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Comparative Evaluation of Superb
Microvascular Imaging and Dynamic
Contrast-Enhanced Magnetic
Resonance Imaging in Differentiating
Benign and Malignant Breast Masses
Ahmet Yasin Yitik, MD , Nuran Sabir, MD , Sevda Yılmaz, MD

Objectives—Our study aims to compare the diagnostic performance of superb
microvascular imaging (SMI) and dynamic contrast-enhanced magnetic reso-
nance imaging (MRI) in differentiating benign from malignant breast masses,
using histopathological findings as the reference standard.

Methods—This prospective study was conducted from April 2022 to March
2024. A total of 112 breast lesions from 110 patients were evaluated using gray-
scale ultrasonography, SMI, and dynamic contrast-enhanced MRI. The vascular
index (VI) obtained during SMI examination and kinetic curve patterns from
MRI were analyzed.

Results—Histopathological analysis revealed 62 benign and 50 malignant lesions.
The VI showed a statistically significant difference between benign and malig-
nant lesions, with a mean VI of 5.12 � 4.66 in benign masses and 10.13 � 5.48
in malignant masses (P < .001). The ROC analysis demonstrated an AUC of
0.79 for SMI with a VI cut-off value of 4.15, yielding a sensitivity of 92%, speci-
ficity of 60%, and accuracy of 74%. A statistically significant correlation was
found between VI values and MRI contrast enhancement kinetic curve types
(P < .05). MRI demonstrated superior diagnostic performance, with an AUC of
0.89 and sensitivity, specificity, and accuracy of 98, 80.65, and 88.39%,
respectively.

Conclusions—SMI, when used in conjunction with conventional ultrasonogra-
phy and MRI, provides significant diagnostic value in differentiating benign from
malignant breast masses. The study supports the potential integration of SMI
into routine breast cancer diagnostic workflows, particularly in settings where
MRI is less accessible.
Key Words—breast cancer; breast imaging; magnetic resonance imaging; superb
microvascular imaging; vascular index

Introduction

B reast cancer is the most prevalent cancer among women
globally, accounting for approximately one-fifth of all cancer
cases. According to GLOBOCAN 2022 data, breast cancer is

the second leading cause of cancer-related mortality among
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women, following lung cancer.1 The incidence of
breast cancer has been steadily increasing, with an
annual rise of approximately 0.4%.2 The 5-year
survival rates for breast cancer vary significantly
depending on the stage at diagnosis: 99% for localized
cases, 86% for regional spread, and 31% for distant
metastases. These figures underscore the critical
importance of early detection in breast cancer
management, as diagnosing the disease at an early
stage not only improves survival outcomes but also
allows for less invasive treatment options.3 Early
detection is most important in breast cancer manage-
ment, as diagnosing the disease at an early stage can
lead to less invasive treatments and significantly
improve patient survival rates.

In the screening and diagnosis of breast cancer,
mammography, and ultrasonography (US) are the
primary modalities employed. Breast cancer detection
sensitivity varies among imaging modalities: 25–58%
for mammography, 33–52% for ultrasound, 48–67%
for the combination of mammography and ultra-
sound, and 71–100% for magnetic resonance imaging
(MRI). Specificity ranges from 93 to 100% for mam-
mography, 91 to 98% for ultrasound, 89 to 98% for
the combined approach, and 81 to 98% for MRI.4

However, despite their widespread use, these
methods often fall short of the desired sensitivity and
specificity. This limitation has led to the increased uti-
lization of MRI as a supplementary tool, particularly
in complex cases where conventional methods may
not provide conclusive results.5 Tumor growth, local
invasion, and distant metastasis are significantly
influenced by neovascularization, the formation of
new blood vessels, a process that plays a crucial role
in the pathophysiology of cancer. The degree of
neovascularization is directly proportional to the met-
astatic potential of the lesion and inversely propor-
tional to the patient’s prognosis.6

Current imaging techniques to evaluate
neovascularization include color Doppler ultrasonog-
raphy (CDUS), power Doppler ultrasonography
(PDUS), contrast-enhanced US, contrast-enhanced
mammography, and dynamic contrast-enhanced (-
DCE) MRI.5,7–10 Conventional Doppler methods
often struggle to visualize microvascular structures
due to the slow blood flow within these small vessels.
To address this challenge, superb microvascular imag-
ing (SMI) has been developed as a novel Doppler

technique. SMI enhances the visualization of
microvascular structures and provides a quantitative
assessment of vascularization through the vascular
index (VI) without the limitations imposed by con-
ventional Doppler techniques.11 VI measures the ratio
of colored pixels to the total number of pixels within
a defined region of interest (ROI) and is calculated
automatically by software integrated into the scanner.
Thus, as it represents a percentage, it is dimensionless
and does not have any units.12

DCE MRI is a critical tool in diagnostic imaging,
particularly for lesion characterization. The enhance-
ment kinetic curve patterns observed during DCE
imaging are classified into three primary types: persis-
tent, plateau, and washout. A persistent pattern, char-
acterized by a continuous increase in signal intensity
over time, is generally associated with benign pathol-
ogy. The plateau pattern, which exhibits a rapid initial
rise in signal intensity followed by stabilization, is
commonly linked to lesions of intermediate or uncer-
tain significance. In contrast, the washout pattern,
defined by a sharp initial increase in signal intensity
followed by a subsequent decline, is strongly indica-
tive of malignancy. These kinetic curves are quantified
using time-intensity values, which represent changes
in signal intensity (measured in arbitrary units) over
time (typically in seconds or minutes). The interpre-
tation of these patterns and their corresponding
values provides valuable diagnostic insights, facilitat-
ing the differentiation between benign and malignant
lesions.13

The objective of this study is to compare the
diagnostic performance of SMI and DCE breast MRI
in differentiating benign from malignant breast
masses, using histopathological results as the refer-
ence standard. By integrating the VI obtained through
SMI with findings from grayscale US and dynamic
MRI, this study aims to evaluate the effectiveness of
these combined imaging modalities in accurately diag-
nosing breast masses.

Materials and Methods

Study Population
This prospective study was conducted at Pamukkale
University, Faculty of Medicine Hospital, Denizli,
Türkiye from April 2022 to March 2024, following
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approval from the institutional review board.
Informed consent was obtained from all participants
in compliance with the Declaration of Helsinki.
Patients presenting with complaints of breast masses
were included. A total of 171 patients who agreed to
participate in the study were included. Sixty-one
patients were excluded which are shown on flow chart
(Figure 1). Two patients had two lesions, and the
final population was 110 patients, 112 lesions.

US and SMI Examination
The patients underwent grayscale US and SMI which
were performed using a Toshiba Aplio 500 ultrasound
machine (Canon Medical Systems Corporation,
Tokyo, Japan) with a high-frequency (7–14 MHz)
linear probe. Initially, a comprehensive scan of the
breasts was conducted using grayscale ultrasound.
Upon detecting a lesion, the morphologic features of
the breast lesions which included lesion shape
(oval-round, irregular), margin characteristics (cir-
cumscribed, not-circumscribed), and orientation (par-
allel, not parallel), echo pattern (isoechoic—
hyperechoic, hypoechoic), and posterior features
(no shadowing, shadowing) were documented. The
optimal tumor imaging in the maximal plane was cho-
sen for further analysis. The maximal diameter of the
lesion and its depth (the greatest vertical distance
from the skin surface to the base of the mass) were

noted. Subsequently, SMI was utilized to assess the
vascularity within and surrounding the lesions. A min-
imum of two orthogonal planes showing the areas of
richest vasculature for each lesion were acquired as
video clips. For SMI, 10 to 15-second cine clips of
both sagittal and transverse planes were captured for
all subjects which were sent to PACS (Picture
Archive Communication System). Free-hand ROI
was drawn to encompass the entire lesion, and VI
was automatically calculated by the system. Each
lesion was measured three times independently, and
the mean value of these three measurements was cal-
culated and used for the analysis. For SMI settings,
the color velocity scale was set between 1.5 and
2.5 cm/s, mechanical index 1.6, and frame rates were
maintained above 50 Hz. Gain settings were opti-
mized individually for each participant. During the
examinations, patients were instructed to breathe qui-
etly, and minimal pressure was applied to avoid vessel
collapse (Figure 2).

MRI Examination
All MRI examinations were performed utilizing an
eight-channel breast coil on a 1.5-T MRI device
(Signa Excite HD, General Electric Healthcare, Mil-
waukee, WI, USA), with patients in the prone posi-
tion. Gadolinium-based contrast agent (Gadoterate
Meglumine—Clariscan™) was injected intravenously

Figure 1. Flowchart of eligible patients.
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Figure 2. A 68-year-old female patient underwent US examination that revealed a non-circumscribed shaped, irregular margin, not-parallel
oriented, hypoechoic mass lesion without posterior acoustic shadowing (A). On SMI (B), vascular structures within a freehand drawn ROI
and the automatically measured VI value (VI: 28.2) by the device were observed. Magnetic resonance imaging demonstrated a hyperintense
lesion on axial fat-suppressed T2WI (C), homogeneously enhancing on axial postcontrast sequence (D), hyperintense on sagittal STIR (E),
and contrast-enhanced on sagittal postcontrast subtraction images (F), with a type 3 kinetic enhancement curve observed on the dynamic
series (G, H). The mass lesion was irregularly shaped with spiculated borders (white arrows). Additionally, left axillary lymphadenopathy was
observed on axial fat-suppressed T2WI, contrast-enhanced, and dynamic images. The histopathological diagnosis was confirmed as inva-
sive ductal carcinoma.
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at a dose of 0.1–0.2 mmol/kg as a single bolus injec-
tion using an automated syringe, delivered at a rate of
2 mL/s, followed by a 20 mL saline flush. For the
dynamic imaging sequence, nine sequential scans
were acquired both pre- and post-contrast agent
administration, with each scan having a duration of
60 seconds and consisting of 64 single-phase scan
slices. The standard MRI protocol encompasses axial
fat-suppressed T2-weighted sequences, sagittal short
tau inversion recovery (STIR) T2-weighted
sequences, axial non-fat-suppressed T1-weighted
sequences, and both axial and sagittal fat-suppressed
T1-weighted DCE sequences, performed before and
after the intravenous administration of a gadolinium-
based contrast agent. Additionally, diffusion-weighted
imaging (DWI) was conducted. Subtraction images
and maximum intensity projection (MIP)
images were also produced (Figure 3). The parame-
ters of MRI are shown on the supplemental material
S1. After imaging, all sequences were transferred to
the device’s workstation (AW VolumeShare 7, GE
Medical Systems, Milwaukee, WI, USA). A ROI was
selectively placed in areas exhibiting the most rapid
and pronounced enhancement within the identified
lesion. A time–signal intensity curve was then auto-
matically generated. The percentage enhancement
was calculated using the following formula for the
Washout Index (WI): [(SIpost � SIpre)/SIpre] � 100
where SIpre denotes the signal intensity within the
ROI on the unenhanced image, and SIpost represents
the signal intensity within the ROI on the contrast-
enhanced image. The quantitative results were cate-
gorized into three distinct enhancement curve types,
aligned with qualitative evaluations: persistent
enhancement, plateau, and washout. Specifically, a
kinetic enhancement curve was classified as type
1 (persistent enhancement) if the percentage change
exceeded 5%, type 2 (plateau) if the percentage
change ranged between �5% and 5%, and type
3 (washout) if the percentage change was less
than �5%.14

Image Analysis
The findings from grayscale B-mode US and MRI
were classified in accordance with the fifth edition of
the American College of Radiology’s BI-RADS lexi-
con. Grayscale US, SMI and breast MRI images were
assessed by a radiologist with 25 years of experience

in breast imaging, and 5-year radiology resident in
consensus, with reads between the imaging modalities
occurring a minimum interval of 1 month between
evaluations of US—SMI and MRI. The observers
were blinded to the histopathologic outcomes of the
lesions, as well as to the patient’s clinical information
and other imaging results.

Statistical Analysis
Statistical analyses were conducted using IBM SPSS
Statistics 29. Descriptive statistics and frequency
tables were utilized to interpret findings. Continuous
variables were reported as the mean � standard devi-
ation and median, whereas categorical variables were
described in terms of frequency and percentage. The
Mann–Whitney U test evaluated the relationship
between mean VI values in benign and malignant his-
topathological lesions. The Kruskal-Wallis test com-
pared mean VI values with dynamic breast MRI
enhancement kinetic curve patterns. ROC analysis
determined the VI cut-off value. Mann Whitney U
test assessed VI and morphological features in gray-
scale US. Sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV), and
accuracy were calculated using cross tables. ROC
analysis compared VI, US, and MRI with histopatho-
logical diagnoses. Percentage distributions of morpho-
logical features in US and MRI with histopathological
diagnoses were examined using cross tables. Spe-
arman’s correlation coefficient analyzed the relation-
ships between lesion size and SMG examination area,
and between age and VI. The chi-square test assessed
the relationship between age and histopathological
diagnoses, with P < .05 considered significant.

Results

Demographic Features
A total of 112 lesions from 110 patients (aged 16–80,
mean 47.67 � 13.57) were included in our study, with
histopathological analysis revealing 62 benign and
50 malignant lesions (Table 1). The age of the patients
in the malignant group was 53.94 � 11.22 (31–80)
years old, which was older than the age of
42.61 � 13.26 (16–78) years old in the benign group
(P < .05). The average depth of the lesions from the
skin surface was 8.81 � 5.22 mm. The mean maximum
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Figure 3. A 40-year-old female patient presented with a mass in the upper outer quadrant of the right breast. On grayscale ultrasonographic
examination (A), an oval-round-shaped mass lesion with circumscribed margins, parallel oriented, hypoechoic, and without posterior acous-
tic shadowing was observed. On SMI (B), vascular structures were visualized within a freely drawn ROI, along with an automatically mea-
sured VI value of 5.3. Magnetic resonance imaging demonstrated the lesion as hyperintense on axial fat-suppressed T2WI (C), hypointense
on axial pre-contrast T1WI (D), hyperintense on sagittal STIR (E), and homogeneously enhancing on axial contrast-enhanced subtraction
images (F) (white arrows). In the dynamic series (G), the lesion exhibited a type 1 enhancement kinetic curve (H). Histopathological exami-
nation revealed a fibroepithelial lesion.
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diameter of the lesions was 19.38 � 9.67 mm, while the
mean area of the ROI measured in SMI was
1.64 � 1.83 cm2. The average VI value for all breast
masses included in the study was 7.35 � 5.6.

Evaluation of US
Breast lesions were evaluated according to BI-RADS
criteria on grayscale ultrasound, regarding lesion
shape, 56 (90.3%) of the benign lesions were oval or
round, while 29 (58%) of the malignant lesions had
irregular shapes. When evaluating the margin

characteristics, 35 (56.5%) of benign lesions had cir-
cumscribed, while 49 (98%) of malignant lesions had
non-circumscribed margins. Additionally, 43 (86%) of
malignant lesions were not parallel, whereas
48 (77.4%) of benign lesions were oriented parallel.
Most malignant masses (48, 96%) and benign lesions
(34, 54.8%) were hypoechoic. Acoustic shadowing
was present in 32 (64%) of the malignant masses. A
statistically significant relationship was found between
morphological features and histopathological results
(P < .05) (Table 2).

Table 1. The Histopathological Results of Breast Lesions

Benign Lesions n % Malign Lesions n %

Fibroepithelial lesion 38 61.3 Invasive ductal carcinoma 41 82
Fibrocystic disease 13 21 Invasive lobular carcinoma 3 6
Intraductal papilloma 3 4.8 Ductal carcinoma in situ 1 2
Ductal epithelial hyperplasia 2 3.2 Invasive ductal carcinoma with ductal carcinoma in situ 1 2
Adenosis 1 1.6 Invasive ductal carcinoma with lobular carcinoma in situ 1 2
Benign filloides tumor 1 1.6 Invasive ductal carcinoma with tubular carcinoma 1 2
Ductal epithelial hyperplasia with adenosis 1 1.6 Invasive micropapillary carcinoma 1 2
Granulation tissue 1 1.6 Invasive mucinous carcinoma 1 2
Non-caseating granulomatous mastitis 1 1.6
Fat necrosis 1 1.6
Total 62 100 50 100

Table 2. The Relationship Between USG Morphological Features and Histopathological Results in Distinguishing Benign and Malignant
Masses

US Morphological Features

Histopathological Results Total

Chi-Square TestBenign Malign n (%)

Lesion shape χ2 = 30.083
P < .001Oval—round 56 (90.3%) 21 (42.0%) 77 (68.8%)

Irregular 6 (9.7%) 29 (58.0%) 35 (31.3%)
Total 62 (100.0%) 50 (100.0%) 112 (100.0%)

Lesion margin χ2 = 37.326
P < .001Circumscribed 35 (56.5%) 1 (2.0%) 36 (32.1%)

Not circumscribed 27 (43.5%) 49 (98.0%) 76 (67.9%)
Total 62 (100.0%) 50 (100.0%) 112 (100.0%)

Lesion orientation χ2 = 44.544
P < .001Parallel 48 (77.4%) 7 (14.0%) 55 (49.1%)

Not parallel 14 (22.6%) 43 (86.0%) 57 (50.9%)
Total 62 (100.0%) 50 (100.0%) 112 (100.0%)

Lesion echo pattern χ2 = 23.912
P < .001Isoechoic—hyperechoic 28 (45.2%) 2 (4.0%) 30 (26.8%)

Hypoechoic 34 (54.8%) 48 (96.0%) 82 (73.2%)
Total 62 (100.0%) 50 (100.0%) 112 (100.0%)

Posterior features χ2 = 36.436
P < .001No shadowing 56 (90.3%) 18 (36.0%) 74 (66.1%)

Shadowing 6 (9.7%) 32 (64.0%) 38 (33.9%)
Total 62 (100.0%) 50 (100.0%) 112 (100.0%)

Bold values indicate statistically significant difference.
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Evaluation of Vascularity by VI
Statistically significant relationships were identified
between VI values and the characteristics of lesion
edges, orientation, echogenicity, and the presence of
acoustic shadowing (P < .05). However, no significant
variation in VI values was noted concerning the shape
of the lesions (P > .05) (Table 3). There was a signifi-
cant correlation between VI values and the histopatho-
logical results between benign and malignant masses
(P < .05). The findings indicated that VI values were
higher in malignant masses compared to benign masses.

The mean VI values for benign masses were
5.12 � 4.66, while for malignant masses, the mean
was 10.13 � 5.48. A statistically significant difference
was observed between the means of benign and
malignant masses (P < .001), indicating that malig-
nant masses tend to exhibit higher VI values com-
pared to benign masses (Table 4).

A statistically significant correlation was found
between VI values and MRI contrast enhancement
kinetic curve types (P < .05). The results showed that
VI values of the masses significantly increased as the
kinetic curve type approached type 3. In younger
patients, benign lesions exhibited higher VI values
(r = �0.28; P < .05), whereas the VI values of malig-
nant lesions did not show any correlation with age
(P > .05). There was a highly significant positive cor-
relation between the measured area of ROI and lesion
sizes (r = 0.806; P < .001) (Table 5).

Evaluation of MRI
Malignant masses were most frequently irregular in
shape (76%) and least frequently oval (2%). Benign
masses were most commonly round (46.8%),
followed by oval (43.5%). Regarding margin charac-
teristics, 50 (80.6%) of benign masses had

Table 3. The Relationship Between Ultrasonographic (US) Morphological Features of Benign and Malign Lesions and Vascular Index (VI)
Values

US Morphological Features Mean � SD Median [min–max] Mann–Whitney U

VI Lesion shape Z = 1.852
P = .064Oval—round 7.00 � 6.16 4.80 [0–31]

Irregular 8.13 � 4.12 8.9 [0.3–17.9]
Lesion margin Z = 3.031

P = .002Circumscribed 5.30 � 4.78 3.35 [0.2–18.9]
Not circumscribed 8.32 � 5.74 8.55 [0–31]

Lesion orientation Z = 3.085
P = .002Parallel 5.72 � 4.62 4.02 [0–18.9]

Not parallel 8.93 � 6.05 9.1 [0.5–31]
Lesion echo pattern Z = 2.714

P = .007Isoechoic—hyperechoic 5.21 � 4.59 3.25 [0.2–18.9]
Hypoechoic 8.14 � 5.76 8.15 [0–31]

Posterior features Z = 2.385
P = .017No shadowing 6.69 � 5.87 4.7 [0–31]

Shadowing 8.65 � 4.87 9.3 [0.7–25.9]

Bold values indicate statistically significant difference.

Table 4. Relationship Between Vascular Index (VI) and
Histopathological Results

Histopathological
Results Mean � SD

Median
[min–max]

Mann–
Whitney

U

VI Benign 5.12 � 4.66 3.35 [0–18.9] Z = 5.286
P < .001Malign 10.13 � 5.48 9.60 [2.5–31]

Bold values indicate statistically significant difference.

Table 5. The Relationship Between Vascular Index Values and
Magnetic Resonance Imaging Contrast Enhancement Kinetic
Curve Types

Contrast
Enhancement
Kinetic Curve

Vascular Index

Kruskal-
Wallis HMean � SD

Median
[min–max]

No
enhancement

1 � 0.85 1.1 [0–1.8] χ2 = 34.119
P < .001

Type 1 5.13 � 4.13 3.85 [0.2–18.9]
Type 2 8.98 � 4.97 9.25 [0.7–15.8]
Type 3 10.61 � 5.96 9.9 [2.3–31]

Bold values indicate statistically significant difference.
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circumscribed, while 31 (62%) of malignant lesions
had spiculated margins. Homogeneous contrast
enhancement was observed in 48 (77.4%) benign
lesions, whereas heterogeneous contrast enhancement
was observed in 44 (88%) malignant lesions. In
dynamic breast MRI, 46 (74.2%) benign masses
showed a type 1 (persistent) kinetic curve. Eight
benign lesions displayed a type 3 (washout) kinetic
curve. Among malignant masses, 32 (64%) had a type
3 kinetic curve, while 10 (20%) had a type 1 kinetic
curve.

Diagnostic Performances of US, SMI, and MRI
In our study, when BI-RADS 1, 2, and 3 lesions were
classified as benign, and BI-RADS 4a, 4b, 4c, and
5 lesions were classified as malignant, the sensitivity
was 86%, specificity was 64.38%, PPV was 62.3%,
NPV was 83.7%, and accuracy was 70.5%.

The VI index value had a statistically significant
effect on distinguishing between histopathologically
benign and malignant lesions in our study. The area
under the curve (AUC) value was 0.79 according to
ROC analysis (P < .001), indicating a high diagnostic
value of discrimination. The cut-off value of the VI
index was calculated as 4.15 according to Youden’s
index, and the AUC value of 0.76 was statistically sig-
nificant according to ROC analysis (P < .001). At the
cut-off value of 4.15, the sensitivity, specificity, PPV,
NPV, and accuracy of the VI were calculated as
92, 60, 64.8, 90.2, and 74%, respectively (Table 6).

When BI-RADS categories 1, 2, and 3 were con-
sidered benign and BI-RADS categories 4 and 5 were
considered malignant, the diagnostic performance of
dynamic breast MRI yielded sensitivity, specificity,
PPV, NPV, and accuracy of 98, 80.65, 80.3, 98, and
88.39%, respectively.

Our study demonstrated that US, VI, and MRI
significantly contributed to differentiating between
histopathologically benign and malignant lesions, as
evidenced by AUC values of 0.71, 0.76, and 0.89,
respectively, in the ROC analysis (P < .001). These
AUC values suggest a moderate to strong level of dis-
criminatory power (Figure 4).

Discussion

In this study, we evaluated the diagnostic accuracy of
SMI and DCE MRI in distinguishing between benign
and malignant breast masses. Our results indicated
that SMI, with VI cut-off value of 4.15, achieved a
sensitivity of 92%, specificity of 60%, and accuracy of
74%. These findings suggest that SMI can effectively
differentiate between benign and malignant lesions
based on their microvascular characteristics, providing
a valuable adjunct to conventional imaging
modalities.

In the literature, VI cutoff values have been
reported to range from 1.1 to 8.9, with most studies
identifying a cutoff around 4, which closely aligns
with the cutoff value determined in our study. The
reported sensitivity, specificity, and accuracy for VI
range from 70.2 to 99%, 41 to 91.2%, and 66.9 to
88.6%, respectively.11,15–24 However, several factors
may contribute to variations in VI measurements.
First, the compression applied during ultrasound
imaging can influence the visibility of microvascular
structures. Additionally, both ultrasound and SMI are
highly dependent on the operator’s skill and patient
factors, which can lead to inconsistencies. Neverthe-
less, the sensitivity, specificity, and accuracy in our
study are consistent with previously reported values.

Table 6. The Relationship Between Vascular Index (VI) and the Cutoff Value Was Evaluated in Correlation with Histopathological Results

AUC P-Value 95% Confidence Interval

Vascular index 0.79 <0.001 0.707–0.875
VI cutoff value 0.76 <0.001 0.668–0.849

Malign Benign Sensitivity 92%
Specificity 60%

PPV 64.80%
VI cutoff value >4.15 46 25 NPV 90.20%

≤4.15 4 37 Accuracy 74%

Bold values indicate statistically significant difference.
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In previous studies, the effectiveness of
techniques such as SMI, CDUS, PDUS, contrast-
enhanced ultrasound, and elastography in differentiat-
ing benign from malignant breast lesions has been
demonstrated.7,11,18,19,25,26 Therefore, our study is
unique as it represents the first to directly compare
the efficacy of SMI with DCE breast MRI in dis-
tinguishing between benign and malignant lesions.
Our analysis showed that higher VI values were asso-
ciated with increased washout, as seen with type
3 kinetic contrast enhancement curves, which are typ-
ically indicative of malignancy. This finding suggests a
positive correlation between higher VI values and
malignant lesions. In benign lesions with type 1 kinetic
curves and those without enhancement, the mean VI
values were 5.13 and 1, respectively. When these
groups were combined, the mean VI value was 4.85,
which aligns closely with the VI cutoff value we
established. We believe that the slightly elevated VI
mean in lesions with type 1 curves, relative to our cut-
off, could be due to the presence of lesions that,

despite showing type 1 curves, were histopathologi-
cally malignant.

Tekinhatun et al.27 conducted a study with
120 breast lesions, comparing the diagnostic effective-
ness of contrast-enhanced mammography and DCE
breast MRI. The study suggested that contrast-
enhanced mammography could serve as an alternative
to DCE breast MRI. Similarly, our study indicates
that the SMI could be a viable alternative imaging
technique in settings where MRI is unavailable. Given
the practicality of both contrast-enhanced mammog-
raphy and SMI, we anticipate that these methods will
become increasingly important in the future.

Despite the significant findings, this study has
several limitations. Initially, the limited sample size
could limit the extent to which the findings can be
generalized to a broader population. Secondly, the
study was conducted at a single center, which could
introduce selection bias. Additionally, the VI measure-
ments were performed by a single operator, highlight-
ing a limitation related to operator dependency. This

Figure 4. Receiver operating characteristic (ROC) curves are shown to differentiate between malignant and benign breast masses across
various imaging modalities, including magnetic resonance imaging (MRI), vascular imaging (VI), and ultrasonography (US).
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dependence on a single operator for SMI measure-
ments may lead to measurement bias. Future research
should aim to include larger, multicenter cohorts with
standardized protocols to further validate and expand
upon our findings.

In conclusion, our study demonstrates that SMI,
when used alongside conventional imaging modalities
such as grayscale US and DCE MRI, offers significant
benefits in distinguishing benign from malignant
breast masses. The clinical implications are substan-
tial, suggesting that SMI could be integrated into rou-
tine breast cancer screening and diagnostic workflows
to enhance early detection and treatment planning.
These findings underscore the importance of a multi-
modal imaging approach, combining the strengths of
SMI and MRI to achieve optimal diagnostic accuracy
in breast cancer evaluation.

Data Availability Statement

Research data are not shared.
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