Current Trends in Breast Ultrasonography
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In the last 30 years, technical improvements have directly contributed to expanding
sonographic breast imaging applications into the most important adjunctive imaging
modality for breast evaluation. Most of these advances have related to improvements
in sonographic gray-scale image resolution and contrast, but some applications such
as color Doppler imaging, elastography, optical imaging, or three-dimensional ultra-
sounds have resulted in sonographic information that is uniquely different from gray-
scale imaging. The current spectrum of new breast sonographic techniques not only
offers information uniquely different from gray-scale imaging but also involves hard-
ware advances that affect the method of image production. In this article, we discuss
the current trends in breast ultrasonography focusing on the advances to further
improve accuracy for breast lesion diagnosis.

Key words : US; ultrasonography; Automated breast US; Tissue harmonic imaging;
Spatial compound imaging; 3-dimensional US; Doppler US;
Elastography; Optical imaging; Second look US; Fusion imaging
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Fig. 1. Mammography (A) shows a mass in the upper medial
area of left breast (arrows). On conventional gray-scale
ultrasound (B), the mass is isoechoic and surrounded by fatty
tissue, which makes difficult to be detected. On tissue harmonic
image (C), however, the contrast between the mass and fat is
enhanced and the mass is depicted well.
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Fig. 2. On coronal images of three-
dimensional ultrasound (left lower
images), benign fibroadenoma (A)
displaces or compresses surrounding
tissue. However, malignant lesion
invading breast parenchyma (B) shows
spiculation or distortion characterized
by a stellate pattern of surrounding
tissue convergence.
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Fig. 3. Conventional gray-scale ultrasound (A), static compression elastography (B), and shear wave elastography (C) of breast mass
confirmed as invasive cancer. On static compression elastography and shear wave elastography, the stiff area corresponding to the
cancer at conventional ultrasound is shown as red color (arrows). In addition, the stiffness can be quantitatively measured on shear
wave elastography, which is not possible on static compression elastography (C, right image).
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Fig. 4. Optical image. Conventional gray-scale ultrasound (A) shows a hypoechoic angular mass assigned to BIRADS category 4a.
Reconstructed optical absorption map (B) shows that the lesion was resolved with tHb of maximum of 91.3 gmol/L, which was
confirmed as fibroadenoma.
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Fig. 5. Fusion image of breast cancer. MRI navigated ultrasound displays simultaneously an enhancing mass on early phase contrast-
enhanced image (right image) and correlating suspicious mass on ultrasound (left image) (arrows).

- 8-



2 N A" (magnetic tracking system) 2 ©o]-&38}=H], 22
I} kel s S| A 710 JRE ddato] A7 Yo
&t Hxlﬂ WEEs AT A gk vE 259 %

H]i =Y 8 A7) ¥ @4 dHolHE ”’\]Zl 598}
SAlel ?Ldo}ﬂ AaA FHa Al e 2 F-9E 55
AR BA gt RE ittt o] o &LFJ} sk AH S
T GelA gt AR SEiA e siFE Ao R =
%ﬁrﬂ A7) 31 Gl ARk 7153 9] sFo] T8t
CHALL 22 kA A5 = XV] FHY LS 599,

S SRR SRR fEA e FREQL 48
&t AIX7E 7 AR A DLFM 741 HOJ T Al 227
sHA| ok, Begk F delA 75 AlgstaeE 100% 8
AX| 5= A WS A8k eHA7} Qe TR T2
A A, 9 A Q) e g = U EE S
o] g3to] YA AT A= & 5 glou, FApnjr zto)

< 7 ek A G T m e mﬁm E *3%91 I

oE—(%.E]-FlI t§l¥m10iihaéFﬂ I~N'
4Ty %
Ho— i
3 fﬂ{
< =
E
gi
o M
N
of
of
o

MU B o2

&
H= 1] R1zzatt %—% 85%[41], Nakano 52 83%2]
e - 2E A A e A

X

5 | Aol @] we] 8
S48 S B4 94H Dl e B =

a4 2
T 259 @A HAE G E50] ZhssAl HHA 2
A B2 Gde] 53 4] Aol uif- e o] 94
O Fa% SIXE A5 H QI o] Fol| & vhefet A28
Z53 94 7 Ee] AN, AFE f o) il 9 of
A e et =8 Fa1 Qlth AAZMZ wstets 94
7Rl tial & 7 3L el A e o Ea] 2de] A
s FolEls mEo] a7, ZH I E] Rl A A
Aete] =g Gar Zh7he] @i Eok SA|stofof 1 A

FEAS s & 5 S Alolv

o OF

0 =

> n N o og HO
2 o of O
% Go 1E 2 (E
nl

(o %2

B2
X o

ot

o
Bl

ol 2
KE

it & ox o o Pl

Acknowledgement
This research was supported by Basic Science Research

Program through the National Research Foundation of
Korea(NRF) funded by the Ministry of Education, Science
and Technology (2011—-0007602).

10.

11.

12.

13.

References

. Weinstein SP, Conant EF, Sehgal C. Technical advances in

breast ultrasound imaging. Semin Ultrasound CT MR
2006;27:273-283

. Berg WA, Blume JD, Cormack ]B, et al. Combined screen-

ing with ultrasound and mammography vs mammography
alone in women at elevated risk of breast cancer. JAMA
2008;299:2151-2163

. Shin HJ, Kim HH, Cha JH. Automated breast ultrasound. J

Korean Soc Ultrasound Med 2011;30:157-162

. Kelly KM, Dean ], Comulada WS, Lee SJ. Breast cancer de-

tection using automated whole breast ultrasound and
mammography in radiographically dense breasts. Eur
Radiol 2010;20:734-742

. Kelly KM, Dean ], Lee S], Comulada WS. Breast cancer de-

tection: radiologists’ performance using mammography
with and without automated whole-breast ultrasound. Eur
Radiol 2010;20:2557-2564

. Shin HJ, Kim HH, Cha JH, Park JH, Lee KE, Kim JH.

Automated ultrasound of the breast for diagnosis: interob-
server agreement on lesion detection and characterization.
AJR Am J Roentgenol 2011;197:747-754

.Chang JM, Moon WK, Cho N, Park JS, Kim S§]J.

Radiologists’ performance in the detection of benign and
malignant masses with 3D automated breast ultrasound
(ABUS). Eur J Radiol 2011;78:99-103

. Zhang |, Lai XJ, Zhu QL, et al. Interobserver agreement for

sonograms of breast lesions obtained by an automated
breast volume scanner. Eur ] Radiol 2011

.Lin X, Wang J, Han F, Fu J, Li A. Analysis of eighty-one

cases with breast lesions using automated breast volume s-
canner and comparison with handheld ultrasound. Eur ]
Radiol 2011

Desser TS, Jeffrey RB. Tissue harmonic imaging tech-
niques: physical principles and clinical applications. Semin
Ultrasound CT MR 2001:22:1-10

Kim M]J, Kim JY, Yoon JH, et al. How to find an isoechoic
lesion with breast US. Radiographics 2011;31:663-676
Szopinski KT, Pajk AM, Wysocki M, Amy D, Szopinska M,
Jakubowski W. Tissue harmonic imaging: utility in breast
sonography. | Ultrasound Med 2003;22:479-487; quiz 488-
479

Mesurolle B, Helou T, El-Khoury M, Edwardes M, Sutton
EJ, Kao E. Tissue harmonic imaging, frequency compound
imaging, and conventional imaging: use and benefit in
breast sonography. ] Ultrasound Med 2007;26:1041-1051

. Seo BK, Oh YW, Kim HR, et al. Sonographic evaluation of



CH3hE Smbo| 5t5| X| 2012;31(1)

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

breast nodules: comparison of conventional, real-time
compound, and pulse-inversion harmonic images. Korean
J Radiol 2002;3:38-44

Cha JH, Moon WK, Cho N, et al. Differentiation of benign
from malignant solid breast masses: conventional US ver-
sus spatial compound imaging. Radiology 2005;237:841-
846

Stafford R], Whitman GJ. Ultrasound physics and technol-
ogy in breast imaging. Ultrasound Clinics 2011;6:299-312
Piccoli CW, Forsberg F. Advanced ultrasound techniques
for breast imaging. Semin Roentgenol 2011;46:60-67
Rotten D, Levaillant JM, Zerat L. Analysis of normal breast
tissue and of solid breast masses using three-dimensional
ultrasound mammography. Ultrasound Obstet Gynecol
1999;14:114-124

Athanasiou A, Tardivon A, Ollivier L, Thibault F, El
Khoury C, Neuenschwander S. How to optimize breast ul-
trasound. Eur ] Radiol 2009;69:6-13

Hashimoto BE. New sonographic breast technologies.
Semin Roentgenol 2011;46:292-301

Cho N, Moon WK, Cha JH, et al. Differentiating benign
from malignant solid breast masses: comparison of two-di-
mensional and three-dimensional US. Radiology 2006;240:
26-32

Kalmantis K, Dimitrakakis C, Koumpis C, et al. The contri-
bution of three-dimensional power Doppler imaging in the
preoperative assessment of breast tumors: a preliminary
report. Obstet Gynecol Int 2009;2009:530-579

Yang W, Dempsey P]J. Diagnostic breast ultrasound: cur-
rent status and future directions. Ultrasound Clinics 2009;
4:117-133

Ozdemir A, Ozdemir H, Maral I, Konus O, Yucel S, Isik S.
Differential diagnosis of solid breast lesions: contribution
of Doppler studies to mammography and gray scale imag-
ing. J Ultrasound Med 2001;20:1091-1101

Cho N, Jang M, Lyou CY, Park JS, Choi HY, Moon WK.
Distinguishing benign from malignant masses at breast
US: combined US elastography and color Doppler US--in-
fluence on radiologist accuracy. Radiology 2012;262:80-90
Bertolotto M, Catalano O. Contrast-enhanced ultrasound:
past, present, and future. Ultrasound Clinics 2009;4:339-
367

Forsberg F, Kuruvilla B, Pascua MB, et al. Comparing con-
trast-enhanced color flow imaging and pathological mea-
sures of breast lesion vascularity. Ultrasound Med Biol
2008;34:1365-1372

Cho N, Moon WK, Kim HY, Chang JM, Park SH, Lyou
CY. Sonoelastographic strain index for differentiation of
benign and malignant nonpalpable breast masses. |
Ultrasound Med 2010;29:1-7

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

-10 -

Satake H, Nishio A, Ikeda M, et al. Predictive value for ma-
lignancy of suspicious breast masses of BI-RADS cate-
gories 4 and 5 using ultrasound elastography and MR dif-
fusion-weighted imaging. AJR Am ] Roentgenol 2011;196:
202-209

Cho N, Moon WK, Park JS, Cha JH, Jang M, Seong MH.
Nonpalpable breast masses: evaluation by US elastogra-
phy. Korean ] Radiol 2008;9:111-118

Itoh A, Ueno E, Tohno E, et al. Breast disease: clinical ap-
plication of US elastography for diagnosis. Radiology
2006;239:341-350

Berg WA, Cosgrove DO, Dore CJ, et al. Shear-wave elas-
tography improves the specificity of breast US: the BE1
multinational study of 939 masses. Radiology
2012;262:435-449

Yang WT. Emerging techniques and molecular imaging in
breast cancer. Semin Ultrasound CT MR 2011;32:288-299
Kim M]J, Kim EK. Optical imaging of the breast. ] Korean
Soc Ultrasound Med 2011;30:7-12

Zhu Q, Cronin EB, Currier AA, et al. Benign versus malig-
nant breast masses: optical differentiation with US-guided
optical imaging reconstruction. Radiology 2005;237:57-66
You SS, Jiang YX, Zhu QOL, et al. US-guided diffused opti-
cal tomography: a promising functional imaging technique
in breast lesions. Eur Radiol 2010;20:309-317

Kim MJ, Kim JY, Youn JH, et al. US-guided diffuse optical
tomography for breast lesions: the reliability of clinical ex-
perience. Eur Radiol 2011;21:1353-1363

Moon JH, Kim HH, Shin HJ, Kim H, Ko MS, Gong G.
Supplemental use of optical diffusion breast imaging for d-
ifferentiation between benign and malignant breast le-
sions. AJR Am ] Roentgenol 2011;197:732-739

Cerussi A, Hsiang D, Shah N, et al. Predicting response to
breast cancer neoadjuvant chemotherapy using diffuse op-
tical spectroscopy. Proc Natl Acad Sci USA 2007;104:4014-
4019

Leung JW. Utility of second-look ultrasound in the evalua-
tion of MRI-detected breast lesions. Semin Roentgenol
2011,46:260-274

Rizzatto G, Fausto A. Breast imaging and volume naviga-
tion: MR imaging and ultrasound coregistration.
Ultrasound Clinics 2009;4:261-271

Chang JM, Moon WK. Fusion imaging of MRI and US for
evaluating breast lesions. ] Korean Soc Ultrasound Med
2011;30:163-166

Nakano S, Yoshida M, Fujii K, et al. Fusion of MRI and
sonography image for breast cancer evaluation using real-
time virtual sonography with magnetic navigation: first ex-
perience. Jpn J Clin Oncol 2009;39:552-559



