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The Contribution of Microflow Imaging to Diagnosis in Breast Lesions

ABSTRACT

Objective: In recent years, the cancer detection rate in breast biopsies varies between 10-31%. Appropriate
classification is required to prevent unnecessary biopsies in breast lesions. The aim of our study is to investigate
the contribution of microflow imaging to the diagnosis of benign and malignant breast lesions.

Material and Method: After local ethics committee approval, 109 lesions of 104 patients older than 18 years were
prospectively included in the study. B-mode ultrasonography, color Doppler ultrasonography, power Doppler
ultrasonography and microflow imaging were performed on all patients. B-mode ultrasonography findings were
classified according to the BI-RADS category, color Doppler ultrasonography, power Doppler ultrasonography
and microflow imaging findings were classified according to the ADLER method. Sensitivity, specificity, negative
predictive values and positive predictive values of Doppler ultrasonographic methods were calculated.

Results: Histopathologically, 68 of the breast lesions were benign and 41 were malignant. There was a statistically
significant difference between benign and malignant lesions on power Doppler ultrasonography and microflow
imaging. Negative predictive values were higher than positive predictive values on Doppler ultrasonography
examination methods. Doppler ultrasonography examinations were found to be more likely to identify malignant
lesions.

Conclusion: Vascular findings on power Doppler ultrasonography and microflow imaging can be used as
criteria to differentiate benign from malignant breast lesions. Thus, benign breast lesions can be monitored and
unnecessary biopsies can be prevented.

Keywords: Breast cancer, color Doppler ultrasonography, microflow imaging, power Doppler ultrasonography.

OZET

Amag: Son yillarda yapilan meme biyopsilerinde kanser saptama orani %10-31 arasinda degismektedir. Meme
lezyonlarinda gereksiz biyopsilerin dnlenmesiicin uygun siniflandirma gerekmektedir. Calismamizin amaci benign
ve malign meme lezyonlarinda mikroakim goérintilemenin taniya katkisini arastirmaktir.

Gere¢ ve Yontem: Calismaya yerel etik kurul onayi alindiktan sonra prospektif olarak 18 yasindan biytk 104
hastanin 109 lezyonu dahil edildi. Hastalarin hepsine B-mod ultrasonografi, renkli Doppler ultrasonografi, power
Doppler ultrasonografi ve mikroakim goértnttleme yapildi. B-mod ultrasonografi bulgulari BI-RADS kategorisine
gore, renkli Doppler ultrasonografi, power Doppler ultrasonografi ve mikroakim gorintileme bulgulari ise ADLER
metoduna gore siniflandirildi. Doppler ultrasonografik yontemlerin duyarhhk, 6zglllik, negatif prediktif degerleri
ve pozitif prediktif degerleri hesaplandi.

Bulgular: Toplam 30 hasta calismaya dahil edildi. Hastalarda trakea-6zofageal fistll gelistiginde mekanik
ventilasyonHistopatolojik olarak meme lezyonlarinin 68’i benign, 41i maligndi. Power Doppler ultrasonografi
ve mikroakim gorintilemede benign ve malign lezyonlar arasinda istatistiksel olarak anlamli farklilik mevcuttu.
Doppler ultrasonografi inceleme ydntemlerinde negatif prediktif degerler pozitif prediktif dederlerden daha
yUksekti. Doppler ultrasonografi incelemelerinin malign lezyonlari tanimlama olasilidi daha ytksek bulundu.
Sonug¢: Power Doppler ultrasonografi ve mikroakim goérintilemelerdeki vasktler bulgular benign ve malign
meme lezyonlarinin ayriminda bir kriter olarak kullanilabilir. Bu sayede benign meme lezyonlari takip edilerek
gereksiz biyopsiler dnlenebilir.

Anahtar Sézciikler: Meme kanseri, mikroakim gortnttleme, renkli Doppler ultrasonografi, power Doppler
ultrasonografi.
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Introduction

Breast cancer, which is the most commonly
diagnosed cancer in women, is the second most
frequently diagnosed cancer worldwide after lung
cancer without gender difference. However, due to
its higher prevalence in developed countries and
the high survival rates, it ranks fifth among cancer-
related deaths (1).

Breast ultrasonography (US), a component of the
examination of breast lesions, is more frequently
used in diagnosis and screening than other screening
techniques due to its low cost and the absence of
ionizing radiation. It is widely used in patients with
dense breast tissue, high-risk patients, young women
(<30 years), the characterization of lesions that are
not defined by mammography, the evaluation of
palpable mass lesions, and for guiding interventional
procedures (2, 3). At the present time, due to the
importance of early diagnosis in breast cancer, the
necessity not to miss early-stage lesions and the
anxiety created by judicial processes, core needle
biopsies or excisional biopsies are performed. This
approach causes anxiety in the patient, prolongs
the recovery period of the patient, and increases
the treatment cost. The positivity rate for cancer
in biopsies performed by the core needle biopsy
approach varies between 10-31%. In other words,
70-90% of the biopsies are performed on benign
lesions (4). Therefore, correct classification of
breast lesions and avoiding unnecessary biopsies
are essential.

Breast cancer requires microvascular angiogenesis
for growth, spread, and survival of cancer cells.
Tumor vascularity is important in such cases as tumor
volume and cell cycle (5, 6). Based on angiogenesis,
contrast-enhanced mammography is reported to
be a promising technology for the diagnosis of
breast cancer and determination of tumor size as a
new method (7). However, the currently used color
Doppler US (CDUS) and power Doppler US (PDUS)
methods focus on the macrovascular structure of
the tissue and do not provide sufficient information
about small and slow-flowing microvascular structures
due to artifacts and low vascular sensitivity (5, 6).
Therefore, slow-flow imaging techniques, another
new method developed recently, that does not involve
radiation, are used. Advanced Doppler techniques

are now commercially available in many high-end US
systems [e.g., Superb Microvascular Imaging (SMI),
Canon Medical; Slow Flow, Siemens Healthineers;
Microvascular Imaging (MVI), GE Healthcare; MicroFlow
Imaging (MFI), Philips; and MV-flow, Samsung]
(8). In these techniques, smart wall filter systems
separate low-velocity vascular flow signals originating
from small vascular structures from motion signals
originating from patient movement, pulse and
respiration and signals from vascular structures are not
suppressed. Therefore, microvessels (up to 0.1mm)
that cannot be visualized on conventional Doppler
methods due to filter systems are visualized (5, 9,
10). The aim of our study is to evaluate whether the
new method, microflow imaging (MFI), contributes
to the differential diagnosis of benign and malignant
breast lesions and to compare its diagnostic efficacy
with other methods used to investigate vascularity,
such as CDUS and PDUS.

Material and Method

Patients who applied to Tokat Gaziosmanpasa
University Hospital Interventional Radiology Clinic
for breast biopsy between November 2021 and
November 2023 were evaluated ultrasonography
before biopsy. Patients with a history of previous
cancer and surgery in the same breast and patients
with a history of chemoradiotherapy were excluded.
Our study was conducted prospectively with the
approval of the local ethics committee (21-KAEK-
203). The study adhered to the principles of the
World Medical Association Declaration of Helsinki
and good clinical practice guidelines, and informed
consent forms were obtained from all patients. The
study was performed with an 18-4 MHz probe on the
Philips Epiq Elite (obtained as a result of the project
“Acquisition of High-Level Doppler Ultrasonography
to the Ultrasonography Unit of the Radiology
Department” from our University Scientific Research
Projects numbered 2020/71), and all lesions were
examined by the same radiology research assistant
doctor with at least 3 years of experience in B-mode
UsS, CDUS, PDUS, and MFI.

B-mode US findings were evaluated according
to the BI-RADS 2013 atlas, and the dimensions of
the lesions, localization 1 (right, left), localization 2
(upper outer, upper inner, lower outer, lower inner,



and retroareolar), orientation features (parallel,
nonparallel), echo pattern (hypoechoic, hyperechoic,
complex, and anechoic), margin characteristics (well-
defined, ill-defined, spiculated, and microlobulated)
and, if any posterior acoustic features (acoustic
shadowing, acoustic enhancement) were evaluated.
While measuring the lesion dimensions, the longest
single dimension was recorded.

For CDUS, PDUS, and MFI applications, probe
pressure was not applied, and the device filter and
gain settings were adjusted to optimal Doppler
parameters. CDUS, PDUS, and MFI findings were
classified according to the ADLER method, and
all results were recorded. According to the ADLER
method, in an imaging area, if no vascular structure
was observed, it was classified as grade O; if one or
two small vessels (<1 mm) were observed, classified
as grade 1; if one large vessel and/or more than two
small vessels were visible, classified as grade 2; and
if four or more vascular structures were detected,
classified as grade 3 (11). Statistical analyses were
first conducted using this classification, and then,
ADLER grades O and 1 were named as Group 1and
ADLER grades 2 and 3 were named as Group 2.
Statistical analyses were conducted for these two
groups, which were coded as CDUS_2, PDUS_2, and
MFI_2.

Statistical Analysis

Descriptive analyses were performed
to provide information about the general
characteristics of the study groups. Data for
continuous variables are presented as mean *
standard deviation, and categorical variables
as n (%). The normality of continuous variables
were tested using the Shapiro-Wilk test.
The significance of the difference in means
between groups for quantitative variables
was assessed using the Two-Sample t-test. To
evaluate the relationship between qualitative
variables, cross-tabulations and chi-square
tests were used. Sensitivity, specificity, positive
predictive, and negative predictive values
were used for the variables associated with
malignancy classification. ROC analysis was
conducted to calculate the area under the
curve. A p-value of less than 0.05was considered
statistically significant. Statistical analyses
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were performed using IBM SPSS Statistics
for Windows, Version 27.0 (Armonk, NY: IBM
Corp).

Results

A total of 109 lesions from 104 female patients
included in the study were evaluated and the age
range of the patients ranged from 18 to 76 years.
The mean age of patients with benign lesions was
41.3 £ 12.4, and the mean age of patients with
malignant lesions was 54.8 £12.2, and the mean age
in malignant lesions was statistically significantly
higher (p<0.007). The mean size of malignant lesions
was 22.7 mm, while the mean size of benign lesions
was measured as 18.9 mm. The mean lesion size
was higher in malignant lesions, but there was not
a statistically significant difference (p=0.123). 68
benign (62.4%) and 41 malignant (37.6%) lesions
were detected in the study. The graph describing
the pathology results of the breast lesions in the
study is shown in Figure I.

Figure I. Graph Describing Pathology Results of Breast Lesions
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On the preoperative Doppler examination of the
lesions; while CDUS, PDUS, MFI examinations were
categorized as ADLER grade O, 1, 2, 3and comparison
between benign and malignant lesions were made,
there was no statistically significant difference
(p=0.067; p=0.074; p=0.079, respectively). However,
when ADLER O and ADLER 1 were classified as
group 1, and ADLER 2 and ADLER 3 were classified
as group 2, the lesions evaluated in group Twith the
PDUS examination were statistically significantly
benign, while the lesions classified in group 2
were statistically significantly malignant (p=0.013).
Similarly, with MFlimaging, the lesions evaluated as
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group 1 were statistically significantly detected as
benign (Figures I, lll), while the lesions classified
as group 2 were statistically significantly detected
as malignant (p=0.013) (Table I) (Figure V).

Table I. Distribution of Qualitative Variables on Color and Power
Doppler Ultrasonography and Microflow Imaging According
to Benign and Malignant Biopsy Group

Biopsy Pathology
Variables Benign Malign X2 P
n (%) n (%)
1 43 (63.2) 19 (46.3)
CDUS_2 2.976 0.084
2 25 (36.8) 22 (53.7)
1 40 (58.8)a | 14 (341)b
PDUS_2 6.231 0.013
2 28 (41.2)a | 27 (65.9)b
1 31(45.6)a 9(22)b
MFI_2 6.152 0.013
2 37 (54.4)a 32(78)b
Adler O 38 (55.9) 13 (31.7)
Adler1 5@(.4) 6 (14.6)
CDUS 7153 0.067
Adler 2 18 (26.5) 13 (31.7)
Adler 3 7 (10.3) 9(22)
Adler O 35 (51.5) 11(26.8)
Adler1 5@(.4) 3(7.3)
PDUS 6.922 0.074
Adler 2 19 (27.9) 17 (41.5)
Adler 3 9(3.2) 10 (24.4)
Adler O 15 (22.1) 4(9.8)
Adler 1 16 (23.5) 502.2)
MFI 6.794 0.079
Adler 2 14 (20.6) 15 (36.6)
Adler 3 23 (33.8) 17 (41.5)

Pearson chi-square test was used. (ab): The common letter in the row indicates
statistical insignificance
CDUS: Color Doppler Ultrasonography; PDUS: Power Doppler Ultrasonography,
MFI: Microflow imaging

The localization, border features, echo pattern,
orientation and posterior acoustic features of the
lesions were compared between malignant and
benign groups by using Pearson chi-square test. As
a result, no statistically significant difference was
determined between malignant and benign groups
with respect to localization 1, localization 2 and echo
pattern (p=0.145; p=0.738; p=0.286, respectively).
However, four lesions showing hyperechoic features
were all reported as benign. When the border features
were compared, well-defined border features were
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significantly higher in benign lesions than malignant
lesions. lll-defined and spiculated border feature were
significantly higher in malignant lesions than benign
lesions (p<0.007). Microlobulated border feature was
present in four lesions and these lesions described
as malignant. When the orientation features were
compared, parallel orientation was significantly
higher in benign lesions than in malignant lesions.
The nonparallel orientation feature was significantly
higher in malignant lesions than in benign lesions
(p<0.000). In lesions which did not perform posterior
acoustic features and showed posterior enhancement,
there was no statistically significant difference
between benign and malignant groups. However,
all twelve lesions showing posterior enhancement
were diagnosed as benign. The characteristic of
posterior acoustic shadowing, on the other hand, was
significantly higher in malignant lesions compared
to benign lesions (p<0.007). Lesions categorized
as BI-RADS 3 and BI-RADS 4a were statistically
significantly resulted to be benign (Figures Il, III).
Statistically significant malignant pathology results
were obtained in lesions categorized as BI-RADS
4b (p<0.00]). Preoperative sonographic BI-RADS
categories of the lesions were compared between
malignant and benign groups and all 18 lesions
categorized as BI-RADS 4c and BI-RADS 5 were
diagnosed as malignant (Table 1) (Figure V).

Figure Il. A 32-year-old female patient’s well-circumscribed,
oval-shaped lesion in the upper outer quadrant of the left breast
was evaluated as BI-RADS 3 (a). Pathological diagnosis was
reported as fibrocystic change. Color Doppler (b) and power
Doppler (c) ultrasonography examinations of the patient did
not reveal any significant vascularization in the lesion, while
microflow imaging (d) shows 2 punctate vascular structures
within the lesion (arrows).
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Table ll. Distribution of Qualitative Variables According
to Localization, Border, Orientation, Echogenicity,
Posterior Acoustic Feature and BI-RADS Classification
of Breast Lesions by Benign and Malignant Biopsy
Group

Biopsy Pathology
Variables Benign Malign X2 p
n (%) n (%)
Right 38 (55.9) 17 (41.5)
Localization 1 2127 0.145
Left 30 (44.0) 24 (58.5)
Upper outer 36 (52.9) 24 (58.5)
Upper inner 10 (14.7) 8 (19.5)
Localization 2 Lower outer 8(11.8) 4(9.8) 1.99 0.738
Lower inner 8(11.8) 2(4.9)
Retroareolar 6(8.8) 3(7.3)
Well-defined | 50 (73.5)a | 2(4.9)b
) lll-defined 17 (25)a 27(65.9)b
22;%25 52562 | <0.001
Spiculated 1(1.5)a 8 (19.5)b
Microlobulated 0 (0) 4(9.8)
Parallel 45(66.2)a | 6 (14.6)b
Orientation 27.293 | <0.001
Nonparallel 23 (33.8)a | 35(85.4)b
Hypoechoic 56 (82.4) 36 (87.8)
Hyperechoic 4 (5.9) 0(0)
Echogenicity 2.506 0.286
Complex 8 (1.8) 502.2)
Anechoic 0(0) 0(0)
None 51(75) 30 (73.2)
Posterior
acoustic Enhancement 12 (17.6) 0 (0) 13.857 | <0.001
features
Shadowing 5(7.4)a 11(26.8)b
BI-RADS 3 40 (58.8)a 12.4)b
BI-RADS 4a 27 (39.7)a | 8(19.5)b
BI-RADS BI-RADS 4b 1(1.5)a 14(34.1)b | 74.566 | <0.001
BI-RADS 4c 0 (0) 3(7.3)
BI-RADS 5 0 (0) 15 (36.6)

Pearson chi-square test was used. (ab): The common letter in the row indicates
statistical insignificance,
BI-RADS: Breast imaging reporting and data system

When the ROC analysis results were
examined in evaluating the diagnostic
performance of Doppler tests; The area under
the curve for CDUS is calculated as 0.584
and is not statistically significant (p=0.747).
On PDUS examination, the area under the
curve was 0.623 and is statistically significant
(p=0.031). On the MFI examination, the value
under the curve is 0.618 and is statistically
significant (p=0.039). The sensitivity values of

CDUS, PDUS and MFI examinations are 0.53,
0.65, 0.78, respectively. The probabilities of
diagnosing a malignant lesion as malignant
are 53%, 65% and 78%, respectively. The
specificity values of CDUS, PDUS and MFI
examinations are 0.63, 0.58, 0.45, respectively.
The probabilities of diagnosing a benign
lesion as benign are 63%, 58%, and 45%,
respectively. The positive predictive values of
CDUS, PDUS, and MFI examinations are 0.46,
0.49, and 0.46, respectively. The probabilities
of lesions evaluated as malignant by these
tests to be truly malignant are 46%, 49%, and
46%, respectively. The negative predictive
values of CDUS, PDUS, and MFI examinations
are 0.69, 0.74, and 0.77, respectively. The
probabilities of lesions evaluated as benign
by these tests to be truly benign are 69%,
74%, and 77%, respectively (Table IlI). When
the positive and negative predictive values
are examined, the negative predictive values
are higher on Doppler examination methods
than the positive predictive values. These
examination methods were found to have a
higher possibility for diagnosing malignant
lesions (Figure V).

Table Ill. ROC Analysis Results for Malignant Classification

Variables | AUC (95% GA) |Se Sp PPV [NPV |p

CDUS_2 [0.584 0.537 |10.632 | 0.468 |0.693 |0.7141
PDUS_2 |[0.623 0.658 |0.588 | 0.491 |0.741 |0.037
MFI_2 0.618 0.781 |0.456 [0.464 |0.775 [0.039

AUC: Area under the curve; Se: Sensitivity, Sp: Specificity; PPV: Positive
predictive value; NPV: Negative predictive value

Discussion

In Mao et al.’s study, 57 malignant and 66 benign
lesions were examined, and the mean lesion size
was found to be 2.1 cm in benign lesions and 2.4
cm in malignant lesions. Similar to our study, no
statistically significant difference was detected in
lesion size between benign and malignant lesions.
While no significant difference was found between
SMI and CDUS in detecting blood flow in benign
lesions, they showed that SMI was more sensitive
in malignant lesions. They used ROC analyses to
evaluate the diagnostic performance of distinguishing
malignant lesions from benign lesions in their study
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and outcomes were as following AUC: 0.73, sensitivity
66.7%, specificity 68.2% for CDUS, and AUC: 0.81,
sensitivity 73.7%, specificity 80.3% for SMI (5). In
our study, AUC values were lower for CDUS and MFI
(0.584; 0.618, respectively), but similarly, AUC values
were found to be higher for MFI. While sensitivity
was higher for MFlin our study, specificity was higher
for CDUS than MFI. For the study in the literature,
SMI technigue was used and the evaluation was
performed by 3 radiologists. It was thought that
the difference between the statistical datas were
because of the use of a different brand of device in
our study and the evaluation being performed by
a single radiologist.

Figure lll. A 36-year-old female patient’s ill-defined lesion in
the upper inner quadrant of the right breast, with occasionally
angled edges, was evaluated as BI-RADS 4 (a). Pathological
diagnosis was reported as benign phyllodes tumor. No significant
vascularization was detected in the patient’s color Doppler (b)
and power Doppler (c) ultrasonography examinations, while
microflow imaging (d) shows 3 point vascular structures in
the lesion (arrows).

Similar to our study, in which the mean age was
statistically significantly higher in the malignant group,
Yongfeng et al. compared the diagnostic efficacy of
PDUS and SMI with a total of 135 lesions, 94 of which
were benign and 41 of which were malignant, and
the mean age was found to be 46 in the malignant
group and 36 in the benign group. They found no
statistically significant difference in the evaluation
of lesion size and location in the malignant and
benign groups, similar to our study. In their study,
the number of blood vessels and their distribution
pattern were evaluated, and it was reported that
benign lesions were in avascular or hypovascular

character, while most of malignant lesions were
hypervascular character. When hypervascularity
was used as a criterion, the sensitivity and negative
predictive value of SMI were found to be higher than
PDUS. When the existence of penetrating vessels
was used as a criterion, the sensitivity and negative
predictive value of SMI were found to be higher than
PDUS. When branching vascularization was used as
a criterion, the sensitivity, specificity, positive and
negative predictive values of SMI were found to be
higher than PDUS (12). In our study, the sensitivity
and negative predictive value of MFI were found
to be higher than PDUS. Also, negative predictive
value was found to be higher than positive predictive
value in all three Doppler methods.

Figure IV. The ill-defined, lobulated contoured lesion in the
upper outer quadrant of the right breast of a 45-year-old
female patient was evaluated as BI-RADS 5 (a). Pathological
diagnosis was reported as invasive ductal carcinoma. On the
patient’s color Doppler examination (b), two large vascular
structures (arrows) were detected in the lesion, while on
microflow imaging (c), two large and two small (arrows)
punctate vascular structures were shown within the lesion.

[

In their study comparing the diagnostic efficacy
of PDUS, RDUS and SMI in detecting penetrating
vessels, Zhan et al. evaluated 82 avascular lesions,
45 of which were benign and 37 were malignant,
and showed that SMI detected more penetrating
vessels than RDUS and PDUS and was helpful in the
differential diagnosis of malignant and benign lesions,
especially in BI-RADS 4 lesions (10). In our study, it
was shown that PDUS and MFI methods can be used
in the differential diagnosis of benign-malignant



breast lesions and their diagnostic performances
are similar.

Figure V. In the ROC curve, the curves of CDUS, PDUS and
MFI diagnostic tests are on the reference curve, and PDUS
and MFI methods can be used in the differential diagnosis of
benign-malignant breast lesions.

ROC Curve
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0,8 /

Sensitivity

Source of the
Curve

——CDUS:2
—PDUS_2

— MFI_2

—— Reference Line

0,0 0,2 0,4 0,6 0,8 1,0
1 - Specificity

Xiao et al. evaluated 132 breast lesions in which they
compared the diagnostic performance of contrast-
enhanced US (CEUS) and super-B microvascular
imaging (SMI) Doppler and 58 of the lesions were
diagnosed as malignant and 74 were diagnosed as
benign. The number of blood vessels were less than
3 in benign lesions and more than 3 in malignant
lesions. In their study, the morphological features and
distribution characteristics of the vessels were also
found to be different between benign and malignant
lesions. It was found out that large, tortuous, radial
and penetrating vessels were more frequent in
malignant lesions, while annular vessels were frequent
in benign lesions. The vascular microarchitecture is
also different in benign lesions. Avascularity, linear
and curvilinear patterns and branching patterns
were found in benign lesions, and root hair-like and
crab claw-like patterns were found in malignant
lesions, and no significant difference in diagnostic
performance was detected between CEUS and SMI
Doppler (2). In our study, it was shown that PDUS
and MFI methods can be used in the differential
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diagnosis of benign-malignant breast lesions and
their diagnostic performances are close.

In another study evaluating the diagnostic
performance of SMI Doppler, 85 breast lesions, 47
of which were benign and 38 were malignant, were
examined and more penetrating vascular structures
were detected in malignant lesions than in benign
lesions using SMland CEUS. The number of penetrating
vascular structures detected with SMI and CEUS
in malignant lesions was found to be significantly
higher than the number of penetrating vascular
structures detected with CDUS and PDUS. However,
no significant difference was found between SMl and
CEUS. In statistical evaluations using penetrating
vascular structures as a criterion for the diagnosis
of malignancy, the sensitivity, specificity, positive
predictive value, negative predictive value and
accuracy values of SMIl and CEUS were found to be
higher than CDUS and PDUS. When classifying the
vascular features of breast tumors in 5 different ways
(avascular, linear shaped, branched shaped, root
hair-like branching and crab claw-like shaped); Diao
et al. reported that benign lesions showed mostly
avascular, linear and branched patterns, malignant
lesions mostly showed root hair-like branching and
crab claw-like shaped patterns. When root hair-like
branching patterns and crab claw-like shaped patterns
were used as diagnostic criteria for malignancy; SMI
and CEUS were found to be superior to CDUS and
PDUS in terms of sensitivity and negative predictive
value in the diagnosis of malignancy, however, no
significant difference was observed between vascular
distribution, internal vascularity, and internal vascular
features in SMI and CEUS (13). In our study, MFI
was shown to have a higher probability to identify
malignant lesions than the other two Doppler US
methods.

When a total of 210 benign and malignant breast
lesions were evaluated in which the contribution of
shearwave elastography and microvascular Doppler
ultrasound methods to diagnosis was investigated,
lesion size and patient age were found to be higherin
the malignant group and were statistically significant
(14). In our study, there was a significant difference
between the malignant and benign groups with
patient age, but no significant difference was found
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with lesion size. The diagnostic performance of SMI
Doppler in breast lesions, 30 of which were reported
as malignant and 116 of which were reported as
BI-RADS 4 according to the ADLER classification,
was evaluated by Zhu et al. The AUC values for
US+RDUS and US+SMI were found to be 0.760 and
0.852, respectively, and the difference between the
AUC values between US+RDUS and US+SMI was
evaluated as statistically significant (15). In our study,
it was shown that statistically significant diagnostic
evaluations could be made when the AUC values of
PDUS and MF| were examined.

When CDUS and SMI Doppler were compared in
malignant-benign groups; a statistically significant
difference was found between the malignant-benign
groups with CDUS and SMI Doppler variables, and
grade O group on CDUS and SMI Doppler, benign
lesion numbers were shown in significantly higher than
malignant lesions. Detected benign lesion numbers
were significantly lower than malignant lesions in grade
3 on CDUS, and in grades 2 and 3 on SMI Doppler
(16). In our study, lesions with vascularity grade
2-30n PDUS and MFI were statistically significantly
malignant. When evaluated in general, according to our
study, the differential diagnosis of benign-malignant
breast lesions can be made with the use of MFI. MFI
can contribute to the clinical management of cases
with breast lesions, prevent additional radiological
examination methods and unnecessary biopsies,
reduce patient anxiety, shorten treatment times, and
reduce treatment costs. In addition, since Doppler
US does not contain radiation, it can be used safely
in follow-up examinations.

There are some limitations to our study. Firstly,
the number of patients included in the study was
relatively small. Secondly, all patients were evaluated
by a single radiologist, and interobserver variability
could not be assessed. Thirdly, grading was assessed
according to the number of vessels rather than
morphological features such as penetration and
branching patterns, which are reported to be highly
suggestive of malignancy. Fourth, ultrasonographic
images were evaluated using the MFI technique,
which is less commonly used in the literature. Lastly,
ultrasonographic contrast material could not be
used.

HM]J

Conclusion

In patients with breast lesions, in addition to
B-mode US findings, PDUS and especially MFI methods
used to investigate vascularity can contribute to
the differential diagnosis of benign and malignant
lesions. MFI will reduce additional radiological
examination methods by contributing to the clinical
management of cases with breast lesions, and can be
used safely in follow-up examinations since it does
not contain radiation. For these reasons, by following
benign breast lesions; unnecessary biopsies will be
prevented, treatment costs and patient treatment
times will be limited and patient concerns can be
reduced.
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