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Abstract

Aims: To assess the quality of real time elastography as a differential diagnosis tool for breast nodules and to compare it 
with standard ultrasonography. Material and methods: In this prospective study we enrolled 174 patients in which 174 domi-
nant breast nodules were considered for the final diagnosis. The results of ultrasonography and real time elastography, both 
qualitative and quantitative, were compared with pathology findings from the biopsy specimens. Results: Pathology examina-
tions determined 102 nodules were benign and 72 malignant. Qualitative elastography had a better diagnostic performance 
(82.4% sensitivity and 81.9% specificity) than ultrasonography plus Doppler evaluation (70.3% sensitivity and 73.5% speci-
ficity). Quantitative elastography, assessed using the fat-to-lesion ratio, was a good discriminant for malignancy (AUROC = 
0.93, p < 0.001). Our results pointed to an optimal threshold for malignancy of > 4.88; by using this threshold, the diagnostic 
reliability of the fat-to-lesion ratio was better than both ultrasonography and qualitative elastography (86.5% sensitivity and 
90.4% specificity). Conclusion: Real time elastography is superior to ultrasonography in diagnosing malignant breast nodules. 
The evaluation of nodules using a fat-to-lesion ratio was a better discriminant for malignancy than qualitative elastography. 
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Introduction

Accurately diagnosing patients requiring breast 
surgery by identifying suspicious breast masses is of 
paramount importance for medical professionals in-
volved in breast pathology. Currently, ultrasonography 
(US) and mammography are the most frequently used 
non-invasive methods for detecting breast cancer [1-
3], while Doppler techniques may be used in parallel 
to provide additional information [4,5] and obtain bet-
ter diagnostic accuracy [6,7]. Complementary to these 
methods, elastography adds supplementary information 
regarding differences in elasticity and stiffness between 

different tissues [8-11]. An increase in tissue stiffness 
on an elastography scan is usually associated with a 
malignant tumor [12]. Previous studies have described 
sensitivities ranging from 0.75 to 0.93 and specifici-
ties of up to 0.93 [13-16]; however, these studies had 
important inter-observer differences [17]. Currently, 
elastography results are reported either in a qualitative 
manner as a color map scheme, or from a quantitative 
approach, with a computer determining the fat-to-lesion 
ratio (FLR). However, despite the increased sensitivity 
and specificity of the FLR method, there is no consen-
sus regarding the threshold to differentiate benign and 
malignant lesions [18].

Our study aimed to evaluate the quality of elastogra-
phy (both qualitative and quantitative methods) as a com-
plementary method in differentiating the diagnosis of 
malignant versus benign breast tumors, to compare these 
results with those from US alone, and based on pathology 
results, to identify the most appropriate threshold FLR 
value to differentiate benign and malignant solid breast 
tumors. 
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Material and methods

The study was performed in accordance with the ethi-
cal guidelines of the Helsinki Declaration and was ap-
proved by the Ethics Committee of our Center. Written 
informed consent was obtained from all patients prior 
any study procedure or data collection

Study patients

Our prospective study started in January 2014 through 
to July 2015. Inclusion criteria were: solid breast lesions 
with complete US evaluation and with pathology report 
as golden standard diagnostic. Only cases that underwent 
surgery by the end of the analysis were considered in the 
final analysis. In these patients, the dominant nodule’s 
characteristics from US and elastography were consid-
ered for analysis. Exclusion criteria were considered to 
be: normal breast US results, cystic lesions, simple fibro-
cystic mastophatia, subcutaneous lipoma, known malig-
nant breast disease, in any evolution stage.

Breast conventional US, strain elastography

All cases were evaluated by the ductal breast ultra-
sound technique [19] performed with a Hitachi Preirus 
machine (Hitachi Inc., Japan). A special breast probe, 
EUP- L53L, 92 mm wide, with water bag device, was 
used for 2B US. In all cases, the ductal breast evaluation 
was performed according to Amy’s technique [20], radial 
technique, with the nipple in the left upper corner, pe-
ripheral lobar structure in the right of the screen, with all 
recommended layers in the screen: starting from the skin 
(upper layer) to the rib structures (lower layer).

A small EUP-L74M, 50 mm wide, was used for strain 
elastography evaluation. Two operators, with more than 
5 years experience in the field of breast US and elastog-
raphy, performed all US examinations, using the ductal 
breast approach, with conventional grey scale 2B US, 
color Doppler and strain elastography in examinations. 
The breast evaluation was performed prior to any surgi-
cal procedure. The examiners were blinded to the pathol-
ogy report. The Breast Imaging-Reporting and Data Sys-
tem (BI-RADS) – US criteria were used in the evaluation 
of each nodule in conventional US mode gray scale and 
Doppler evaluation [21]. 

Real time elastography (RTE) was performed after 
the conventional evaluation, in the same examination 
session. The probe was positioned perpendicular to the 
skin during compression. The region of interest (ROI) 
was set for elastography acquisition; the superior margin 
included subcutaneous fat, the inferior margin included 
pectoral muscle and the lateral margin had more than 
10 mm distance from the target lesion. For optimal elas-
tography images, performers obtained images showing 
either homogeneous color mapping within the ROI or 

the pressure indicator displayed on the screen, ranging 
between numbers of 3 and 4.

The RTE results were recorded in each ultrasound re-
port, separate from the BI-RADS category, regardless of 
the ultrasound patterns. Color map result and FLR value 
were noted for each evaluated nodule. Both qualitative 
and quantitative RTE results were independent from the 
conventional US studied patterns. All results were re-
corded. In order to avoid a possible bias generated by in-
ter-observer variations, each patient was evaluated by the 
same trained and experienced operator for both conven-
tional and RTE ultrasound method. We used color map 1, 
with red color for soft tissues changing to blue color, for 
hard lesions. We applied the recommended medium ex-
ternal pressure in order to see the real elastic properties of 
the compressed tissues [9]. We used the classic Tsukuba 
scale [13] for the evaluation of the qualitative images. An 
elastography score (ES) of 4 or 5 was considered to be 
significant for malignancy. 

The fat to lesion ration (FLR) was determined in each 
nodule. Only scans with proper regions of interest (ROI) 
were considered. At least two measurements were per-
formed for each solid nodule in radial and antiradial sec-
tions. The elasticity scores were documented in the pa-
tient reports, but did not influence the BIRADS grading.

Pathology examination

Each biopsy piece was sent to the pathology depart-
ment for further analysis after it was formalin-fixed and 
paraffin embedded. The pathologist on duty prepared the 
specimen for evaluation. The final analysis was performed 
by a pathologist specialized in breast diagnosis. The pa-
thologist was blinded to the US and elastography report. 
Diagnosis was made according to the National Cancer In-
stitute classification [22]. Receptor status evaluation was 
performed in all cases with a possible malignant diagnosis. 

Statistical analysis

Data were collected and analyzed using SPSS v. 17 
(SPSS Inc., Chicago, IL, USA) and are presented as the 
mean ± standard deviation (numerical variables with a 
Gaussian distribution) or the number of cases and per-
centage of the total (categorical variables). The quality 
of the diagnostic tests for categorical variables was in-
terpreted using sensitivity, specificity, predictive values 
(both positive and negative), and accuracy; continuous 
variables were evaluated using a receiver-operating char-
acteristic (ROC) analysis. The results of RTE report were 
analyzed separately from the BI-RADS US report. The 
optimum threshold for a positive diagnosis was calculat-
ed according to Youden’s method, where the value select-
ed maximizes the sum of the sensitivity and specificity.

In this study, p<0.05 was considered the threshold for 
statistical significance. 
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Results

Starting January 2014, 1528 ductal breast US ex-
aminations were performed at our medical center, from 
which 428 solid tumors were identified; 715 cases had 
normal US report (BIRADS-US 1), 311 cases had simple 
unique or multiple cystic lesions, 29 cases had subcuta-
neous lipomas, 35 had skin lesion, with no breast tissue 
involvement, 10 cases had isolated linear calcifications, 
and 317 had surgical indications (malignancy suspicion, 
dimensions, pain, cosmetic reasons). 

Additional magnetic resonance imaging (MRI) or 
mammography studies were performed in selected cases; 
however, since these were not part of our study aims, 
they are not presented in this paper. Through the end of 
the follow-up period (July 2015), 174 patients underwent 
surgery from the total of 317 patients referred to the sur-
gery service. In these patients, the diagnostic nodule’s 
characteristics from US and elastography were consid-
ered for analysis. These cases were comprised in the final 
analysis.

A total of 174 patients (mean age, 46.5±11.3 years; 
range, 18 to 79 years) underwent surgery: 102 patients 
had benign lesions (58.6%) and 72 (41.37%) breast 
cancer. The majority of the observed nodules were <25 
mm (146 cases, 83.90%). We evaluated the follow-
ing malignant characteristics, as recommended by the 
BIRADS - US criteria [21]: round shape (25.3%) ver-
sus irregular/spiculated/atypical shapes (29.7%), verti-
cal dominant axis (41.4%), irregular, not circumscribed 
margins: (26.4%), abrupt interfaces with the surrounding 
tissue (38.5%), heterogeneous patterns (14.9%), and the 
presence of micro-calcifications, defined as discontinu-
ous echogenic spots within a mass or hypoechoic area, 
or clustered echogenic spots clearly different from the 
mammary glands (38.5%), as described as in the litera-
ture for Hitachi Preirus ultrasound devices [23].

According to this, risk stratification for malignancy 
was made for conventional BIRADS – US classification, 
gray scale and Doppler results, respectively, color map 
1-2, 3 and 4-5 results, as presented in Table I. 

Fig 1. Receiver-operating characteristic curve using the conven-
tional ultrasound evaluation, qualitative (color map elastography), 
and fat-to-lesion ratio as a diagnostic tool for malignant breast 
nodules. BIRADS = conventional ultrasound (2B and Doppler) 
result, ES = color map elastography, FLR= fat to lesion ration.

The diagnostic characteristics of US techniques, 
compared with the pathology report results are detailed 
in Table II. 

The diagnostic qualities of the different diagnostic 
methods are presented in fig 1. The significance differ-
ence in diagnostic power is seen in the area under ROC 
curve: conventional US (gray scale and Doppler scan) 
AUC=73.38%, [95% CI 65.33% to 79.79%], p<0.001; 
qualitative strain elastography AUC=85.25% [95% CI, 

Table I. Risk stratification of the operated lesions (n=174) by 
means of conventional ultrasonography, 2B plus color Doppler 
evaluation, and real time elastography.

Technique Low  

risk

Intermediate 

risk

High  

risk 

2B US 105 61 6
2B US + Doppler 99 69 9
RTE – Tsukuba scale
ES 1-2, 3, 4-5

91 58 25

2B US – bidimensional ultrasonography, RTE – real time elastog-
raphy, ES – elastography score

Table II. Comparisons between diagnostic performances of different ultrasound techniques

Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)

2B US 62.1 66.6 50.72 64.76 65.51
2B US + Doppler 70.3 73.5 70.3 73.5 71.9
Qualitative RTE 
(Tsukuba scale ES 4-5)

82.4 81.9 80.3 83.9 82.2

Quantitative 
RTE FLR (>4.88)

86.5 90.4 88.9 88.2 88.5

2B US – bidimensional ultrasonography, RTE – real time elastography, FLR – fat to lesion ratio, PPV – positive predictive value, NPV – 
negative predictive value
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78.26% to 90.12%], p<0.001and quantitative strain elas-
tography, AUC=93.029% [95% CI 87.60% to 96.12%], 
p<0.001.

 RTE increased the sensitivity and specificity of the 
conventional US evaluation. We found that the best 
threshold value for the FLR to differentiate malignant le-
sions, calculated according to Youden’s method is 4.88. 
If 4.88 were considered the threshold, the FLR meas-
urement method demonstrates an improved diagnostic 
performance when compared with ultrasonography and 
qualitative elastography, having a sensitivity of 86.5% 
and a specificity of 90.4%. The values are calculated for 
the prevalence of cancer in the study group, of 41.37%

The lesion size did not have any impact of elastog-
raphy results. If we consider the calculated FLR cutoff 
point of 4.88, in lesions < 25 mm the accuracy of the 
method was 93.15% (136/146 cases) and in lesions >25 
mm the accuracy was 92.85% (26/28 cases). 

For elastography, the inter-observer agreement was 
substantial, with a K coefficient of 0.68.

Discussions 

Breast cancer is the most frequent cancer, affecting 
females worldwide [24]. Furthermore, despite the de-
crease in prevalence in some European countries, our 
country has shown a sustained increase [25]. On average, 
in our country breast cancer is diagnosed at a younger 
age (44.3 years) comparing with patients in other Eastern 
European countries such as Hungary (63.0 years), Croa-
tia (55.8 years), Serbia (57.9 years), and Poland (44.5 
years) [26]; additionally, Romania has the highest cancer 
mortality rate (30.9/100,000).

There is intense debate regarding the optimal screen-
ing approach for breast cancer. Even if mammography 
techniques are used as often as recommended, their ap-
plicability is limited by dense breast tissue, which is de-
scribed in almost all premenopausal breasts and in wom-
en younger than 50 years [27]. There are also fears of the 
pain and irradiation produced by mammography in the 
Romanian female population. The lack of addressability 
of early detection methods is considered to be responsi-
ble for the large number of patients diagnosed in more 
advanced stages [28].

Breast US diagnostic is a non-irradiating evaluation, 
with no pain or discomfort for the patient. Ductal ap-
proach allows a better identification and localization of 
even small solid lesions, and provides a good description 
of their relation to the surrounding tissues and connecting 
structures. The rate of acceptance of this method is high 
in the female population; however, the moderate sensitiv-
ity and specificity of this method, also confirmed by the 

results of our study (both approximately 70%), leads to 
some false results (both positive and negative). 

RTE is a newer method with increased diagnostic 
quality compared with conventional ultrasonography 
alone and allows for two possible approaches: a qualita-
tive approach using color scales (in our case, the Tsukuba 
scale), in which the subjectivity of the investigator could 
be a possible bias, and a quantitative, objective approach, 
which consists of evaluating the FLR. The literature has 
cited significant increases in sensitivity, from 78% to 
91.5% [29] or from 71.2% to 89.7% [16]; our results re-
vealed similar increases [30]. 

After we performed RTE, we reclassified 48 cases as 
follows: 25 negatives at US were classified as positives 
(of which 16 were true positives and 9 were false posi-
tives from the pathology findings) and 23 positives were 
classified as negatives (of which 16 were true negatives 
and 7 false negatives from the pathology findings). The 
difference in specificity was most probably caused by 
false negative results in the color map mode: borderline 
lesions that are too hard to be a plain ES=3 score on the 
color map, but not hard enough for a score of 4. Some 
authors have stated that benefits of the RTE technique 
are seen in cases that have benign US characteristics, are 
classified as BI-RADS - US 3, and show increased hard-
ness on elastography [30] and thus are reclassified in the 
BI-RADS - US 4 category [31].

Other studies showed better results for the FLR (qual-
itative technique) calculation than for the color map eval-
uation [29]; the use of a computer-assisted quantitative 
technique, especially in borderline cases on a color map 
scheme (qualitative technique), where the subjectivity of 
the operator can influence the results is needed. 

The threshold value that should be used is still an 
open question [18,33]. There is no recommended unique 
value, neither for any type of elastography or for a specif-
ic manufacturer. Most authors have used values around 4 
and 5: 4.8 [13], 4.7 [24], 4.0 [31], 4 to 5 [32], respectively 
4.18 [34]. However, other authors have recommended a 
value of 3 or less as a good threshold point: 2.90 [35], 3.8 
[36], 3.64 [37], 3.5 [38], 3 [32], and 2.61 [39]. There are 
also some authors that recommend higher cut-off values, 
up to 5.6 [40]. Also, some authors identified a specific 
threshold for malignant lesions, 3.04±0.9 with suggestive 
values for benign lesions, 1.91±0.75 [41].

In our case, the FLR proved to have both better sen-
sitivity and specificity for the diagnosis of malignant le-
sions than ultrasonography and qualitative RTE. Accord-
ing to our results, the best threshold value for malignancy 
is an FLR >4.88. There is still no general agreement re-
garding which threshold value should be used [33] but 
the overall sensitivity and specificity of RTE are excel-
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lent [42], quantitative techniques appearing to be better 
than the qualitative technique [43].

Limits of the study

The percentage of patients that were compliant to the 
further evaluation recommendation was relatively small 
(174 out of 317 cases) so the real incidence of malig-
nant lesions in the evaluated group is underestimated. As 
in all RTE studies, the value of FLR threshold is debat-
able. Different thresholds will deliver different diagnos-
tic qualities. Ideally a recommended FLR Ratio, for each 
RTE device should be used in order to make head to head 
comparisons between different studies. 

Conclusions 

RTE is superior to conventional and Doppler ultra-
sonography in the differentiation of benign and malignant 
solid breast masses. A quantitative computer-assisted 
stiffness evaluation demonstrated a better diagnostic per-
formance than the color map RTE. Standardized thresh-
old values, validated for each elastography device, 
should be proposed and applied in order to provide a 
more accurate differential diagnosis between malignant 
and benign breast nodules. Integrating the elastography 
information in the complete breast ultrasound evaluation 
adds diagnostic quality.
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