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Abstract: The accurate diagnosis of subcentimeter lesions is controversial, and therefore a standard-
ized diagnosis algorithm is needed. The objective of the present work was to study the value of the
elastography patterns obtained through the use of the shear wave elastography (SWE) technique
with respect to histopathology for the evaluation of nodular breast lesions ≤1 cm. A retrospective
study was conducted which included 65 sub-centimeter lesions from 57 patients with an average age
of 45.6 ± 11.9. For all the cases, a B-mode ultrasound study, shear wave elastography, and a posterior
anatomopathological study were conducted. The lesions had a diameter greater than 7.5 ± 1.7 mm
(range: 4–9 mm). Through elastography, the distribution of the patterns was: cyst artifact (n = 13),
pattern 1 (n = 4), pattern 2 (n = 31), pattern 3 (n = 13), and pattern 4 (n = 4). Of the 65 lesions,
15 were cysts, 46 were solid benign lesions, and 3 were malignant lesions. The sensitivity of the
elastography was 75%, with a specificity of 98.46% and a correct diagnosis in 96.92% of the cases
(n = 63). The results from this study show the usefulness of SWE for the evaluation of sub-centimeter
breast lesions. In addition, this diagnostic strategy helps with the differential diagnosis between
benign and malignant lesions and contributes to the early detection of malignant breast lesions.

Keywords: breast; elastography; ultrasound; shear wave imaging

1. Introduction

Elastography is a type of imaging method based on the stiffness of a tissue, which is
analogous to a clinical palpation for a malignant neoplasm, as it provides a quantification
of stiffness [1], with ultrasound elastography (USE) first being described in the 1990s [2].
Elastography maps show additional information in B-mode, as with characterization via
Doppler, thus increasing the diagnostic precision [3–6].

The two types of elastography utilized with breasts are compression elastography
(strain imaging) and shear wave elastography (SWE). These techniques are included in
the 5th edition of the Breast Imaging Reporting and Data System (BI-RADS®) [7] without
specifying the management algorithm (“If a lesion was evaluated with color or power
Doppler or with strain or shear-wave elastography, observations relevant to the inter-
pretation should be reported”), and both of them are approved by the Food and Drug
Administration (FDA). The greater advantage of elastography is the improvement in the
characterization of BI-RADS 3 and 4a lesions, so that we are able to “upgrade” or “down-
grade” the lesions as a function of the elastography maps provided by the image [8], in
a similar manner as that provided by diffusion in magnetic resonance in the study of the
prostate. It could be considered an image biomarker.

Appl. Sci. 2021, 11, 1409. https://doi.org/10.3390/app11041409 https://www.mdpi.com/journal/applsci

https://www.mdpi.com/journal/applsci
https://www.mdpi.com
https://doi.org/10.3390/app11041409
https://doi.org/10.3390/app11041409
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/app11041409
https://www.mdpi.com/journal/applsci
https://www.mdpi.com/2076-3417/11/4/1409?type=check_update&version=3


Appl. Sci. 2021, 11, 1409 2 of 8

At present, there are very few studies that deal with the contribution of elastography
to the management of small-sized nodules [9–11], and we found no studies which dealt
with nodules smaller than 1 cm. These lesions, due to their small size, are difficult to
characterize and tend to force the radiologist to perform unnecessary controls or biopsies,
and can even induce errors in their classification. In the management of these lesions,
elastography could be helpful for establishing a differential diagnosis between benign
and malignant breast lesions. The objective of this study was to investigate the value of
grayscale elastography patterns generated through the semiquantitative elastography (SW)
technique, with respect to results obtained from the anatomopathological study of nodular
lesions measuring ≤1 cm.

2. Patients and Methods
2.1. Patients

A retrospective study was conducted from August 2018 to March 2019, with 60 patients
who had lesions ≤1 cm, which were detected with an ultrasound (US) in women who
were referred from the Breast Care Unit at our hospital. A conventional US was performed
in all the patients to evaluate the possible lesions. The US findings were categorized
according to the American College of Radiology Breast Imaging Reporting and Data System
(BI-RADS®) [7]. When nodules smaller than one centimeter were detected during the
examination, which showed characteristics of solid lesions, the study was complemented
with elastography, obtaining an grayscale elastogram as well as a cytological or histological
analysis in BI-RADS 3 lesions as an alternative to short-term follow-up and the same for
BI-RADS 4, or through a fine needle aspiration (FNA) if the finding was defined as a
BI-RADS 3, or with a core needle biopsy (CNB) or vacuum-assisted biopsy (VAB) if it was
defined as a BI-RADS 4 lesion (as a function of the elastography results). The study was
approved by the Institutional Review Board. In all cases, the procedure was explained in
detail to the patient and informed consent was obtained.

The inclusion criteria of the study were the US detection of solid nodular lesions ≤1 cm
analyzed through an ultrasonography and an elastography, and those who were subjected
to FNA or CNB/VAB. The patients were excluded if they had lesions measuring ≥1 cm,
and those who had a ≤1 cm lesion that was benign according to the US (BI-RADS 2), and
lesions that were not studied through histopathological studies (BI-RADS 3 lesions with a
recommendation of short-term/6-month follow-up).

2.2. Evaluation with Elastography

For the ultrasonography evaluation, an Acuson S2000 (Siemens AG, Erlangen, Germany)
was utilized, with a linear probe of 18L6 Mhz for the acquisition of the B-mode image
(conventional), and a linear probe of 9L4 MHz for the elastography study. The elastogra-
phy study was conducted with the Virtual Touch, which provided elastograms through a
grayscale map with the SWE technique. Elastograms were obtained from all the nodules,
and the results were classified according to the model by Tsokuba adapted to the grayscale
map [12], as shown in Figure 1.

• Pattern 1: Elastogram with a deformable homogenous pattern (not stiff).
• Pattern 2: Elastogram with a mosaic pattern (with deformable and non-deformable areas).
• Pattern 3: Elastogram with a pattern in which a deformable peripheral area (not stiff)

with a less deformable central area (more stiff) is observed.
• Pattern 4: Elastogram with a non-deformable (stiff) homogeneous pattern with a

lesion periphery with normal characteristics.
• Pattern 5: Elastogram with non-deformable homogeneous pattern (stiff) with a non-

deformable lesion periphery.

On the other hand, the cyst artifact result was considered on its own. When this result
was found, the Tsokuba model was not utilized.
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Figure 1. Shear wave elastography patterns. Pattern 1 (a)—a pattern of nodular elasticity similar to adjacent tissue. Pattern
2 (b)—a pattern of elasticity that is soft in most of its area. Pattern 3 (c)—a pattern of elasticity that is stiff in most of its area.
Pattern 4 (d)—a pattern of elasticity that is stiff over the entire nodule without exceeding the limits of the lesion.

2.3. Histopathological Evaluation

The sample was obtained through echo-guided punctures (US-guided) performed by
a radiologist who was an expert in breast interventions. The techniques utilized were FNA
in lesions categorized as BI-RADS 3 as an alternative to short-term follow-up (6 months),
CNB in BI-RADS 4a nodules with elastograms with a soft pattern (patterns 2 or 3), and VAB
through US in nodules in which the elastogram showed a stiff pattern 4, which increased
the suspicion of malignant nodules.

The samples were sent to Pathological Anatomy Services, where they were analyzed
by expert pathologists to determine the etiology of the lesion. The histopathological result
was considered as the accurate diagnostic test or gold standard.

2.4. Statistical Analysis

The data were analyzed with the statistical program SPSS, version 15.0. The diagnostic
sensitivity and specificity of the elastogram was calculated. In addition, the positive
predictive value (PPV) and the negative predictive value (NPV) of the elastogram with
respect to the histology for each entity were also calculated. For the analytical analysis,
2 × 2 contingency tables were utilized, and Pearson’s Chi-squared test and Fisher’s exact
test were applied.

3. Results
3.1. Demographic and Clinical Findings

A total of 60 patients were recruited, who had nodules ≤1 cm (n = 69 nodules); of
these, three patients were excluded, with four nodules categorized as BI-RADS 3, who
opted for the US follow-up after 6 months. Of the 57 patients left, the average age was
45.6 ± 11.9 with an age range from 19 to 70 years old; 65 nodules were included, with an
average size of 7.5 ± 1.7 mm (range: 4–10 mm). Of the 65 nodules, 53 were categorized
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as BI-RADS 3, and 12 as BI-RADS 4a through a B-mode ultrasound. Through the use of
elastography, the distribution of the patterns were: cyst artifact (n = 13), pattern 1 (n = 4),
pattern 2 (n = 31), pattern 3 (n = 13), and pattern 4 (n = 4). The BI-RADS 3 lesions (n = 53)
were subjected to FNA, whereas a CNB was performed with the BI-RADS 4a lesions that
showed elastography patterns 1, 2, or 3 (n = 8). The pattern 4 lesions were subjected to
VAB (n = 4). The findings and the management algorithm are shown in Figure 2. All the
patients with a benign diagnosis were subjected to a follow-up US 3 months later, and the
stability of the findings was observed and the patients with a malignant diagnosis were
subjected to magnetic resonance imaging for cancer staging, after which the appropriate
treatment was provided.
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Imaging Reporting and Data System (BI-RADS).

Of the 65 lesions, (Table 1), 15 were cysts, 46 were benign lesions, and three were
malignant lesions (two ductal carcinomas in situ, and an infiltrating ductal carcinoma).
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Table 1. Histopathological findings of the 65 lesions.

Histopathological Diagnosis N (65) %

Cyst 15 23.1%
Fatty lobule 6 9.2%

Epithelial lesions 41 61.5%
Malignant lesions 3 6.2%

3.2. Correlation of the Histopathological Findings with the Ultrasonography and
Elastography Findings

Of the 13 nodules which showed a cyst artifact in the elastography, all of them were
categorized as BI-RADS 3; the histopathological result was that 12 corresponded to a cyst,
and one to benign lesions. Of the four nodules with elastography pattern 1 (BI-RADS 3),
all of them obtained benign histopathological results. Of the 31 nodules with elastography
pattern 2 (27 BI-RADS 3, and four BI-RADS 4a), five corresponded to cysts, and the rest to
benign histopathological lesions, as shown in Table 2. The 13 nodules with elastography
pattern 3 (nine BI-RADS 3 and four BI-RADS 4a) obtained benign biopsies. Lastly, of the
four nodules with elastography pattern 4 (all BI-RADS 4a), two of them corresponded to a
ductal carcinoma in situ, another to an infiltrating ductal carcinoma, and the fourth was a
benign lesion (fibroadenoma).

Table 2. Histological correlation with the elastography patterns of the lesions evaluated in the study.

Histopathological Result Total

Malignant Benign

Elastography patterns Stiff (pattern 4) 3 1 4
Soft (patterns 1, 2, and 3) and cyst artifact 1 60 61

Total 4 61 65

3.3. Diagnostic Performance of the Elastography

The predictive values of the elastography were 75% of sensitivity, 98.36% of specificity
with a correct diagnosis in 96.92% of the cases (n = 63); the PPV was 75%, and the NPV
was 98.36%. No significant differences were found between the BI-RADS classification
and the elastography patterns (p = 0.85). The malignant lesions were associated with
stiff elastography patterns (pattern 4), with a p = 0.04, whereas the benign lesions were
associated with soft elastography patterns (patterns 1, 2, and 3, and cyst artifact), with
p = 0.03, 0.02, 0.04, and 0.02, respectively. In the diagnosis of the cystic lesions, a correlation
was observed between the elastography diagnosis and the histopathological diagnosis,
with statistical significance (p < 0.001). The sensitivity was 66.7% and the specificity was
94%. The PPV was 76.9% and the NPV was 90.4%.

As for the improvement in the diagnostic precision—which implies adding elastogra-
phy to the B-mode ultrasound—in three out of four cases categorized as BI-RADS 4a in
B-mode, and which showed stiff elastogram results (pattern 4), the result was malignant
in the pathological anatomy, whereas for the rest of the softer patterns (1, 2, 3, and cyst
artifact), they all showed a benign histopathological result.

4. Discussion

This study provides evidence that elastography added to the B-mode in the evaluation
of subcentimeter nodules implies an increase in the number of patients who are correctly
diagnosed (96.92%). This is shown by the elastography of patients with a cyst artifact,
which obtained a high probability that it would be a cyst and that further follow-up or an
invasive diagnostic test would not be needed, whereas on the other hand, lesions with stiff
patterns would increase the diagnostic suspicion, which would demand a histopathological
diagnosis (75% of successes). Many authors [13–16] have shown the usefulness of the
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combination of ultrasonography and elastography for the differentiation of benign and
malignant lesions, which should increase the diagnostic precision and could contribute
to the improvement of the BI-RADS classification. However, there is a scarce number of
studies that have analyzed small-sized lesions in an isolated manner, and these tend to be
focused on quantitative elastography SWE [13–15,17]. In this sense, it should be pointed
out that the literature shows the efficiency of different elastography techniques for the
differential diagnosis of solid bodies in breasts by considering their size [10]. However,
other authors [9–11] have reported on the contribution of SWE to the diagnosis of breast
cancer in lesions <2 cm. Our study also supports the usefulness of elastography for the
early detection of malignant lesions ≤1 cm, and up to the present, it is the only study in
the literature in which lesions that are so small in size have been analyzed.

In addition to semiquantitative elastography (SWE), the significant association be-
tween the diagnosis based on the elastography pattern and the histopathological diagnosis
of all the benign solid nodules ≤1 cm (p < 0.05) is evident in our results. These findings are
in agreement with those reported in the literature, which have shown the contribution of
the association between ultrasonography and elastography for the differentiation between
benign and malignant lesions [13,18]. With respect to the cyst artifact, an association was
demonstrated between it and the histopathological diagnosis of the cystic lesions (p < 0.02),
with a high specificity (94%). These findings are in agreement with those obtained by
Barr [19]. Keeping in mind that cystic nodules <1 cm are benign lesions, it can be assumed
that the detection of this artifact would be diagnostic, and therefore unnecessary punctures
would not be needed.

Elastography is defined as a decisive test for the diagnosis of benign or malignant sub-
centimeter nodules, with a correct diagnosis in a high number of cases (96.92%). Therefore,
when faced with B-mode images categorized as having a low suspicion of malignancy and
elastograms with a cyst artifact, we could category them as BI-RADS 2; if the elastograms
were soft (patterns 1, 2, or 3), we could say that we are dealing with lesions with a high
probability of being benign (BI-RADS 3), whereas lesions with more stiff elastograms (pat-
terns 4 or 5) would necessarily have to be biopsied (BI-RADS 4a or b), as already proposed
by other authors [20]. The management algorithm proposed is shown in Figure 3.

The present study had some limitations, among which we can find that the study
was retrospective in nature, and the sample size was small. In addition, as the sample
came from a single center, which is a referral center, a selection bias could be present. On
the other hand, we could not evaluate the interobserver or intraobserver variability in
the acquisition of data and their interpretation. It was also not possible to independently
evaluate the US image of the elastogram pattern, as the entire study was conducted by
the same radiologist in a single intervention. Lastly, the results of our study need to be
validated with multi-center prospective studies that utilize a larger sample size with a
greater diversity of the sample.
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