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Abstract: The present study aimed to evaluate one-sided increased vascularity in contrast-enhanced breast MRIs
in differential diagnosis of benign and malignant breast lesions. A total of 36 patients with breast lesions were
included. They were examined by MRIs and tissue samples were subjected to pathological diagnosis. Maximum
intensity projections (MIPs) were scored, according to a previously published method. Differences in vascularity between benign and malignant breast lesions were analyzed and compared. According to MRIs for these 36 patients,
there were 36 lesions (14 benign and 22 malignant lesions based on histological detection). The mean vessel
number in breasts with malignant lesions was 4.0 ± 1.5, significantly higher than in breasts with benign lesions
(2.2 ± 1.6 vessels). Mean MIP scores for breasts with malignant and benign lesions were 2.4 ± 0.5 and 1.6 ± 0.8,
respectively. Moreover, overall sensitivity and specificity percentages of one-sided increased vascularity associated
with ipsilateral malignancy were 100% and 36%, respectively. Based on morphologic and kinetic data analysis, sensitivity and specificity of breast MRIs were 100% and 64%, respectively. However, according to morphologic, kinetic,
and vascular map analyses, sensitivity and specificity of breast MRIs were 100% and 57%, respectively, without
increased specificity. Vessel numbers and mean MIP scores differed between breasts with benign and malignant
lesions. Therefore, ipsilateral increased vascularity might be a reliable sign for differentiating benign and malignant
breast lesions.
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Introduction
Dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI) has gradually become
a more important method in the diagnosis and
management of breast lesions. DCE-MRI has
been increasingly used in detecting malignant
lesions (which are difficult to detect in the mammographically dense breast tissue), differentiating benign lesions from malignancies, preoperative local tumor staging, predicting and
monitoring the response of breast cancer
patients to neoadjuvant chemotherapy, differentiating residual or recurrent tumors from surgery/radiotherapy-induced scars, and screening of patients with a high risk for breast cancer
[1].
In clinic, MRIs present a high-resolution and
non-invasive 3D detection method. For DCE-

MRIs, the detection sensitivity for breast carcinoma would be up to 94%-100%, especially for
invasive breast cancers (almost 100%) [2].
However, values of detection specificity are relatively more variable, ranging from 20% to
100% [3-8]. Therefore, more and more novel
MRI techniques have been developed for diagnosis and management of breast lesions, especially with improved overall specificity. Previous
studies have shown that breast cancers might
be associated with higher ipsilateral vascularity
[9, 10].
Breast cancer is a vascular-dependent disease.
Its angiogenic properties could be reflected by
DCE-MRIs. In fact, increased blood vessels in
breast tumors have been indicated by color
Doppler ultrasonography and positron emission
tomography [11, 12]. However, this association
has not yet been well established as a criterion
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and further investigation is certainly required.
In this prospective study, the diagnostic utility
of vascular map analysis in dynamic breast MRI
was investigated. Its specific contribution to differential diagnosis of enhancing lesions in DCEMRIs was discussed.
Materials and methods
Study design and study subjects
For this prospective study, a standard protocol
was tailored to determine the diagnostic utility
of vascular map analysis in dynamic breast
MRIs, as well as its contribution to differential
diagnosis of enhancing lesions in DCE-MRIs. To
ensure data objectiveness, vascular maps of
patients were analyzed and scored by two experienced analysts, with no information about
clinical outcomes nor mammographic or ultrasonographic imaging data. Histopathology was
used as a reference standard. Overall sensitivity, specificity, accuracy, PPV (positive predictive value), and NPV (negative predictive value)
values of one-sided increased vascularity,
associated with ipsilateral malignancy, were
calculated. Comparison of breast vessels
between malignant and benign lesions was
also performed.
A total of 36 consecutive patients, aged 23-68
years (with an average age of 45.0 ± 13.4
years), with 36 enhancing lesions, were included in this study. They were admitted from
August 2016 to December 2017. The only inclusion criterion was the detection of breast
lesions mammographically, ultrasonographically, or clinically. For each of these patients,
mastectomy or lumpectomy was performed 2
to 14 days after DCE-MRIs. They were then
diagnosed and confirmed by pathological
detection. Prior written and informed consent
was obtained from each patient and the study
was approved by the local Ethics Review Board.
Breast MRI protocol
All patients were subjected to breast MRIs,
in the prone position, with the breast fixed in
the double breast coil. MRIs were performed
with the 3.0 T system (Siemens Symphony,
Erlangen, Germany). Using the double breast
coil, comparisons could be conducted between
the two breasts within one image. Imaging protocol included a localizer followed by the transverse turbo-spin echo T2-weighted sequence. It
also included Short Time Inversion Recovery
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(STIR), three-dimensional (3D) fast low angle
shot imaging (FLASH) T1-weighted sequence
without fat suppression, and the sagittal
T2-weighted STIR sequence. Dynamic examinations with serial imaging were performed using
the 3D transverse FLASH T1-weighted sequence, with fat suppression. One pre- and five
post-contrast sequences for DCE-MRIs were
acquired.
After the first pre-contrast sequence, an intravenous bolus injection of gadopentetate
dimeglumine was given (0.1 mmol/kg body
weight) using an automatic injector. It was given
at a rate of 2 mL/s, followed by a flush of 20 mL
saline. The total acquisition time of the dynamic study was 6.7 minutes. Post-processing was
performed by creating the subtraction images
of each post-contrast sequence and maximum
intensity projection (MIP) images. The breast
blood vessels were clearly imaged in the transverse and coronal MIP images.
MRI data analysis
MRI data were analyzed on the post-processing
workstation (Siemens Medical Solutions). The
first post-injection phase images were analyzed. These are the best for showing the angiographic vascular map [13]. Transverse and coronal MIP images were analyzed by two analysts,
with over 5 years of experience in breast radiology. They were not given patient clinical and
imaging data (such as mammographic and
ultrasonographic information). Breast MIP reconstruction was scored using the one-on-one
format, free windowing, electronic magnification, and distance measurement.
According to an approach previously proposed
by Sardanelli et al., the vessel number, size,
length, and conspicuity were scored from 0
(absent or low breast vascularity) to 3 (high
breast vascularity). Scores of 2-3 were regarded as increased breast vascularity, which were
associated with ipsilateral cancer. In each
breast, vessels with a length ≥ 3 cm and maximal transverse diameter ≥ 2 mm were counted,
scored as follows: 0, complete absence of vessels or presence of vessels with length < 3 cm
and maximal transverse diameter < 2 mm; 1,
low vascularity (only one vessel with a length ≥
3 cm and maximal transverse diameter ≥ 2
mm; 2, moderate vascularity (two to four vessels with length ≥ 3 cm and maximal transverse
diameter ≥ 2 mm); and 3, high vascularity (five
or more vessels with length ≥ 3 cm and maxiInt J Clin Exp Med 2019;12(4):4100-4107
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Table 1. MIP scores for breasts with benign
and malignant lesions
MIP score
Benign
Malignant
Total

0
0
0
0

1
7
0
7

2
5
11
16

3
2
11
13

Total
14
22
36

Whitney U-test. Differences in sensitivity, specificity, accuracy, PPV, and NPV, evaluated by different methods, were assessed by the χ2 test. P
< 0.05 indicates statistical significance.
Results
Pathological findings and vascularity of all
lesions
According to MRI detection, for the 36 enrolled
patients, there were 36 breast lesions, including 14 benign and 22 malignant lesions (based
on the histological detection). In the 14 benign
breast lesions, there were 4 cases of cyclomastopathy, 1 case of chronic inflammation with
abscess formation, 1 case of lacteal cyst, 1
case of intraductal papilloma, 2 cases of mammary duct dilation, and 5 cases of fibroadenoma. In the 22 malignant breast lesions, there
was 1 case of phyllodes tumor, 2 cases of intraductal carcinoma with partial infiltration, 3
cases of intraductal carcinoma in situ, and 16
cases of invasive breast ductal carcinoma.

Figure 1. A patient with a palpable lump in the left
breast detected by palpation. Transverse MIP image shows low vascularity. Histopathologic report
revealed fibroadenoma.

mal transverse diameter ≥ 2 mm) [14]. Differences in vascularity were compared between
benign and malignant breast lesions, with histopathology as a reference standard.
Histopathological diagnosis
After DCE-MRIs, the patients were subjected to
surgical excisions. Histopathological examinations were performed on their breast lesions.
Histopathological diagnosis was determined by
two pathologists with over 10 years of experience in breast histology. The breast lesions
were histopathologically classified as malignant and benign, respectively. Vascular asymmetry was a true-positive finding when malignant lesions with increased ipsilateral vascularity were histopathologically diagnosed.
Statistical analysis
SPSS 19.0 software was utilized for statistical
analysis. Differences in mean vessel numbers
and MIP scores between benign and malignant
breast lesions were analyzed using the Mann
4102

To observe the vascularity of all lesions, vessel
number and MIP scores were calculated.
Results showed that the average vessel number in breasts with malignant lesions was 4.0 ±
1.5, significantly higher than in breasts with
benign lesions (2.2 ± 1.6) (P < 0.01). Moreover,
the average MIP score for breasts with malignant lesions was 2.4 ± 0.5, with an average
MIP score of 1.6 ± 0.8 for breasts with benign
lesions (P < 0.01) (Table 1) (Figure 1). Moreover,
cancer was found with moderate and high vascularity (scores 2 and 3) (Figure 2A-D). Present
results suggest that one-sided increased
breast vascularity might be closely related to
ipsilateral breast cancer, especially in breasts
with high vascularity.
Diagnostic performance based on vascular
mapping and morphologic and kinetic data
analysis
To observe the diagnostic performance of vascular maps, the related values were analyzed.
Results showed that overall sensitivity, specificity, accuracy, PPV, and NPV values for one-sided increased vascularity, associated with ipsilateral malignancy, were 100% (22/22), 36%
(5/14), 75% (27/36), 71% (22/31), and 100%
(5/5), respectively (Table 2). Based on morphologic and kinetic data analysis, sensitivity,
specificity, accuracy, PPV, and NPV values were
Int J Clin Exp Med 2019;12(4):4100-4107
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Figure 2. A-D. A 63 year-old patient with a palpable lump in the right breast detected by palpation. A. Fat-suppressed
T2-weighted axial breast MR image revealed an 18 mm × 15 mm irregular lobulated nodule in the right breast
with peritumor edema. B. The lesion showed moderate vascularity on the MIP. C. Fat-suppressed T1-weighted axial
contrast-enhanced breast MR image shows the lesion with heterogenous enhancement. D. The lesion shows type
III enhancement kinetics. Histopathologic report revealed invasive ductal carcinoma.

Table 2. One-sided increased breast vascularity as an
indicator of ipsilateral breast cancer
Histopathologic reference-standard result
Positive
Negative
Total
Positive (scores 2+3)
22
9
31
Negative (scores 0+1)
0
5
5
Total
22
14
36
Ipsilateral increased
vascularity

100% (22/22), 64% (9/14), 86% (31/36), 81%
(22/27), and 100% (9/9), respectively. Based
on morphologic, kinetic, and vascular map
analysis, sensitivity, specificity, accuracy, PPV,
4103

and NPV values were 100% (22/22),
57% (8/14), 83% (30/36), 79%
(22/28), and 100% (8/8), without
increased specificity (P > 0.05). Present results suggest that the diagnostic performance of vascular mapping
was limited.

According to Sardanelli scoring, all 22
malignant lesions were correctly diagnosed. A total of 7 malignant lesions showed
peritumor edema. For the 14 benign lesions,
however, 9 were found in breasts with moderate and/or high vascularity (scores 2 and 3,
Int J Clin Exp Med 2019;12(4):4100-4107
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which would be a malignancy according to
Sardanelli scoring) and 5 were diagnosed as
malignancies based on morphologic and kinetic data analysis. In one case with fibroadenoma
misdiagnosed as a malignancy, according to
Sardanelli scoring, the diagnosis based on
DCE-MRI was consistent with pathological findings. Present findings suggest that application
of Sardanelli scoring did not contribute to
increased specificity.
Discussion
Breast MRIs have always been considered
adjunct tools to conventional mammography.
Clinical indications for breast MRIs mainly
include: (1) Detecting primary breast lesions for
patients with axillary lymph node adenocarcinoma confirmed by biopsy (while with normal
physical examination and negative breast
mammography); (2) Assessing the disease
extent in dense breast tissues that other methods cannot reveal for patients with breast cancer (identified by biopsy); (3) Determining the
spatial extent of breast cancer; (4) Identifying
multifocal and multicentric lesions in dense
breasts; and (5) Defining the disease extent in
patients with locally advanced breast cancer.
With the improvement of specificity, breast
MRIs should become more widely applied.
Breast cancer is a vascular-dependent disease. Angiogenesis not only plays an extremely
important role in tumor growth and development, but is also closely related to tumor invasion and metastasis. Characteristics of breast
tumor blood vessels mainly include structural abnormalities of blood capillary walls,
increased permeability of intra-tumoral vascular endothelial cells, and arteriovenous communication of tumor blood vessels (resulting in
short circuit). In contrast, malignant tumors will
secrete angiogenesis factors (such as vascular
endothelial growth factor, VEGF) which promote differentiation and generation of tumor
capillaries, with increased tumor blood vessels. In turn, increased tumor blood vessels will
accelerate tumor growth. Thus, tumor angiogenesis, increased microvessel density (MVD),
and capillary permeability provide the physiological basis for diagnosis of breast cancers
[15, 16]. DCE-MRIs can reflect angiogenic properties of breast cancers. Transverse and coronal MIP images of breasts could directly and
clearly indicate lesions and vessels. Increased
4104

breast vascularity has been correlated with
abundant blood supply from arterioles and
angiogenic activity. This includes variable VEGF
expression from tumor cells, which is a complex
result from tumor angiogenesis and the microcirculatory environment [17-19].
Present study results showed that one-sided
increased breast vascularity was closely associated with ipsilateral breast cancer, especially
in breasts with high vascularity. All of the cancers were found in breasts with moderate and/
or high vascularity (scores 2 and 3), whereas no
cancer was found in breasts with absent and/
or low vascularity (scores 0 and 1). Differences
in average vessel numbers between breasts
with benign and malignant lesions were
observed. However, results showed that onesided increased breast vascularity could be
seen not only in malignant breast lesions but
also in benign ones. Two breasts with benign
lesions were scored as 3. However, there were
no statistically significant differences in mean
MIP scores between breasts with benign and
malignant lesions, according to pathological
examinations. It was implied that the vessel
scoring system could be further improved. In
specific, breasts having two vessels with a
length ≥ 3 cm and maximal transverse diameter ≥ 2 mm could be scored as 2, indicating
moderate vascularity. Present results showed
that 5 breasts with benign lesions and 11
breasts with malignant lesions were scored as
2, all of which would be regarded as malignant
lesions according to Sardanelli scoring.
In these 36 lesions, 6 patients with benign
lesions were overestimated as malignancies
by both DCE-MRIs and Sardanelli scoring. The
histopathological report indicated 1 case of
chronic inflammation with abscess formation, 1
case of lacteal cyst, 1 case of intraductal papilloma, 1 case of cyclomastopathy, and 2 cases
of mammary duct dilation. In the case with
fibroadenoma, misdiagnosed as a malignancy
according to Sardanelli scoring, diagnosis
based on DCE-MRIs was consistent with pathological findings. In situations where DCE-MRIs
and Sardanelli scoring are not in agreement, it
would be difficult to figure out which one would
be more reliable. Morphologic and kinetic data
analysis should be performed first, supplemented by vascular map analysis. In addition,
focal edema is commonly associated with
malignancy, except for previous procedures,
Int J Clin Exp Med 2019;12(4):4100-4107
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including biopsy and surgery. Present results
suggest that specificity, based on morphologic,
kinetic, and vascular map analysis, did not
increase, compared with that based on morphologic, kinetic, and vascular map analysis
alone.
Association between one-side increased vascularity on vascular maps and ipsilateral cancer has been previously reported [10]. Sardanelli et al. [14] retrospectively scored the
breast vascularity on MIPs. They obtained an
overall sensitivity, specificity, accuracy, PPV,
and NPV of 88% (44/50), 82% (14/17), 87%
(58/67), 94% (44/47), and 70% (14/20),
respectively, for one-sided increased vascularity as an indicator for ipsilateral malignancy.
Moreover, they retrospectively compared three
different doses of gadobenate dimeglumine
(i.e., 0.05, 0.10, and 0.20 mmol/kg) for MRI
evaluation of breast vessels. They concluded
that effective doses for MRI evaluations of
breast vessels could be as low as 0.05 mmol/
kg.
Recently, Schmitz et al. [20] studied 54 patients (25 cases of malignancies and 31 cases
of benign lesions) that underwent contrastenhanced 3.0 T breast MRIs after administration of 0.1 mmol/kg gadobutrol. Results
showed sensitivity, specificity, accuracy, PPV,
and NPV values of 100% (25/25), 74% (23/31),
86% (48/56), 76% (25/33), and 100% (23/23),
respectively. After adjusting for breast vascularity, the specificity was significantly increased to
87% (27/31), with sensitivity not affected. PPV
increased to 86% (25/29), NPV increased to
100% (27/27), and accuracy increased to 93%.
Compared with the above specificity, lower values were obtained in present findings. This discrepancy might be partially explained by atypical imaging features of some benign lesions
and the overlap of enhancement patterns
between benign and malignant lesions.
In this study, patients were administrated with
a bolus injection of 0.1 mmol/kg gadopentetate
dimeglumine. Sardanelli et al. [21] concluded
that gadobenate dimeglumine is effective for
MRI evaluations of breast vessels at doses as
low as 0.05 mmol/kg. Some comparative studies have indicated that gadobenate dimeglumine shows higher contrast efficacy for MR
angiography [22-24]. Gadobenate dimeglumine
differs from the conventional gadolinium-based
4105

contrast agents in that it possesses a two-fold
higher T1 relaxivity in vivo because of weak and
transient interactions between the gadolinium
chelate and serum albumin. Increased T1 relaxivity could be transformed into greater contrast
enhancement, which greatly contributes to
improvements in detection, visualization, and
delineation of lesions in clinic [25, 26]. Goyen
et al. [27] showed that MRA image quality for
total-body MRA provided by the administration
of gadobutrol is superior to that obtained by
gadopentetate dimeglumine. However, other
studies have shown that gadopentetate dimeglumine might be appropriate for depicting ipsilateral higher vascularity [10]. Indeed, the blood
vessels of breasts were clearly shown in present cases administrated by an injection of
gadopentetate dimeglumine. Of course, further
in-depth studies are required to determine the
superiorities of these contrast agents [28-30].
There were several limitations to the present
study. First, the patient size was relatively
small. Patients included were all from candidates with breast lesions detected with mammography, ultrasonography, or clinical impression. Whether these results could be suitable
for lesions diagnosed by DCE-MRI requires further investigation. Second, evaluation of breast
vascular maps was performed without masking
the enhancing lesions. This might have introduced bias in the assessment of side-based
prevalence of vascularity. Third, the histopathologic types of breast tumors were relatively
limited.
Conclusion
Present results suggest that one-sided
increased vascularity was closely correlated
with ipsilateral breast cancer. Breasts with
malignant lesions had more blood vessels than
benign cases. Statistically significant differences in vessel numbers and MIP scores were
observed between breasts with benign and
malignant lesions. Analysis of vascular maps,
combined with morphologic and kinetic data
analysis, could not help to increase specificity.
When diagnosis results based on the DCE-MRIs
and Sardanelli scoring are inconsistent, morphologic and kinetic data analysis should be
performed first, along with vascular map analysis, peritumor edema and analysis of medical
history, physical examinations, and other imaging data. In conclusion, present study findings
Int J Clin Exp Med 2019;12(4):4100-4107
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may contribute to the differential diagnosis of
benign and malignant breast lesions.
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