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Abstract

Elastography is a method which determines the stiffness of tissues with the
help of ultrasound technology and exhibits more quantitative data according
to palpation that made during physical examination. Elastography has rela-
tively entered to routine use in the breast evaluation with imaging techniques.
Although palpation has a very long history, elastography has been used since
1990s. Elastography is used as an adjunct to conventional gray scale ultra-
sound and can identify the stiffness of the tissues non-invasively. Today, it is
used as two separate technological modalities: strain elastography and shear
wave elastography. The aims of these modalities are to increase the sensitivity
of the separation between malignant and benign lesions, reduce the unneces-
sary biopsy processes and to provide a more accurate Breast Imaging Report-
ing and Data System (BIRADS) categorization of the breast lesions. In this ar-
ticle, we aimed to review the clinical utilization and benefits of elastography
in differantial diagnosis of breast lesions, BIRADS categorization, and biopsy
decision making in the light of current literature.
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1. Introduction

Mammography and ultrasound are the main methods used together in breast
cancer screening. However, both methods present some limitations. Mammo-
graphy performed in dense breasts may often yield false-negative results. US is

sensitive in the detection of lesions, but specificity is poor as most solid lesions
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are benign [1]. Magnetic Resonance Imaging (MRI) can also be used for diffe-
rentiation of benign and malignant lesions of the breast. According to several
studies, MRI has a high sensitivity (89% - 100%), but a variable specificity (37% -
97%), for the detection of breast cancer [2]. Also, as different application, Dopp-
ler ultrasonography was failed to provide the expected results in breast cancer
diagnosis or differentiation. Although increased vascularity with Doppler ultra-
sonography increases the likelihood of malignancy, it may increase unnecessary
biopsy rates when not evaluated together with other criteria in the BIRADS ul-
trasonography lexicon.

Any procedure in addition to ultrasonography (US) such as requiring contrast
(as in MRI) and X-ray exposure (especially for repeated mammographies) or in-
vasive procedures (as for biopsy) increases the cost. This means that the main
factor in the sonographic characterization of breast lesions is the gray-scale
morphological features of the lesion [3] [4].

Ultrasonography still could not reach the desired level in differentiation of
malignant and benign lesions, even though, the increase in frequency up to 18 -
20 megaHertz in gray-scale, large matrix transducers and addition of new soft-
wares as tissue harmonic imaging (THI) and spatial compound imaging (SCI).
For example, increasing the effectiveness of ultrasound with SCI reduces the de-
gree of posterior acoustic shadowing [5]. Power doppler ultrasound with the vi-
bration generated by the operator assist to some cases, but it still may not be
very effective, especially in small lesions [6].

At this point, the introduction of elastograpy has become the savior for radi-
ology for the purpose of re-evaluation of the indetermined breast lesions de-
tected by the other modalities and for a second look assessment [7]. Certainly,
after gaining the necessary experience and completing the learning curve initial-
ly for strain elastography and subsequently for shear wave elastographys; it will be
easier to determine the benign and the malignant breast lesions. Although elas-
tography is easy to perform, training and technical knowledge are required in
order to obtain images permitting a correct interpretation. This method is an
extremely operator dependent system as reported before in previous studies [1].
In the recently developed strain elastography softwares, color indices of the le-
sions are quantified mathematically minimize the impact of the operator at this
stage [8] [9].

Today, strain elastography technique has replaced with shear wave elastogra-
phy (SWE) in elastographic investigations; and is likely to remain as a suppor-
tive semi-quantitative modality for generally superficial lesions or hard lesions
where the posterior contours of the lesions cannot be evaluated at all. The use of
SWE as an adjunct to conventional B-mode ultrasound can increase diagnostic
confidence and improve patient management. More specifically, SWE features
can help reclassify BI-RADS category 3 or 4a lesions by morphologic criteria on
conventional B-mode ultrasound [10].

In this study, we aimed to evaluate the new and advanced imaging technology

SWE in breast and axillary lesions. With the help of these images and data
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through the literature, we also aimed to specify all the features of this technique.
In addition, with this review, we attempted to explain the expected develop-
ments associated with SWE and what should a clinician or a surgeon wait from

these findings obtained using this technique.

2. Ultrasound Elastography Techniques

Tissues in the breast with different contents give a different response to defor-
mation by compression and that is called elasticity [11] [12]. US elastography is
an imaging technique that can be used to assess the stiffness or elasticity of
breast masses, which is analogous to clinical palpation with US for a mass. The
distinction between clinical palpation and elastography is that the former allows
only a subjective judgment of the stiffness of a lesion, while elastography assesses
tissue-specific differences in stiffness and/or elasticity, as lesions with an abnor-
mal internal structure have altered elasticity [12] [13].

In Ultrasound elastography techniques (USE), tissue stiffness (elasticity) could
be measured after applying an external force to the tissue surface [14] [15]. The
first technique is called as real time strain elastography.

Since the first launch, plenty of studies were shared in literature and this me-
thod was converted to semi-quantitative modality from its first qualitative form
[16] [17] [18]. In addition to new ratio measurements at obtained images, many
other techniques (color index, pixel intensity etc) and the research process has
recently gained improvements to be an operator independent modality [8] [19].
However, in its current mode, it is extremely operator dependent and not con-
venient in non-superficial lesions. It is available and still widely used as a
semi-quantitative method on most of the renders’ US machines for being less
expensive [20].

In another elastography modality shear wave elastography (SWE), tissues are
compressed with a special push pulse and the tissues are displaced at micron lev-
el. With that displacement, thorough the compressed tissues, shear waves are
generated vertical to the course of push pulse way. So, this technology (acoustic
radiation forced pulse imaging-virtual touch imaging; ARFI-VTI) quantifies
stiffness (elasticity) without manual compression [21] [22]. ARFI that measures
elasticity without the need for physical compression is an excellent replacement
for strain imaging. Hard tissues can be compressed lesser and through these in-
tense-cellular interfaces shear waves travel faster than soft ones with this tech-
nique [23].

Briefly, by these simple methods, specific images are obtained additional to
conventional gray scale images. It could be possible to measure the stiffness of
targetted area and it could be possible to define the tissue content indirectly with
ROI measurements and specific color maps (velocity or quality maps). General-
ly, we will concentrate on the ARFI method using the most common one (Sie-
mens, Erlangen, Germany), in this review. In principal, all software and hard-

ware are based on a similar logic with minor differences (hard or soft tissue dif-
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ference in color representing, the unit reflects the stiffness is m/s or kPa, etc.).

2.1. Aim of This Study

We aim to determine the features of SWE in normal breast tissue, the paren-
chymal appearences, SWE characteristics of benign and malignant breast lesions,
then to evaluate its usage in premalignant and non-mass lesions and lastly the
effect on BIRADS classification. Then, with the support of literature data and in
the light of updates we will point some special clues and conclude the role of

SWE in breast lesions.

2.2. Breast SWE with Related Images

The ARFI method is a less operator dependent technique. Lesions may be com-
pared with the adjacent normal tissues. Mild compression or just touching to the
breast surface is needed, because also pre-compression of the tissue may amplify
the shear wave velocity (SWVs) [24]. Therefore -compared to other available
elastography techniques-measuring the shear wave propagation induced by the
automated push pulse is meant to be the most standardized and examiner inde-
pendent technique.

Kim et al found that the mean elasticity score (3.7 + 1.0 vs. 1.6 £ 0.8, p < 0.01),
SWYV (4.23 + 1.09 m/sec vs. 2:22 £+ 0.88 m/sec, p < 0.01) and SR (5.69 + 1.63 vs.
2.69 £ 1.40, p < 0.01) were significantly higher for malignant lesions than benign
lesions with this technique and especially if the ARFI is added, the differential
diagnosis in breast lesions reached up to 93.6% [25]. The results for US com-
bined with ARFI elastography and SR values were 97.5% sensitivity, 92.3% speci-
ficity, 93.6% accuracy, a 79.6% positive predictive value (PPV), and a 99.1% neg-
ative predictive value [25]. In another study, specificity was 62.5 % among the
BIRADS 4 breast lesions and 72.9% with addition of virtual touch imaging quan-
tification (VTIQ) to the gray scale. VTIQ qualitative and quantitative elastogra-
phy has the potential to further characterise B-mode detected breast lesions, in-
creasing specificity and reducing the number of unnecessary biopsies [26].

Clinicopathological features such as histological type, histological grade, tu-
mor size, the presence of lymph node metastasis, and lymphovascular invasion
are known as prognostic factors of breast cancer. Regarding SWE, high nuclear
and histologic grade, large invasive size and lymphovascular invasion were re-
ported to be associated with increased stiffness of invasive breast cancer [27]
[28] [29] [30]. Estrogen receptor negativity, progesterone receptor negativity,
p53 positivity, and Ki-67 positivity were significantly associated with a higher
E-ratio, and triple-negative and HER2-positive tumors showed greater stiffness
than estrogen receptor-positive tumors [29] [30]. Interestingly, some aggressive
tumors, such as high grade cancers and triple-negative tumors, are likely to be
assessed as BI-RADS category 3 in B-mode ultrasound, but SWE may provide
additional information for diagnosing those benign-looking malignancies [30].

In the literature, the cut-off values were also different to distinguish benign
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and malignant lesions according to type of device and different operators [25]
[31]. The cut off value is up to 91% in malignant lesions with SWV exceeds
probability and below the 10% - 11% in non-malignant lesions according to re-
cent meta-analysis result [32]. The cut-off value for malignancy was 2.55 m/s
level with point shear wave, it has partly elevated and reached to 3.59 m/s level
by the help of new technology named VTIQ which can make smaller measure-
ments with ROI in 2-D form [33] [34] [35] [36] [37]. A quantitative data could
be measured quantitatively with mild compression by the VTIQ method (Figure
1). In more recent systems, the resolution of B-mode gray scale images are suffi-
ciently high and provides opportunity for quality control of obtained SWV maps
by the help of VTIQ quality map [38].

In this modality, cysts have a typical “bull’s eye” appearance (small size, white
center, peripheral black circle). Therefore, hypoechoic or hypo-anechoic or
complicated cysts, galactoceles with solid appearences can be clearly distin-
guished regardless of being simple or complicated (Figure 2).

For solid lesions, not only internal structures and peripheral contours, also the
reaction in perilesional area can be clearly demonstrated and evaluated in detail,
by SWE imaging. In this evaluation, while benign lesions are encoded as a more
hyperechoic in gray scale displacement maps, and iso-elastic type colors with
background parenchyma and fatty tissue or soft in VIIQ maps. In contrary,

non-necrotic components of malignant lesions are encoded with more rigid

Figure 1. (a) Superposed on normal gray-scale US appearence of
a normal parenchymal area, study with shear wave velocity
(SWV) color map; (b) associated quality map appears. Color
evaluation can be made from the bar on the side on these maps.
Homogenous green color on quality map presents the homoge-
neous spread of the sound beam and indicates that the obtained
map is more reliable. According to this map, we understand that
we need to measure SWV from the more homogeneous regularly
flor; (c)-(d) represent the SW time and coloured displacement
maps, respectively.
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Figure 2. Image obtained from the 35-year-old case, 6 months

after lactation ends; (a) echogenic on gray scale; (b) an echogenic
centimetric mass, showing color scattering (artefactual) suggests
questionable bleeding on Doppler window is monitored; (c) bulls
eye view on gray scale acoustic radiation force imaging (ARFI)
displacement (shining inside the hypoechogen ring), and (d) in-
side part green, outside with blue paint, soft and benign lesion
image in virtual touch imaging quantification (VTIQ) window is
consistent with dense cyst.

dense colors (In our cases, all the rigidity increases toward the red). Also, desm-
polastic reaction created by malignant infiltration and ductal extension also
could be defined by color or velocity maps as surrounding rigidity which extends
beyond the gray scale tumoral margins (Figure 3). As well as these quantified
measurements, semiquantitative assessment utilization such as color scale, ratio
or index measurements in strain elastography has to be reduced gradually.
Fibrocystic changes and adenosis like hyperplastic changes that can create a
premalign impression by mimicking the ductal carcinoma in situ (DCIS)’s usual
appearance (Figure 4 and Figure 5). The separation of changes in the fibrocystic
complex echo becomes important at this point. For these nonspecific lesions,
when the lesional color pattern symbolizing the malignant degree of hardening
than the surrounding normal breast tissue, BIRADS categorization will also be
upgraded and rather than follow-up, planning for a biopsy will be more possible.
When a biopsy is required within the identified lesion area, the cy-
to-histopathological sample may be easily obtained with guidance of elastogra-
phy, instead of using only gray scale images. This feature is not only typical for
malignant like lesions, but also for suspicious natured BIRADS 3 lesions (Figure
6). Thus, planning of the medical or surgical treatment and complementary
chemoradiotherapy can be performed from the beginning of the diagnostic stage
of the disease. Fibrocystic changes starting from simple hyperplasia, adenosis,
florid hyperplasia; continue with the flat epithelial atypia, atypical ductal hyper-
plasia and could terminate at least with a low-high grade DCIS spectrum. All

these unfavorable course can be diagnosed with the help of the specific high
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Figure 3. 47-year-old female patient. (a) Uniform limited, palpable, suspicious microlo-
bulated hypoechogen lesion, normal gray scale contours of the lesion overlow; (b) a rigid
desmoplastic ring is observed, on displacement map; (c) In VTIQ map, especially on pe-
ripheral non-necrotic ring, yellow-orange-red discolorations representing SWV increases
in malignant spectrum are monitored; (d) blue weighted homogeneous color pattern in
normal tissue; (e) the distorsion is converted to a darker green heterogeneous color, in
traces found at malignant ductal extension; (f) although this extension has no malignant
appearence on gray scale image, VTIQ is illustrative for an expansion watched on gray
scale that located deeply along a ductal trace.

Figure 4. 34 years old woman. In physical examination right upper

lateral quadrant described as mild tough and sensitive. (a) spacious,
demarcated, lobulated contoured hypoechogenity field watched on
ultrasound; (b) this area viewed softer than the tissue and formed
hyperechoic color scattering on ARFI displacement map; (c) but any
difference was not detected between normal and very hypoechogen
visible area on VTIQ map (benign fibrocystic change).
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Figure 5. 36 year-old asymptomathic woman, hardness found during manual self ex-
amination. (a) hypoechogen, irregular contoured and internal septas on gray scale ul-
trasound. Degenerated fibroadenoma doubt has occurred; (b)-(c) more echogenic
(soft) properties than ground tissue on ARFI displacement map; (d) similar homogen
color pattern with the floor on the color VIIQ map; (e) After the second menstrual
cycle control, lost the demarcation by showing more shape changes (compatible with
focal fibrocystic complex).

Figure 6. 39 year-old female patient referred with localized nodular
palpable lesion at upper inner quadrant of the left breast. (a) macro-
lobulated contoured, homogeneous hypoechogen visualization of the
lesion on gray scale US; (b)-(c) the inner contour of the lesion has
softer inner structure on ARFI displacement map; (d) Although ho-
mogeneous hypoechogen content the color inside the lesion is varia-
ble on VTIQ examination. Degenerated fibroadenoma. In these types
of lesions apparent dysmorphic due to degeneration, biopsy should be
preferred to apply from the poles SWV maximally increased.

resolution colored SWV maps (as mentioned before, in our system it is called
VTIQ) (Figure 7). With the new parameters imposed by elastography, the be-

nign lesions such as degenerated fibroadenoma and papilloma which can mimic
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a malignant lesion, and the changes like fat necrosis and postoperative scar that
concerning the operation area can be distinguished (Figure 8). In fact, before
capturing the event called blind lesion in radiology, at the same time, after the
identification of masses with malignant criteria, screening the other nor-
mal-looking quadrants can diagnose the iso echogenic DCIS, in some cases
(Figure 9).

Furthermore, not only breast, but also for axillary lymph nodes, especially in
the usual oval shape, SWV elastography has benefits in differential dignosis of
benign or malignant lymphadenopathy with smooth-edged thin cortex and de-
terioration in the physiological hilar echo. Although there is not enough compa-
tibility between studies about axillary and other lymphatic chains settled in the
superficial lymph nodes, generally when cortical SWV values exceed the cut-off
values, decision of biopsy can be given by evaluating also the other morphologi-
cal findings together [39] [40] [41]. In our unit, for the lymph nodes which are
thickened, nodularity gained or deleting the echo hilum of the cortex, SWV
cut-off values are accepted meaningful >2.4 m/sec, in terms of malignancy.

Overall, the first produced softwares of strain elastography which were ex-
tremely operator-dependent forms, difficult to adjust the manual compression
degree are almost out of general clinical use. Adjusting the compression by
graphical data and efforts of semiquantifying this system with color index or
strain ratio measurements through color scales has led to relatively successful
results, by means of the new RTE methods. However, after the spread of SWE
method, tissue stiffness become to be measured more comfortably with lesser

Figure 7. A 41 year-old case represented similar to these fibrocystic
complexes with hardness palpated by herself at upper lateral quadrant of
right breast. (a) heterogeneous hypoechogen, non-clear demarcated area
on gray scale US; (b)-(c) much more rigid than the neighboring tissue
and hypoechogen color scattering formation on ARFI displacement map;
(d) intensive red-bright color transitions were associated with malignant
SWYV increases on VTIQ colored map. Tru-cut biopsy and histopatho-
logical diagnosis: High-grade DCIS.
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Figure 8. 47 years-old case with a history of a malignancy operation
and therapy at lower-inner quadrant of left breast. (a) heterogene-
ous hypoechogen irregular contoured lesion on gray scale Usg; (b)
tougher internal structure than the ground tissue on ARFI dis-
placement map; (c) despite increased speeds of up to malign level
on VTIQ (3.4 m/s), because of lacking of a prominent desmoplastic
halo and absence of expansion image around the lesion on elasto
maps, malignancy was not considered initially. In addition, if
looked at more carefully to gray scale images of this lesion which
shows echogenic fat components inside; (d) in the MRI obtained on
the same day, the oil cysts and changes at the borderline in Tla
weighted axial images symbolizes the late postoperative mature fat
necrosis.

Figure 9. 54 years-old female patient whose mammography and

breast USG previos year was described normal, but at this control;
(a) on gray scale window; hypoechogen eccentric nodular thicken-
ing of advanced lymph node; (b) heterogeneous peripheral blood
supply growth on doppler USG; (c)-1-2) soft inner structure on the
AREFI displacement map; (d) coded with light green, light tougher to
surrounding axillary fat tissue but the speed limit spectrum at be-
nign level (<2.4 m/s) on VTIQ map. Tru-cut biopsy: Benign reactive
hyperplastic lymph node.
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operator dependent, quantitative techniques. The stiffness values of SWV mea-
surements are defined as m/s with the most commonly used ARFI system and as
kPa with another one. Even though various and gradually renewed versions such
as point shear wave, 2-D shear wave, 3-D shear wave; calculation of the micro-
anatomical comppression deggree of tissue by a push-pulse mechanizm and
measuring the shear-wave velocity during this push is the valid mechanism [42].
In malignant tissues, tighter cell groups and surrounding desmoplastic reaction
leads to increase SWV, and at sizes exceeding a threshold value it is easier to
recognize a lesion with benign morphology, such as mucinous carcinoma [43].
On the other hand, recognition of premalignant lesions like ductal carcinoma
in-situ (DCIS) and to distinguish the solid lesions from complicated hypoechoic
cysts are also facilitated [43] [44]. Therefore, because of the potential to reduce
the false positive and/or false negative ultrasound evaluation rates of this me-
thod, a more accurate classification of various lesions in BIRADS categorization
is feasible.

There are some limitations with this technique. Although quantitative elastic-
ity information obtained by SWE has improved diagnostic performance, false
results have been reported in 6.4% - 36.6% of cases, in which the imaging results
did not correlate with the pathologic results [45]. Also not easily accessible for
the moment, over time, it is specified to take its place among the standard
equipment of manufacturers. Utilization principles may be adopted by the ap-
propriate application and short-term experiences. However, it does not have a
complicated algorithm and difficult learning curve in terms of different tissues
have different characteristics. Overall, though the background resolution persists
lower than normal gray scale floor, new developments day by day on this issue
are carried out by hardware and software upgrades that are used, currently. Al-
though the activity decreases in deep-seated lesions, generally beyond very large
breasts there are not any problem in breast. On the other hand, because of the
artifacts caused by reflected waves the activity reduces in the superficial lesions
very closed to skin. This problem can be circumvented easily with a suitable
gel-pad support. In addition, though various companies use different terminol-
ogy but the general principles are the same, these small differences can be solved
easily by the help of the manufacturer or literature support. It has shown in the
literature that VTIQ is a highly reliable method concerning intra- and in-

ter-examiner agreement.

3. Conclusion

Strain elastography, which has numerous publications about in the radiology li-
terature, could go a little step further albeit small with the new software sup-
ports, but probably due to manual compression and being very dependent on
operator experience it has not found many places in the clinical-surgical prac-
tice. However, since it is cheaper and more accessible is still used especially sys-

tems with semiquantitative software. SWE, starting from a simple speed mea-

DOI: 10.4236/0jmi.2021.112006

68 Open Journal of Medical Imaging


https://doi.org/10.4236/ojmi.2021.112006

D. Yildirim et al.

surement, with color maps obtained after a moderate precompression and alter-

native 2D-3D developed softwares, just as Doppler, seems to be another aide to

the gray scale sonography.
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