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Abstract

Background Ultrasonography (US) still has some limitations in the differentiation of benign and malignant breast
masses. Therefore, we introduced new technologies such as S-Detect, microvascular flow imaging (MVFI), and strain
elastography (SE) into the examination and compared the multimodal method with Breast Imaging Reporting

and Data System (BI-RADS).

Objectives This prospective study aimed to evaluate the value of multimodal diagnostic methods that add S-Detect,
MFI, and SR to US in differentiating benign from malignant breast masses.

Methods We recruited 186 patients with 189 masses between July 2021 and March 2022. The masses were exam-
ined using US, S-Detect, SR, and MFI before biopsy, and the benign and malignant differentiation value of each
and their combination were assessed compared with surgical pathology results using the area under the receiver
operating characteristic curve (AUC), accuracy, sensitivity, specificity, positive predictive value (PPV), and negative
predictive value (NPV). Subgroup analysis by lesion size was also performed.

Results The respective optimal cutoff values of SR and MFI for differentiating benign from malignant masses were
3.15 and 2.45, respectively, and the sensitivity and specificity were 79.3% and 85.6% and 94.6% and 69.1%, respec-
tively. The multimodal AUC (0.907), sensitivity (97.8%), accuracy (90.5%), PPV (84.9%), and NPV (97.6%) were larger
than those of each modality (p < 0.05), regardless of the mass size.

Conclusions The diagnostic method of S-Detect combined with multimodal ultrasound can effectively improve
the diagnostic efficiency of breast masses and is expected to become a routine examination for breast in future
for better evaluation the benign and malignancy of breast masses.
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Background

Breast cancer has recently become the most prevalent
malignancy in female individuals [1, 2]. Breast disease
has been attracting increasing attention, and it progres-
sively affects younger patients [3, 4]. A study reported
that 5-year breast cancer in situ survival rate was 99%,
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Ultrasonography (US) is routinely used to examine
breast diseases, as it is safe and noninvasive [7]. How-
ever, its main limitation is its operator dependency,
with low inter-observer consistency and, for some chal-
lenging cases, the signs of benign and malignant may
be contradictory, which may lead to misdiagnosis [8, 9].
To overcome this problem, researchers have introduced
S-Detect, microvascular flow imaging (MVFI), and strain
elastography (SE) into the examination to improve the
diagnostic efficiency of ultrasound in differentiating
benign and malignant breast masses.

S-Detect can effectively improve inter-reader consist-
ency and has good accuracy [9-15]. Microvascular flow
imaging is a new microvascular ultrasound imaging tech-
nique, and microvascular flow index (MFI) can automati-
cally be determined by delineating the lesion edges on
images from MVFI to quantitatively evaluate the abun-
dance of blood flow [16-25]. Elastography evaluates tis-
sue deformation by comparing the stiffness between the
tumor and nearby healthy tissue with a high spatial reso-
lution [26-33].

Although the potential benefits of each technique have
been reported [9-33], few studies have investigated the
effect of combining them when evaluating breast masses.
If the three technologies are added to breast ultrasound
examination, it may have a positive impact on the diag-
nostic efficiency of breast masses.

This prospective study aimed to evaluate the value of
multimodal diagnostic methods that add S-Detect, MFI,
and SR to US in differentiating benign from malignant
breast masses.

Methods

The ethics committee of our hospital approved this pro-
spective study, and informed consent was obtained from
all patients.

This study was performed between July 2021 and
March 2022. We enrolled patients scheduled to undergo
diagnostic US at our institution.

Inclusion criteria were as follows: (a) having a relatively
isolated breast mass detect by US (ensuring accurate
localization during biopsy); (b) have undergone US, MFI,
SR, and S-detect examinations before surgery and have
clear images; and (c) patients who was over 18 years old.
Exclusion criteria were as follows: (a) having a mass too
large to measure the SR and/or MFI in a single section
(over 6 cm, the maximum diameter of the probe); (b) not
having definite pathological results by biopsy; (c) diag-
nosed with other malignant tumors previously or with a
previous history of cancer/treatment; (d) receiving radio-
therapy or chemotherapy in the ipsilateral breast; and (e)
being pregnant or lactating.
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All ultrasound examinations were conducted using
the Samsung RS85A ultrasonographic system (Samsung
Madison Co. Ltd., Seoul, the Republic of Korea), with
3-12-MHz linear array probes and included grayscale
US, SR, MFI, and analysis with S-Detect software. All
data in this study were evaluated by two radiologists with
over ten years of experience in breast ultrasound and
their results were compared with each other. If there was
a disagreement between the two, consulted another sen-
ior radiologist with over 15 years of experience. This was
a prospective study, all patients underwent histopatho-
logical evaluation after ultrasound examination, and
all biopsies/surgeries are performed under ultrasound
guidance.

The patients were maintained in the supine position,
fully exposing the breast.

First, a routine ultrasound examination was performed
to assess six US features of breast masses according to
the BI-RADS classification system. The features included
shape, azimuth, edge, internal echo, internal structure,
and calcification. Each feature has a corresponding score
based on which the mass was assigned a BI-RADS clas-
sification (Figs. 1a, 2a, 3a). Masses identified as 4b to 5
were classified as suspected malignancies.

Second, we perform MVFI on breast masses and cal-
culate MFI using images with the most abundant blood
flow signal by outlining the lesions’ edges on the images
(Figs. 1b, 2b, 3b). Each numerical value was averaged
after three measurements.

Third, we switched to the SE mode, keeping the probe
perpendicular to the target lesion and applying as little
pressure as possible. An appropriate sampling box size
was selected, image clarity was adjusted, and stability was
maintained. Subsequently, the E-Breast was activated to
trace the lesion area and normal breast tissue of the same
depth (Figs. 1c, 2c, 3c). The stain radio was automatically
calculated as the ratio between them by the software.
Measurements were made in triplicate, and the average
value was used.

Fourth, we scanned the transverse and longitudinal
aspects of the breast masses in 2D mode, considered the
vertical section maximum diameter as the standard level,
and then switched to the S-Detect mode. The software
automatically outlined the breast lesion area, and the
lesion nature was quickly and automatically evaluated to
determine if it was a benign or malignant lesion (Figs. 1d,
2d, 3d).

The respective optimal cutoff values of SR and MFI
were determined by receiver operating characteristic
(ROC) analysis and the Youden index. When either value
was above the cutoff value, the breast mass was deter-
mined to be malignant; if not, it was determined to be
benign.
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Fig. 1 A 42-year-old female patient with invasive breast ductal carcinoma. The ultrasonographic images of the breast mass long-axis section were
assigned a BI-RADS score of 4A (a), a vascular index of 25.5 (b), and a strain ratio of 5.34 (c). The long- and short-axis sections were both judged

as malignant by S-Detect (d)

We divided the data into eight groups for analysis and
comparison: US, US+S-Detect, US+SR, US+MFI,
US + S-Detect+ SR, US+S-Detect+ MFI, US + MFI+ SR,
US +S-Detect+ SR+MFI (the multimodal diagnosis).
The combined analysis of US, SR, MFI, and S-Detect
was performed according to the long-axis section of the

breast mass. The original BI-RADS classification was
based on the US; then SR, MFI, and S-Detect examina-
tions were performed. The new BI-RADS combined with
various techniques will be upgraded or downgraded
based on the results of S-Detect/MFI/SR, and the specific
upgrade/downgrade methods was shown in the flowchart
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Fig. 2 A 49-year-old female patient with mammary adenosis. The ultrasonographic images of the breast mass long-axis section were assigned
a BI-RADS score of 4A (a), a vascular index of 0.4 (b), and a strain ratio of 1.36 (c). The long-axis section was judged as benign by S-Detect (d)

(Fig. 4). The masses originally classified as BI-RADS 3
were no longer down-regulated, while the masses of BI-
RADS 5 were no longer up-regulated. Masses with a final
BI-RADS score between 3 and 4A were judged benign,
and those with a BI-RADS score of 4B and above were
considered malignant.

We separated the masses by size into masses <20 mm
or>20 mm. The size of the breast cancer at the time of
diagnosis is generally considered as the basic and key
factor to determine the clinical outcome [34]. In the
tumor—node—metastasis-based staging of breast cancer

proposed by the International Union for Cancer Control
and the American Joint Commission on Cancer, a tumor
with a diameter of less than 20 mm is defined as belong-
ing to stage T1 and a tumor with a diameter of more than
20 mm belongs in stages T2 and above [35, 36]. There-
fore, a significant cutoff value of breast mass is 20 mm.
The accuracy, sensitivity, specificity, AUC, PPV, and NPV
of the US and multimodal diagnostic approaches were
analyzed by group. Differences in diagnostic efficiency
were compared between the mass size groups and the
entire cohort.
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Fig. 3 A 50-year-old female patient with intraductal papilloma. The ultrasonographic images of the breast mass long-axis section were assigned
a BI-RADS score of 4B (a), a vascular index of 1.8 (b), and a strain ratio of 2.69 (c). The long- and short-axis sections were all judged as benign
by S-Detect (d)

Quantitative parameters, such as age and size, used to compare the categorical variables (BI-RADS
were represented by mean and standard deviation and S-Detect), while the t test was used to compare
and compared using the t test. Chi-square test was the continuous variables (SR and MFI) between the
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Fig.4 A study flowchart. BI-RADS: Breast Imaging Reporting and Data System; US: ultrasonography; MFI: microvascular flow index; SR: strain ratio

groups. The Z test compared the AUC values. Two-
sided statistical significance was set at P<0.05. A Chi-
square test was used to compare the size of benign and
malignant masses against the mean values of SR and
MEFI in each group, and the diagnostic efficacy of each
group and the US group. Statistical analysis was per-
formed using IBM SPSS Statistics for Windows, Ver-
sion 25.0 (IBM Corp., Armonk, NY, USA).

Results

Based on the inclusion and exclusion criteria, this study
recruited 186 patients (mean age, 47.2+12.7 years)
with 189 breast masses (Fig. 4), including 92 malignant
(48.7%) and 97 benign (51.3%) masses; the diameters
were <20 and >20 mm in 98 and 91 masses, respectively.
Invasive ductal carcinoma was the most common malig-
nant breast tumor accounting for 79.3% of the malig-
nancies (73/92). Fibroadenoma was the most prevalent
benign lesion (49.5%, 48/97; Table 1). The patients with

Table 1 Histopathological diagnosis of the masses and respective MFl and SR values

Malignant Benign
Histologic features N (%) MFI SR Histologic features N (%) MFI SR
Invasive ductal carcinoma 73 (79.3) 129+122 41436 Fibroadenoma 48 (49.5) 59+90 25+16
Ductal carcinoma in situ 13(14.1) 122+85 38+15 Mammary adenosis 36 (37.1) 48+80 23+12
Mucous carcinoma 4(4.3) 6.7+6.5 44431 Benign phyllodes tumor 4(4.0) 88+85 33+24
Solid papillary carcinoma 1(1.1) 185 32 Intraductal papilloma 3(3.0) 158+12.2 25411
Neuroendocrine carcinoma 101.1) 82 59 Usual ductal hyperplasia 3(3.1) 15+1.7 21+08
Mastitis 2.0 10.6+6.6 30+1.7
Mammary cyst 1(1.0) 14 2.8

N: number; MFI: microvascular flow index; SR: strain ratio
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malignant tumors were older than those with benign
masses (53.3+11.9 and 41.5+£10.6 years; P<0.01) and had
larger lesions (28.0+£13.8 and 17.8 £ 8.9 mm; P<0.01).

The mean values of the quantitative parameters were all
significantly higher in malignant lesions than in benign
lesions: MFI (mean, 12.6+11.4 and 5.8+8.6; P<0.01);
SR (mean, 4.1+2.2 and 2.4+1.5; P<0.01). The optimal
MEFI and SR cutoff values for differentiating malignant
from benign breast masses were 2.45 and 3.15, respec-
tively, and their AUCs were 0.818 and 0.825, respectively
(Fig. 5). The diagnostic sensitivity, specificity, accuracy,
PPV, and NPV of US+MFI were 94.6%, 69.1%, 81.5%,
74.4%, and 93.1%, respectively, and those of US+SR
were 79.3%, 85.6%, 82.5%, 83.9%, and 81.4%, respec-
tively (Table 2). Most MFI and SR values increased with
the lesion’s BI-RADS score. The benign/malignant lesion
ratio and mean values of MFI and SR for each category
are shown in Table 3. Using the pathology examination
results as the standard, the combined US and S-Detect
assessment had higher sensitivity, accuracy, and NPV
(93.5%, 85.2%, and 92.6%, respectively) and a larger AUC
(0.911 and 0.862) for differentiating benign from malig-
nant breast masses than US alone (Fig. 5). However, the
specificity and PPV of the combined US and S-Detect
approach were lower than that of US alone (77.3% and
83.5%; 79.6% and 82.0%, respectively).

The accuracy, specificity, AUC, PPV, and NPV of the
US +S-Detect+ MFI group increased compared with
those of the US group (0.922, 88.4%, 96.7%, 82.4%,
96.3%, respectively); however, the sensitivity decreased
(80.4% and 83.5%). The accuracy, sensitivity, PPV,
and NPV of the US+S-Detect+ SR group compared
with the US group increased (86.8%, 90.2%, 83.8%,
90.0%, respectively), and the specificity did not change
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2
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T ) — MFI
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significantly (both were 83.5%), while the AUC also
increased from 0.862 to 0.914. For the US+ MFI+ SR
group, the accuracy, sensitivity, and NPV increased
compared with those of the US group (85.2%, 91.3%,
and 90.6%, respectively), while the specificity and PPV
decreased (79.4% and 80.8%, respectively), and the
AUC increased to 0.923.

The sensitivity, accuracy, PPV, and NPV of the mul-
timodal diagnostic approach (97.8%, 90.5%, 84.9%, and
97.6%, respectively) were significantly higher and the
AUC significantly larger (0.939, P<0.001) than those
of the other seven groups. The specificity of the multi-
modal diagnostic was second only to that of the US4 SR
group; but this finding was not significant (85.6% and
83.5%; P=0.69; Table 2). Using the multimodal diag-
nostic approach, the score of 61 lesions was down-
graded from the original BI-RADS grade, including two
incorrectly downgraded malignant lesions; biopsy was
correctly avoided for 55 masses; and 106 lesions were
upgraded, including 16 incorrectly upgraded benign
masses (Table 4).

The AUC between various diagnostic methods
showed significant statistical significance (P<0.05).
The mean was statistically significant only between the
US+MFI and US+SR groups (P=0.025), while there
was no significant difference between the other groups
(P>0.05).

The multimodal diagnostic AUC, accuracy, sensi-
tivity, and NPV were greater than the corresponding
values of the US group in both tumor-size subgroups,
particularly in the small mass group that had an AUC of
0.955. The multimodal diagnostic specificity and PPV
were slightly lower than in US group (Table 2).

ROC ROC
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Fig.5 The receiver operating characteristic curve. ROC of MFl and SR in distinguish between benign and malignant masses (A), ROC of US,
US +S-Detect, US+ MFI, US + SR, and the multimodal diagnostic approach (B), and ROC of US, US+S-Detect + MFI, US+ S-Detect + SR, US+ MFI + SR,
and the multimodal diagnostic approach (C). US: ultrasonography; MFI: microvascular flow index; SR: strain ratio
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Table 2 Comparison of the diagnostic methods'efficacies of the mass size groups and the entire cohort

Diagnostic method Size AUC Accuracy, % Sensitivity, % Specificity, % PPV, % NPV, %

us <20mm  0.856(0.772-0.941) 85.7(78.8-92.6) 750 (66.5-83.5)  90.1(84.2-96.0) 80.0(72.2-87.2) 882 (81.7-94.7)
>20mm  0.841(0.760-0.923) 76.9 (68.2-85.6) 81.7(73.9-89.5) 67.7(58.1-77.3) 83.1(69.3-90.7) 65.6(55.8-75.4)
All'masses  0.862 (0.810-0.914) 81.5(76.0-87.0) 79.3(73.5,85.1) 83.5(78.2-88.8) 82.0(76.5-87.5) 81.0(754-86.6)

US +S-Detect All masses 1(0.859-0.952) 85.2(80.1-90.3) 93.5(90.0-97.0) 77.3(71.3-833) 79.6(73.9-85.3) 92.6(88.9-96.3)
P <0.001 0.290 <0.001 0.280 0.670 0.030

US +MFI All masses  0.896 (0.852-0.939) 81.5(76.0-87.0) 94.6(91.4,97.8) 69.1 (62.6-756) 744 (682-80.6) 93.1(89.5-97.2)
P’ <0.001 >0.999 <0.001 0.020 0.190 0.020

US+SR All'masses  0.886 (0.937-0.935) 82.5(77.1-87.9) 79.3(73.585.1) 85.6 (80.6-90.6) 83.9(78.7-89.1) 81.4(75.9-86.9)
P’ <0.001 0915 >0.999 0.690 0.740 0.950

US+ S-Detect+MFI All masses  0.922 (0.884-0.960) 884 (83.8-93.0) 96.7 (94.1-99.3) 804 (74.8-84.0) 82.4(77.0-87.8) 96.3(93.6-99.0)
P’ <0.001 0.292 <0.001 0575 0.944 0.002

US+S-Detect+ SR All masses 0914 (0.874-0.954) 86.8 (82.0-91.6) 90.2 (86.0-944) 83.5(78.2-88.8) 83.8(78.5-89.1) 90.0 (85.7-94.3)
P’ <0.001 0.567 0.040 >0.999 0.741 0.081

US +MFI+SR All masses  0.923 (0.884-0.962) 85.2(80.1-90.3) 91.3(87.3-95.3) 794 (73.6-85.2) 80.8(75.2-86.4) 90.6 (86.4-94.8)
p’ <0.001 0397 0.022 0460 0.824 0.066

US+S-Detect+ MFI+SR <20 mm 0955 (0.917-0.994) 90.8 (85.1-96.5) 96.9 (93.4-1004) 87.9(81.4-944) 795 (71.5-87.5) 98.3(95.7-100.9)
>20mm  0.909 (0.843-0.975) 90.1 (84.0-96.2) 983 (95.7-100.9) 74.2(65.2-83.2) 88.1(81.3-94.9) 959 (92.0-99.8)
All masses  0.939 (0.905-0.974) 90.5 (86.3-94.7) 97.8(95.7-99.9)  83.5(78.2-88.8) 84.9(79.8-90.0) 97.6(95.5-99.7)
P’ <0.001 0.350 <0.001 >0.999 0.590 <0.001

US: ultrasonography; MFI: microvascular flow index; SR: strain ratio; AUC: area under the receiver operating characteristic curve; PPV: positive predictive value; NPV:

negative predictive value

*Comparison with BI-RADS in entire cohort

Table 3 Breast mass distribution and comparison between MFI and SR assessments

Diagnostic method Malignant Benign All masses MFI SR P*

Mean ages, years 533+£119 4151106 472+127 <0.01
Mean sizes, mm 280+13.8 178+89 22.7+126 <0.01
<20mm 32 66 98 79+106 29+18 <0.01
>20mm 60 31 91 105105 3,622 <0.01
us 92 97 189 9.1£106 33£20 <0.01
3 0 22 22 53+6.6 24411 <0.01
4A 19 59 78 68+115 26+18 <0.01
4B 46 16 62 129+£109 40420 <001
4C 25 0 25 9.8+6.5 3.6x2.1 <0.01
5 2 0 2 14+119 88+4.2 <0.01
MFI 58+86 126+114 9.1£106 <0.01
SR 24+15 41+£22 33%20 <0.01
US+S-Detect 108 81 189 <0.01
US+MFI 117 72 189 <0.01
US+SR 87 102 189 <0.01
US+S-Detect + MFI 108 81 189 <0.01
US+S-Detect+SR 99 90 189 <0.01
US+SR+MFI 104 85 189 <0.01
US +S-Detect+ MFI+ SR 105 83 189 <0.01

*Comparison between benign and malignant

US: ultrasonography; MFI: microvascular flow index; SR: strain ratio
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Table 4 The specific upgraded and downgraded situation of various diagnostic methods

Diagnostic method Upgrade Downgrade

3-54A 4A — 4B 4B — 4C 4C->5 Total 4A -3 4B — 4A 4C— 4B 5-4C Total

US +S-Detect 2(0)* 27(17) 54 (42) 23(23) 106 (82) 51 (49) 8 (4) 2(0) 0(0) 61 (53)
US+SR 5(0) 19(13) 43 (35) 14 (14) 81 (62) 59 (53) 19(7) 11(0) 0(0) 89 (60)
US+MFI 9(0) 33(18) 57 (42) 25(25) 124 (85) 45 (44) 5() 0(0) 0(0) 50 (45)
US+S-Detect+ SR 0(0) 15(11) 39(31) 14 (14) 68 (56) 48 (48) 4(3) 2(0) 0(0) 54 (51)
US + S-Detect+ MFI 0(0) 20 (16) 50 (38) 23(23) 93 (77) 40 (40) 1(1) 0(0) 0(0) 41 (41)
US + SR+ MFI 2(0) 17 (12) 39(30) 14 (14) 72 (56) 42 (42) 1(1) 0(0) 0(0) 43 (43)
US + S-Detect + SR+ MFI 2(0) 23(19) 58 (48) 23(23) 106 (90) 55 (55) 4(2) 2(2) 0(0) 61 (59)

*The numbers of parentheses represent the number of successful upgrades and downgrades

Discussion

Ultrasonography is an important method for distinguish-
ing between benign and malignant breast masses [7].
Currently, there are some new ultrasound techniques
such as S-Detect, MVFI, and SE [9-29]. Would combin-
ing them be more helpful for diagnosing breast masses?

This study explored the application of the S-Detect
program and the quantitative parameters of MFI and SR
on the basis of US and compared their diagnostic value in
differentiating benign from malignant breast lesions.

Our study was performed on 189 patients (92 malig-
nant and 97 benign), unlike Seo et al. [28], who per-
formed their study on 45 patients (20 malignant and 25
benign). And our study was a prospective study, similar
to Lee et al. [30], unlike Lee et al. [27] and Zhi et al. [37],
whose study was retrospective.

In this study, the sensitivity in the US+S-Detect and
US +MEFI groups increased, but the specificity and PPV
decreased. Our analysis found that this may be due to the
inconspicuous malignant characteristics of small tumors,
which are often misdiagnosed as benign by conventional
ultrasound. However, the addition of S-Detect reduced
human error in judging small tumors, and after the addi-
tion of MFI, further judgment can be made based on the
richness of internal blood flow. Both can avoid the omis-
sion of some small malignant lesions, thereby improv-
ing sensitivity. However, some large tumors with rapid
growth, such as phyllodes tumors and larger fibroadeno-
mas [38, 39], may also have rich internal blood flow sig-
nals and irregular morphology, leading to misdiagnosis
by MFI and S-Detect, ultimately resulting in lower speci-
ficity and positive predictive value.

Wang et al. [13] studied that S-Detect can effectively
improve inter-reader consistency and has good accuracy.

Cai et al. [20] studied that the vascular index can be
used to appropriately downgrade benign lesions classified
as BI-RADS 4, which can improve the diagnostic accu-
racy and PPV and reduce unnecessary biopsies.

At the same time, this study found that the specificity
of the US4+ SR group was the highest, yet the sensitivity
was lower, and the NPV was not significantly increased.
The reasons may be that when the malignant mass was
small in size, the interstitial reaction was not obvious,
the fibrous component arrangement was loose, and
the cancer tissue did not infiltrate into the surrounding
area. Therefore, the hardness was lower, the elasticity
score was lower, and false negatives were prone to occur.
Therefore, the sensitivity was lower, and the negative pre-
dictive value was not high, even though the specificity
was high. As shown in the study by Song et al. [40], it is
believed that the hardness of large masses is higher than
that in small masses.

Lee et al. [27] studied that the addition of SR in ultra-
sound improved the accuracy and specificity signifi-
cantly, while increased the sensitivity, this is similar to
our research findings.

This study showed that the highest diagnostic efficacy
was achieved when the MFI cutoff value was 2.45. This
cutoff value was lower than previously reported values of
2.95 [16] and 3.35 [24], possibly due to differences in the
included subjects or the instruments. Chae et al. [16] and
Lee et al. [24] used instruments from Aplio, Japan, while
we used a diagnostic US instrument from Samsung,
Korea, with each instrument coming with measurement
software produced by a different company (SMI technol-
ogy in their case, MVFI technology in ours).

Our study showed that the SR value of malignant
masses was larger than that of benign masses, which is
similar to the study by Suvannarerg et al. [41], Seo et al.
[28], Lee et al. [27] and Moon, et al., and our cutoff value
of SR was 3.15, while the cutoff of SR in Suvannarerg
et al. was 2.78, Seo et al. was 2.63, Lee et al. was 3.57 and
Moon et al. [42] was 5.16.

To the best of our knowledge, there are currently few
studies that combine these four techniques (US, SR, MFI,
and S-Detect) for the diagnosis of breast masses.
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Leng et al. [43] combined routine ultrasonography,
elastography, contrast-enhanced ultrasonography and
color Doppler, and they showed that multimodal ultra-
sound is more effective in diagnosing breast lesions.

Lee et al. [27] combined all quantitative values of shear
wave elastography and superb microvascular imaging
with B-mode US, they showed the combination improved
the diagnostic performance in differentiating between
benign and malignant breast lesions.

Lee et al. [30] showed that addition of elastography and
color Doppler US to B-mode US can increase the PPV of
screening US in women with dense breasts while reduc-
ing the number of false-positive findings without missing
cancers.

Our results indicated that the multimodal diagnostic
approach that combined all four techniques had higher
AUCG, sensitivity, accuracy, PPV, and NPV values than the
other seven groups without a loss of specificity (only sec-
ond to the US4+ SR group).

All lesions with a BI-RADS score of 3 based on the mul-
timodal diagnostic approach were judged benign using
S-Detect, and their SR and MFI were below the respec-
tive cutoff values. The BI-RADS score for 61 cases was
downgraded, including 55 benign masses being correctly
downgraded from BI-RADS 4A to 3. These masses were
a mixed variety of benign lesions, so their US images
were atypical, resulting in misjudging them as BI-RADS
4A. The multimodal diagnosis could assess these lesions
more objectively than US alone, resulting in down-
grading these masses, avoiding unnecessary biopsies,
reducing the patients’ pain and stress, and decreasing
overtreatment. Two malignant masses were incorrectly
downgraded. One was a mucinous carcinoma, possi-
bly misjudged due to its unique pathological type. Many
studies have reported that mucinous carcinoma usually
has poor blood supply and because there is more internal
mucus, its hardness is also lower [44], resulting in a lower
MEFTI and SR. The other case was an invasive ductal carci-
noma, possibly misjudged because of its small size, only
4 mm in diameter, leading to large MFI and SR measure-
ment errors.

Among the 106 upgraded cases, there were 90 malig-
nant lesions correctly upgraded. The ultrasound images
of most of these upgraded masses showed insignificant
malignant characteristics as the lesions were relatively
small. The calculated MFI and SR indicated a high blood
flow signal and hard texture, leading to an upgrade of
their BI-RADS scores. Multimodal diagnosis can reduce
the missed diagnosis rate of smaller breast masses. There
were 16 benign masses were incorrectly upgraded, four
from BI-RADS 4A to 4B and 12 from BI-RADS 4B to 4C.
These lesions included 12 adenopathies with fibrous ade-
nomas, two interstitial fibroses, and two inflammatory
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lesions. Active hyperplasia of the surrounding tissue may
have led to their irregular growth and a strong blood flow
signal.

During the subgroup study, we found that multimodal
diagnosis had a higher diagnostic efficiency in the small
tumor group, with an AUC of 0.955. As shown in the
above analysis, small tumors with insignificant malignant
characteristics are prone to missed diagnosis by conven-
tional ultrasound, and combining multimodal diagnosis
can more effectively evaluate their benign and malig-
nant characteristics. However, regardless of whether it is
a large mass group or a small mass group, the accuracy,
sensitivity, AUC, and NPV of multimodal diagnosis are
greater than the corresponding values of the US group.
The specificity of the large mass group is low, and the rea-
son is as shown above. Benign lesions with rapid growth
are easily misdiagnosed as malignant.

Zhi et al. [37] only studied masses with a diameter less
than 20 mm, and they only discussed the role of elastog-
raphy in BI-RADS. They showed that the combination
of elastography and BI-RADS could give BI-RADS some
help in the differentiation of benign and malignant breast
small lesions.

This study had several limitations. First, it was a sin-
gle-center study with a small sample, possibly resulting
in some bias. Second, we did not perform a subgroup
analysis for the association between various pathological
types and MFI or SR. Given the few cases available for
each subgroup, a larger sample is needed for such analy-
sis. Third, as the same instrument acquired all US images
used in this study, the adaptability of our findings to
other devices could not be confirmed.

Conclusions

The multimodal diagnostic method combining US,
S-Detect, MFI, and SR can effectively improve the diag-
nostic efficiency of breast masses, reduce unnecessary
biopsies of BI-RADS 4A masses. And for small masses
with a diameter less than 20 mm, malignant signs can be
detected earlier to avoid delaying treatment. The multi-
modal diagnostic is recommended to be used as a routine
examination for breast in future for better evaluation the
benign and malignancy of breast masses.
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