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A B S T R A C T

Purpose: To investigate the factors that could cause a misdiagnosis in virtual touch tissue imaging and quanti-
fication (VTIQ) when differentiating benign and malignant breast lesions, and to analyze the imaging char-
acteristics of those lesions with incorrect findings.
Methods: The conventional ultrasound (CUS) features and the VTIQ parameters of 153 benign lesions and 99
malignant lesions were retrospectively analyzed and compared with histopathological and/or core-needle biopsy
(CNB)-proven results. Independent variables that led to inaccurate VTIQ results were selected by binary logistic
regression analysis.
Results: The maximum shear wave speed (SWS-max), the mean SWS (SWS-mean), the minimum SWS (SWS-
min), the lesion-to-fat SWS ratio (SWS-L/F), and the lesion-to-gland SWS ratio (SWS-L/G) in malignant lesions
were significantly higher than those in benign lesions (all P < 0.001). The false-positive rate (FPR) of benign
lesions and the false-negative rate (FNR) of malignant lesions were 9.8% and 19.2%, respectively, using an SWS-
max cut-off value of 4.46 m/s. Diameter, depth, and posterior acoustic features were independent variables
related to false-positive VTIQ findings (P: 0.049, 0.010 and 0.032, respectively). The invasive status and the
histologic grade of infiltrating carcinoma were significantly associated with false-negative VTIQ findings (P:
0.026 and 0.015).
Conclusion: Diameter, depth, posterior acoustic features, invasive status, and histologic grade have a significant
influence on the accuracy of VTIQ results, and these characteristics of breast lesions should be taken into account
when interpreting the results of VTIQ examinations.

1. Introduction

The occurrence of breast cancer has been increasing recently in both
developed and developing countries [1]. Conventional ultrasonography
(CUS) is widely used in screening and evaluating breast lesions, and it is
a convenient, cost-effective, and widely available method. However, it
provides only morphological features of the breast lesion and is de-
pendent on the operator’s experience. Ultrasound elastography (USE)
can evaluate the stiffness of the targeting tissue [2–4], and achieve

promising results for the differentiation of malignant breast lesions
from benign lesions [5–11]. USE includes strain elastography (SE) and
shear wave elastography (SWE). SE measures the lesion stiffness with a
qualitative assessment (i.e., “colour scale”) and/or a semi-quantitative
assessment (i.e., “strain ratio”). Compared to SE, the SWE technique can
quantitatively reflect the mechanical properties of the lesion by mea-
suring shear wave speed (SWS).

Recently, a two-dimensional (2D) SWE, Virtual Touch Imaging
Quantification (VTIQ, Siemens Medical Solutions, Mountain View, CA,
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USA) has been introduced to evaluate breast lesions. This technique
demonstrates a higher diagnostic performance for breast lesions than
CUS [12,13]. Unfortunately, it should be noted that VTIQ led to wide
ranges of false-negative rates (FNR: 11.9%–32.1%) and false-positive
rates (FPR: 7.3%–20.2%) when a single SWS cut-off value was applied
[9,11,12,14,15]. This indicates the need to explore the factors that are
associated with these false-positive and false-negative VTIQ findings in
clinical practice. Several reports have discussed the related factors that
led to false SWE (Supersonic Imagine, Aix en Provence, France) findings
of breast lesions [16–18]. But, to our knowledge, there are no reports in
the literature about the factors that may lead to misdiagnosis using
VTIQ for the assessment of breast lesions.

Therefore, we aim to investigate the factors associated with these
false-positive and false-negative findings when using VTIQ to evaluate
breast lesions.

2. Materials and methods

This retrospective study was approved by the institutional ethics
committee, and informed consent was waived due to the retrospective
nature of this study.

2.1. Patients

From April 2017 to July 2018, 430 cases of consecutive female
patients with 450 solid breast lesions were retrospectively reviewed.
According to the management recommendations of the ACR BI-RADS
[19], breast lesions classified as category 4a, 4b, 4c, or 5 were re-
commended for tissue diagnosis by biopsy or surgery. BI-RADS 3 lesions
were biopsied or surgically removed because of patients’ requests or
suspicious criteria assessed by other examinations, such as magnetic
resonance imaging and mammography. The inclusion criteria were: (i)
Breast lesions were referred to CUS and VTIQ according to standard
protocols; (ii) patients with breast lesions underwent core-needle
biopsy (CNB) and/or surgery and the breast lesions were confirmed by
histopathological examinations; (iii) benign breast lesions on CNB were
followed for at least 12 months; (iv) the largest diameter of breast le-
sions was smaller than the footprint of the transducer (40 mm); and (v)
no invasive procedures, including endocrinotherapy, chemotherapy, or
radiotherapy, were performed previously. There were 244 patients with
260 breast lesions who met the inclusion criteria and were enrolled in
the study. Among them, seven patients with eight breast lesions were
excluded since there was not enough fat tissue around the lesions to
measure lesion-to-fat SWS ratio (SWS-L/F). For the patients with mul-
tiple breast lesions on one side of the breast, the most suspicious lesion
according to the BI-RADS category was selected. For the patients with
the same BI-RADS category on one side of the breast, the largest lesion
was included. Finally, 252 breast lesions (mean diameter, 20.1 mm ±
8.0; range, 5.1 mm–39.1 mm) in 237 patients (mean age, 43.2
years ± 14.1; range, 18–77 years) were analyzed. A single lesion was
detected in 222 patients and two lesions in 15 patients. All malignant
breast lesions and 123 benign breast lesions were surgically removed.
Thirty benign lesions with histopathological results on CNB were fol-
lowed for at least 12 months without a change in size or CUS appear-
ance. The following pathological features were recorded: pathological
type; histologic type; histological grade for infiltrating carcinoma; in-
vasive status; and axillary lymph node stage. Immunohistochemistry
parameters, such as estrogen receptor (ER), progesterone receptor (PR),
human epidermal receptor type 2 (HER2) status, and Ki-67 index, were
recorded as well. The flowchart for patient selection is shown in Fig. 1.

2.2. CUS and VTIQ examinations

CUS and VTIQ examinations were both performed on Siemens
S3000 equipment (Siemens Medical Solutions, Mountain View, CA,
USA), equipped with a 9L4 linear array transducer (frequency range,

4–9 MHz). All lesions were examined by the same operator, who had 10
years of experience in breast CUS and was trained for three months to
perform VTIQ examinations to guarantee optimized image quality be-
fore the study. CUS, including gray scale images and color Doppler
bilateral breast images were performed with optimized machine set-
tings, sufficient gel application, and with patients in the supine posi-
tion. The target lesion was placed in the center of the screen. Gray scale
images and color Doppler images of each target lesion were acquired on
both transverse and longitudinal cross-sections. The largest area in the
lesion was chosen for the longitudinal cross-section and the transverse
cross-section was orthogonal to the longitudinal cross-section.

Subsequently, VTIQ was performed on the longitudinal cross-section
of the lesion. During VTIQ image acquisition, the location of the trans-
ducer was immobile and perpendicular to the surface of the breast. The
scanning pressure applied on the skin was as low as possible to reduce
any artificial influence on the stiffness of the target lesion, and patients
were asked to hold their breath for 3–5 s. VTIQ provides four imaging
modes: (i) shear wave quality mode includes a 2D color map used to
assess the quality measurement (QM) of SWS imaging, which shows
colors from high (green) to intermediate (yellow) to low quality (red);
(ii) shear wave velocity mode displays colors from high SWS (red) to
intermediate SWS (yellow or green) to low SWS (blue); (iii) shear wave
travel time mode; and (iv) shear wave displacement mode. The fixed
diameter of the ROI box used to measure SWS was 2 mm. Each lesion,
adjacent gland, and the fat tissue were measured seven times, respec-
tively. The following points were noted when placing an ROI box in the
lesion: (i) the area of the lesion coded by the highest and lowest SWS was
selected, and the remaining measurements were randomly selected; (ii)
to obtain the most optimal and reproducible SWS measurements, the
operator selected the green areas from the shear wave quality mode in
which to place the ROI; (iii) areas with liquid or calcification were not
allowed to be selected. Usually, a radiologist spent about 5–10 min on the
whole procedure. All the images were stored for further analysis.

2.3. Image interpretation and analysis

CUS images were independently reviewed by two other radiologists
who had at least five years of experience in breast CUS and four years of
experience in breast USE. They were blinded to the pathological results.
Differing opinions were resolved through consensus.

The following CUS features of the breast lesions were evaluated: size
(the largest diameter); position (upper outer quadrant, upper inner quad-
rant, lower outer quadrant, lower inner quadrant); depth (distance from the
skin to the superficial surface of the lesion); distance from the nipple (dis-
tance from the medial margin of the lesion to the center of nipple); shape
(oval, round, irregular); orientation (parallel, not parallel); margin (cir-
cumscribed, non-circumscribed); echo pattern (hyperechoic, isoechoic, hy-
poechoic, heterogeneous); posterior acoustic features (shadowing, no pos-
terior acoustic features, enhancement, combined pattern); internal
calcifications feature (present, absent); and vascularity (absent vessels,
vessels in rim, rare internal vessels with or without peripheral vessels, in-
ternal vascularity with or without peripheral vessels). The depth was di-
vided into three groups: ≤3 mm;> 3 mm and ≤7 mm; and > 7 mm. The
distance from the nipple was divided into two groups: ≤20 mm; and >
20 mm. In our research, the combined pattern of posterior acoustic features
was the combination of enhancement and shadowing. Thus, the shadowing
and combined pattern were all characterized as shadowing. Meanwhile, the
lesions were classified according to the ACR BI-RADS categories [19].

In the VTIQ mode, the maximum SWS of the lesion (SWS-max), the
minimum SWS of the lesion (SWS-min), the mean SWS of the lesion
(SWS-mean), the SWS-L/F, and the lesion-to-gland SWS ratio (SWS-L/
G) were obtained and calculated for analysis. In the shear wave quality
mode of the VTIQ, the level of QM was evaluated as low or high [20]. If
the lesion and surrounding rim appeared yellow or red in color, the QM
of the lesion was regarded as low. However, if the whole lesion was
covered by the green color, the QM of the lesion was regarded as high.
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The VTIQ features were compared with the final histopathology results
and were further divided into ‘true’ and ‘false’ groups among the benign
and malignant lesions as follows. Benign lesions that had an SWS value
less than that of the best cut-off value were classified as ‘true negative;’
however, pathologically proven benign lesions that had an SWS value
greater than that of the best cut-off value were classified as ‘false positive.’
Pathologically proven malignant lesions that had an SWS value less than
that of the best cut-off value were classified as ‘false negative,’ and pa-
thologically proven malignant lesions that had an SWS value greater than
that of the best cut-off value were classified as ‘true positive.’

2.4. Statistical analysis

Statistical analyses of the current study were calculated using SPSS
version 20.0 (IBM corporation, Armonk, NY, USA) software. The con-
tinuous quantitative data were expressed as the mean ± standard

deviation (SD). The continuous quantitative data with a normal dis-
tribution were analyzed using an independent t-test The remaining
continuous quantitative data with a skewed distribution were analyzed
using a Mann-Whitney U test. The Chi-square test or Fisher’s exact test
was applied for categorical variables. The receiver operating char-
acteristic (ROC) curve was used to evaluate the diagnostic perfor-
mances of SWS values (including SWS-max, SWS-mean, SWS-min, SWS-
L/F, and SWS-L/G). The optimal cut-off values were obtained when the
Youden index (sensitivity + specificity - 1) was maximum. The area
under the ROC curve (Az) was obtained for each SWS parameter. We
used the SWS parameter with the highest Az value in this study. Binary
logistic regression analysis with an “Enter” selection method was per-
formed to select independent variables. The independent variables with
P values less than 0.05 in the multivariate logistic regression analysis
were selected for odds ratios (ORs), with the calculation of 95% con-
fidence intervals (CIs). All tests were two-sided, and P values less than

Fig. 1. Flowchart of breast lesion selection. IDC = infiltrating ductal carcinoma; DCIS = ductal carcinoma in situ.
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0.05 were considered statistically significant.

3. Results

There were 99 (39.3%) malignant breast lesions and 153 (60.7%)
benign breast lesions. The pathological results of the breast lesions are
shown in Fig. 1.

3.1. VTIQ parameters for the differentiation of benign and malignant breast
lesions

All the quantitative VTIQ parameters in malignant breast lesions
(including SWS-mean, SWS-max, SWS-min, SWS-L/F and SWS-L/G)
were significantly higher than those in benign breast lesions (all P <
0.001), and the level of QM was significantly different between benign
breast lesions and malignant lesions (P= 0.013) (Table 1).

Among the quantitative VTIQ parameters, SWS-max achieved the
highest Az value. The optimal cut-off value of SWS-max was 4.46 m/s,
with a sensitivity of 80.8% (80/99), a specificity of 90.2% (138/153),
an accuracy of 86.5% (218/252), a PPV of 84.2% (80/95), and an NPV
of 87.9% (138/157) (Table 2).

3.2. Influential factors for false VTIQ findings

When an SWS-max cut-off value of 4.46 m/s was applied, the FPR
was 9.8% (15/153) and the FNR was 19.2% (19/99). The significant
features for differentiation between true-negative breast lesions and
false-positive lesions were diameter, depth, distance from the nipple,
echo pattern, posterior acoustic features, and BI-RADS category (all P＜
0.05) (Table 3). For malignant breast lesions, internal calcifications, BI-
RADS category, histologic grade of infiltrating carcinomas, and invasive
status were significant predictors for false-negative VTIQ when com-
pared with true-positive VTIQ findings (all P < 0.05) (Table 3). The
pathological type of false-positive VTIQ results comprised fi-
broadenoma (n = 12; 9.5%, 12/126) (Fig. 2), inflammation (n = 1;
50%, 1/2), adenosis (n = 1; 8.3%, 1/12), and fibroadenomatous hy-
perplasia (n = 1; 33.3%, 1/3). The pathological type of false-negative

VTIQ results comprised infiltrating ductal carcinoma (IDC) (n = 13;
15.3%, 13/85), ductal carcinoma in situ (DCIS) (n = 5; 62.5%, 5/8)
(Fig. 3), and medullary carcinoma (n = 1; 100%, 1/1). For infiltrating
carcinomas, the histologic grade was significantly different between
true-positive VTIQ findings and false-negative VTIQ findings (Table 3).
Immunohistochemistry status (including ER, PR, HER-2, and Ki-67
index) was not associated with false-negative VTIQ findings (Table 3).

3.3. Multivariate logistic regression analysis

Binary logistic regression analysis showed that diameter, depth, and
posterior acoustic features were independent characteristics associated
with false-positive VTIQ results (P: 0.049, 0.010, 0.032, respectively)
(Table 4). The larger lesions were more often seen with the false-posi-
tive VTIQ results. False-positive results were more likely to appear for
breast lesions with a depth of ≤3 mm (Fig. 2) or on lesions that had the
posterior acoustic features of shadowing and a combined pattern. For
infiltrating carcinomas, lesions with a histologic grade of 1 were more
likely to show false-negative VTIQ results than those with a grade 2 or 3
(P: 0.015) (Table 5). False-negative VTIQ findings were more likely to
occur with non-invasive carcinomas (Fig. 3) than with invasive carci-
nomas (β: 1.832, OR: 6.193, 95% CI: 1.246–30.790, P: 0.026) (Table 6).

4. Discussion

In this study, VTIQ parameters in malignant breast lesions were
significantly higher than those in benign lesions, including SWS-mean,
SWS-max, SWS-min, SWS-L/F, and SWS-L/G. SWS-max had the highest
Az value among all parameters, with 80.8% sensitivity, 90.2% specifi-
city, 84.2% PPV, 87.9% NPV, and 86.5% accuracy, using a cut-off value
of 4.46 m/s. The high level of QM was observed mostly in benign breast
lesions, which is consistent with a previous study [20].

Although VTIQ is a highly accurate and reliable elastography
method for the evaluation of breast lesions with regard to promising
intra- and inter-examiner agreement [21], we still encounter VTIQ re-
sults that are contrary to the final histopathological diagnoses in the
clinical routine. Unfortunately, there is little research that has

Table 1
SWS measurement results and the QM on shear wave quality images in benign and malignant breast lesions.

Parameters Benign Malignant p value

SWS-mean (m/s)a 2.75 ± 0.75 (1.14–5.95) 5.18 ± 1.68 (1.78–9.15) < 0.001*

SWS-max (m/s)a 3.23 ± 1.13 (1.28–9.50) 6.76 ± 2.20 (2.05–9.99) < 0.001*

SWS-min (m/s)a 2.30 ± 0.60 (0.94–4.41) 3.87 ± 1.43 (1.52–7.97) < 0.001*

SWS-L/Fa 1.70 ± 0.47 (0.69–3.53) 3.17 ± 1.29 (1.08–7.49) < 0.001*

SWS-L/Ga 1.44 ± 0.43 (0.67–2.90) 2.53 ± 1.06 (0.73–6.26) < 0.001*

QM 0.013*

Low QMb(n = 40) 17 (11.1%) 23 (23.2%)
High QMb (n = 212) 136 (88.9%) 76 (76.8%)

a Data are mean values ± standard deviations, and the value ranges are in parentheses.
b Numbers in parentheses are percentage of benign and malignant lesions. SWS = shear wave speed, SWS-L/F = lesion-to-fat SWS ratio, SWS-L/

G = lesion-to-gland SWS ratio, QM = quality measurement.
* Indicates statistically significant difference.

Table 2
Diagnostic performance of SWS measurement parameters.

Parameters Cut-off value Sensitivity (%) Specificity (%) Accuracy (%) PPV (%) NPV (%) Az (95% CI) P value

SWS-mean 3.80 m/s 78.8(78/99) 92.8(141/153) 86.9(219/252) 86.7(78/90) 87.0(141/162) 0.905(0.865-0.946) < 0.001*

SWS-max 4.46 m/s 80.8(80/99) 90.2(138/153) 86.5(218/252) 84.2(80/95) 87.9(138/157) 0.913(0.874-0.951) < 0.001*

SWS-min 2.90 m/s 75.8(75/99) 85.6(131/153) 81.7(206/252) 77.3(75/97) 84.5(131/155) 0.863(0.816-0.911) < 0.001*

SWS-L/F 2.34 72.7(72/99) 92.2(141/153) 84.5(213/252) 85.7(72/84) 83.9(141/168) 0.873(0.825-0.920) < 0.001*

SWS-L/G 2.01 64.6(64/99) 91.5(140/153) 81.0(204/252) 83.1(64/77) 80.0(140/175) 0.842(0.791-0.893) < 0.001*

Data were tested with the area under the receiver operating characteristic (ROC) curve. SWS = shear wave speed, SWS-L/F = lesion-to-fat SWS ratio, SWS-L/
G = lesion-to-gland SWS ratio. PPV = positive predictive value, NPV = negative predictive value, Az = the area under the ROC curve, CI = confidence interval.

* Indicates statistically significant difference.

J.-W. Sun et al. European Journal of Radiology 110 (2019) 97–104

100



Table 3
Analyzing the correlation of the characteristics of patients, CUS imaging, histopathology features and immunohistochemistry status of breast lesions with SWS-max
findings by univariate analysis.

Characteristics Benign breast lesions Malignant breast lesions

SWS-max SWS-max

＜4.46 m/s(n = 138) ≥4.46 m/s(n = 15) P-value ＜4.46 m/s(n = 19) ≥4.46 m/s(n = 80) P-value

Age (yrs)# 36.6 ± 11.5 33.9 ± 12.2 0.396 52.9 ± 9.5 54.0 ± 11.3 0.880
Diameter (mm)# 18.5 ± 7.8 28.9 ± 8.7 0.006* 19.0 ± 7.8 22.1 ± 7.9 0.119
Lesion positionb 0.635 0.052
Upper outer quadrant 78 (51.0%) 9 (5.9%) 9 (9.1%) 44 (44.4%)
Upper inner quadrant 19 (12.4%) 2 (1.3%) 6 (6.1%) 15 (15.2%)
Lower outer quadrant 28 (18.3%) 4 (2.6%) 0 (0.0%) 15 (15.2%)
Lower inner quadrant 13 (8.5%) 0 (0.0%) 4 (4.0%) 6 (6.1%)
Depth (mm)#,b 6.2 ± 3.8 4.9 ± 2.8 0.012* 7.7 ± 3.3 6.1 ± 3.0 0.096
≤3 35 (22.9%) 9 (5.9%) 0.018* 3 (3.0%) 13 (13.1%) 0.074
> 3,≤7 61 (39.9%) 4 (2.6%) 5 (5.1%) 42 (42.4%)
> 7 42 (27.4%) 2 (1.3%) 11 (11.1%) 25 (25.3%)
Distance from the nipple (mm)#,b 22.6 ± 16.2 12.7 ± 13.6 0.019* 31.0 ± 21.4 28.1 ± 17.4 0.541
≤20 70 (45.8%) 12 (7.8%) 0.053 8 (8.1%) 28 (28.3%) 0.602
> 20 68 (44.4%) 3 (2.0%) 11 (11.1%) 52 (52.5%)
Shapeb 0.641 0.210
Oval 117 (76.5%) 11 (7.2%) 3 (3.0%) 4 (4.0%)
Round 2 (1.3%) 0 (0.0%) 0 (0.0%) 2 (2.0%)
Irregular 19 (12.4%) 4 (2.6%) 16 (16.2%) 74 (74.8%)
Orientationb 0.282
Parallel 131 (85.6%) 14 (9.2%) 15 (15.2%) 50 (50.5%)
Not parallel 7 (4.6%) 1 (0.6%) 4 (4.0%) 30 (30.3%)
Marginb 0.187 0.580
Circumscribed 118 (77.1%) 12 (7.8%) 1 (1.0%) 3 (3.0%)
Non-circumscribed 20 (13.1%) 3 (2.0%) 18 (18.2%) 77 (77.8%)
Echo patternb 0.006* 0.159
Hyperechoic 1 (0.6%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Isoechoic 49 (32.0%) 4 (2.6%) 3 (3.0%) 5 (5.1%)
Hypoechoic 76 (49.7%) 6 (3.9%) 14 (14.1%) 53 (53.5%)
Heterogeneous 12 (7.8%) 5 (3.3%) 2 (2.0%) 22 (22.2%)
Posterior acoustic featuresb 0.001* 0.106
Shadowing 5 (3.3%) 0 (0.0%) 4 (4.0%) 6 (6.1%)
No posterior acoustic features 57 (37.2%) 4 (2.6%) 7 (7.1%) 32 (32.3%)
Enhancement 71 (46.4%) 7 (4.6%) 7 (7.1%) 22 (22.2%)
Combined pattern 5 (3.3%) 4 (2.6%) 1 (1.0%) 20 (20.2%)
Internal calcificationsb 1.000 0.042*
Present 17 (11.1%) 1 (0.6%) 6 (6.1%) 47 (47.5%)
Absent 121 (79.1%) 14 (9.2%) 13 (13.1%) 33 (33.3%)
Vascularityb 0.678 0.074
Absent vessels 34 (22.2%) 3 (2.0%) 2 (2.0%) 2 (2.0%)
Vessels in rim 17 (11.1%) 2 (1.3%) 4 (4.0%) 8 (8.1%)
Rare internal vessels 23 (15.0%) 1 (0.6%) 4 (4.0%) 9 (9.1%)
Internal vascularity 64 (41.8%) 9 (5.9%) 9 (9.1%) 61 (61.6%)
BI-RADS categoryb 0.016* 0.025*

3 114 (74.5%) 11 (7.2%) 1 (1.0%) 0 (0.0%)
4a 23 (15.0%) 3 (2.0%) 3 (3.0%) 8 (8.1%)
4b 6 (3.9%) 0 (0.0%) 6 (6.1%) 11 (11.1%)
4c 0 (0.0%) 1 (0.6%) 7 (7.1%) 30 (30.3%)
5 0 (0.0%) 0 (0.0%) 2 (2.0%) 31 (31.3%)
Histologic typeb 0.324
Ductal 17 (17.2%) 76 (76.8%)
Other 2 (2.0%) 4 (4.0%)
Axillary lymph node metastasisb 0.800
Positive 8 (8.1%) 38 (38.4%)
Negative 11 (11.1%) 42 (42.4%)
Histologic gradea, b 0.003*

Grade 1 4 (4.4%) 3 (3.3%)
Grade 2 2 (2.2%) 30 (33.0%)
Grade 3 8 (8.8%) 44 (48.3%)
Invasive statusb 0.006*

Invasive 14 (14.1%) 77 (77.8%)
Non-invasive 5 (5.1%) 3 (3.0%)
Immunohistochemistry status
ER-positiveb 13 (13.1%) 62 (62.6%) 0.390
ER-negativeb 6 (6.1%) 18 (18.2%)
PR–positiveb 12 (12.1%) 62 (62.6%) 0.242
PR- negativeb 7 (7.1%) 18 (18.2%)
HER-2–positiveb 13 (13.1%) 53 (53.5%) 1.000
HER-2– negative b 6 (6.1%) 27 (27.3%)

(continued on next page)
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investigated the factors that lead to a misdiagnosis using VTIQ to dif-
ferentiate benign breast lesions from malignant lesions. When we ap-
plied a single SWS-max cut-off value to diagnose breast lesions, the FPR

Table 3 (continued)

Characteristics Benign breast lesions Malignant breast lesions

SWS-max SWS-max

＜4.46 m/s(n = 138) ≥4.46 m/s(n = 15) P-value ＜4.46 m/s(n = 19) ≥4.46 m/s(n = 80) P-value

Ki-67 index (%)# 36.1 ± 30.7 40.0 ± 24.8 0.321

CUS = conventional ultrasound, SWS = shear wave speed, BI-RADS = breast imaging reporting and data system, ER = estrogen receptor, PR = progesterone re-
ceptor, HER2=human epidermal growth factor receptor 2.

a Data are the histologic grade of invasive carcinomas (n = 91).
b Numbers in parentheses are percentage of benign and malignant lesions.
# Data are means ± standard deviations.
* Indicates statistically significant difference.

Fig. 2. False-positive VTIQ results in a 29-year-old woman. Histopathological
results after surgery indicated that this breast lesion was a fibroadenoma. (A)
Conventional ultrasound shows a 20.5 mm breast lesion classified as 3 on B-
mode, which appears as oval-shaped, with a circumscribed margin, hy-
poechogenic, parallel, and with enhancement posterior acoustic. The distance
from the skin to the superficial surface of the lesion was 2 mm. (B) Shear wave
quality mode: the green color represents a high level QM of SWS imaging. (C)
The SWS measurement of the breast lesion. SWS-max was 5.51 m/s.
VTIQ = virtual touch tissue imaging and quantification, SWS = shear wave
speed, QM = quality measurement.

Fig. 3. False-negative VTIQ results in a 49-year-old woman. Histopathological
results after surgery for this breast lesion indicated a DCIS with no axillary node
metastasis. This lesion was assigned a histologic grade of 1. ER: positive, PR:
negative, HER-2: positive, Ki-67: 25%. (A) Conventional ultrasound shows a
6.0 mm breast lesion classified as 4a on B-mode that appears oval-shaped, with
a non-circumscribed margin, isoechoic, parallel, and with no posterior acoustic
feature. The distance from the skin to the superficial surface of the lesion was
8 mm. (B) Shear wave quality mode: the green color represents a high level QM
of SWS imaging. (C) The SWS measurement of the breast lesion. SWS-max was
2.63 m/s. VTIQ = virtual touch tissue imaging and quantification,
DCIS = ductal carcinoma in situ, ER = estrogen receptor, PR = progesterone
receptor, HER2=human epidermal growth factor receptor 2, QM = quality
measurement, SWS = shear wave speed.
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was 9.8% and the FNR was 19.2%. Kapetas et al. [15] reported a higher
FPR (17.6%) and FNR (20.6%) than that found in our study, but these
investigators used an SWS-max cut-off value of 3.23 m/s. This could be
attributable to the divergent SWS measurement protocols and to the
larger sample size in our study.

It has been reported that the diameter of breast lesions does not
influence elastography results [22], but this was contradictory to our
results. We found that the FPR of the most superficial lesions (≤3 mm)
was significantly higher (OR: 14.71) than that of the deepest lesions
(> 7 mm), which was consistent with Park et al. [23]. The stiffness of
larger and more superficial breast lesions was higher than that of the
smaller and deeper lesions. This result may be explained by the fact that
it is difficult for even an experienced radiologist to perform VTIQ when

applying the probe evenly to the skin above larger and more convex
lesions without adding compression force. In addition, we found that
false-positive VTIQ results were more often found in lesions with sha-
dowing and a combined pattern. Shadowing, as a posterior acoustic
feature of a benign breast lesion, may be caused by pathological
changes, such as calcifications and focal fibroplasia. Calcifications [24]
and focal fibroplasia may also increase the stiffness of the tissue, which
can lead to false-positive SWS-max findings.

There were no significant differences in the immunohistochemistry
status (ER, PR, HER-2, Ki-67) among false-negative VTIQ findings,
which is concordant with previous studies [17,25]. Evans et al. [26]
found that the stiffness of a breast lesion, based on SWE, was an in-
dependent predictor of axillary lymph node metastasis, which was in-
consistent with the results of our study. In contrast, Youk et al. [27]
reported that axillary lymph node metastasis was not an independent
factor that influenced the stiffness of the breast lesion based on SWE. As
opinions vary, further research should be conducted that would focus
on the correlation between the stiffness of the breast lesion and axillary
lymph node metastasis.

In addition, we analyzed whether the invasive status of all malig-
nant carcinomas and the histologic grade of infiltrating carcinomas
might lead to false-negative results. Our results confirmed that non-
invasive carcinomas and infiltrating carcinomas with a histologic grade
of 1 were more likely to incur false-negative VTIQ results. These results
are consistent with the findings of Vinnicombe et al. [17], who in-
dicated that DCIS and low-grade carcinomas were apt to show benign
features on 2D-SWE. Considering that assessment of the histological
grade of breast cancer relies on the number of mitoses, it is reasonable
to postulate that a high-grade cancer with a higher cellularity might
show high stiffness on VTIQ [28].

There were several limitations to this study. First, it was a retro-
spective study in which selection bias might inevitably exist. Second,
the sample size of false-positive and false-negative breast lesions on
VTIQ was relatively small. Further studies with a larger sample size will
need to be undertaken. In addition, some benign lesions were confirmed
by CNB and followed in this study, which may have led to false-nega-
tive pathological results. Last, there was no analysis of the consistency
between intra-observer and inter-observer results in this paper.
However, VTIQ is an easy technique to learn and has been shown to
have excellent reproducibility [21].

In conclusion, diameter, depth, posterior acoustic features, invasive
status, and histologic grade are significant factors in producing false
results, while lesions that were larger, more superficial, and which
demonstrated shadowing acoustic features on CUS were related to false-
positive VTIQ findings. False-negative VTIQ findings were likely to
occur in non-invasive carcinomas and in infiltrating carcinomas with a
lower histologic category. The findings of this study suggest that these
characteristics of breast lesions should be considered when interpreting
the results of VTIQ examinations.
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