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Abstract. The aim of the present study was to assess the
performance of contrast-enhanced ultrasound in distinguishing between malignant and benign breast lesions and
the diagnostic value of its clinical application. A total of 52
cases with malignant breast tumors and 73 cases with benign
breast lesions were included in the study. Time-intensity
curves (TICs) for contrast-enhanced ultrasound were recorded,
and the perfusion parameters were obtained and analyzed.
Typical features of malignant breast tumors included irregular
shape and vascular morphology, uneven contrast agent distribution, filling defects and contrast agent retention, ‘fast-out’
wash-out mode, unclear boundaries and uneven internal echo.
Benign lesions were characterized by ‘slow-out’ or synchronous wash-out mode. Regarding perfusion, the starting time
of the perfusion of the Sone-Vue microbubble contrast (always
20-30 sec) and time to peak (TTP) were significantly earlier
for the malignant lesions, while the wash-out time was later. A
significantly greater peak intensity, rising slope and area under
the TIC were observed for the malignant breast lesions. All of
the malignant breast lesions exhibited an enlarged focus scope
on ultrasound, while no obvious focus scope enhancement
was observed for benign breast lesions. Furthermore, the TICs
of 88.4% of malignant breast lesions were of the fast-rising
and slow-declining type, while the TICs of 75.3 and 17.8%
of the benign breast lesions were of the slow-rising and fastdeclining, and fast-rising and fast-declining type, respectively.
Receiver operating characteristics analysis indicated that the
TTP, wash-out time and rising slope might contribute to the
differential diagnosis between malignant and benign breast
lesions. In conclusion, TIC parameters of contrast-enhanced
ultrasound have promising clinical value in differentiating
between malignant and benign breast lesions. The TTP, wash-
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out time and rising slope may contribute to the diagnosis of
patients with breast lesions to facilitate timely treatment and
prognostication of breast cancer patients.
Introduction
Breast cancer is a common disease that frequently occurs in
females. With the rapid changes in lifestyle, the incidence of
breast cancer has been increasing year by year (1), particularly
in young women (typically <30 years; ranging between 12-65
years in this present study) (2). Due to the atypical manifestations of breast cancer and the fact that breast cancer with a
diameter of <2 cm is relatively difficult to identify by palpation, the disease is associated with relatively high mortality (3).
Therefore, the early detection and treatment of breast cancer
are of great importance to reduce the incidence and associated mortality (4). The imaging performance of breast cancer,
particularly for small tumors, is complex and diverse, leading
to ambiguous diagnostic imaging results (5). Ultrasound
detection is characterized by its fast, convenient, non-invasive,
low-cost and repeatable clinical application; it has been widely
accepted as the preferred screening method for breast cancer
and has an irreplaceable role in its diagnosis (6).
Mammography has become a current research hotspot
in the forefront of the ultrasound field. With the help of the
ultrasonic contrast agent SonoVue tracer and post-processing
technology, real-time dynamic tracking of contrast provides
information on the features of the tumor tissue and blood vessel
perfusion mode, including the time-intensity curve (TIC) (7),
perfusion process, washout features and overall distribution,
which reflect differences in the tumor vessel-associated perfusion time sequence and their spatial distribution. Through
a receiver operating characteristic (ROC) curve analysis,
parameters from the TIC have been indicated to enhance the
diagnostic performance (8).
In recent years, with the rapid development of contrastenhanced ultrasound technology, its clinical value in the
differential diagnosis of liver cancer has been widely
recognized (9). However, its application in diagnosing breast
diseases remains under investigation, and only few studies
have assessed ultrasound imaging parameters in the diagnosis
of associated diseases. In order to improve the differential
diagnosis of benign and malignant breast tumors, the perfusion
characteristics of the real-time contrast-enhanced ultrasound
of breast masses were investigated in the present study.

2064

ZHANG et al: CONTRAST-ENHANCED ULTRASOUND DETECTION

Materials and methods
Study subjects. A total of 125 female subjects were included
in the present study, with a mean age of 42.6±17.3 years,
median age of 34.5 years (range, 12-65 years), who underwent
ultrasound angiography at Ningbo No. 2 Hospital (Ningbo,
China) between August 2015 and August 2017. All of these
patients had a breast mass (single lesion) detected on ultrasound, of which 52 cases had malignant tumors and 73 had
benign lesions, as confirmed by percutaneous biopsy and postoperative pathology. According to the inclusion criteria, lesion
imaging features were selected, and the differential examination for benign and malignant lesions mainly focused on the
early diagnosis. The mass diameter ranged from 9 to 45 mm.
The disease history was carefully checked prior to examination. Prior written informed consent was obtained from each
patient and the study was approved by the Ethics Review Board
of the Ningbo No. 2 Hospital (Ningbo, Zhejiang, China).
Real-time contrast-enhanced ultrasound detection. Realtime contrast-enhanced ultrasound was imaging performed
with the DU8 Color Doppler Ultrasonic diagnostic instrument (EsaoteSpA), equipped with the superficial conventional
linear array probe LA532 with the frequency of 4-13 MHz, as
well as the contrast probe LA532E with the frequency of 4.5-7.5
MHz. SonoVue microbubble contrast agent (Bracco SpA) was
used for detection. Patients were placed in the supine position.
The morphological boundary of the lesion was detected in the
two-dimensional mode and the blood flow distribution within
the lesion was observed using the color and energy Doppler
mode. Intravenous access was established and 2.4 ml SonoVue
was rapidly injected into each patient via the left elbow vein,
followed by rapid injection of 5 ml saline. The contrast mode
was applied and the dynamic development process of the
breast lesion was observed for 3-5 min. The dynamic imaging
acquisition time was >3 min. The morphology of the lesion,
time to initiation of enhancement, time to peak (TTP) and
peak intensity of the TIC were analyzed.
Evaluation criteria. The lesions' morphology on contrastenhanced US and perfusion pattern were assessed, with the
major features observed including whether the lesion shape
was regular, whether the boundary was clear and the distorted
vascular shape, as well as contrast agent distribution, filling
defects and wash-out mode. The enhancement morphology of
each mass was classified, with the major categories including
scattered punctuate enhancement, circular or semi-circular
enhancement, dendritic enhancement, partial enhancement
and overall enhancement. The surrounding tissue was set to
moderate enhancement and the enhancement pattern at different
levels during different time-periods was recorded and analyzed.
Image analysis. The perfusion processes of breast tissue and
lesions was reviewed and analyzed with the in-built acoustic
TIC analysis software (EsaoteSpA). The region of interest of the
breast lesion and surrounding tissue was manually determined
and the TIC was obtained and analyzed. TICs for malignant
and benign breast lesions were generated and analyzed using
the Wash-in/Wash-out software (Qlab HC795041VS; Philips
Medical Systems, Inc.).

Statistical analysis. Values are expressed as the mean ± standard deviation. SPSS 17.0 software (SPSS, Inc.) was used for
statistical analysis. Quantitative data conformed to the normal
distribution. Comparisons were performed using analysis of
variance, the Student's t-test or the c2 test. The area under
the curve (AUC), as well as the sensitivity and specificity of
the ROC were analyzed. P<0.05 was considered to indicate a
statistically significant difference.
Results
Imaging features of contrast-enhanced ultrasound. The
imaging features of contrast-enhanced ultrasound of malignant
and benign breast lesions were analyzed. For the malignant
breast tumors, typical features included irregular shape and
vascular morphology, uneven contrast agent distribution, filling
defects and contrast agent retention, ‘fast-out’ wash-out mode,
unclear boundaries and uneven internal echo. Conversely,
benign lesions were characterized by ‘slow-out’ or synchronous
wash-out mode. The results indicated obvious differences in
the imaging features of contrast-enhanced ultrasound between
the malignant and benign lesion groups (P<0.05; Table I).
TIC analysis of malignant and benign breast lesions.
Parameters of hemodynamics and perfusion for the malignant
and benign breast lesions were next investigated. The results
indicated that, compared with the benign lesions, the perfusion time and TTP were significantly earlier for the malignant
lesions (P<0.05). However, the wash-out time for the malignant
breast lesions was later than that for the benign breast lesions.
Furthermore, compared with those of the benign breast lesions,
a significantly greater PI, rising slope and AUC were observed
for the malignant breast lesions (P<0.05; Table II).
Perfusion performance of malignant and benign breast
lesions. A significantly different enhancement performance
was observed during different time-periods (Fig. 1 and 2).
For the malignant breast lesions, uneven partial enhancement
and overall enhancement were mainly observed. Conversely,
the benign breast lesions were mainly characterized by local
punctuate enhancement, circular enhancement and linear
enhancement. Furthermore, in contrast to the findings based
on angiography, all of the malignant breast lesions exhibited
an enlarged focus scope. The breast cancer group comprised
42 cases with high enhancement, 7 cases with moderate
enhancement and 3 cases with low enhancement. However, the
focus scope enhancement was not obvious for the benign breast
lesions, comprising 25 cases of high enhancement, 13 cases of
moderate enhancement, 29 cases of low enhancement and 6
cases of no enhancement.
TIC morphology analysis of malignant and benign breast
lesions. TICs for malignant and benign breast lesions indicated that 88.4% of the TICs for the malignant breast lesions
were of the fast-rising and slow-declining type, while 75.3
and 17.8% of the TICs for the benign breast lesions were of
the slow-rising and fast-declining and of the fast-rising and
fast-declining type, respectively. Significant differences in the
TIC shapes were observed between the malignant and benign
breast lesion groups (P<0.05; Table III; Fig. 3).
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Table I. Contrast-enhanced ultrasound characteristics of benign and malignant breast lesions.
Feature

Benign lesions (n=73)

Malignant lesions (n=52)

χ2

P-value

Morphology				
Irregular
24 (32.8)
38 (73.1)
19.6
0.0002
Regular
49 (76.2)
14 (26.9)		
Boundary				
Unclear
15 (20.5)
32 (61.5)
21.7
0.0007
Clear
58 (79.4)
20 (38.4)		
Vascular morphology				
Irregular
29 (39.7)
43 (82.6)
22.9
<0.0001
Regular
44 (60.2)
9 (17.3)		
Contrast agent distribution				
Uneven
11 (15.0)
40 (76.9)
48.1
0.0005
Even
62 (84.9)
12 (23.1)		
Filling defects				
Yes
13 (17.8)
46 (88.4)
60.8
0.0002
No
60 (82.1)
6 (11.6)		
Wash-out retention				
Yes
18 (24.6)
48 (92.3)
55.7
0.0001
No
55 (75.3)
4 (7.7)		
Wash-out mode				
Fast-out
8 (10.9)
35 (67.3)
42.7
0.0005
Slow-out or synchronous
65 (89.1)
17 (32.7)		
Values are expressed as n (%).

Table II. Perfusion parameter analysis of malignant and benign breast lesions.
Parameter

Benign (n=73)

Malignant (n=52)

P-value

Perfusion time (sec)
Perfusion intensity (e-0.02)
Time to peak (sec)
Peak intensity (e-0.02)
Wash-out time (sec)
Rising slope (1/sec)
Declining slope (1/sec)

10.34±1.96
4.15±2.03
26.73±7.26
6.73±4.21
103.34±24.67
3.74±2.17
5.04±2.62

5.96±1.47
2.83±1.46
16.38±3.58
10.42±5.47
147.72±30.26
9.42±3.74
4.24±1.69

0.01
0.02
<0.01
0.03
0.01
0.01
0.04

Values are expressed as the mean ± standard deviation. The perfusion time refers to the duration covering the period from the contrast agent
entering the lesion (after the enhanced arterial phase) until the time that there was no significant difference between the lesion and surrounding
normal tissues (after the vein phase).

ROC curve analysis of TIC parameters. ROC curves were
constructed based on the TIC parameters, including peak
intensity, TTP, wash-out time and rising slope. According
to the best threshold principle for ROC analysis (10), the
point with the greatest Youden index (sensitivity + specificity - 1) was considered as the threshold, i.e., a TTP of
≤14.43 sec, wash-out time of ≥149.76 sec and rising slope
of ≥10.55 1/sec. The sensitivity and specificity of the
various parameters for the diagnosis of malignant breast

lesions are presented in Table IV. The results suggested
that the sensitivity of the wash-out time was slightly but
not significantly lower than that of the TTP and the rising
slope (P>0.05). The AUC values for the peak intensity,
TTP, wash-out time and rising slope for the diagnosis of
malignant breast lesions were 0.696, 0.870, 0.841 and 0.816,
respectively. The results indicated that the TTP, wash-out
time and rising slope have a diagnostic value for malignant
breast lesions (Fig. 4).
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Table III. Time-intensity curve shape analysis of malignant and benign breast lesions.
Parameter
Fast-rising and slow-declining
Slow-rising and fast-declining
Fast-rising and fast-declining

Benign (n=73)

Malignant (n=52)

P-value

5 (6.8)
55 (75.3)
13 (17.8)

46 (88.4)
4 (7.6)
2 (3.8)

<0.01
<0.01
0.01

Values are expressed as n (%).

Figure 1. Contrast-enhanced ultrasound performance in a patient with malignant breast lesions. (A) 10 sec: Uneven influx of contrast agent with partial
enhancement. (B) 35 sec: Rich influx of contrast agent with overall enhancement. (C) 60 sec: Slow decline of contrast agent within malignant lesions. In the
two-dimensional black/white image, the black signal indicated the presence of the lesion.

Figure 2.Contrast-enhanced ultrasound performance in a patient with benign breast lesions. (A) 10 sec: Relatively less influx of contrast agent, with punctuate
enhancement. (B) 35 sec: Circular enhancement within the benign lesion. (C) 60 sec: Multiple linear enhancement within the lesion, with fast decline of contrast
agent. In the colored image, stronger signals indicated lesions. In the two-dimensional black/white image, the black signal indicated the presence of the lesion.

Discussion
Breast cancers rank first among malignancies in females
and clinical symptoms are mild at the early stage (11). At the
time-point of diagnosis, breast cancer may have progressed to
the intermediate or late stage, which is associated with high
mortality. Therefore, early disease detection and diagnosis
may provide a marked benefit for breast cancer treatment
and prognosis, as well as the survival rate and quality of life
of affected patients (12). At present, the diagnosis of breast
cancer mainly depends on imaging methods. Along with the
rapid development of imaging technologies in recent years, the
ability of clinicians to differentiate between malignant and
benign breast lesions has markedly improved (13).
The new-generation contrast agent SonoVue is able to
clearly visualize the microcirculation of the breast lesion (14),
making true microcirculation imaging possible (15).
Microcirculation imaging, performed as an additional round
of imaging following the conventional ultrasound, is able to

reflect the blood flow perfusion of normally structured and
tumor tissue (16), under color Doppler and energy Doppler
flow imaging. To date, clinical studies have indicated that
application of contrast agents significantly improves the
diagnostic accuracy for breast lesions. Contrast-enhanced
ultrasound is able to display the microvascular structure in
the diameter range of 20-39 μm (17), and is a reliable method
for the evaluation of the tumor microvascular circulation.
Kettenbach et al (18), indicated that detection of the vascular
morphology by the computer-assisted quantitative assessment of power Doppler US might be one of the most suitable
methods for distinguishing between malignant and benign
breast lesions.
In the present study, the breast lesions whose diagnosis
was not possible by conventional ultrasound were subjected to
contrast-enhanced ultrasound. The enhancement morphology
and perfusion pattern of the breast lesions were analyzed, and
the clinical application value of contrast-enhanced ultrasound
was investigated. All of the included subjects were finally
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Table IV. Sensitivity and specificity analysis of TIC perfusion parameters of malignant and benign breast lesions.
TIC parameter

Sensitivity (%)

1-specifity (%)

Youden index

AUC

Time to peak
Wash-out time
Rising slope

89.7
85.6
72.4

17.4
14.3
26.1

14.43
149.76
10.55

0.870
0.841
0.816

TIC, time-intensity curve; AUC, area under the curve.

Figure 3. TIC morphology analysis of malignant and benign breast lesions. (A) Representative TIC for malignant breast lesions, exhibiting a fast-rising and
slow-declining platform shape. (B) Representative TIC for benign breast lesions of the slow-rising type. TIC, time-intensity curves.

diagnosed by pathology. The focal lesion morphology, lesion
boundaries, vascular morphology within lesions, contrast agent
distribution, wash-out mode and focal range of these malignant
and benign breast lesions were observed by contrast-enhanced
ultrasound detection. In a previous study, irregular radial
boundaries were observed on 84.6% of the malignant breast
lesions on contrast-enhanced ultrasound, while mass lumps
were observed for benign breast lesions, and only 29.4% of
the benign breast lesions had a regular morphology (19). In
a study by Zhao et al (20), 91.1% of malignant breast lesions
exhibited a crab claw-like enhancement, while 83.9% of the
benign breast lesions were homogeneously enhanced. In the
present study, malignant breast lesions were mainly characterized by an irregular appearance and vascular morphology
on contrast-enhanced ultrasound detection, and an uneven
contrast agent distribution with filling defects and contrast
agent retention was observed. Furthermore, the malignant
breast lesions mainly exhibited uneven partial enhancement
and overall enhancement, with the TICs being of the fastrising and slow-declining type, and the fast-out wash-out
mode, as well as unclear boundaries and uneven echo were
common. On the contrary, the benign breast lesions mainly
exhibited local punctuate enhancement, circular enhancement
and linear enhancement, and TICs were of the slow-rising and
fast-declining, and fast-rising and fast-declining types, and
the slow-out or synchronous wash-out modes were mainly
observed.
The TIC represents the dynamic process of contrastenhanced ultrasound, which accurately reflects the differential

Figure 4.Receiver operating characteristics analysis of the time-intensity
curve parameters. PI, contrast agent perfusion starting time/intensity; TTP,
time to peak intensity; WOT, wash-out time; RS, rising slope.

blood perfusion and wash-out processes of malignant and
benign breast lesions. In the present study, TIC analysis
suggested that 88.4% of the TICs of the malignant breast
lesions were of the fast-rising and slow-declining type, which
may be mainly attributed to angiogenesis and abnormal blood
supply within tumors. Abnormal blood vessels are prone to
venous thrombus, which may interfere with the blood supply
and lead to contrast agent retention. Furthermore, the TICs
of 75.3% of the benign breast lesion were of the slow-rising
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and fast-declining type, while 17.8% were of the fast-rising
and fast-declining type. This phenomenon may be due to
the fact that angiogenesis within benign breast lesions may
result from normal blood vessels, or their hyperplasia and
thickening. There was no abnormal vascular network or arteriovenous fistula within the benign lesions, and the normal
venous drainage did not result in any contrast agent retention.
In the ROC analysis, the AUC values for the peak intensity,
time to peak, wash-out time and rising slope were 0.696,
0.870, 0.841 and 0.816, respectively, indicating a satisfactory
clinical value for the time to peak, wash-out time and rising
slope in diagnosing malignant breast lesions. These results
are in accordance with those of a previous study (21). These
phenomena may be explained by the notion that, due to the
rich angiogenesis and blood flow perfusion within masses,
the perfusion parameters reflect the top transient amount of
microbubbles and the flow of contrast agent during a certain
period. Regarding the sensitivity and specificity analysis, the
Youden indexes for time to peak, wash-out time and rising
slope were 14.43, 149.76 and 10.55, respectively, while the
sensitivities were 89.7, 85.6 and 72.4, respectively. As a tool
for authenticity assessment, changes in the Youden index
may provide imaging information for distinguishing between
malignant and benign breast lesions in the clinic. Of note, all
of the three parameters had high sensitivities for diagnosing
malignant breast lesions, indicating that these three indicators may reflect the angiogenesis within the breast masses.
However, the present study was only a preliminary investigation of the diagnostic value of perfusion parameters from
contrast-enhanced ultrasound. Further in-depth studies with
optimized diagnostic indicators and larger sample sizes are
still required in the future.
In conclusion, the present study indicated that the TIC
parameters from contrast-enhanced ultrasound of breast
lesions have promising clinical value in differentiating
between malignant and benign lesions. Time to peak, washout time and rising slope may contribute to the identification of
malignant breast lesions, which may facilitate early treatment
and patient prognosis.
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