on the grade level of the tumor cell, hence, perfusion was
rich in high-grade invasive ductal carcinoma, whereas, it
was the opposite on the low-grade. Five cases of mucinous
carcinoma were characterized with hypoenhancement, thus,
it was likely to occur on duct epithelia. Mucinous carci-
noma accounts for 1% to 3% of breast cancers [15], and is
one of the special invasive breast cancers known as mucoid
carcinoma or colloid carcinoma. This kind of carcinoma
can be diagnosed by simply looking into the characteristics
displayed by the patient, and also histopathology. Muci-
nous carcinoma is a pure mucinous carcinoma that
histopathologically shows single or small mass of tumor

cell floating on the mucus, similar to the islets echo being
separated, surrounding several mucus lake, and fibrous
stroma. Lesions showed moderate enhancement to hy-
poenhancement because there were only few tumor cells
and vessels being heterogeneously enhanced. In the group,
no case of hyperenhanced was observed.

Most malignant lesions showed typical heterogeneous
enhancement in the group. The ITP and TTP were earlier
in malignant lesions than in benign lesions. In the time-in-
tensity curves, several small peaks were observed from
the altering of fast inclination and slow declination. PI
value was higher in malignant than in benign lesions and
around the normal breast tissue. This value was due to the
expanding, tortuous, irregular thick and thin, and irregu-
lar-shape of the neovascularization, sometimes accompa-
nied with luminal stenosis and blocked. In addition, TTP
value and the perfusion mode inside the lesion had sig-
nificant difference in the malignant lump. However, the
TTP value was relatively the same in the benign lump.
The possible reason for this observation may be the an-
giogenesis of the benign tumor that shows normal prolif-
eration and thickening, and have the same size and
homogenous distribution [16]. Meanwhile, the vessels of
malignant lesion are repaired and randomly distributed,
presenting irregular shape, irregular thickness, tortuous,
and forming arteriovenous fistula or vessel caecum for
thrombus [17]. All these pathological changes led to the
difference in PT and TTP values between the benign and
malignant lesions.

For the pathological basis of contrast-enhanced US im-
ages, the observed perfusion area was larger than that of
the two-dimensional imaging, which was probably due to
the malignant lesion infiltrating the peripheral normal tis-
sue and adipose tissue. Intraductal carcinoma spread with
crab-like invasion in the ducts, resulted in a radial en-
hancement on contrast-enhanced US images.

Applying the pathological basis in contrast-enhanced ul-
trasound, the difference of the vessel anatomy and hemo-
dynamics between benign and malignant lesions can be
shown by the shape, continuity, trace, and shunt of the ves-
sels [17, 18]. Real-time ultrasound showed the microcir-
culation of breast lesion, making the enhancement mode
helpful in the differential diagnosis of benign and malig-
nant tumors, especially in some substantial mass with
small and weak enhancement. Even in some mass that was
difficult to name the substantial and liquid phases, the di-
agnosis was made easier by observing the enhancement
mode. Contrast-enhanced US is not the most basic diag-
nostic tool of all technology [19, 20], however, it is a use-
ful adjunct to conventional ultrasound in improving
diagnostic accuracy and help to diagnose the benign and
malignant tumor. When lesions are dubiously malignant
on two-dimensional ultrasound, contrast-enhanced US can
be performed. If the lump is observed to be rich in perfu-
sion, it is likely to be malignant. In addition, if a typical be-
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nign lesion has the enhancement mode of spotty distribu-
tion, or no enhancement, breast lesion can be concluded
to be benign. One case that cannot be expected as malig-
nant is the poor perfusion on uncertain lesions. Moreover,
two cases cannot match the explanation, perhaps due to
the small shape, poorly-defined margin, weak enhance-
ment, and poor perfusion of the lesions. Therefore, when
dealing with old aged patients with atypical masses and
poor perfusion of lesions, periodic follow-up, biopsy, and
even operation are necessary.

The present study discovered some enhancement features
on different breast masses, particularly in malignant le-
sions. Via the systematical observation, contrast-enhanced
US may be helpful in improving the sensitivity of the ve-
locity blood flow with its especial imaging. It was useful in
characterizing malignant lesions and was able to improve
diagnostic accuracy in differentiating malignant and benign
breast tumors.
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