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Qualitative shear wave elastography in differential
diagnosis of benign and malignant breast masses

ZHANG Wei, WANG Bo, LI Jing” , WANG Xuejiao, CONG Rui, REN Weidong
(Department of Ultrasound, Shengjing Hospital of China Medical University, Shenyang 110004, China)

[Abstract] Objective To evaluate the value of qualitative shear wave elastography (SWE) in differential diagnosis of be-
nign and malignant breast masses. Methods Totally 236 patients (261 breast masses) underwent conventional ultrasound
and SWE examines. Images of conventional ultrasound were classified according to breast imaging reporting and data sys-
tem (BI-RADS). And images of SWE were classified to six patterns. With the pathologic results as gold standard, ROC
curves for SWE pattern, BI-FRADS classification and the combination of SWE with BI-RADS were analyzed to evaluate the
diagnostic efficacy. Results There were 100 benign masses and 161 malignant masses. With pattern 3 as optimal cut-off
value of SWE, the sensitivity, specificity, accuracy, positive predictive value and negative predictive value was 85. 71 %
(138/161), 93.00% (93/100), 88.51% (231/261), 95.17% (138/145), 80.17% (93/116), respectively. With BI-
RADS classification 4a as optimal cut-off value of conventional ultrasound, the sensitivity, specificity, accuracy, positive
predictive value and negative predictive value was 98. 76 % (159/161), 73.00% (73/100), 88.89% (232/261), 85.48%
(159/186), 97.33% (73/75), respectively. For the combination of SWE with BI-RADS, the sensitivity, specificity, accu-
racy, positive predictive value and negative predictive value was 99.38% (160/161), 70.00% (70/100), 88.12% (230/
261), 84.21% (160/190), 98.59% (70/71), respectively. The specificity and positive predictive value of SWE pattern
were higher than those of BI-RADS classification and the combination of SWE with BIFRADS (all P<<0. 05). The sensitivi-
ty and negative predictive value of BI-RADS classification and the combination of SWE with BI-RADS were higher than
those of SWE pattern. There was no significant difference of accuracy among SWE pattern, BI-RADS classification and the
combination of SWE with BI-RADS. Conclusion Qualitative SWE is helpful for differential diagnosis of benign and malig-
nant breast masses.

[Key words] Breast neoplasms; Utrasonography; Elasticity imaging techniques; Diagnositic imaging

DOI:10. 13929/;. 1003-3289. 2016. 07. 019

YRR R E ARSI REESRT

ko m.E OW.E R LESH.A B MEILA
(P E R R M E B E R A A, L7 PEFH 110004)

(# ZE] BH HiT SWE @M AREZL IR A RGNS W . Fi& 4 236 Gl #F 3L 261 ASkkAT
WU I SWE K . LLUE BB A R HEAT 2L AR A EE R 48 (BERADS) 4325 . % SWE B4 0 6 F2s i, LU
5 BRSE EON bR vE L 2 ROC #I4R, JEM SWE 208 . BI-RADS 4328 K —F WAL WiakaE., &8 RBMwE 100 4,8
PEIAL 161 4>, LU SWE 4305 3 BUSg 2 W Bt . GO V4 5 B R 2 L B T A B 1k T M6 43 31 O 85. 716 (138/
161).93.00%(93/100).88. 51 % (231/261).95. 17 % (138/145),80. 17%(93/116) ; L1 BI-RADS 4a 25 N2 Wi 5, U B |
SR AR L PH M TR A B O 43 51 A 98. 76 % (159/161) ,73. 00% (73/100) ,88. 89 % (232/261) ,85. 48 % (159/

[E—1EH] B (1988—) , L, FHMRIUF N FE A4, AF5E 5 ] R R E A2 W, E-mail: 1037517559@qq. com
DEEEED 225, b E E R KA % E B A R, 110004, E-mail: 1ijing@sj-hospital. org
(%= B HI] 2015-08-05 [f&E HH#I] 2015-10-27



[ BE A AR AR 2016 4E58 32 %5 78] Chin ] Med Imaging Technol,2016, Vol 32,No 7 e 1061 -

186).97.33%(73/75) s - F B A 12 Wi 09 SO e S5 B L A SR L SH e 00 L BF A T A 43 0 A 99. 3896 (160/161)
70.00%(70/100) .88. 12% (230/261) .84. 21 % (160/190).98. 59 % (70/71) . SWE 437 [¥) i S B 1 B 14 35 00 {5 34 &5 T BL-
RADS 432k R BE A2 W7 (P 2<C0. 05) , BIERADS 4325 K BE 412 W7 14 fU8 % A0 B vE T 2 85 T SWE 43 8 (P #5<C0. 05) ,

SECWIHER R Z R TLE I (P#5>0.05) ., &Hig

[R5 ] FLIRMR BB 7S K2 otk R £ AR s 2 W AR
(HESFEE] R737.9; R445.1 [CHEFRIZAE] A

37 ) Pk 9 M 12 (shear wave elastography,
SWE) AR B] i it Sz W Jmy & 5P 15 2L % AN [6) ZL R 24
U AT S I SR ARG I, R IO [) 28 A8 7L i 4 20 5
AN, SRR IR 2R 6 G B SR S T 4 K B
SRR N R T RN EAR SN TR 2 AV RN
NEEC X AR SWE B & AR, A
FEERE T SWE % (02 1 181 (4 18112 45 fiF 7 68 % 58 45
RZS RV SWE 78 1 HA A ZL R AL R 1L 2 5012
W7 %) 10 H A B
1 #AREFE
L1 —f%OoRE UdE 2014 £ 7 A—2015 4 4 H T
Wi 452 SWE K A I 28 T AR g BEIE 52 9 LR o5 7 e
A 236 0, O Aok, AR 14 ~ 78 X, 8y
(46. 6=11.8)% . FIr Ay | AR R ¥ TCHO7 e ALyr s,
I 261 DAL ADF ST, e KAR <735 mm, H ¥
2003 4F 3¢ [E i 4T 2 75 3L AR s TR R 48
(breast imaging reporting and data system, BI-
RADS)! 432620 3~5 Kbt
1.2 AUE8 5 R SuperSonic Imagine Aixplor-
er W A IZ WAL, LA-15 ZRPEHR L, M % 4~ 15 MHz,
Wi A6 5 JBOAD R =g 00 Fib A7, 78 0 B i FLIR . ST W ML
P 4 A WS kb B R B K il i P AR R AR O 2 AT
BI-RADS 532, P4k 2 SWE 80, 4 R & 1 i
FEVCE J 0~180 kPa. #% 3l OHEHE 22 9 kE b, 4G #r 2od
i P DR R RS AN I T L 17 USRS J5 A AT WL %E , OF T
PPV S R ok FE , DLR B 4 52 19 BHGOF:
AT PEM » PO U) A — BT DA PH PR R 28 3 O &

1.3 Mgt BARAH 1 A HA 10 4L BRI
P 2 I 28 1 1 B DT Ny 8 B, SWE BRI il 2 44
AT SWE 121K 28 50 (14 B2 0 78 R HU BRA5 R AR 00 T
L 1R] 58 1

1.3.1 SWEMHr ekt srh 6 Fh2E 5. 1 A (B
PED S kb K J) A 2 O B A0 B i R 2 B (FR B SR R
R oo ek K o L 20 21 Sy 0 E T R JER A0 i Bl UL A 4
SEAFAE L Kk ) B 5E 55 3 B (2R AD ik B
b JA 20 D HR B JC LR AT 22 S €0 5 4 B CBRRD) L

[XEHS]

SWE 5E #EHRA B T 3L R B0 k1 250012 W7

1003-3289(2016)07-1060-05

b JE] 393 E T BBl R AR B s b P9 5 5 TR e K Ah 2 R R
o341 g kb oA FB €8 ST A 5 5 AL (s R AL L i kb R i
EALNEEN S N G (RSP SRN E 8IS & R (ER PSR
JCE 8 FE I 5 6 78 (b B L), o kb i K o 1 A B e
FEIE, TN AN [R) 52 B 1 (R 8 2 50 i, FLRS bk 9 3
Joa kbS5 7 JC BB e Bl A D L B T B L R
1~6,
1.3.2 HWHEAEM L BIERADS 4a 2545 R W7 L
PR R AR ) B, B <<da K2 Wi R ML >4a
1.3.3 BE2Wr ¥ BI-RADS™>4a 251 (8{) SWE>
BAER SIS W %A, BFRADS<C4a 2 [l i} SWE<C
AR S W Rk
1.4 Seitegoodr R SPSS 17. 0 Giit2g ki, it
PERILL T s o, X ROBME AL SWE 2681 & BI-
RADS 70251 AR U K5, DUSG B 25 50 4 b
W24 ROC fhi 4k, i1 i 28 °F i #X Carea under the
curve, AUC), 2 H3 M & A AR 75 . SWE K W F 7 2
A M2 WAL RE . DL 298 48 B i K ifi 8 SWE %51 B
TR AR I I A B S SWE 43 1 5 BI-RADS 43262
Wisk BE M ELECR T K36, P<<0.05 N2 H Gt
2 #R

236 i 3 261 9% &k e K42 6 ~ 34 mm, F 3y
(16. 77£6.22)mm, Hr B PR AL 100 4>, 445 Btk
40 A LR 4E0E 39 A N LR 14 A AL 3
AL RAE R BE R AR S IR IR U AR A
1A KA 6~31 mm, FH(14. 80+6. 22) mm ; S
Wkt 161 A, A 55 2 Mk 2 B 137 AL 8 AL
I3 AR 4 A VR MR 3 RSk 2 A
RN 1A BRI 1A R KRR T~
34 mm,FH(17.99+5. 92)mm,
2.1 BI-RADS K& SWE 43-#  ZLIR R W4k SWE 43
RN 1~6 R, tp 7 25 R0k 1 A, Mk SWE 43 Y
h1~6, P Ay 5 AL, ROBER kL] SWE 43 %1 2%
A FE X (Z=—11. 683, P<C0.001) ; K 4%kt



+ 1062 -

o E BE 2R R B R 2016 4E5S 32 #2585 78] Chin ] Med Imaging Technol,2016, Vol 32,No 7

BI-RADS 43228 3~5 25, AL 5 AR 4a 28, RIS
kk BIERADS 4326 da~5 26, i 2880k 5 2%, RO
Pkt ] BIRADS XM 2 S A 51t B L (Z=
—13.092,P<C0.001), W1,
2.2 BWiskiE ROC Hi 4k o #r oR , & B 12
LR K M5 22 B AUC B 0. 966 (0. 945 ~ 0. 987),
SWE f AUC 4 0. 922(0. 884~0.961), Lk SWE 4
R 3 RIS WA i BI<<3 AL W Rk, >3 M
W Ay W L 2 B AR R KL R 0. 787 MR B M R (23/
161,14. 28 %) = T BHME 2 (7/100,7.00%) , Z 7 A
il Ly =154. 79, P<<0. 001),

SWE 4381 \BI-RADS 4328 K HK 5 12 W (4 B0

SR BH M TN AL B M o R L3R 2,
SWE 4 2 (14 45 53 & 1 BH 1 100 4 24 /5 F BI-RADS 43
F (" =13.88.8.30, P ¥3<C0.05), SWE 43 R i) i ek
JE R B 1 900 {24 IR T BIERADS 4328 (o = 17. 39,
11.79, P #<C0.05), SWE 4 #1f1 BI-RADS 4 2% 1
BRI, Z 5 LG E X (f =0.02, P=0.890),
SWE 43 (1% 45 5 J3 71 BH 1 F000 (B35 = TR B2 7 (o
=21.04.,10. 06, P ¥<C0. 05) , SWE 43 %! fit) 5 J& J& 1
RF 1 5000 {1 41K T BBK A 12 W7 (" = 20. 05.13. 36, P <<
0.05), SWE 43# fl BIRADS 42 514 12 Wi i
RILE, 2R THGIHE L (¢ =0.09,0. 08, P ¥ >
0.05),

F 1 AR REME S SWE 43%1 2 BILRADS 4425 (1)
SWE 43 7 BI-RADS 432
J B Y
1% 2 ” 3 Al 4 5 & 6 & RS da 2k 4b 2% 4o 2 5%
KM (n=100) 52 10 31 2 1 4 39 34 23 3 1
W (n=161) 3 1 19 39 50 49 0 2 19 46 94
At 55 11 50 41 51 53 39 36 42 49 95
F 2 SWE 43 . BI-RADS 4325 Je —F B A 5 002 W UM RO 22 i e [ 2 (D ]
5k RS &R S 2 5 00 oA ) {1 HER R

SWE 4% 85.71(138/161) 93.00(93/100) 95.17(138/145) 80.17(93/116) 88.51(231/261)
BI-RADS 432 98. 76(159/161) 73.00(73/100) 85.48(159/186) 97.33(73/75) 88.89(232/261)
X& 12 W 99. 38(160/161) 70.00(70/100) 84.21(160/190) 98.59(70/71) 88.12(230/261)

2B,

B 1 FLIREFYeE , SWE 43810y 1 8, 257 i €. (A), BI-RADS 2y 3 26(B)

FELR(A) .BI-RADS 4 4a 25(B)

3A, 3B,
2 FLRMERG.SWE 481 2 AL, @155 Tl Wk E
B3 FLEMON . SWE 53805 3 &, B IR A 2 57 B (A, BERADS 2 4c 25 (B)



[ BE A AR AR 2016 4E58 32 %5 78] Chin ] Med Imaging Technol,2016, Vol 32,No 7 + 1063 -

B 4 FLERR IR L B . SWE 2 RUh 4 ), RIS 6, N R (A) ,BIFRADS 4 4c 26(B)
6 FLIRRWEMESEE.SWE 28I 6 8, R OB a, NI AE

Ay 5 B, BIRTE G, FBR FI(A) . BFRADS 28 5 25(B)
A (A ,BI-RADS K 5 25(B)

3 itig

HEAE K , SWE 7512 W 5L BB 59 137 FH £ 76 37
Sy BFFE A A BE £E B 5T 2 9 B SWE 78 B R %
SN K B P L 6 % SWE &2 o 5 AR B 520
b, Tozaki ZEH B HRIE SWE & M4k R & 45 R
VRO SR B L ek, LS A B SR F6 0] SWE i
B AR 5 B AR X LIS R A EA AL 2 7 4
fi. B PRENED BF Tt B SWE 7 #E 4% AR 2% 5L
Rk B 0 o R A v . (EE T SWE E M4
RGP 72 M TG — bR . Evans 250042 38 3% 43 2L
R kL JE 41 5 0, SWE 535 5, Berg 217 $2 1 4R 4
FLIR A SWE & 4 R B8 B 25 1k 43k 5 A 2R AR
Ykt 55 JE BB 4 4080 3 AT 0k 4y R 3 R B 5 Tozaki
AV LR kL SWE R 5 P (% RE 1B 43 A 1% B 3 K
INEEARSY 4 FIBEE L OF R B AT e kb R 3 R 1T
PO T 1 € 7 1L B BB B R R
Zhou Z£BVBFST A Tl BRAE 7 HLH () 4 SWE fiF
% BT KT 303 M A7 (2T €4, 4 T PR 2L M 4L 28 i A
PR 5% . S5 H 1 SRR TR b % BUEL SO0 KL 1 1 €5
T S M 5 5 R N 5 R FE ORI LR R TR 7
Y F AR S % SWE (8 1 1 Y B¢ F K% 5%
Kk PR €7 9 FE U DA Lk 6 R, Horh 1 A
1 2 B 5 Tozaki 4 th R 1 R 2 A

Tozaki 257 HFSEIE SWE AR % 5 3L AR Js 25 1L

oBJ

B S LB S ER L SWE 4

G Y Rk BE RN RE R BE 43 0 R 91, 3% (63/69) FlI
80. 676 (25/31) . Yoon 4" 4 i (1 Bk JE R 53 12 5%
R 89.8% (53/59) Fll 64.4% (134/208), Gweon
S5V T 9 R R R S B 40 R 94. 496 (34/36)
M1 81.4%(79/97) , Park %5 HJF 5% 45 S W /R SRR 0
BSR4y N 76.00% (57/75) F 88.89% (72/81),
ABFFE L UL SWE 43 1 3 80y B 5 12 W 7L O v s
7S B 249 85 48 B0 v BEOURR O LR R 4 0 Ol 85. 71 %%
(138/161).,93. 00% (93/100) , AR U A7 B R F#(H
AT E RS ARET R B, LR RO b
] SWE 7308122 538 G5 it 2 38 L (P<<0. 001) , F B %
PR KL A B B T R R AL . RSN AR S R, SWE
R LR BA T A RE R R W LB S B SWE B
AT S WHURE, ZRHASRIT¥E L (P <
0. 001) , Wi 5 Bk A 12 Wi i BURREE £ 55 (99. 38 %0)

WF O B R A X BI-RADS 3 251 5 2K
ikt 12 WT S BE B, X BILRADS 4 25 (1 %% & & L)
SWE WA Bh T mis Wik iR . EAMT = E AR
FARRIR L FL AR ek RS IR T 5 00 R K 3 R A5 34 )
Wl SWE 3R HYE . AWF5E g, SWE 43 BUPEA 1k
Xof S LRkt RO R B B R 12 W Ak e L BT A
TEAR G AR B PE , LA SWE 4351 3 50 92 W 5 0,
R HIPERR K 14. 28 % (23/161) R BHTER K 7. 00 % (7/
100D, 22 7 A G it 5 L (y* =154. 79, P<<0. 001),



- 1064 -

o E BE 2R R B R 2016 4E5S 32 #2585 78] Chin ] Med Imaging Technol,2016, Vol 32,No 7

A FEE SCHY 4 B CBRA) A 5 B 2530 B g AE S
Ty 35 TR PRI M AR 058 L 6 ke PR AT A0 1 S 78 ST
Kb Ji] i1 5 T PR TG B30 (3 2 53] 2 W) A R s Sk S
il 56 70 (- I 50 ) Ay g ek i S B N i AT L SR R 4
AT LA P R AR — G 3 A € i A R
Jr A SEB A VR SR A N A R AN S
SECRY) Y00 PRl = ke o8 B 00 300 . e 6 L 5 g A
A PR S B B AR G A ke DXS R B 0 e 4R
AR RGAE AL . SWE S ik JE 21 BE P9 AR A
2, JRUA AT RE A« OB U Y RE 12 7 A A 140 5% 5 9l
9 K P TSI R O I B R ) T 5 O 4 4 2 R Y
A SN sl R A P S 0 A N 1) R R A

AT AL i TR EME G SWE KR 9 &
FEARRAE , Xof A i R g 1] 50xfe L s i Lt U0 ) TR 1R 26 3
FFEaE R — iR .

Zi Rk . SWE 2 ¥ £ A fE S e kb (9 B8 52 . B
A B IR S B AT B T FUR R k) S 2
AL SWE B0 6 B0 Rk Y] SEal 47,1 AU
2 RN AR RRIEZE R 4 ~6 B i B2 4 s R B
3 RUXF LR ROEAE RS W EA Rt — 2P 05T .

[ 5% 30k ]

(2]

(3]

(4]

(6]

7]

(8]

[9]

Tozaki M, Fukuma E. Pattern classification of ShearWave™
elastography images for differential diagnosis between benign and
malignant solid breast masses. Acta Radiol, 2011, 52 (10):
1069-1075.

Park J, Woo OH, Shin HS, et al. Diagnostic performance and
color overlay pattern in shear wave elastography (SWE) for pal-
pable breast mass. Eur J Radiol, 2015,84(10):1943-1948.

Yoon JH, Ko KH, Jung HK, et al. Qualitative pattern classifica-
tion of shear wave elastography for breast masses: How it corre-
lates to quantitative measurements. Eur Radiol, 2013, 82 (12):
2199-2204.

W PCEN W, SRV, S 5T U0 SR RO (A R A s W B
ALPEFUIR S A . P E BE 2SR R 2015, 31(3) : 405-408.
Evans A, Whelehan P, Thomson K, et al. Quantiative shear
wave ultrasound eslastography: Initial experience in solid breast
masses. Breast Cancer Res, 2010,12(6):R104.

Berg WA, Cosgrove DO, Dore CJ, et al. Shear-wave elastogra-
phy improves the specificity of breast US: The BE1 multinational
study of 939 masses. Radiology, 2012,262(2):435-449.

Zhou JQ, Zhan WW, Chang C, et al. Breast lesions: Evaluation
with shear wave elastography, with special emphasis on the "stiff
rim" sign. Radiology, 2014,272(1):63-72.

Gweon HM, Youk JH, Son EJ, et al. Visually assessed colour
overlay features in shear-wave elastography for breast masses:
Quantification and diagnostic performance. Eur Radiol, 2013, 23

(3):658-663.

[10] Youk JH, Gweon HM, Son EJ, et al. Diagnostic value of com-
all ilable shear- last hy for breast S:
[1]  American College of Radiology. Breast imaging reporting and data mercatly avatlable shearmwave clastography lor breast cancers
Int tion into BI-RADS classificati ith subcat ies of
system (BIF-RADS)-ultrasound. Reston VA: American College of ntegration mto classilication with subcategories o
t 4. Eur Radiol, 2013,23(10):2695-2704.

Radiology, 2003:98. category . tur Radio (10

[~ U WU W e WU W e U W e 7 W U M W e M e N e T am e e e e e e e N U W U e L e U W U U U U N N U U e U i N e U D U W U e

(r 1 BR 22 B AR BOR ) W B e B o 17

Crr [ B 2A S AR HOR ) 2 G50 o P [ R 22 B 45 b [ ) 2 B 7 22 0 9 0 = 0 1) T S A AR B ) g DL T s

JE AL SFE
Hh [RGB
€ SCAZ L BRI EL BB SO WCSR
Hh [ B S S TR ) O RN D
Hh [ B2 5 SCRUHE FEAZ O T
WHOPE AR X B2 222 5] ) (WPRIMD SR A )
o 22 (% 2% SCH ) TR 9 )
e [ B2 S ) I S 5 )
2 1T (SO 2% AR TR 4 )

CHARL A H AR LA Hh [ SCHR R 2 ) (JST China) Y 53 39 1)



