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By Dr B. Scheffer

ultrasound elastography in Screening and Diagnosis 
of Breast Cancer
A systematic program of breast ultrasound screening was carried out in our clinic over a period of 
more than six years on a large number of women presenting for mammography examination. The aim 
was to analyze the ability of ultrasound elastography to reduce the number of unnecessary biopsies 
and to evaluate the overall potential of the technique. Out of more than 16000 patients examined 
by ultrasound (HI-RTE, Hitachi Medical), 271 breast cancers were detected, 27% of which had not 
been detected in mammography. An additional examination using ShearWave Elastography (SWE, 
Supersonic) was performed on 100 lesions found to be neoplastic.  
The main contribution of real-time elastography was the increase in confidence that biopsies were not 
being taken unnecessarily: the use of RTE gave a positive predictive value (PPV) of 75% for a positive 
biopsy result. The PPV can be increased even further, up to 82%, through use of a secondary, comple-
mentary examination using SWE.  
This article summarizes our experience of the use of the techniques, their indications and limitations. 

Two factors have been cited for the welcome reduction in 
the global mortality rate from breast cancer, namely 

 - the increased detection of smaller lesions through the use 
of screening mammography 

- progress in neoadjuvant therapies and the improved con-
trol of resection boundaries

In the context of the increased detection of smaller lesions, 
studies have shown that B-mode ultrasound of breast nodules 
has a high negative predictive value (NPV) but only a very 
modest PPV. Despite the clear advantages of the technique 
such as easy accessibility and lack of ionizing radiation, ultra-
sound breast screening has the problem that can be summa-
rized as enabling the detection of a high number of lesions and 
abnormalities that do not require biopsy because only very few 
are neoplastic. 

For 6 years we have conducted a systematic ultrasound 
screening exam to back up no fewer than 16107 mammo-
grams. In our study we combined elastography for each abnor-
mality revealed in B-mode. 

MetHods
Post-mammography ultrasound screening was performed 
using a Hitachi scanner (EUB Elite HI-Vision). The Hitachi 
Realtime Elastography (HI-RTE) strain elastography mod-
ule for this system displays the relative difference in elasticity 
of breast tissues when subjected to an external mechanical 
compression initiated by the operator. The simultaneous dis-
play of the B-mode image, the elastogram and the scale or 
compression curve allows the operator to assess the quality of 
the technique and to check that the lesion remains in the field 

of examination during the data acquisition. By convention, 
a color scale is used to present the results. Suspicious, stiffer 
lesions are coded blue. 

In the latter part of our study all suspicious lesions imaged 
with HI-RTE were additionally analyzed using the Aixplorer 
ShearWave Elastography (SWE) system (Supersonic Imagine). 
With this system the results are shown in kilo pascals (kPa). In 
our study the same conventional color coding of blue for stiff 
lesions was adopted. 

 The standard examination procedure with the Hitachi 
system consisted of a sweep of both breasts, quadrant by 
quadrant, together with a study of the axillary region. Each 
B-mode abnormality, nodule or region of disorganised ultra-
sound architecture, was then examined using HI-RTE in two 
orthogonal planes with two transducers. 

Examinations using SWE were also performed using two 
orthogonal planes but, for patients whose lesions were not 
located at the junction of two quadrants, radial and anti-radial 
sections were also carried out. SWE was performed using a kPa 
scale from 0 to 80. The use of this scale gives greater sensitivity 
than the scale of 0 to 180 kPa which is used in many published 
studies on SWE.  

LeArNING process 
Because, elastography, like ultrasonography itself, is operator-
dependent, we set up a rigourous program of operator auto-
evaluation. Validation of the success of the learning process of 
probe movement and interpretation never took more than 6 
months. Nevertheless, for the first year the results of the HI-RTE 
elastography were not used to alter the clinical management as 
determined by the B-mode result. After this initial period, 
patients with lesions that were elastographically benign were 
put on a simple ultrasound follow-up schedule, with exams at 6 
months, 12 months and then at 24 months. During the evalu-
ation period results obtained with the SWE technique did not 
change the clinical management determined by HI-RTE .
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All lesions that were suspicious on HI-RTE were verified his-
tologically; only a few benign lesions on HI-RTE  were evaluated 
with SWE. 

Mammography and ultrasound examinations were all per-
formed by a single radiologist who also carried out the initial 
clinical examination of the patient. The description of all radio-
graphically occult lesions was validated by an independent radiol-
ogy reference site, who were unaware of the results of the clinical 
examinations. Thus, the mammographic analysis carried out in the 
reference centre was not influenced by the clinical exam. 

INterpretAtIoN oF eLAstoGrApHY resULts. 
HI-RTE
We classified nodules according to the 6-level elastography scoring 
system described by Hitachi, using the conventional color coding 

representation of tissue stiffness [Figure 1a, b]. The Fat-Lesion ratio 
(FLR) is a semi-quantitative measure of the ratio of elasticity of 
two areas (fatty tissue and a lesion) and has been proposed to dif-
ferentiate malignant and benign lesions. Unfortunately in practice 
FLR has several problems such as possible lack of homogeneity of 
the reference fatty tissue. Also comparison of the published studies 
FLR is difficult since they use different cut-offs. In future the Gel 
to Lesion ratio (GLR) method may overcome the deficiencies of 
the FLR method. In GLR, a pad covering the probe contains gel 
of a known, standard elasticity so could serve as a reference value.

 The decision-tree we used for the incorporation of HI-RTE into 
the diagnostic work-flow is shown in Figure 2. 

Shearwave Elastography
We used a 3-score classification in SWE, namely scores SC1, SC3 
and SC5 [Figure 3]. These were determined on the basis of three 
parameters, namely the color map, the elasticity index and the 
lesion/fat elasticity ratio. The score (i.e. SC1, SC3 or SC5) would 
normally be used to choose the precise clinical management options 
for the patient. However, during our evaluation period, these scores 
were only used for information purposes. The results were not used 
to actually decide clinical management. 

 
coNtrA-INdIcAtIoNs ANd precAUtIoNs
Real Time Elastography and Shear Wave Elastography are both 
used for the determination of the hardness/elasticity of a lesion, but 
they involve two fundamentally different technological principles. 
They each have specific advantages and limitations. 

However both techniques share certain absolute contra-indica-
tions. One of these is the presence of local hemorrhaging, which can 
alter the stiffness of the lesion. Elastography examinations should 
therefore always be performed prior to any invasive procedures. 

In addition, in both techniques, particular care should be taken 
in certain cases:  

•When there is  spontaneous or acquired hardness of the 
breast, such as in cases of major fibrous mastopathy or an inflam-
matory or carcinomatous mastitis, the hardness of the breast can 
give rise to artefactual interpretation of HI-RTE images [Figure 
4]. Elastography should not be used in such cases. With SWE we 
observed an elevation in the elasticity index in the surrounding tis-
sue with less homogeneous elasticity mapping in these cases.

• It has been shown that there is a benefit in using elastogra-

FigUre 1.  Based on the conventional color-coding representation of the elastographic stiffness of tissue (soft is green, hard is blue) the scoring system (Fig 1a) used in our HI-RTE studies 
comprised six scores , 1-5 plus a score RVB ( Red Green Blue).  Score 1 nodules are is entirely elastic  In Score 2  the majority of the nodule is elastic with some small stiffer areas. In score 
3, the center of the nodule is hard, but the periphery remains elastic. In Score 4 the entire nodule is hard.   Score 5 nodules are represented as blue and surrounded by a blue halo. In 
“RVB” the superimposition of the three colors red, green, blue (RGB) corresponds to a coding artefact in cystic formations.  In addition to these scores  we used a “Mosaic” Score (Fig1b) 
for non-mass lesions that are more or less echogenic with a disorganization of the ultrasound architecture. Lesions with score 3, 4, 5 or mosaic were considered as indications for biopsy.

Histology

malignant
Follow-up

Treatment

Stop Benign Risk factors

Learning Process ELASTOGRAPHY

Score 3 4 5 Mosaic

Unstable signal 
or negative but presence 

of microcalci�cations

Score 1
RGB

Score 2

 B mode strategy

Malignant signs? Benign signs?
Management as a

 function of
BI-RADS class

Known lesion
or BI-RADS 2 

FigUre 2. In conventional ultrasound, the usual diagnostic strategy is firstly to 
eliminate know stable lesions and also BI-RADS 2 lesions and then to look for signs 
of malignancy. The presence of benign signs will result in a classification of the lesion 
as BI-RADS 3 with follow-up. The absence of malignant or benign signs leads to a 
classification of the lesion as BI-RADS 4a with the need for  further investigation, 
namely biopsy. 
During our elastography learning curve, all lesions were analyzed to give a better under-
standing of the technique and semiology. In routine practice, whatever the BI-RADS 
classification in B-mode, the lesion was analyzed using elastography. Only lesions 
showing signs of instability and  microcalcifications visible in mammography without an 
identified ultrasound mass passed again to the conventional diagnostic path.
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phy to distinguish malignancy associated with microcalcifications 
detected on mammography, in particular to determine the risk of 
invasion in ductal carcinoma in situ (DCIS). In practice, when the 
mammary gland volume is large it can be difficult to find the zone 
of microcalcification. 

• In the absence of calcified cystosteatonecrosis, a scar after 
simple surgery is attributed a score of 1; after conservative radio-
surgical treatment, preferentially a score of 3, sometimes a score of 
2, rarely a score 4 and never a score 5. 

•Tumor necrosis induced by chemotherapy modifies the elas-
tography mapping and gives a ‘soft’ pattern. Chemotherapy is gen-
erally a contraindication for elastography. 

• Radiotherapy. Major post-radiation cutano-glandular sclero-
sis is rare but can be a limiting factor for elastography. Usually elas-
tography can be performed after radiotherapy without any particu-
lar restrictions, although a small loss of elasticity may be noticed. 

• Breast Implants. The presence of an implant is not a strict 
contra-indication for elastography but could in theory pose a prob-
lem if, in a small breast,  the lesion is situated in contact with a 
tight implant, which could artificically increase the hardness of the 
breast. In our study the examination of several benign lesions in 
contact with an implant were carried out without difficulty. The 
only malignant lesion that we examined by HI-RTE in patients with 
implants was not in contact with the implant. 

• Influence of the menstrual cycle. It has been shown that the 
HI-RTE color map does not change from one menstrual cycle to 
another. Without oral contraception, the stiffness of the paren-
chyma was significantly increased during the luteal phase compared 
to the menstrual period and follicular stage. Elastography should 
therefore be more discriminating in the first part of the cycle. In 
practice it is necessary to perform follow up elastography examina-
tions at the same stage of the menstrual cycle. 

FActors AFFectING resULts. 
Depth of lesion 
This is one of the principal factors affecting the quality of elastogra-
phy results. In HI-RTE the use of a waterbag stand-off allows easy 
examination of superficial lesions. In SWE it might be possible to 
obtain similar results by using a stand-off kit to suppress the surface 
artefacts created by reverberations from the skin surface. For deep-
seated lesions, it is necessary in HI-RTE to lower the frequency of 
the transducer. In SWE a SL10-2 transducer should be used (not 
tested in our study) which theoretically should give identical results. 

Lesion Size 
With HI-RTE, the elastography signal of lesions of approximately 
5mm diameter is independent of their surroundings. With SWE, 
the elastography map shows hardly any heterogeneity  for small 
lesions essentially surrounded by fat. However this is not the case 
for lesions of the same size within the gland. In a fat environment, 
the same phenomenon is observed for lesions of 10 mm situated 
deeper.  As for lesions greater than 20 mm, the HI-RTE signal 
in the centre of such lesions may be heterogeneous, and more or 
less ‘soft’ because of necrosis, but the periphery remains hard. It is 
sometimes necessary to take only part of the lesion in the Region 
Of Interest (ROI) in order to respect the general guideline whereby 
the ratio of the lesion to other tissue should not exceed 25%. With 
SWE central necrosis is also found in such lesions. 

resULts
Of the 271 malignant lesions which were analyzed using the HI-
RTE system, 100 were also analyzed using the SWE technique. 

b-Mode screeNING coMbINed wItH eLAstoGrApHY 
A bi- or multi-focal lesion was found in 30 patients and a bilateral 
lesion was found in eight patients. Of these patients with multifocal 
lesions, B-mode screening missed five lesions, all of which had been 
detected by other modalities; one case had been detected during the 
clinical examination carried out by the oncologist and the other four 
cases were detected by MRI. 

A total of 271 malignant lesions were analyzed. Of these lesions, 
27% had not been detected on mammography, and of these 41% 
were invasive lobular cancers (ILC), the majority being grade II and 

FigUre 3. In Shear Wave Elastography, a 3 -score classification system is used:  SC-1, SC-3 and SC-5 . These scores are calculated  from  three parameters.: 
 1) The color map. In this qualtitative parameter, homogeneously mapped lesions are classified as score 1 and heterogenous lesions are  scored as 3. A score of 5 is 
attributed when the lesion and the peri-lesional area are heterogenous.  2) The elasticity index, which is measured at the level of the hardest zone as indicated by the color 
map. The cut-offs used are 15, 30 and 70 kPa for scores 1, 3 and 5 respectively.  3) A semi-quantitative parameter: the lesion/fat elasticity ratio
The principle is the same as that in HI-RTE and has the same limitations. The LFR ratios used as cut-offs were 1, 3 and 7 for scores 1, 3 and 5, respectively. 
Note: In the diagram above “Moy” stands for average, “Ecart Type” for standard deviation and “Rapport” for ratio.

FigUre 4. IDC 10mm a)left breast with a stony hardness, density 4 on mammog-
raphy b) B-mode ultrasound, hypoechogenic nodule with a horizontal axis c) Hi-RTE 
weak mosaic d) SWE positive (EI=49 kPa) e)MRI.
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III. The mean size of such lesions was 8 mm compared to an aver-
age size of 14 mm for lesions that were detected radiologically. The 
distribution of histologically confirmed invasive ductal carcinoma 
(IDC) was similar to that reported in the literature, in particular, for 
carcinomas with colloid and lymphoid differentiated forms. These 
are theoretically soft cancers and are therefore not mis-identified 
by elastography screening methods. The variant Score 4 with some 
small soft spots is predominantly found in these histological varieties.

reprodUcIbILItY: General case 
With HI-RTE, the images were found to be reproducible over 
several sequences, independently of the size of the lesion, with 
two transducers and in two planes [Figure 5]. B-mode abnormali-
ties were only determined positive with elastography under these 
conditions. The HI-RTE technique analyses the deformation of a 
volume relative to surrounding tissues and a tumor volume must 
be detected in two orthogonal planes. The color map reproduces 
the shape of the lesion in B-mode. 

With SWE, several acquisitions were performed for each lesion. 
The color map was less reproducible because this technique analyses 
the hardness of the lesional and peri-lesional tissues point-by-point 
and it is difficult to obtain exactly the same section in the same plane 
[Figure 5]. Lesions are not histologically homogeneous and the 
elasticity index and therefore the color map are necessarily different 
in each plane, without necessarily changing the classification of the 
lesion. In two cases with small lesions, the SWE color map varied 
from positive to negative depending on whether the section was 
radial or anti-radial. The practical consequence of this is that it is 
necessary to examine all small lesions at their orthogonal incidence. 

reprodUcIbILItY: case of unstability or non-reproducible elas-
tography signals 
In some cases the signal obtained with both techniques was not stable. 
Such instability could have either a single cause, or several causes that 
are more or less inter-connected, e.g. heterogeneous texture of the 
breast, deep or superficial location of the lesion or particular benign 
or malignant histology. In all cases when the elastography signal was 
unstable, we did not use the result but instead used the conventional 
B-mode images for diagnosis and future management decisions. 

reprodUcIbILItY: interpretation
Previously published HI-RTE studies from other groups and 

involving a total of 1668 cases reported good inter-observer repro-
ducibility, with a kappa score ranging from 0.73 to 0.90. In another 
study, involving only 63 cases, kappa was 0.59. 

As for SWE, one study involving 758 cases, reported kappa 
scores of 0.57 and 0.66 for the color map and maximum elasticity 
index measurement respectively. 

These elastography results contrast with the reproducibility for 
the classification of BIRADS 2, 3, 4a, 4b, 5, and overall classification 
(κ = 0.27, 0.32, 0.14, 0.16, 0.26 and 0.28 respectively). 

tHe doUbLe VALUe oF eLAstoGrApHY 

screeNING: INcreAsING tHe ppV oF tHe MIcrobIopsY
The HI-RTE technique is reliable for identifying lesions that require 
microbiopsy. In our study the longitudinal follow-up over 6 years 
was carried according to a decisional tree [Figure 2]. This did 
not take into account the BIRADS classification as determined by 
B-mode except in cases where its use was restricted as described 

above in the section on contraindications and precautions. No 
lesions that were elastographically benign on HI-RTE were subse-
quently found to be malignant on follow-up. 

Only a few lesions that were benign on HI-RTE were also exam-
ined by SWE. Our study did not evaluate the discriminatory char-
acteristics of the SWE technique without pre filtering by HI-RTE. 
During the period 2011-2012, 5699 mammography patients were 
examined using HI-RTE and SWE techniques. 

HI-RTE elastography was positive for 133 lesions, of which 100 
were cancers, 24 of them not detected by mammography. The SWE 
result was in agreement with HI-RTE in 86 cases (score 5); negative 
(score 1) in 10 cases for lesions that were either very superficial or 
entirely surrounded by fat; intermediate (score 3) in four cases, of 
which two lesions had different signals depending on the orienta-
tion of the scanning plane. In our series, 33 benign lesions were 
positive on elastography and biopsied. 

For the four adenofibromas biopsied: 
-one lesion, BIRADS 4a in B-mode, presented with an unstable 

elastography image, negative on SWE
- two BIRADS 4a lesions, weak mosaic pattern on elastography 

but hypervascular in Doppler mode and positive with SWE 
- one lesion BIRADS 3 on mammography, score 3 with HI-RTE, 

negative with SWE. 
The other benign lesions were 12 papillomas, 7 radial scars, 5 

fibrous mastopathies (3 negative with SWE), 2 sclerosing adenosis, 
2 cases of pseudoangiomatous stromal hyperplasia PASH (one 
negative with SWE), one lymphocytic lobulitis. The papillomas and 
radial scars were diagnosed without elastography either from the 

FigUre 5. Reproducibility of images. 
a) HI-RTE. A 4mm invasive ductal carcinoma (IDC). Orthogomnal sections. L53 is a 
10 MHz probe and L65 is a 14 MHz probe. 
b) SWE. A 5 mm invasive ductal carcinoma (IDC). Different mapping on two slighly 
displaced sections. 
c) SWE. A 4 mm invasive ductal carcinoma (IDC). Mapping either positive or negative 
depending on whether the section is radial or anti-radial.
d) HI-RTE: Unstable signal, fibrous mastopathy.
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mammogram or via B-mode ultrasound. 
Four papillomas and one radial scar were 
negative on SWE. Because of the risk of 
papillary cancer for the papillomas and 
tubular carcinoma for the radial scars, it is 
necessary to verify their histology via sur-
gical removal of the lesion. If they are not 
considered as false positives, the PPV of 
the microbiopsy indicated by HI-RTE elas-
tography is 89% and 97% when combined 
with SWE. If these lesions were included as 
false positives, the PPV of the microbiopsy 
would be 75% and 82% when combined 
with SWE. 

Thus by excluding the data for the papil-
lomas and radial scars which require sur-
gery, and which we consider as ‘useful false 
positives’, the addition of ultrasound screen-
ing to the mammography screening gener-
ated six “true” false positives out of 5263 
patients examined (0,011‰). If the SWE 
results had also been taken into account, 
3 lesions would not have been biopsied 
because their color map was perfectly 
homogeneous even with a scale adjusted to 
0 - 40 kPa, and so the level of false positives 
would have only been 0,006‰. 

dIAGNostIc: tHe seArcH For MULtI-
FocALItY ANd stUdY oF LYMpH Nodes 
Elastography has played a vital role in the 
assessment of multifocality in the search for 
small satellite lesions which are not seen on 
mammography and only poorly identified 
in B-mode. In our study, 30 patients pre-
sented with bi- or multi-focal lesions, and 
eight with bilateral lesions. The usefulness 
of intra-operative studies of the sentinel 
lymph node, either using conventional his-
tology or the One Step Nucleic acid Ampli-
fication (OSNA) test is not put in question 
by elastography results, but pre-operative 
suspicion of infiltration of the lymph nodes 
can modify the therapeutic approaches. A 
previously published  study reported the 
exploration of 64 axillary lymph nodes 
(histology: 33 benign and 31 malignant) 
using HI-RTE and found a score varying 
between 1 and 4 as a function of the elas-
ticity percentage of the node. The accuracy 
was 73.4%, with a sensitivity of 80.7% and 
of 87.1% when combined with the B-mode 
findings. In 81 lymph nodes (histology: 
70 benign and 11 malignant) analyzed by 
SWE, a significant difference (p<0.05) was 
found in the measured value of elasticity 
of metastatic nodes, with an area under 
the Receiver Operating Curve (ROC) of 
0.76 and 0.75 respectively for the mean and 
maximum elasticity index. 

In practice, the diagnostic performance 
of the elastographic analysis of lymph nodes 
depends on the morphology of the patient 
and the depth and size of the targeted node. 
For deep adenopathies in patients whose 
axillar anatomy doesn’t allow the easy car-
rying out of the compression-decompres-
sion movements, the elastography signal is 
unstable, non-reproducible and therefore of 
low, or zero, diagnostic value. 

coNcLUsIoNs 
Various studies have shown that screen-
ing with ultrasound can make a useful 
diagnostic contribution but have also 
highlighted the problem of an increased 
number of false positives, which not 
only cause stress for the patient but also 
increase the overall financial cost. The 
addition of elastography is an effective 
counterbalance to the high level of false 
positives since, when used as an initial 
test the HI-RTE technique has a high 
PPV. 

The “unhelpful false positives” generated 
by HI-RTE are essentially fibrous lesions, 
caused principally by a modification of 
intercellular substances. Such variations give 
rise to sclerosis in the case of collagen and 
elastogenic sclerosis in the case of elastin. 
Sclerosing collagen is hard, and elastogenic 
sclerosis is soft; their relative proportions 
can vary. In HI-RTE, volume analysis does 
not allow differentiation of these processes, 
so overall the zone will appear hard. With 
SWE, the point by point analysis has the 
advantage of defining the relative hardness 
of the zone. In our study all the lesions that 
were fibrous on histology appeared hard 
with HI-RTE but some were soft with SWE. 
If histology using a trichromic stain with 
saffron confirms this hypothesis, the use 
of the two modalities functioning indepen-
dently in the same equipment could be par-
ticularly interesting. 

With SWE we came across two prob-
lems: lesions surrounded by fatty tissue 
and lesions which give a different signal 
depending on the orientation of the ultra-
sound plane. For the former, i.e. lesions 
situated in a fatty environment, it didn’t 
matter whether the lesions were small 
and superficial or larger and deeper: only 
barely visible on the color map with a 
scale set at 0-80 kPa, they are effectively 
invisible on a scale set at 0 to 180 kPa. 
The maximum elasticity index was very 
low, below our theoretical threshold limit 
of 30 kPa for score 3. Histologically, these 
cases were infiltrating lobular or ductal 

carcinomas without particular differen-
tiation or elevated grade. The explanation 
for this phenomenon may be a failure 
to focus the ultrasound or a different 
stromal reaction in a fatty environment. 
With SWE, certain small lesions pro-
duced a different color map depending 
on whether the plane was radial or anti-
radial. This phenomenon of directional 
dependency, or anisotropy, has not been 
seen in SWE examinations of organs such 
as liver or thyroid but has been reported 
for muscles. Elasto-histological studies of 
oriented operating room specimens will 
perhaps determine whether this theory 
of anisotropy is applicable to the breast 
whose histological architecture is in a 
radial orientation. 

The BE1 study published in 2012 is 
considered as a reference for the SWE 
system in breast cancer but was not a 
screening study. The lesions in the BE1 
patients had previously been detected by 
palpation, mammography, MRI or a prior 
ultrasound examination. In addition, sev-
eral exclusion criteria were applied in the 
recruitment of BE1 patients using infor-
mation gained from previous examina-
tions, which of course would not apply in 
a screening situation. The use of the SWE 
technique for screening thus requires fur-
ther clinical and histological studies. 

FUtUre perspectIVes
The work we have carried out in the large 
number of patients studied so far clearly 
shows the value of HI-RTE elastography 
in decreasing the chance of unnecessary 
biopsies. 

Elastography will continue to play a 
vital part in patient diagnosis and screen-
ing in our clinic for the foreseeable future. 

 HI-RTE will be used as a first option, 
complemented by SWE in particular 
cases, for example fibrous lesions.

The future development of a single 
instrument incorporating both elastog-
raphy modalities would of course sim-
plify the practical implementation of this 
strategy. 
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