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Abstract: The correlation between color Doppler flow imaging

(CDFI) and Superb Microvascular Imaging (SMI) for detecting blood

flow in breast lesions was investigated, as was the diagnostic value of

SMI in differentiating benign from malignant breast lesions.

These lesions were evaluated using both CDFI and SMI according to

Adler’s method. Pathologic examination showed 57 malignant lesions

and 66 benign lesions. The number of blood vessels in a single mass was

detected by 2 techniques (SMI and CDFI), and the difference between

the 2 values (SMI-CDFI) was calculated. The optimal threshold for the

diagnosis of malignant neoplasms and the diagnostic performances of

SMI, CDFI, and SMI-CDFI were calculated.

For the total lesions and malignant lesions alone, the difference

between SMI and CDFI for detecting blood flow was significant

(P< 0.01), but the difference was not significant for benign lesions

(P¼ 0.15). The area under the receiver operating characteristic curve

was 0.73 (95% confidence interval [CI]: 0.64–0.82) for CDFI; 0.81

(95% CI: 0.74–0.89) for SMI; and 0.89 (95% CI: 0.82–0.95) for SMI-

CDFI. Furthermore, the modality of ‘‘SMI-CDFI’’ showed the best

diagnostic performance.

SMI provides further microvessel information in breast lesions. The

diagnostic modality of ‘‘SMI-CDFI’’ can improve the diagnostic per-

formance of ultrasound in the differentiation between benign and

malignant masses.

(Medicine 94(36):e1502)

Abbreviations: CDFIc = olor Doppler flow imaging, CEUS =

contrast-enhanced ultrasound, DCE-MRI = dynamic contrast-
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INTRODUCTION

A major cause of morbidity and mortality in women, breast
cancers, has been found to be highly dependent on angio-

genesis of microvessels for their growth, invasion, and survival.
Furthermore, there is a significant difference in microvascular
architecture between benign and malignant tumors.1 Therefore,
the characteristics of tumor microvessels are of paramount
importance in differentiating between benign and malignant
lesions.2 Currently, breast tumor vascularity can be assessed
by noncontrast-enhanced ultrasonography, such as color Doppler
flow imaging (CDFI), and contrast-enhanced imaging tech-
niques, such as dynamic contrast-enhanced magnetic resonance
imaging (DCE-MRI), contrast-enhanced ultrasound (CEUS), and
dynamic contrast-enhanced computed tomography.3–5 CDFI can
provide information on tumor vascularity associated with breast
malignancy; however, it has been proven to be unreliable in
differentiating benign from malignant breast lesions when com-
pared with the invasive imaging modalities listed above.6,7 The
number of vessels seen with CDFI often indicates the macro-
vascularity of breast cancers, but not the microvasculature. The
vessels which can be observable by pathology such as micro-
vessel density (MVD) but cannot be measured by CDFI are
known as microvascularity.8 Imaging technologies with con-
trast media have been used as an additional imaging modality
when the combination of x-ray mammography and conven-
tional ultrasonography could neither provide sufficient infor-
mation nor be appropriately applied. However, all of these
invasive imaging modalities require a higher cost and operating
skill level.9,10

Therefore, clinically significant challenges exist in detect-
ing small or micro blood flow states without contrast media.
Superb Microvascular Imaging (SMI) is an innovative Doppler
ultrasound technique, specifically for imaging very low flow
states, which can use a unique algorithm that allows visualiza-
tion of minute vessels with slow velocity without using a
contrast agent. To date, no clinical research with SMI technol-
ogy for microvascular evaluation has been reported.11 The
purpose of this study was to elucidate the application of SMI
in evaluating breast tumor vascularity and evaluate the diag-
nostic performance of SMI in differentiating benign from
malignant breast lesions. Furthermore, if a significant differ-
DFI and SMI in diagnostic performance

for breast lesions, it will be determined whether the integration
of SMI into CDFI can improve the diagnostic performance.

MATERIALS AND METHODS
The prospective study design and protocol were approved

by the ethics committee of our institution, and written informed

All patients were notified of the detailed
ovided written informed consent before
udy.
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Patients
From August 2014 to December 2014, 128 women with

145 breast masses who were referred for routine breast ultra-
sound examinations and had ultrasound-visible solid breast
masses were initially recruited in our institution. Nineteen
women who declined pathologic examination and 1 woman
with breast implants were excluded. In total, 108 women with
123 breast masses were finally included. Histopathology of the
123 breast masses was confirmed via ultrasound-guided core
needle biopsy and/or surgical biopsy after needle localization
according to standard clinical protocols. The procedures were
consecutively performed after obtaining ultrasound images.
These 108 patients with breast masses were divided into 2
groups according to the pathologic classification: the benign
lesion group and the malignant lesion group. The benign lesion
group included 52 women (age range 15–54 years, average
34.3� 11.7 years) with 66 lesions, whereas the malignant lesion
group included 56 women (age range 31–69 years, average
52.4� 10.2 years) with 57 lesions. Histologic classification of
the breast tumor tissue and diagnostic standards followed the
World Health Organization histologic classification of breast
tumors (2012 edition).12

Ultrasound Examination
All ultrasound examinations were performed with a high-

frequency transducer (L14-5 Aplio400; Toshiba Medical Sys-
tems Corporation, Tochigi, Japan). To avoid interobserver
variability, all sonographic scanning was performed by 2 radi-
ologists (with >5 years of experience in breast sonography and
CDFI, and 2 months of experience in SMI). A third radiologist
served as a blinded expert (with >10 years of experience in
breast sonography and CDFI, and 3 months of experience in
SMI) in cases of disagreement. Grayscale, CDFI, and SMI
images were obtained during the standard ultrasound appoint-
ment. The combined CDFI, SMI, and grayscale ultrasound
examination time was between 10 and 20 minutes.

A minimum of 2 orthogonal grayscale images of each solid
lesion was obtained. The radiologists who performed the breast
ultrasound recorded the conventional ultrasound features of the
lesion, including the lesion shape, orientation, margin,
boundary, echo pattern, posterior features, effect on surrounding
tissue, calcifications, and special cases.

Then, 2 orthogonal images of each lesion were scanned
slowly with CDFI. The following settings were used for the
CDFI examination: the color velocity scale was adjusted at
<5 cm/s, the wall filter was adjusted at 50 to 100 Hz, the color
gain was adjusted adequately such that the background color
was suppressed and small vessels could be detected, and the
region of interest (ROI) was adjusted to include the lesion and
normal breast tissue adjacent to the lesion. If the patients were
breathing heavily, they were asked to hold their breath during
acquisition. During acquisition, no pressure was applied
through the transducer to prevent the vessels from collap-
sing.13,14 The signal was considered 1 real blood flow signal
on ultrasonography (CDFI or SMI) if pulsed Doppler showed an
arterial flow pattern. The vascularity of the lesion with the
richest vascular images was recorded. Moreover, similar to
CDFI, the standard procedure of SMI was performed. SMI
was available in 2 modes: monochrome (grayscale) and color.
The following settings were used for SMI examination: the
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color velocity scale of SMI was adjusted to 1.0 to 2.0 cm/s, the
color frequency was adjusted to 5 to 7 MHz, and the vascular
information was enhanced by adjusting the time smooth.

2 | www.md-journal.com
Evaluation Indicators
The vascularity of the breast lesion was observed and

recorded using CDFI and SMI, respectively. According to
Adler’s method, the vascularity was subjectively determined
to be absent (grade 0), minimal (grade 1), moderate (grade 2), or
marked (grade 3). The amount of blood flow visualized in ROI
was determined according to the image. In general, if 1 or 2
pixels contained flow (usually <1 mm in diameter), it was
considered minimal flow. If a main vessel was seen in the area
and/or several small vessels were visualized, the blood flow was
judged to be moderate. Breast tissue was classified as having
marked vascularity when 4 or more vessels were visualized.15

Statistical Analysis
For the statistical analysis, to assess the difference between

CDFI and SMI in evaluating vascularity for the same breast
lesion, the degree of blood flow detected by these 2 techniques
according to Adler’s classification was graded and compared
using Ridit analysis. If there was a significant difference
between CDFI and SMI in either the benign lesion or the
malignant lesion group, then the number of vessels detected
by SMI subtracted by the number of vessels detected by CDFI
for the same breast mass would be calculated and thus termed
‘‘SMI-CDFI.’’ Furthermore, a t test was applied to determine
whether the SMI-CDFI was different in the benign versus
malignant groups. A receiver operating characteristic (ROC)
curve was constructed to observe the diagnostic performance of
CDFI, SMI, and SMI-CDFI for differentiating between benign
and malignant breast lesions, using histologic findings as
reference standards and thus providing a breakthrough in the
clinical application of SMI. The optimum threshold value of the
above 3 diagnostic modalities was used as a reference standard,
which was calculated by a ROC plot. The area under the ROC
curve as well as the diagnostic sensitivity and specificity was
calculated after determining a cutoff value by analyzing the
ROC curve for CDFI, SMI, and SMI-CDFI. A pathological
diagnosis was used as the ‘‘gold standard’’ for evaluating the
diagnostic performance of SMI-CDFI. The sensitivity was
calculated as TP/(TPþFN) and the specificity as TN/
(TNþFP), where TP represented the number of true-positive
findings, TN represented the number of true-negative findings,
FP represented the number of false-positive findings, and FN
represented the number of false-negative findings.

In a subset of 30 patients, an additional observer produced
a further set of CDFI and SMI images by 2 independent
radiologists. These 2 radiologists were blind to the data gener-
ated by each other. To assess the reproducibility of the deter-
mined vascularity between the 2 observers, the k-coefficient and
intraclass correlation coefficient were calculated.

The software package SPSS for Windows 13.0 (SPSS Inc,
Chicago, IL) was used for the statistical data analysis. Con-
tinuous data were expressed as the mean� standard deviation.
A P value of <0.05 was considered statistically significant.

RESULTS

Reproducibility
The intraobserver reproducibility in a subset of 30 lesions

between Adler’s grade of CDFI or SMI acquired by 2 inde-
pendent operators was assessed. The k-coefficients of CDFI and
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SMI were 0.76 and 0.82. The intraclass correlation coefficients
of the number of blood flow signals detected by SMI and CDFI
between 2 independent operators were 0.86 and 0.87. In the
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TABLE 2. The Degree of Blood Flow of 123 Lesions, According
to Adler’s Method [No. (%)]

All Masses Grade 0 Grade I Grade II Grade III

SMI 20 (16.26) 25 (20.33) 23 (18.70) 55 (44.71)
CDFI 31 (25.20) 33 (26.83) 25 (20.33) 34 (27.64)

CDFI¼ color Doppler flow imaging, SMI¼Superb Microvascular
Imaging.

Ridit analysis revealed there was a significant difference between
SMI and CDFI on detecting blood flow of all breast lesions (P< 0.01).

TABLE 3. The Degree of Blood Flow of 66 Benign Lesions,
According to Adler’s Method [No. (%)]

Benign Masses Grade 0 Grade I Grade II Grade III

SMI 18 (27.27) 21 (31.82) 14 (21.21) 13 (19.70)
CDFI 26 (39.39) 19 (28.79) 11 (16.67) 10 (15.15)

CDFI¼ color Doppler flow imaging, SMI¼Superb Microvascular
Imaging.

Ridit analysis revealed there was no significant difference between
SMI and CDFI on detecting blood flow of breast benign lesions

Superb Microvascular Imaging for Breast Lesions
subgroup, there was good agreement between 2 independent
operators. Compared with the entire study population, this
subset showed no significant difference in terms of origin
(symptomatic or screening), lesion size, or whether the lesions
were benign or malignant.

Adler’s Classification
Of the 123 studied breast lesions, histopathological

analysis revealed 66 (53.7%) benign lesions and 57 (46.3%)
malignant lesions. The benign lesions included fibroadenoma
(n¼ 26), mammary adenosis (n¼ 18), adenomatous hyperpla-
sia (n¼ 10), papilloma (n¼ 5), mastitis (n¼ 5), and benign
phyllodes tumor (n¼ 2). The malignant lesions included inva-
sive ductal carcinoma (n¼ 47), ductal carcinoma in situ (n¼ 4),
invasive lobular carcinoma (n¼ 3), malignant phyllodes tumor
(n¼ 2), and tubular carcinoma (n¼ 1). The mean diameter of
the benign lesions was 2.1� 1.4 cm (range 0.6–5.4 cm). The
mean diameter of the malignant lesions was 2.4� 1.4 cm (range
0.9–6.0 cm). The histopathological features and the diagnosis
of the breast lesions are listed in Table 1. The degrees of blood
flow of all the lesions were graded from 0 to 3 according to
Adler’s method, and the results are shown in Table 2. Ridit
analysis indicated that the difference between SMI and CDFI in
detecting the blood flow of all lesions was statistically signifi-
cant (RSMI¼ 0.55, RCDFI¼ 0.45, u¼ 2.89, P< 0.01), suggesting
that compared with CDFI, SMI was more sensitive in detecting
levels of blood flow that were higher than grade 1. Likewise, for
the malignant lesions, the difference between SMI and CDFI
was also significantly different (RSMI¼ 0.58, RCDFI¼ 0.41,
u¼ 3.71, P < 0.01), and the results are indicated in Table 4.
In other words, when compared with CDFI, SMI was more
sensitive in detecting higher-level blood flow (grade 3). How-
ever, for the benign lesions, there was not a significant differ-
ence between SMI and CDFI in detecting the blood flow
(RSMI¼ 0.53, RCDFI¼ 0.47, u¼ 1.43, P¼ 0.15), and the results
are provided in Table 3.

The Number of Blood Flow Signals Detected by
SMI and CDFI

For all of the breast lesions, the number of blood flow
signals detected by SMI was equal or greater than the number
detected by CDFI, regardless of the pathological type. For the
benign lesion group, the mean number of vessels detected by
CDFI was 1.65� 1.79 (range 0–6), and that by SMI was
2.73� 2.63 (range 0–9); the mean value of SMI-CDFI in the
benign lesion group was 1.08� 0.98 (range 0–3) (Figure 1). In
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contrast, for the malignant lesion group, the mean number of
vessels detected by CDFI was 3.30� 2.16 (range 0–9), whereas
that by SMI was 6.79� 3.75 (range 0–15); the mean value of

TABLE 1. Histopathological Analysis

Benign Lesions No. (%)

Fibroadenoma 26 (39.39)
Mammary adenosis 18 (27.27)
Adenomatous Hyperplasia 10 (15.15)
Papilloma 5 (7.58)
Mastitis 5 (7.58)
Benign phyllodes tumor 2 (3.03)
Total 66

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
SMI-CDFI in the malignant lesion group was 3.50� 1.90 (range
0–9) (Figure 2). There was a significant difference between the
benign lesion group and the malignant lesion group in the value
of SMI-CDFI (t¼ 9.03, P < 0.01). The above results indicate
that compared with CDFI, SMI was more sensitive in detecting
the vascular flow of malignant lesions. The insufficient vascu-
larity of benign breast tumor may account for the lack of
significant difference between SMI and CDFI in detecting
the blood flow according to Adler’s method.

Comparison of Diagnostic Performance: CDFI,
SMI, and SMI-CDFI

ROC curve analysis was used to identify the threshold
required to differentiate the malignant from benign lesions. The
optimum threshold value calculated by constructing the ROC

(P¼ 0.15).
was 2.5 for CDFI, 4.5 for SMI, and 2.5 for SMI-CDFI, which
were rounded to 3 for CDFI, 5 for SMI, and 3 for SMI-CDFI as
the cutoff values to differentiate malignant lesions from benign

Malignant Lesions No. (%)

Invasive ductal carcinoma 47 (82.46)
Ductal carcinoma in situ 4 (7.02)

Invasive lobular carcinoma 3 (5.26)
Malignant phyllodes tumor 2 (3.51)

Tubular carcinoma 1 (1.75)

57
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TABLE 4. The Degree of Blood Flow of 57 Malignant Lesions,
According to Adler’s Method [No. (%)]

Malignant Masses Grade 0 Grade I Grade II Grade III

SMI 2 (3.51) 4 (7.02) 9 (15.79) 42 (73.68)
CDFI 5 (8.77) 14 (24.56) 14 (24.56) 24 (42.11)

CDFI¼ color Doppler flow imaging, SMI¼Superb Microvascular
Imaging.

Ridit analysis revealed there was a significant difference between
SMI and CDFI on detecting blood flow of breast malignant lesions
(P< 0.01).

Ma et al
lesions. Thus, the area under the ROC curve for CDFI was
0.73� 0.05 (SE), (95% confidence interval [CI]: 0.64–0.82),
providing 66.7% sensitivity and 68.2% specificity, and the area
under the ROC curve for SMI was 0.81� 0.04 (SE), (95% CI:
0.74–0.89), providing 73.7% sensitivity and 80.3% specificity.
Regarding SMI-CDFI, the area under the ROC curve was
0.89� 0.03 (SE), (95% CI: 0.82–0.95), providing 86.0% sen-

sitivity and 86.4% specificity. The diagnostic modality of

‘‘SMI-CDFI’’ showed the best diagnostic performance among
the 3 modalities.

DISCUSSION
The topic of the vascularity of breast tumors is always a

focus in the field of breast cancer research. As an easy, effective
imaging modality that has been widely applied in clinical
practice, the vascular assessment of CDFI can provide infor-
mation on the degree of vascularization, which correlates with
the biological behavior of the breast tumor. However, a variety
of enhanced imaging techniques for breast tumor vasculature

including DCE-MRI and CEUS have been proven to be more
sensitive than CDFI. DCE-MRI and CEUS most likely improve
the sensitivity and specificity for detecting breast cancer by

FIGURE 1. A 38-year-old woman with fibroadenoma. The vascularity
showed that 1 vessel was detected, which was grade 1 according to A
using SMI (B), and the map showed that 1 vessel was detected, which w
imaging, SMI¼ Superb Microvascular Imaging.
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focusing on the consequences of tumor angiogenesis: the
increased MVD with altered vascular characteristics. Tumor
angiogenesis is a basis for discriminating between benign and
malignant tumors. The detection of vascularization in the
lesions has shown a significant association with malig-
nancy.16,17 However, CDFI is limited by its angular dependency
and poor signal-to-noise ratios, and it is often unable to evaluate
flow signals from small vessels (<1 mm) in which the flow is
low (3–5 cm/s)18; however, the microvessels could usually be
observable by pathologic examination. This flow approximately
equals the tissue motion velocity, making the technique difficult
to distinguish real blood flow from motion artifacts caused by,
for example, patient breathing. As a result, some authors found
that vascularity detection via CDFI was not useful as the main
sign for malignancy.17 Moreover, there could be considerable
overlap with benign lesions. The vessel which can be measured
by SMI but not by CDFI is regarded as microvessels in
our study.

With the improvement of ultrasound technology, the SMI
mode allows radiologists to visualize the microvascular patterns
of lesions in detail without the additional use of a contrast
agent.19 As a novel imaging technology, SMI is different from
conventional CDFI in assessing microvessels of breast tumors.
SMI focuses on detecting microvessel blood flow, which is
intimately associated with tumor angiogenesis. When using the
imaging modality of ‘‘SMI-CDFI’’ with a cutoff value of 3 as a
sign of malignancy, SMI-CDFI showed better diagnostic per-
formance than that of SMI or CDFI alone. The above results
suggest that as a new diagnostic modality for differentiate breast
lesions, SMI-CDFI could represent a favorable discriminator
and that SMI could make up the deficiency of CDFI in
distinguishing low-velocity blood flow from motion artifacts.
It has been demonstrated that the amount of blood flow visual-
ized by SMI was markedly more than (�3) that visualized by
CDFI in microvessels that are highly suggestive of malignancy.

Blood flow was better visualized with SMI (83.7%) than
with CDFI (74.8%), and some tumor vessels could be detected

Medicine � Volume 94, Number 36, September 2015
only with SMI. Moreover, SMI presented higher resolution than
CDFI in revealing microvascular flow signals and the vascu-
larization of malignant breast tumors. Therefore, this finding

of the breast mass was investigated using CDFI (A), and the map
dler’s method. The vascularity of the breast mass was investigated
as grade 1 according to Adler’s method. CDFI¼ color Doppler flow

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



FIGURE 2. A 36-year-old woman with invasive ductal carcinoma. The vascularity of the breast mass was investigated using CDFI (A), and
the map showed that 4 vessels were detected, which were grade 3 according to Adler’s method. The vascularity of the breast mass was

we
ma
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provided us with the important caveat that some malignant
lesions may also be in a high-functioning metabolic state in
which detection is not possible by CDFI. It was presumed that
this phenomenon was caused by the different imaging principles
on which the 2 techniques are based. CDFI applies a wall filter
to remove clutter and motion artifacts, resulting in a loss of low-
flow components. SMI can analyze clutter motion, and uses a
new adaptive algorithm to identify and remove tissue motion
and reveal true blood flow. In addition, CDFI was developed
with the primary goal of visualizing blood flow at higher
resolution. Moving beyond this goal, SMI is able to visualize
lower-velocity blood flow as well. The most significant problem
in the detection of low-velocity blood flow is the presence of
extraneous Doppler signals (motion artifacts) arising from
nearby structures; CDFI is unable to distinguish these motion
artifacts from actual blood flow. However, we analyzed the
characteristics of such motion artifacts and successfully
extracted only the clinically relevant information with SMI.
In contrast, for benign lesions, the SMI results showed no
significant improvement over those of CDFI. This was because
benign lesions naturally have much lower vascularity. This
finding also agreed with the nature of angiogenesis of tumors.

Our study first proposed the diagnostic modality of SMI-
CDFI and applied this modality in preliminary clinical practice.
The diagnostic accuracy determined by SMI-CDFI in this study
suggests that SMI is a potentially valuable technique for
differentiating benign from malignant breast lesions by detect-
ing microvascular signals. However, our results showed 8 false-
negative cases, including 3 ductal carcinomas in situ, 3 invasive
ductal carcinomas, 1 invasive lobular carcinoma, and 1 tubular
carcinoma. These false-negative findings may result from
special pathological conditions or limitations of the imaging
technique. Doppler imaging is mainly dependent on the pre-
sence of posterior acoustic shadowing, the tumor size, and the
presence of necrotic areas. As a consequence of rapid growth of
malignant parenchyma, some certain areas of breast tumor may
be necrosis which result from the absence of vascular supply. It
is generally believed that there is no observable CDFI signal in
the necrotic areas.20 Similarly, if a hypoechoic area showed

investigated using SMI (B), and the map showed that 7 vessels
CDFI¼ color Doppler flow imaging, SMI¼Superb Microvascular I
little flow on SMI in a breast lesion, it would be highly
suggested that the lesion is aggressively malignant. For these
false-negative cases, dynamic-enhanced MRI would make up

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
for the deficiency of the novel Dopper technique, which may
show the interstitial enhancement from vessel leakage in the
areas of necrosis.21 Moreover, the breast is not a homogeneous
organ, but is rather composed of fat tissue and glands. Breast
tissue can roughly be classified as dense and not dense tissue.
The dense gland structure and breast cancers with deep lesions
may have unfavorable effects on ultrasound detection of blood
flow. In addition, there were 9 false-positive results, including 4
cases of mastitis, 2 cases of benign phyllodes tumor, 2 fibroa-
denomas, and 1 papilloma. Du et al22 reported that some
phyllodes tumors and mastitis were rich in vascularity, which
may account for our results. Furthermore, the mean diameter of
the 9 ‘‘false positive’’ benign lesions was 3.34� 1.33 cm,
suggesting that breast benign lesions with higher vascularity
generally tended to be larger than the benign lesions with
lower vascularity.

The present study had several limitations that should be
solved in a future study. First, the study included a relatively
small sample size of patients. A prospective clinical study with a
larger scale would be needed to more accurately quantify the
optimal threshold of SMI-CDFI for differentiating benign from
malignant breast lesions. Second, the gold standard for measur-
ing vascularity is currently a histological estimation of the
MVD23; however, evaluations of the MVD were not available
for all lesions, but this measure could be considered in our future
study for a more rigorous analysis. Third, Power Doppler
sonography, which is based on the total integrated Doppler
power spectrum, may be more sensitive for detecting low-
velocity blood flow than CDFI.24 However, Power Doppler
was not evaluated. In practice, grayscale ultrasound can clearly
show the echo, shape, and boundary of breast lesions, providing
preliminary diagnostic information for differentiating the
malignancy of breast masses. The combined diagnostic per-
formance of grayscale ultrasound and SMI may improve the
diagnostic accuracy of malignancy. Therefore, a specific guide-
line for the combination of BI-RADS category in grayscale
ultrasound and SMI features should be provided in the future.

In conclusion, although CDFI and SMI were capable of
evaluating breast tumor angiogenesis, our study revealed that

re detected, which were grade 3 according to Adler’s method.
ging.
SMI was more sensitive than CDFI for revealing microvascular
blood flow and vascularization of malignant breast tumors.
Owing to their native differences in detecting resolution,
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SMI can provide detailed microvascular information that is
completely invisible in CDFI images. Therefore, as a none-
nhanced imaging technique, SMI provided important infor-
mation on tumor vascularity; moreover, the diagnostic
modality ‘‘SMI-CDFI’’ drawn from our study is a promising
option for differentiating breast tumors. The application of SMI
in monitoring the dynamic changes in angiogenesis under
neoadjuvant chemotherapy for breast cancers could also be
part of future research.
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