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ARTICLE INFO ABSTRACT

Keywords: Objectives: To evaluate the diagnostic performance and the clinical benefit of Shear-Wave Elastography - Virtual
Breast neoplasm Touch™ Imaging Quantification (SWE-VTIQ) as a complement to ultrasonography (US).

Ultrasonography Methods: From October 2016 through Jun 2017, B-mode US and SWE-VTIQ were prospectively performed in
f;elg wave elastography 396 breast masses in 357 women who consented to undergo this study. Quantitative elastography values were

recorded: Vi, (maximum elasticity), Vimean (median elasticity), Viatiomax) (fatio of Vi and surrounding par-
enchyma) and Viatio(mean) (ratio of Viyean and surrounding parenchyma). The histopathology of the lesions was
considered the reference standard for benign or malignant definition. The performance of the four elastographic
parameters was evaluated trough sensitivity, specificity and AUC. The parameter with the best performance was
tested in six different diagnostic approaches defined based on clinical practice.

Results: Of the 396 masses, 122 (30.8%) were benign and 274 (69.2%) were malignant. All SWE parameters
were significantly higher in malignant masses (all p < 0.01). Viyax and Viatomax) performed significantly better
then Viatiotmeany ( = 0.01 and p = 0.03, respectively). SWE-VTIQ improved US specificity in all diagnostic ap-
proaches, except when applied to BI-RADS 3 lesions. SWE-VTIQ reduced the false positive rate in 25% if applied
only to BI-RADS 4A masses, maintaining a high sensitivity (98.9%, 95% confidence interval 97.1-100%) and a
negative predictive value of 95.5%. When applied to BI-RADS 4A and 4B masses, SWE-VTIQ reduced the false
positive rate in 54.4%. However, 13 malignant cases would be missed in this approach (4.7% of all malignant
cases).

Conclusions: SWE-VTIQ increases US specificity when applied to BI-RADS 4 A lesions, significantly reducing
unnecessary interventions and preserving the diagnosis of malignant lesions. When applied also to BI-RADS® 4B
lesions, SWE-VTIQ increases the number of false negative cases, which should be evaluated with caution.

1. Introduction

Breast ultrasonography (US) is primarily used to evaluate abnorm-
alities detected by physical exam or by mammography, but it also has
the potential of detecting early breast cancer not seen on mammo-
graphy, particularly in women at high risk for breast cancer or with
mammographically dense breast tissue [1-6]. Breast US has the ad-
vantages of being widely available, do not requiring radiation or con-
trast, being well tolerated by patients, and of having a sensitivity
greater than 90% [5-7]. Nonetheless, it has a moderate specificity
(31%-67.8%) [6,8] and literature shows that US increases the number

of biopsies and the recall rates [9]. After a negative mammography, a
median of 56 biopsies per 1000 women are performed because of sus-
pected lesions in US (range 27-107) [9]. Therefore, cost-effective,
practical and reproducible methods capable of reducing the false-po-
sitive rate of US are urgently needed.

Elastography is a relatively new technique that can provide addi-
tional information concerning the tissue stiffness, and improve US
performance [10-12]. There are two types of elastography: strain
elastography (SE) and shear wave elastography (SWE). The first one
requires multiple freehand compressions to produce a stiffness map
[10,12,13]. In SWE, an initial ultrasound pulse is applied to the tissue to

* Corresponding author at: Faculty of Medical Sciences of Campinas State University (UNICAMP), Department of Obstetrics and Gynecology, R. Alexander Fleming,

101- Campinas, Sao Paulo, 13083-881, Brazil.
E-mail address: sarian.luis@gmail.com (L.O.Z. Sarian).

https://doi.org/10.1016/j.ejrad.2019.02.004

Received 28 July 2018; Received in revised form 29 January 2019; Accepted 3 February 2019

0720-048X/ © 2019 Elsevier B.V. All rights reserved.


http://www.sciencedirect.com/science/journal/0720048X
https://www.elsevier.com/locate/ejrad
https://doi.org/10.1016/j.ejrad.2019.02.004
https://doi.org/10.1016/j.ejrad.2019.02.004
mailto:sarian.luis@gmail.com
https://doi.org/10.1016/j.ejrad.2019.02.004
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ejrad.2019.02.004&domain=pdf

M.T. Déria, et al.

induce mechanical vibrations and create shear waves. The velocities of
the waves are directly correlated to the lesion stiffness. SWE is more
reproducible and less operator-dependent than SE [10].

There are currently three technical modalities of SWE: 1-dimen-
sional transient elastography; point shear wave elastography; and 2-
dimensional shear wave elastography. This last modality has five dif-
ferent presentations: Virtual Touch™ Imaging Quantification/Acoustic
radiation force impulse (VTIQ) by Siemens, Shear Wave “Elastography
by SuperSonic Imagine (SSI), Shear Wave Elastography by Philips,
Acoustic Structure Quantification” (ASQ) by Toshiba, and 2D-SWE by
GE Healthcare) [14,15]. In the VTIQ 2-dimensional shear wave elas-
tography presentation, tracking vectors can be used to detect the ve-
locity in multiple regions of interest (ROI), displayed as a shear wave
speed.

Several studies have already been published in the literature, uti-
lizing different technologies, demonstrating that SWE helps in the
characterization of breast benign and malignant masses [12,16-23].
Three recent meta-analysis demonstrated values of sensitivity and
specificity, respectively, of 0.85-0.89 and 0.82-0.93 for the VTIQ elas-
tography and of 0.88-0.91 and 0.86-0.91 for the SSI technology
[12,23,24]. However, the studies published so far show substantial
heterogeneity among themselves due to various factors, including the
design of the study, population analyzed and rate of symptomatic le-
sions [24,25]. Furthermore, there is no consensus regarding the best
SWE parameter to be utilized and the best cutoff value to differentiate
benign and malignant lesions. Therefore, although there is evidence
that SWE increases the specificity of US, it is not yet known what the
real clinical benefit of elastography is (when to use it) and there still no
standardization of its use.

In face of the lack of sound information concerning the ultimate
value of adding SWE-VTIQ in clinical practice, we decided to evaluate
the diagnostic performance and the clinical benefit of Shear-Wave
Elastography - Virtual Touch™ Imaging Quantification (SWE-VTIQ) as a
complement to the Breast Imaging-Reporting and Data System (BI-
RADS) classification. To our knowledge, our study is the first attempt to
establish a clinical roadmap for the use of SWE-VTIQ.

2. Materials and methods
2.1. Patients

From June 2016 to August 2017, 357 women with 396 breast
masses categorized into BI-RADS category 3 to 5 were prospectively
enrolled in this study. Patients underwent breast US at our breast
imaging section for different medical reasons, e.g., sonographic follow-
up of breast masses previously coded as BI-RADS-US category 3, as-
sessment of palpable masses, sonographic screening in high-risk pa-
tients and sonographic evaluation of masses categorized as BI-RADS-
mammography 0. The institutional review board approved this study.
Informed consent was obtained from each woman (Protocol 1714081).
Standards for the reporting of diagnostic accuracy studies (STARD)
criteria were applied.

All patients underwent B-mode ultrasonography and SWE-VTIQ. All
BI-RADS categories were assessed with B-mode morphological variables
alone. Core needle biopsy guided by US was performed in all BI-RADS 4
or 5 masses. Core needle biopsy was performed under US guidance,
using a semiautomatic gun system with a 14-gauge needle. All biopsies
were performed with the patient in a supine or supine-oblique position.
At least three core samples were obtained.

BI-RADS 3 masses were only included in this study if at least two
years of stability (ranked as benign) or a core biopsy had been per-
formed.

2.2. Conventional ultrasonography

An Acuson S2000 Ultrasound System (Siemens®, Munich, Germany)
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Table 1
Main clinical and sonographic features of the patients and their breast lesions.
Characteristics Benign (%) Malignant (%) P
(n =122) (n = 274)
Age (years) 45.03 (15-90) 58.33 (28-92) < 0.01
Family history of BC
Yes 17 (13.9) 45 (16.4) 0.58
No 99 (81.2) 221 (80.7)
Unknown 6 (4.9) 8 (2.9
Personal history of BC
Yes 14 (11.5) 21 (7.7) 0.19
No 102 (83.6) 245 (89.4)
Unknown 6 (4.9) 8(2.9)
Main Indication for US
Symptomatic 36 (29.5) 93 (33.9) < 0.01
Follow-up 23 (18.9) 1(0.9)
High risk for BC 9(7.4) 4 (1.5)
MMG BIRADS 0 12 (9.8) 20 (7.3)
Suspected mass 42 (34.4) 156 (56.9)
Lesion diameter (mm, SD) 21.44 23.05 0.32
Shape
Oval/round 59 (48.4) 24 (8.8) < 0.01
Macrolobulated 10 (8.2) 8 (2.9)
Irregular 53 (43.4) 242 (88.3)
Margins
Circunscribed 68 (55.7) 19 (6.9) < 0.01
Microlobulated 25 (20.6) 55 (20.1)
Indistinct 17 (13.9) 90 (32.9)
Angular 2(1.6) 22 (8.0)
Spiculated 10 (8.2) 88 (32.1)
Echo pattern
Hypoechoic 82 (67.2) 202 (73.7) 0.14
Mixed echoic 18 (14.8) 20 (7.3)
Heterogeneous 21 (17.2) 50 (18.3)
Isoechoic 1 (0.8) 2(0.7)
Orientation
Parallel 94 (77.1) 96 (35.0) <0.01
Not parallel 28 (22.9) 178 (65.0)
Vascularity
Present 87 (71.3) 256 (93.4) < 0.01
Absent 35 (28.7) 18 (6.6)
BI-RADS
3 43 (35.3) 1(0.9)
4A 26 (21.3) 10 (3.6)
4B 28 (22.9) 58 (21.2)
4C 17 (13.9) 117 (42.7)
5 8 (6.6) 88 (32.1)
SWE parameters
Vinax (m/s) 4.65 (+2.33) 8.28 (+2.75) <0.01
Vinean (M/5) 3.19 (+1.31) 5.24 (+2.06) < 0.01
Vatio(max) 2.44 (+2.09) 5.48 (+2.16) <0.01
Viatio(mean) 0.95 (+0.93) 2.43 (+1.92) < 0.01

Abbreviations: BC, breast cancer; US, ultrasound; MMG, mammography; SWE,
shear-wave elastography; m/s, meters per second.

was the diagnostic equipment used. Standard B-mode US and SWE-
VTIQ were performed using a 9-MHz linear transducer. Investigators
with at least one-year of experience with breast US performed the
exams. A senior radiologist with more than 15 years of experience in
breast imaging and with 3-year experience in elastography supervised
all exams.

All lesions were classified according to the BI-RADS US fifth edition
recommendations into categories: BI-RADS US 3 (probably benign); BI-
RADS US 4 A (low suspicion for malignancy); BI-RADS US 4B (moderate
suspicion for malignancy); BI-RADS US 4C (high suspicion for malig-
nancy); and BI-RADS US 5 (highly suspicion for malignancy) [26].
Current and previous mammography and ultrasound exams were
available to the evaluators during the examination. The final BI-RADS
category was given by the senior radiologist.

2.3. Elastography

SWE-VTIQ was performed in sequence to B-mode US. The angle of
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Performance comparison of SWE parameters at optimal cutoff points for the diagnosis of malignant tumors in women breast lesions detected using ultrasonography.

SWE Parameter Diagnostic performance

p values for pairwise AUC comparison

Cutoff Sensitivity (95%CI) Specificity (95%CI) PPV NPV AUC Vmax Vmean Vratio(max)
Vmax 6.49 81.3 (74.8-88.3) 79.8 (74.8-84.8) 90.2 65.1 0.838 -
Vmean 4.14 75.0 (67.3-82.8) 81.7 (76.6-86.7) 90.1 59.4 0.820 0.52 -
Vratio(max) 2.94 85.8 (79.4-92.2) 73.0 (67.7-78.4) 88.1 68.8 0.828 0.78 0.64 -
Vratio(mean) 1.59 69.4 (61.1-77.8) 77.6 (71.9-83.2) 87.6 52.6 0.773 0.01 0.14 0.03
Abbreviations: SWEshear-wave elastography; PPVpositive predictive value; NPVnegative predictive value; AUCarea under the ROC curve.
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Fig. 1. Receiver operating characteristic curves of SWE_VTIQ parameters: A, Viax; B, Vinean; C, Viatiotmax); D> Vratiotmean)-

the probe was kept perpendicular to the skin, applying minimal pres-
sure on the breast. The SWE velocity map was obtained, displaying SWE
velocity distribution in 2D-colour images. Red, green and blue indicated
hard, intermediate and soft elasticity, respectively. The SWE velocity
map was adjusted from 0.5 (blue) to 10.0 cm/s (red). Quantitative SWE
values were obtained from the static velocity map with Virtual Touch
Quantification (VTQ) by placing a 2-mm square ROI on three different
locations: on the breast parenchyma adjacent to the mass (surrounding
parenchyma), on the mass area with the highest SW velocity (maximum
elasticity (Vimax)) and on the mass area representative of the median SW
velocity (median elasticity (Viean)) The ratio between V., and sur-
rounding parenchyma (Viatiotmax)) and between Ve, and surrounding
parenchyma (Viatiogmean)) Were calculed later in the database.

2.4. Statistical analysis

Statistical analysis was performed using R: a language and en-
vironment for statistical computing (R Foundation for Statistical
Computing, Vienna, Austria). The quantitative data were expressed in
the form of mean + standard deviation. Differences in quantitative data
between the malignant and benign groups were compared with in-
dependent t-tests. The optimal cutoff values for SWE-VTIQ parameters
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(Vimax> Vmeans Vratiomax) @Nd Viatiormean)) Were calculated using receiver
operator characteristic (ROC) curves. The best cut-off value was de-
termined when the maximal sum of sensitivity and specificity was
achieved. In order to improve SWE-VTIQ specificity, a cutoff point was
established for each BI-RADS category. Sensibility, specificity and the
area under the ROC curve (AUC) were used to assess diagnostic per-
formance of BI-RADS categories and of each parameter of SWE-VTIQ.
We next performed a pairwise comparison of the AUCs for each sce-
nario using 500 permutations. The best SWE-VTIQ parameter was
chosen considering the best diagnostic performance. After this, the
parameter chosen was applied in different diagnostic approaches to
determine the ultimate clinical benefit of elastography.

3. Results
3.1. Clinical, US and pathologic findings

Of the 396 masses, 122 (30.8%) were benign and 274 (69.2%) were
malignant. Benign lesions included 33 fibroadenomas (27.1%), 9 pa-
pillomas (7.4%), 22 usual and atypical hyperplasia (18%), 10 fibrosis
(8.2%), 3 pseudoangiomatous stromal hyperplasia (2.5%), 3 steatone-
crosis (2.5%), 2 Phyllodes tumors (1.6%), 2 adenomas (1.6%), one
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Fig. 2. Simulation of six diagnostic approaches and their results.

Notes: BR, BI-RADS; TN, true negative; FN, false negative; FP, false positive; TP, true positive; SWE, shear-wave elastography; V,ax, maximum elasticity of SWE; m/s,

meters per second.

fibromatosis (0.8%), one adenosis (0.8%), one granulomatous mastitis
(0.8%). The remaining 36 benign lesions were BI-RADS 3 masses with
more than two years of follow-up and did not have pathology analysis.
The majority of malignant lesions were invasive ductal carcinomas
(n = 229 - 83.6%). Other malignant results were: 12 invasive lobular
carcinomas (4.4%), 11 mucinous carcinomas (4.0%), 13 ductal carci-
nomas in situ (DCIS, 4.7%), 3 papillary carcinomas (1.1%) and 6 other
special subtypes (2.2%).

Table 1 shows the clinical and US features of the study cohort. Pa-
tients diagnosed with benign masses were younger (45.03 years (range
15-90 years)) than their malignant counterpart 58.33 (range 28-92
years) (p < 0.01). There was no statistical difference in the mass mean
diameter (p = 0.32), in patient’s personal history of cancer (p = 0.19)
or in family history of cancer (p = 0.58) for patients with benign or
malignant masses. Irregular shape, non-circumscribed margins, a non-
parallel orientation to the skin and presence of vascularity were all
significantly associated with malignant lesions (all p < 0.01).

As expected, there was an upward trend of the percentage of ma-
lignancy from women with BI-RADS 3 lesions to those with BI-RADS 5:
2.3% for BI-RADS 3, 27.8% for BI-RADS 4 A, 67.4% for BI-RADS 4B,
87.3% for BI-RADS 4C and 91.7% for BI-RADS 5.

The Vimaxs Vimean> Vratiotmax) a1d Vyatio(mean) Mmean (+ SD) values were
4.65m/s (+2.33), 3.19m/s (+1.31), 2.44 (42.09) and 0.95 (+0.93),
respectively, for benign masses, and 8.28 m/s (+2.75), 5.24m/s
(+2.06), 5.48 (+1.26), 2.43 (+1.92), respectively, for malignant le-
sions. All SWE parameters were significantly higher in malignant le-
sions (all p < 0.01).
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3.2. Elastography performance

Table 2 shows the performance comparison for SWE-VTIQ para-
meters. At the ROC-derived optimal cutoff threshold points, the
Viatiomax) yielded the best sensitivity among all parameters (85.8%,
95%Confidence Interval (CI) = 79.4-92.2%). On the other hand, the
Vimean Provided the best specificity (81.7%; 95%CI = 76.6-86.7%). The
AUC values were 0.838 for Viay, 0.820 for Viean, 0.828 for Viatiommax
and 0.773 for Viatiotmean) (Fig. 1). When we compared the AUC’S, Vppax
and Viatio(max) Were both significantly better then Viatomean) @ = 0.01
and p = 0.03, respectively). V.« was chosen to be tested in different
diagnostic approaches as it is easiest to use when compare to V,atiomax)-
The optimal cutoff value of V., for each BI-RADS category was cal-
culated.

3.3. SWE-VTIQ application in different diagnostic approaches

Fig. 2 shows a simulation of six diagnostic approaches and their
results considering the gold standard: the histopathology of the lesion
or a follow up of two years for BLRADS 3 masses. Diagnostic approach
“1” corresponds to what is used nowadays: US BI-RADS classification to
define the biopsy indication. In this scenario, 79 unnecessary biopsies
were performed (22.4% of all biopsies), but only one case of cancer
classified as BI-RADS 3 would be missed (0.4% of all malignancies).
This false negative case was related to a patient whom has had a breast
cancer diagnosed in the contralateral breast and a new mass was
identified on the first mammogram after the end of the treatment. Thus,
although the mass had probably benign characteristics, the biopsy was
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Fig. 3. (A) B mode image of oval, not circumscribed, parallel mass classified as
BI-RADS 4 A. (B) SWE shows that the mass has homogenous blue/green color
and low elasticity values (maximum velocity, 4.53 m/s; mean velocity 3.36 m/
s). Pathologic diagnosis on core biopsy was fibroadenoma. The lesion would be
correctly downgraded to BI-RADS 3 with SWE-VTIQ.

- Vs=124 m/s
Depth=1.1 cm
ZXVs=33Tm/s
Depth=1.4 cm
¢ V=537 m/s
Depth=1.9 cm

Fig. 4. (A) B mode image of oval, not circumscribed, parallel to the skin mass
classified as BI-RADS 4 A. (B) SWE shows that mass has homogenous green
color, but with a stiff peripheral region (maximum velocity, 5.37 m/s; mean
velocity 3.37 m/s). Pathologic diagnosis on core biopsy was mucinous carci-
noma. The lesion would be incorrectly downgraded to BI-RADS 3 in diagnostic
approach number 6.
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performed due to clinical reasons and a mucinous carcinoma was di-
agnosed.

In diagnostic approach “2”, SWE-VTIQ was the only criteria for
biopsy indication. In this approach, 59 pathologic benign masses would
be spared from a biopsy (reduction of 75% in false positive rate).
However, 51 malignant cases would not have been identified (false
negative of 18.6%).

In the diagnostic approaches “3” to “6”, we combined BI-RADS
classification with SWE-VTIQ results. When SWE-VTIQ was used for BI-
RADS 3 masses (diagnostic approach “3”), the only BI-RADS 3 malig-
nant mass would be correctly identified. However, a biopsy would be
indicated for 10 other benign masses. In diagnostic approach “4” (SWE-
VTIQ for BI-RADS 3 or 4 A lesions), 13 patients would be spared from a
biopsy (reduction of 16.5% in false positive rate). Only three malignant
cases would be erroneously classified as benign (1.1% of all malignant
cases): the previously described mucinous carcinoma classified as BI-
RADS 3; one case of DCIS inside a fibroadenoma; and one breast cancer
recurrence. When SWE-VTIQ was applied only for BI-RADS 4 A masses
(diagnostic approach “5”), the same three malignant cases would be
missed, whereas 20 biopsies would be spared: a 25% reduction in false
positive rate (Fig. 3). In diagnostic approach “6” (SWE-VTIQ for BI-
RADS 4 A and 4B), 43 patients would be spared from a biopsy (54.4%
reduction in false positive rate), while 13 malignant cases would be
missed (4.7% of all malignant cases) (Fig. 4). Of these 13 cases, seven
were infiltrating ductal carcinomas (53.8%), two DCIS (one inside a
fibroadenoma) (15.4%), two were mucinous carcinomas (15.4%), and
two special subtypes (15.4%): one sarcoma and one case of lymphoma.

Table 3 shows the performance contribution of SWE in different
diagnostic approaches. BI-RADS classification alone presented a sensi-
tivity of 99.6% (95%CI = 98.5-100%), 35.2% of specificity
(95%CI = 30.2-40.2%), 77.5% of positive predictive value (PPV),
97.7% of negative predictive value (NPV) and 79.8% of accuracy. SWE-
VTIQ improved BI-RADS specificity in all diagnostic approaches, except
for number 3. Diagnostic approaches 5 and 6 showed the best accuracy
(87.6% and 84.3%, respectively). However, diagnostic approach 6 had
a worsen NPV (86.9% compared to 95.5%), as 13 of 274 malignant
cases would not be correctly identified in this approach.

4. Discussion

In this study, we have shown that all SWE-VTIQ parameters (Vax,
Vimeans Vratiotmax) @d Viatiogmean)) Perform well in differentiating ma-
lignant from benign breast masses. Furthermore, our data shows that
the diagnostic benefit is optimal in women with BIRADS 4 A lesions. For
this specific subgroup, the use of SWE-VTIQ allowed a 25% reduction in
false positive rate, without compromising the diagnosis of breast
cancer.

The majority of studies utilizing VTIQ technology, published so far,
have measured only the maximum SWE velocity of the masses
[22,27-34]. We decided to analyze three other parameters in order to
choose the one with the best performance and clinical application. In
our practice with SWE-VTIQ, we noticed that many masses are het-
erogeneous and have only a small “red” portion (stiff portion). Because
of that, there was a possibility that Ve., would perform better than
Vmax- In addition, it is known that the pressure applied to the tissue
when performing US may change its elastic properties, overestimating
the SWE velocity of the mass. Viatiotmax) ad Vratiomeany Would be ex-
pected to reduce the compression effect, since the same pressure is
applied to the mass and to the adjacent tissue. To our knowledge, this
was the first study to analyze these four SWE-VTIQ parameters sepa-
rately, in search for a best stand-alone parameter that could yield the
best diagnostic accuracy.

All four SWE-VTIQ parameters were significantly higher in malig-
nant masses. The optimal cutoff point for each of the parameters was:
6.49m/s for Viax, 4.14m/s for Viean, 2.94 for Viatiomax) and 1.59 for
Viatiotmean). OUr Viay cutoff is higher when comparing to some studies
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Table 3
Performance contribution of SWE in different diagnostic approaches*.
Diagnostic approach” Description Performance
Cutoff for Emax Sensitivity (95%CI) Specificity (95%CI) PPV NPV Accuracy
1 BI-RADS classification 99.6 (98.5-100) 35.2 (30.2-40.2) 77.5 97.7 79.8
2 SWE for all masses 6.49 81.3 (74.8-88.3) 83.2 (78.5-87.9) 91.7 66.0 81.9
3 SWE for BR3 4.31 100 25.8 (21.3-30.3) 75.5 100 77.4
4 SWE for BR3 and 4 A 5.31 98.9 (97.0-100) 45.0 (39.7-50.3) 80.4 94.7 82.5
5 SWE for BR4 A 5.31 98.9 (97.1-100) 51.6 (46.2-57.0) 82.1 95.5 84.3
6 SWE for BR4 A and 4B 6.37 95.2 (91.5-99.0) 70.5 (65.3-75.7) 87.9 86.9 87.6

Abbreviations: BI-RADS, Breast Imaging Reporting and Data System; SWE, shear-wave elastography; CI, confidence interval; PPV, positive predictive value; NPV,
negative predictive value; AUC, area under the ROC curve; NC = non-calculable.

@ Please refer to Fig. 2 for a detailed description of each diagnostic approac

(range 2.03-4.5) [28,30-32,34]. Nevertheless, two other authors found
values similar to ours: 6.37 and 7.13 [22,27]. The use of different limits
for SWE-VTIQ velocity could be an explanation of why our cutoff for
Vmax is higher than that reported by others: in some studies, the mea-
surement was limited to 8.4 m/s due to the software version, whereas
our equipment allowed velocities of up to 10 m/s [20,21,35]. Another
explanation for this higher value of V., could be a higher pressure
applied by the operator. However, our fat velocity values (2.21 m/s or
14.6 kPa for benign lesions and 2.78 m/s or 20 kPa for malignant le-
sions) were similar to those found in two other studies (13.8 kPa and
14 kPa for benign; 18.8 kPa and 18.2 kPa for malignant) [17,36].

The pairwise comparison of the four SWE-VTIQ parameters showed
that Vinax, Viean and Vyatioemaxy Were statistically equivalent. Only V.«
and Vyatiomax) Were statistically superior to Viatiogmean)r We choose Viax
over Viaiommax) Decause it is easier to use, since it does not need to be
calculated. We established different cutoff points of V.« for each BI-
RADS category in order to improve SWE specificity.

To our knowledge, this is the first study to test SWE-VTIQ in dif-
ferent scenarios with the aim to establish which niche of patients would
have a real clinical benefit with this technology. Therefore, we eval-
uated the performance of US (trough BI-RADS category) alone, SWE-
VTIQ alone and the combination of methods in different diagnostic
approaches. In line with the literature, ultrasound showed excellent
sensitivity (99.6%) and a fair specificity (35.3%) [8,35]. As expected,
SWE improved BI-RADS specificity in all diagnostic approaches, except
for number 3 (SWE applied to BI-RADS 3 lesions increased in 10 cases
the number of unnecessary biopsies, in order to diagnose one cancer).
The diagnostic approaches with the best accuracies were numbers 5 and
6: SWE applied to BI-RADS 4 A lesions (84.3%) and SWE applied to BI-
RADS 4 A and 4B lesions (87.6%), respectively.

When SWE was applied to BI-RADS 4 A lesions, three malignant
lesions would be erroneously considered benign: one case of ductal
carcinoma in situ inside a fibroadenoma, and two cases of breast cancer
recurrence (one in the ipsilateral breast and the other in the con-
tralateral breast). In these two cases, the biopsy would have been in-
dicated due to the clinical suspicion. The only study that investigated
the applicability of SWE-VTIQ as a complementary method for the
evaluation of suspected local breast recurrence showed that, although
the technique demonstrate reasonable sensitivity and specificity (87%
and 77.8%, respectively), the use of this method to determine biopsy
may lead to poorer outcomes [37]. Therefore, considering the clinical
practice, in which the two recurrences would have been biopsied by
clinical suspicion, only one case of a DCIS inside a fibroadenoma would
not have been identified (0.4% of all malignancies). Breast cancer
arising within a fibroadenoma is a rare condition (0.002% to 0.125% in
fibroadenoma specimens) and its clinical relevance has not yet been
well established [38]. Therefore, this case may be considered an in-
cidental finding.

When BI-RADS 4B lesions were included in the evaluation (ap-
proach 6), we found the second-best specificity rate (70.5%) and
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maintained a high sensitivity (95.2%). In this approach, there would be
a 54.4% reduction in the number of false positives. However, besides
the three malignant cases mentioned above, another 10 cases of cancer
would not have been diagnosed (4% of the total cancers, considering
that the two suspected recurrences would be biopsied by clinical in-
dication). These 13 false negative cases had a higher proportion of DCIS
(15.4% vs 4.7%), mucinous carcinoma (15.4% vs 4.0%) and other
special subtypes (15.4% vs 3.3%) when compared to all malignant
cases. Studies have shown that both DCIS and mucinous carcinoma
have lower stiffness values and present higher false negative rates
[16,20,39,40]. In addition, tumors smaller than 1 cm, young age, low
histological grade and dense breasts are associated with cases of false
negative in the elastography evaluation [40,41]. One possibility to re-
duce this false negative rate would be to decrease the cutoff value of
Vmax, at the expense of decreasing elastography’s specificity. On the
other hand, we still do not know if a 4% false negative rate that in its
large proportion includes cases of CDIS, mucinous carcinoma, low
grade lesions has a real impact on patients’ treatment and prognosis.
Our study is flawed in that it was entirely conducted in a specialized
breast cancer center, leading to an unrealistic high proportion of
BIRADS 4 or 5 masses. In addition, our positive rate in masses classified
as BIRADS 4 A and 4B was higher than expected, suggesting that we
work with a high-risk population or that our criteria for diagnoses are
excessively rigorous. However, we understand that a high percentage of
malignancy in BIRADS 4 A and 4B may offset any potential diagnostic
benefit brought about by the use of SWE. In fact, considering this un-
expectedly high proportion of malignant lesions in women with B4 A,
SWE contributed with more diagnoses, which makes us confident that
our results and interpretations are valid. Finally, we did not assess in-
terobserver variability, as one senior operator supervised all exams.

5. Conclusions

In essence, our study shows how a relatively simple, inexpensive
addition to standard US examination of breast lesions can significantly
improve US specificity, reducing unnecessary interventions and pre-
serving the diagnosis of clinically significant masses. Furthermore, this
study demonstrates that the ultimate clinical benefit of SWE-VTIQ is
when it is applied to BI-RADS 4 A lesions. In this situation, SWE allows a
25% reduction in false positive rate, without compromising the diag-
nosis of malignancies. SWE may also be applied to BI-RADS 4B lesions,
but attention must be given to an increase in false negative rate. Until
we have larger and prospective studies to answer if this increase in false
negative rate has a real impact in breast cancer treatment and prog-
nosis, we do not recommend the routine use of elastography for BI-
RADS 4B lesions.
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