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Abstract

Objective To investigate the factors that have an effect on
false-positive or false-negative shear-wave elastography
(SWE) results in solid breast masses.

Methods From June to December 2012, 222 breast lesions
of 199 consecutive women (mean age: 45.3+10.1 years;
range, 21 to 88 years) who had been scheduled for biopsy
or surgical excision were included. Greyscale ultrasound
and SWE were performed in all women before biopsy. Final
ultrasound assessments and SWE parameters (pattern clas-
sification and maximum elasticity) were recorded and com-
pared with histopathology results. Patient and lesion factors
in the ‘true’ and ‘false’ groups were compared.

Results Of the 222 masses, 175 (78.8 %) were benign,
and 47 (21.2 %) were malignant. False-positive rates of
benign masses were significantly higher than false-
negative rates of malignancy in SWE patterns, 36.6 %
to 6.4 % (P<0.001). Among both benign and malignant
masses, factors showing significance among false SWE
features were lesion size, breast thickness and lesion
depth (all P<0.05). All 47 malignant breast masses
had SWE images of good quality.

Conclusions False SWE features were more significantly
seen in benign masses. Lesion size, breast thickness and
lesion depth have significance in producing false results,
and this needs consideration in SWE image acquisition.
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Key Points

» Shear-wave elastography (SWE) is widely used during
breast imaging

» At SWE, false-positive rates were significantly higher than
false-negative rates

o Larger size, breast thickness, depth and fair quality influences
false-positive SWE features

» Smaller size, larger breast thickness and depth influences
false-negative SWE features

Keywords Breast - Ultrasound - Shear wave - Neoplasm -
Biopsy

Introduction

Many recent studies have analysed ultrasound elastography in
the differential diagnosis of breast masses, which enables
tissue characterisation of the target mass [1, 2]. In addition
to the morphological features expressed on greyscale ultra-
sound images, having knowledge of the intrinsic characteris-
tics of the mass has proven to significantly improve
differentiation between benign and malignant breast masses
[1, 3, 4]. However, in spite of these advantages of conven-
tional ultrasound elastography, this method has its limitations
in that image production and interpretation are highly
influenced by the operator, since images are produced by
applying light, repetitive compression to the skin; hence,
variability among observers is inevitable [5].
Considering these limitations of conventional ultrasound
elastography, shear-wave elastography (SWE) has been de-
veloped and introduced into breast imaging. The SWE sys-
tem remotely induces mechanical vibrations by an acoustic
radiation force through a focused ultrasound beam. An
ultrafast ultrasound acquisition sequence is used to capture
the propagation of resulting shear waves, representing the
local viscoelasticity properties of the target tissue, enabling
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quantitative measurement of tissue elasticity shown in kilo-
pascals (kPa) or metres per second (m/s) [6—8]. Based on the
quantitative elasticity data provided, SWE is considered a
more objective and reproducible method than conventional
ultrasound elastography, showing higher performances than
greyscale ultrasound [7-9]. Although SWE provides quan-
titative data representing intrinsic features of the target mass,
we have come across SWE results that are contrary to the
actual histopathological diagnoses, diverse SWE parameters
of masses with the same histopathological diagnosis and
SWE parameters of the same breast mass that are in conflict
with each other. Also, reports show that approximately
10.3-15.1 % of benign or malignant masses show SWE
features that do not fit with the histopathological diagnosis
[6, 10], leading to false-positive or false-negative SWE re-
sults. Clinical factors such as the breast thickness at the
location of the lesion, image quality, dense breast parenchy-
ma on mammography and lesion size were reported to have
significance among false elastography images [11, 12], but
these results were derived using conventional ultrasound
elastography. To our knowledge, there are no reports on
factors that may lead to false-positive or false-negative re-
sults using SWE.

Therefore, the purpose of our study was to investigate
false SWE rates of benign and malignant masses and the
factors that have an effect on false-positive or false-negative
SWE results in solid breast masses.

Materials and methods
Patients

An Institutional Review Board (IRB) approved our retro-
spective study, and neither patient approval nor informed
consent was required for the review of medical records or
radiological images. Written informed consent was signed
and obtained from all patients before biopsy procedures or
surgery.

From June to December 2012, 222 breast lesions of 199
consecutive women who had been scheduled for ultrasound-
guided core needle biopsy, ultrasound-guided vacuum-
assisted excision or ultrasound-guided needle localisation
before surgical excision were included in this study. Mean
age of the patients was 45.3+10.1 years, ranging from 21 to
88 years.

Eighty-one (40.7 %) of the patients were symptomatic,
presenting with symptoms such as palpable breast mass
(92.6 %, 75 of 81), breast pain (6.2 %, 5 of 81) or nipple
discharge (2.5 %, 2 of 81). One hundred twenty-eight pa-
tients had mammograms performed simultaneously with
breast ultrasound examinations, 79 of whom (61.7 %) had
abnormal findings. Histopathology of the 222 breast masses

was confirmed via ultrasound-guided core needle biopsy
(n=182), ultrasound-guided vacuum-assisted excision (n=
15) and surgery (n=25) after needle localisation, procedures
that were consecutively performed after obtaining ultra-
sound and SWE images. Patient age and mammographic
breast density of the available patients were recorded. Breast
density on mammography was classified based on the four-
scale grading of the American College of Radiology Breast
Imaging Reporting and Data System [13].

Ultrasound examinations

Greyscale ultrasound and SWE images were obtained using
the Aixplorer system (Supersonic Imagine, Aix en Pro-
vence, France), equipped with a 15-4 MHz linear-array
transducer by one of three board-certified radiologists
(J.H.Y., HK.J. and K.H.K.) specialising in breast imaging,
with 4, 9 and 10 years of experience, respectively. All
radiologists had full access to the medical records, previous
mammography or ultrasound examinations of the patients.
Bilateral whole breast ultrasound examinations were
performed first using greyscale ultrasound, locating the
breast mass targeted for biopsy. Final assessments based
on greyscale ultrasound features were made and recorded
according to the American College of Radiology (ACR)
Breast Imaging Reporting and Data System (BI-RADS)
[13]. The following data had been measured and recorded
by the radiologist who had performed the greyscale ultra-
sound: lesion size (measuring the maximum diameter on
ultrasound images), breast thickness (maximum vertical dis-
tance from the skin to the pectoralis muscle on the ultra-
sound image including the breast mass targeted for biopsy),
lesion depth (vertical diameter from the skin to the centre of
the breast mass) and distance from the nipple (measured
from the nipple to the margin closest to the nipple) [11, 12].

Shear-wave elastography

After greyscale ultrasound, SWE images were obtained by
the same radiologist by applying the linear transducer very
lightly at the skin above the target lesion with a generous
amount of transducer gel applied. The probe was held still
for a few seconds to let the elastography image stabilise, and
the SWE image considered most appropriate for interpreta-
tion was saved. Images of conventional ultrasound and
SWE were simultaneously displayed in a split-screen mode
with the semitransparent SWE image superimposed on the
corresponding greyscale ultrasound image. The region-of-
interest (ROI) box of the SWE colour map was set to include
the mass and surrounding breast parenchyma tissue suffi-
ciently, carefully excluding the skin and chest wall. Tissue
elasticity was obtained as a colour-coded map representing
Young’s modulus in kilopascals (kPa) at each pixel, with a
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colour range from dark blue (soft) to red (hard) (0-180 kPa
by default).

Quantitative elasticity values were measured using two
2-mm round quantification ROIs (Qbox, Supersonic Imagi-
ne), one at the stiffest area of the mass including immedi-
ately adjacent stiff tissue and the other at the normal fatty
tissue within the ROI box. The system automatically calcu-
lated and visualised the maximum elasticity (E,.), mini-
mum elasticity (E,,;,), mean elasticity (Ecan) and standard
deviation (SD). E, .« was recorded and used as a represen-
tative of quantitative SWE parameters based on results of a
previous study [14] and preliminary data analysis of our
institution.

For qualitative analysis, independent and blinded review
of all breast masses was performed by one radiologist
(J.H.Y.) with 4 years of experience in breast imaging. Col-
our patterns of the SWE images were categorised and
recorded according to the pattern classifications proposed
by Tozaki and Fukuma [15], using a four-colour overlay
pattern. Images were classified as ‘pattern 1’ if no difference
from the colour around the lesion was seen at the margin of
the lesion or its interior, showing a homogeneously blue
pattern; ‘pattern 2’ if a colour differing from the colour
around the lesion extended beyond the lesion, showing
continuous vertical stripes on the cutaneous or thoracic wall
side; ‘pattern 3’ if a localised coloured area was present at
the margin of the lesion; ‘pattern 4’ if coloured areas were
present in the interior of the lesion heterogeneously [15].

Image quality of the SWE images was evaluated and
recorded during a single image review session by two radi-
ologists (J.LH.Y. and K.H.K.). The quality of the SWE image
was assessed as ‘good’ and ‘fair’ based on the amount of
noise and consistency of the SWE image. ‘Good’ images
were those that showed qualitative SWE features that are
typical of a single pattern among the four patterns by Tozaki
and Fukuma [15]. ‘Fair’ images are defined as SWE images
that are ambiguous to define as having a single pattern,
images showing continuous strain among the surrounding
breast parenchyma, which does not show connection to the
strain located within or at the periphery of the mass, or
images that show discontinuous strain located at the super-
ficial or deep portion of the ROI box (Fig. 1). Grading of the
quality of the SWE image was based on consensus between
the two radiologists.

Statistical analysis

Histopathological results of ultrasound-guided core needle
biopsy, ultrasound-guided vacuum-assisted excision or sur-
gical excision were used as the reference standards. Of the
BI-RADS final assessment based on greyscale ultrasound,
category 3 was considered negative, while categories 4a and
higher were considered positive, since masses of these
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categories warrant biopsy [13]. Among the qualitative
SWE pattern classifications, patterns 1 and 2 were consid-
ered negative, while 3 and 4 were considered positive [15].
The optimal cutoff value of E. ., 82.3 kPa, which was
calculated by receiver-operating curve (ROC) analysis in a
preliminary study performed in our institution, was used in
this study. Sensitivity, specificity and accuracy of greyscale
ultrasound, SWE pattern and E,,,, were calculated based on
these cutoff values, which were compared by using the
McNemar test.

SWE features were compared with the final histopathol-
ogy results and were further divided into ‘true’ and ‘false’
groups among the benign and malignant lesions as follows.
Pathologically proven benign lesions that had an SWE pat-
tern of 1 or 2 or E;, of less than 82.3 kPa were classified as
‘true negative’, pathologically proven benign lesions that
had an SWE pattern of 3 or 4 or E,,, over 82.3 kPa were
classified as ‘false positive’, pathologically proven malig-
nant lesions that had an SWE pattern of 1 or 2 or E ., of
less than 82.3 kPa were classified as ‘false negative’, and
pathologically proven malignant lesions that had an SWE
pattern of 3 or 4 or E,,« over 82.3 kPa were classified as
‘true positive’. Independent two-sample ¢-test or non-
parametric Mann-Whitney U test was used in a comparison
of continuous variables of the true and false groups. Chi-
squared or Fisher’s exact test was used in comparisons of
categorical variables. Multivariate logistic regression analy-
sis with odds ratio estimates and 95 % confidence intervals
(CI) was calculated to see the effects of patient or lesion
factors on false SWE features.

Analyses were performed using PASW version 18 (IBM
Corp., Somers, NY, USA). All tests were two-sided, and P
values of less than 0.05 were considered statistically
significant.

Results

Of the 222 breast masses included, 175 (78.8 %) were
benign, and 47 (21.2 %) were malignant. The mean age of
the patients with malignant masses was significantly higher
than that of those with benign masses, 50.4+10.8 years to
43.9+9.5 years (P<0.001). The malignant masses were also
significantly larger than the benign ones, mean size of 29.1+
22.2 mm (range, 6—100 mm) to 14.0£10.0 mm (range,
3-98 mm; P<0.001). The correlation of greyscale ultra-
sound assessment and final histopathology with SWE find-
ings of the 222 breast masses is summarised in Table 1.
Sensitivity, specificity and accuracy of each imaging mo-
dality are as follows: 100.0 %, 14.3 % and 32.4 % for
greyscale ultrasound, 93.6 %, 63.4 % and 69.8 % for SWE
pattern, and 87.2 %, 79.4 % and 81.1 % for E .. Sensitivity
was significantly higher in greyscale ultrasound, while
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Fig. 1 Shear-wave
elastography (SWE) images
with ‘fair’ quality. ‘Fair’ images
are defined as SWE images that
are ambiguous to define as a
single pattern (a), images
showing continuous strain
among the surrounding breast
parenchyma (b, arrows) or
images that show discontinuous
strain located at the superficial
or deep portion of the ROI box
(a, ¢, arrows)

specificity of both SWE pattern and E,,,x was significantly
higher than greyscale ultrasound (all £<0.001).

When applying pattern classification of SWE, 36.6 % of
the benign breast masses (64 out of 175) showed false-
positive findings, which was significantly higher than the
6.4 % of malignant masses (3 out of 47) showing false-
negative results (P<0.001). When applying E,.x with a
cutoff level of 82.3 kPa, the false-positive rate of benign
breast masses was comparable to the false-negative rate of
malignant masses without significance, 20.6 % (36 out of
175) to 12.8 % (6 out of 47; P=0.225).

Influential factors on SWE false-positive rate

The correlation of patient and lesion characteristics of the
175 benign breast masses is summarised in Table 2. When
applying pattern classification of SWE, 111 (63.4 %) were
classified as pattern 1 or 2 showing true-negative features,
while the remaining 64 (36.6 %) were classified as pattern 3
or 4 showing false-positive features. Benign breast lesions
showing false-positive SWE patterns had significantly larg-
er lesion size, breast thickness and lesion depth
(all P<0.001). Masses with a false-positive SWE pattern
significantly included more masses with size greater than
20 mm, 32.8 % (21 out of 64) compared to masses with a
true-negative SWE pattern, 8.1 % (9 out of 111; P<0.001).
In the comparison of image quality, masses with a false-
positive SWE pattern had significantly higher rates of fair
quality compared to the true-negative group, 28.1 % (18 out
of 64) to 14.4 % (16 out of 111; P=0.027).

When applying E, .. of SWE, 139 (79.4 %) were true
negative with values less than 82.3 kPa, and 36 (20.6 %)
were false positive with values more than 82.3 kPa. Benign
breast lesions showing false-positive E .« had significantly
larger lesion size (P=0.009). Masses with false-positive
Emax included more masses with sizes greater than
20 mm, 36.1 % (13 out of 36), compared to masses with
true-negative Emax, 12.2 % (17 out of 139; P=0.004). In

the comparison of image quality, masses with false-positive
Enax had higher rates of fair quality compared to true-
negative group, but without significance, 27.8 % (10 of
36) to 17.3 % (24 out of 139; P=0.155).

Multivariate analysis showed that a larger lesion size and
depth of lesions were the most important factors influencing
the false-positive SWE patterns on elastography images,
with an odds ratio of 1.072 [95 % confidence interval
(CI): 1.022, 1.124, P=0.004] and 1.286 (95 % CI: 1.078,
1.534, P=0.005), respectively. Image quality also signifi-
cantly influenced false-positive SWE patterns, with an odds
ratio of 2.949 (95 % CI: 1.270, 6.850, P=0.012). Larger
lesion size was also the most important factor influencing
false-positive E, .., with an odds ratio of 1.037 (95 % CIL:
0.993, 1.083, P=0.017).

Influential factors on SWE false-negative rate

The correlation of patient and lesion characteristics of the 47
malignant breast masses is summarised in Table 3. When
applying pattern classification of SWE, 3 (6.4 %) were
classified as pattern 1 or 2 showing false-negative features,
and 44 (93.6 %) were classified as pattern 3 or 4 showing
true-positive features. Malignant breast lesions showing
false-negative SWE patterns had significantly smaller lesion
size and larger breast thickness (P<0.001 and 0.017, respec-
tively). Compared to masses with true-positive SWE pat-
terns, masses with false-negative SWE patterns significantly
included more masses with sizes less than 10 mm, 100.0 %
(3 out of 3) to 4.5 % (2 out of 44; P<0.001), as well as
lesions located in the deep portion of the breast, 100.0 %
(3 out of 3) to 18.2 % (8 out of 44; P=0.005).

When applying Emax of SWE, 6 (12.8 %) were false
negative with values less than 82.3 kPa, and 41 (87.2 %)
were true positive with values more than 82.3 kPa. Malig-
nant breast masses with false-negative E,.x had significant-
ly smaller lesion size and further distance from the nipple
(P=0.035 and 0.031, respectively). Compared to masses

@ Springer



Eur Radiol (2013) 23:2432-2440

2436

ewouroIes onsejdejour Jo ased | ‘ewrourored Areqyided Jo aseo | SIOY)O ‘BWOUIDIED [BIOND SAISBAUT (D] ‘IS UI BWIOUIdIED [210Np :S[D( ‘IS Ul BWOUIdIED IB[NQO] :S[DT

UOISIOX? [BOI3INS Im paunjuod ewolided [eordAye jo soses 4 urpnjour

‘sasatpuared ur ore soFeIuddIJ

€ 4! 4 SI L1 SISOIQY [BWONS
S 6 01 14 1 snuseN
I € 4 4 4 SIDT
4 0 4 0 T sPWO S I 01 L L1 ewoided reyonpexnuy
e S LE 4 6€ odarl ST 65 44 43 YL a3uey onsKooiqrg
S I S I 9  SIDA L o 81 1€ 6 BUWOUSPEOIQL]
A3ojoyvg
Iy 9 47 € Ly 9¢ 6€1 ¥9 111 SLI [e10],
(+'€9) 9T (€9t (L€9) 8T 00 0 8¢ 0o 000 00 0 00 0 0 S
(€60 Tl Lon 1 (s'60) €1 00 0 €l Q01 Lot (o 00 0 4 o
(€L ¢ 000 (89 ¢ 00 0 € (L9n9 (€v) 9 (71 8 (CRIR7 4! av
000 009 € 000 (000D € € (e 9z (Tel) oln (rsL)os  (SLL)98 9l ey
1000 > 000 000 1000 > 00 0 000 0 €€0°0 (€8) ¢ @®s1 T $000 (€9tv (68D1C ST €
ey €78< ey €8 > ylIog zio] ey €78< BN €T8 > ylog zio]
d ey d uened  [BI0L d e | d uepned  [eI0L
KoueuSi[e]N ugiuog JUSWISSISS Y

sossew 1sealq ggg 2y Jo s3urpuly AydeiSoise]d aaem 1eays yim A3ojoyjedolsiy [eUL} PUB JUSWISSISSE PUNOSEH|N JO UONR[ALI0) [ J[qeL

pringer

Qs



Eur Radiol (2013) 23:2432-2440 2437

Table 2 Correlation of patient and lesion characteristics of the 175 benign lesions with SWE findings

Characteristics Total Pattern Enax

lor2(n=111) 3or4(n=64) P <823 kPa (n=139)  >82.3 kPa (n=36) P

Age 439495  43.5+9.1 44.7+10.1 0.452 44.0+£9.9 43.9+7.9 0.970
Under 40 years 35 (31.5) 18 (28.1) 0.637 42 (30.2) 11 (30.6) 0.968
Over 40 years 76 (68.5) 46 (71.9) 97 (69.8) 25 (69.4)

Mammographic density* (n=65) (n=38) 0.358 (n=81) (n=22) 0.525
2 8 (12.3) 8 (21.0) 14 (17.3) 2(9.1)

3 41 (63.1) 24 (63.2) 49 (60.5) 16 (72.7)
4 16 (24.6) 6 (15.8) 18 (22.2) 4 (18.2)

Size (mm) 14.0£9.9  12.0+6.7 17.6+13.0 <0.001 13.0+10.0 17.8+8.3 0.009
Less than 10 mm 54 (48.7) 18 (28.1) <0.001 64 (46.0) 8 (22.2) 0.004
11-20 mm 48 (43.2) 25 (39.1) 58 (41.8) 15 (41.7)

21-30 mm 5(4.5) 16 (25.0) 12 (8.6) 9 (25.0)
>30 mm 4 (3.6) 5(7.8) 5(3.6) 4 (11.1)

Breast thickness (mm) 16.6+4.2  15.7+£3.8 18.2+4.4 <0.001 16.3+4.1 17.8+4.1 0.049

Lesion depth (mm) 10.2+3.1  9.4+£2.5 11.5+3.5 <0.001 10.1+3.2 10.4+2.7 0.528
Superficial 3(2.7) 1(1.6) 0.897 4(2.9) 0 (0.0) 0.072
Mid 76 (68.5) 45 (70.3) 90 (64.7) 31 (86.1)

Deep 32 (28.8) 18 (28.1) 45 (32.4) 5(13.9)

Distance from nipple (cm)  2.5+1.5 2.6+1.5 2.3+1.5 0.181 2.5+1.5 24+1.8 0.636
Less than 2 cm 58 (52.3) 39 (60.9) 0.266 76 (54.7) 21 (58.3) 0.694
More than 2 cm 53 (47.7) 25 (39.1) 63 (45.3) 15 (41.7)

Image quality 0.027 0.155
Good 95 (85.6) 46 (71.9) 115 (82.7) 26 (72.2)

Fair 16 (14.4) 18 (28.1) 24 (17.3) 10 (27.8)

Percentages are in parentheses, - mammography was available in 103 women

with true-positive Emax, masses with false-negative Emax
significantly included more masses with sizes less than
10 mm, 66.6 % (4 out of 6) to 2.4 % (1 out of 41,
P<0.001), as well as lesions located in the deep portion of
the breast, 66.7 % (4 out of 6) to 17.1 % (7 out of 41;
P=0.027). All 47 malignant breast masses had SWE images
of good quality (Fig. 2).

Multivariate analysis showed that none of the patient or
lesion characteristics had a significant influence on false-
negative results of SWE pattern classification or E .

Discussion

Shear-wave elastography has been reported to improve the
diagnostic performances of greyscale ultrasound alone in the
differential diagnosis of solid breast masses [2, 6, 14], provid-
ing more objective data such as the quantitative elasticity of
the targeted mass. Still, during everyday practice, we come
across breast masses showing elasticity that does not fit the
final histopathological diagnosis. Intrinsic soft tumour char-
acteristics as in the well-known benign elastography features

among early stage breast cancers, cancer with internal necrosis
and mucinous carcinoma are one of the causes of false
elastography features, which is in good agreement with other
studies [4, 16, 17], but a significant portion of harder invasive
cancers can also show benign elastography features. In our
study, two of the three masses showing a false-negative SWE
pattern and five of the six masses showing a false-negative
Enax were confirmed as invasive ductal carcinoma. These
results clearly show that SWE has its limitations in that a
considerable portion of false results may exist, regardless of
intrinsic tumour characteristics. Based on this, we tried to
evaluate which patient or lesion factor had an effect on these
false SWE features.

Results of our study showed that benign breast masses
showed significantly higher rates of false findings than malig-
nant lesions when using SWE pattern classification, 36.6 % to
6.4 % (P<0.001), and higher rates comparable to malignant
lesions when applying E ., 20.6 % to 12.8 % (P=0.225).
These results are contrary to the results of a previous report
using conventional elastography, which had significantly mo-
re ‘discordant’ elastography images among malignant masses
than benign [12]. When considering that false features were
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Table 3 Correlation of patient and lesion characteristics of the 47 malignant lesions with SWE findings

Characteristics Total Pattern Emax
lor2(m=3) 3or4(n=44) P <823 kPa (n=6)  >82.3 kPa (n=41) P

Age 50.4+10.8  48.7+2.1 50.4£11.2 0.783 44.5£9.2 51.2+10.9 0.158
Under 40 years 0(0.0) 6 (13.6) 0.493 1(16.7) 5(12.2) 0.759
Over 40 years 3 (100.0) 38 (86.4) 5(83.3) 36 (87.8)

Mammographic density” (n=3) (n=40) 0.831 (n=06) (n=37) 0.797
2 1(33.3) 14 (35.0) 2(33.3) 13 (35.1)

3 2 (66.7) 22 (55.0) 3 (50.0) 21 (56.8)
4 0 (0.0) 4 (10.0) 1(16.7) 38.1)

Size (mm) 29.1£22.2  7.0£1.0 30.6+£22.2 <0.001 13.8+14.9 31.3£22.3 0.035
Less than 10 mm 3 (100.0) 2 (4.5) <0.001 4 (66.6) 1(2.4) <0.001
11-20 mm 0 (0.0) 15 (34.2) 1(16.7) 14 (34.1)

21-30 mm 0 (0.0) 14 (31.8) 0 (0.0) 14 (34.1)
>30 mm 0 (0.0) 13 (29.5) 1(16.7) 12 (29.4)

Breast thickness (mm) 21.0+7.4 21.3+7.5 17.3£1.5 0.017 21.3+7.6 19.0£5.7 0.472

Lesion depth (mm) 13.0+4.3 13.0£1.0 13.0+4.4 0.986 12.8+2.4 13.0+4.5 0.940
Superficial 0 (0.0) 1(2.3) 0.005 0 (0.0) 1(2.4) 0.027
Mid 0(0.0) 35(79.5) 2 (33.3) 33 (80.5)

Deep 3 (100.0) 8 (18.2) 4 (66.7) 7(17.1)

Distance from nipple (cm)  3.3%1.9 43+3.0 3.2+1.8 0.331 4.84£2.2 3.1£1.8 0.031
Less than 2 cm 1(33.3) 15 (34.1) 0.979 1 (16.7) 15 (36.6) 0.336
More than 2 cm 2 (66.7) 29 (65.9) 5(83.3) 26 (63.4)

Image quality - -
Good 3 (100.0) 44 (100.0) 4 (100.0) 43 (100.0)

Fair 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

. . . .
Percentages are in parentheses, mammography was available in 43 women

observed with more significant differences when using SWE
pattern classification than E,.,, classifying pattern 4, which is
defined as masses showing heterogeneous coloured areas in
the interior of the lesion as positive [15], may have had an
influence on these results. Large benign masses may be clas-
sified as pattern 4 on SWE pattern classification, as displayed

in the previous study [15], which is further supported by the
fact that benign masses of larger size had more false-positive
SWE patterns. We think that the issue of whether pattern 4
alone, as in the present definition, should be considered as a
positive finding needs further validation. In addition, benign
breast lesions showing false-positive E,,,, were also

Fig. 2 A 51-year-old woman with a mass detected on examinations
performed at an outside clinic. An §-mm hypoechoic mass (a) with
irregular shape, angular margins and peripheral echogenic halo is seen
in the upper outer quadrant of the right breast, approximately 7 cm
distance from the nipple. The depth of the mass was measured as
12 mm, and breast thickness at the mass location was 17 mm. Final
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ultrasound assessment based on greyscale ultrasound features was
category 4b. SWE image (b) obtained from this mass was classified
as pattern 1, and E,,, measured was 24.7 kPa. Image quality was
graded as good by both observers. Ultrasound-guided core needle
biopsy and subsequent surgery confirmed this lesion as invasive ductal
carcinoma
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significantly larger. Although it has been reported that the size
of the breast mass does not influence the diagnostic perfor-
mance of elastography [18], size may have interfered with
adequate image acquisition, as it is more difficult to apply the
probe evenly to the skin above larger masses without adding
compression force. Taking into consideration that only a small
number of malignant masses showed false-negative SWE
features in our study, malignant masses with smaller size
had significantly more false-negative SWE patterns or E, .
Smaller malignant masses tend to be early stage cancers,
composed of softer tissues than larger invasive masses, which
may lead to false-negative SWE patterns.

Larger breast thickness and lesion depth were factors
showing significant differences among false SWE fea-
tures in benign masses. One study using conventional
elastography showed that masses located superficially
had more accurate elasticity scores than those located
deep in the breast [19], and as in conventional
elastography, shear waves propagating from the chest
wall structures may also have had an effect in produc-
ing false results. Also, as parenchymal tissue is known
to attenuate elasticity waves [11, 12], the breast thick-
ness at the location of the target mass can also have an
influence on false SWE features.

Up to the present day, the quality of SWE images
has not been questioned, as most studies have focused
on the objectiveness of the quantitative data produced
by SWE compared with conventional elastography. In-
terpretation of conventional elastography solely depends
on the image pattern represented by the relative differ-
ences in hardness between the mass and surrounding
breast parenchymal tissue. Therefore, image quality is im-
portant in conventional elastography, which can lead to dif-
ferent elastography features and interpretation as proven in
previous studies [11, 12]. Shear-wave elastography, on the
other hand, with its ability to produce quantitative data mea-
surements is considered more objective only on the condition
that SWE images are produced by standard procedures. But
during everyday practice, we have experienced lesions for
which it is difficult to obtain even SWE images, which may
affect the quantitative SWE measurements. The results of our
study showed that approximately 15.3 % of the masses (34 out
of 222) had fair images. Fair SWE images had a significant
influence on false-positive SWE patterns among benign
masses, which is explainable when considering that the qual-
ity of the image itself is based on whether or not the images
show clear SWE patterns. Interestingly, none of images of the
47 malignant masses was considered fair. As it is hard to
consider images showing a homogeneously blue pattern or
those showing a few light green vertical stripes as fair, masses
that already have suspicious greyscale ultrasound features
showing patterns 3 or 4 only reinforce the observer’s

confidence in the final assessment, leaving little room for
questioning image quality.

Shear-wave elastography has been known to improve
the specificity of greyscale ultrasound alone in the di-
agnosis of breast masses [6, 14, 18, 20], with the
expectancy of avoiding a considerable portion of biop-
sies that are expected to have benign results. Results of
our study are in line with the previously reported stud-
ies in that the specificity of SWE patterns and E,,,, was
significantly higher than on greyscale ultrasound. Also,
among the breast masses included in our study, true-
negative rates of SWE patterns and E,., for benign
masses with category 4a assessment was 63.2 %
(86 out of 136) and 80.9 % (110 out of 136), respec-
tively, which is similar to the rates of reducible benign
biopsies reported in the literature [6, 7, 21]. But dis-
turbingly, all three malignant masses assessed as cate-
gory 4a showed false-negative SWE patterns and E, .«
values. Further studies on correctly identifying malig-
nant lesions via SWE among masses with less suspi-
cious greyscale ultrasound features are anticipated in the
future.

There are several limitations to this study. First, this
is a retrospective study including a limited number of
patients for evaluation. Also, a relatively small number
of masses showing a false-negative SWE pattern or
E..x were used in analysis. Further prospective studies
on a large number are anticipated to evaluate the vari-
ous factors that may affect the SWE features to validate
our results. Second, three radiologists were involved in
the final assessment of greyscale ultrasound images of
breast lesions, so interobserver variability may have
affected our results. Third, 81.7 % of the benign masses
(143 of 175) were diagnosed by ultrasound-guided core
needle biopsy alone, without further surgical confirma-
tion. The false-negative rate of 14-gauge core needle
biopsy is reported to be about 2.5 % [22, 23], and this
may have affected our results. Fourth, the malignancy
rate of the category 4a lesions was 2.2 % (3 malignan-
cies out of 139 lesions), implying the inclusion of a
large group of patients who underwent biopsies for
benign masses. Our institution is a referral centre, and
most of the patients came with biopsy recommendations
of lesions detected on ultrasound performed at outside
clinics, which may have been the cause for the low
malignancy rate of category 4a. Last, this study includes
a heterogeneous population of breast masses, and the
true or false groups were not divided based on the
intrinsic characteristics of each histopathological diagno-
sis. Some lesions are known to have different elasticity
parameters than expected [12, 24], and this was not
considered in this study.

@ Springer



2440

Eur Radiol (2013) 23:2432-2440

In conclusion, false SWE features were more signif-
icantly seen in benign than in malignant masses. Lesion
size, breast thickness and lesion depth had significance
in false SWE features; therefore, observers need to take
these factors into consideration when performing and
reporting SWE examinations.
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