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[HEE] B AU RS SRS A RS 5 WG 5 (ultrasound, US) | 755 71 ik i £4 (acoustic radiation force
impulse, ARFI) . 75 1% 5 (contrast-enhanced ultrasound, CEUS ) iX =FPE S #25  RECE [ . AWM 2425
KAt o FLARAE I BRI 4E (non-mass-like lesions, NMLs) ROEYER S SSWI B, 3%k 0B 434 LR AR Ak B 28 35
1], 9 KR BT 2 A AR S . AR K B P RGRAAE , B 03 R T ~ VS8, ARG R AR 454k, K T 2 %
MR 5Kk Takl, ToBIMTa, bR, it st 45 3 BB L], 57 US. US+ARFI. US+CEUS. US+ARFI+
CEUSHlogisticiZ W PER 41 14 [T AR A, 225 52 150 TAERAIE(ROC) h£E, T13 6T [ FX (area under the curve, AUC),
AT A . A HTUS. ARFIS CEUS B B ST A FRAE (L A EMENMLs CRBUELEMENMLs ) G 1 56, 85R RAHA
IR BI40761, B 0Lk, 4ERE22 ~ 817, SEHIAERE (47.0£11.0) %7 o Hor RAMERGHI2200, B HREH187641 . &bk b HL A
FURAFAA 1 o8> 1T bHI> T AL V AL [ akil> 1 al>1V B, AR 5500 AR MRS DT H BB 2 5 AR Akt . US,
US+ARFI., US+CEUS, US+ARFI+CEUSlogistic[Hl 557412 Wi 055 51 i AUC 22 95% & A5 X [8] (C1) 4351 4
0.895(0.862 ~ 0.927) . 0.908(0.878 ~ 0.937) . 0.921(0.893 ~0.948) . 0.927(0.902 ~ 0.952) , 4TI A AUCH LL, 2 5
FHI27 L (P<0.001) . USKEAFEESILAINMLs 1A H %°480.7%, £ USSCEUS. ARFIG G, X4k CEUSTF43 145355,
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Ultrasound Multimodality Examination Improves the Diagnostic Efficiency of Non-Mass-Like Breast Lesions
WANG Huiyan, LU Longying, ZHANG Heqing, WAN Xue, HE Yushuang, LUO Honghao, PENG Yulan, MA Lin, ZHAO
Haina®. Department of Ultrasound, West China Hospital, Sichuan University, Chengdu 610041, China
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[ Abstract] Objective This study is focused on ultrasound multimodality examination, which refers to the
combined use of three ultrasound examination modalities, ultrasound (US), acoustic radiation force impulse (ARFI)
imaging, and contrast-enhanced ultrasound (CEUS). The purpose of this study is to analyze the value of applying
ultrasound multimodality examination in the differential diagnosis of benign and malignant breast non-mass-like lesions
(NMLs). Methods Cases of breast NMLs were analyzed retrospectively, and the nature of all the lesions was verified by
pathological examination. Based on the gray-scale ultrasound image characteristics, the cases were classified into types [
to V, and type I and type Il were further classified into 4 subtypes, I a, I b, [l a, and I b, according to whether there
was also calcification, and the proportion of malignant cases in each subtype was statistically analyzed. Logistic regression
models of US, US+ARFI, US+CEUS, and US+ARFI+CEUS for the diagnosis of malignant cases were established, ROC
curves were drawn, the area under the curve (AUC) was calculated, and comparisons were made accordingly. The
detection rate of malignant NMLs without calcification (atypical malignant NMLs) by the combination examination of
US, ARFI, and CEUS was analyzed. Results A total of 407 cases were included in the study. All subjects were female,
aged 22 to 81 years, with the average age being (47.0+11.0) years. There were 220 benign cases and 187 malignant cases.
Ranked from the highest to the lowest, the malignancy proportion of the different types was
Ib>Mb>1>V> T a>Ma>IV. The malignant proportion of the low echo area with calcification was significantly higher
than that of the lesions without calcification. The AUC (95% confidence interval [CI]) for diagnosing malignant cases
with the logistic regression models of US, US+ARFI, US+CEUS, and US+ARFI+CEUS were 0.895 (0.862-0.927), 0.908
(0.878-0.937), 0.921 (0.893-0.948), and 0.927 (0.902-0.952), respectively. Comparison of the AUC of the 4 regression
models showed significant differences (P<0.001). The detection rate of US for NMLs without calcification was 80.7%.
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When US was used in combination with ARFI and CEUS, 86.4% of the malignant NMLs lesions without calcification

could be detected if the lesion CEUS score was 4 or 5 points or if shear-wave velocity (SWV)=4.28 m/s. Conclusion

Breast NMLs with calcification show high risks of malignancy, and a pathological examination is always recommended for

a conclusive diagnosis. Ultrasound multimodality examination can improve the diagnostic accuracy of breast NML

without calcification.
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Contrast-enhanced ultrasound

Ultrasound Breast
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Table 1 The ultrasonic classification and malignancy proportion of the

22, b PEAT 25 HL T L 5 O TR0 Sl . MRS b L 46
WO | AL &I 4asr 5o R =
4.28 m/sH f A KUK BE 5 0 2% NMIEZ OR{E Hi /3 B
HERY Ay v 1 > GO Ak > SRR DU AP > A bk L 45 5 > 45
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S e e o BALEPENMLIE WL
2.3 ZiEKlogisticE TS R FENMLs 2 i 4 5%
BIFIROCH £

B TR AT 22 5 A Ge i B U ER A0 Alogistic
[B1H 5347, B Y R B 12 N M Ll M 19150 (1= 411
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Table 2 Ultrasonic signs of non-mass-like lesions

NMLs cases
T
la 99 25 74 25.3%
Ib 96 79 17 82.3%
Ma 107 24 83 22.4%
b 54 42 12 77.8%
I 18 8 10 44.4%
v 17 2 15 11.8%
\ 16 7 9 43.8%

2.2 NMLs#B & BG4 T M XS
AT 45 F B R AN [ P SRR S XU B 4 L

Ultrasonic image feature n Malignancy Benignity Oddsratio P

Average age/yr. 49.3 45.2 <0.001

Distorted structure/case <0.001
Yes 160 115 45 6.21
None 247 72 175

Posterior echo/case 0.128
Attenuation 184 114 70 3.35
No attenuation 223 73 150

CEUS/case <0.001
High enhancement 254 173 81 21.21
Other enhancement 153 14 139

Contrast score/case <0.001
5 points 88 71 (80.7%) 17
4 points 97 76 (792%)° 21
3 points 69 26 (37.7%) 43
2 points 136 13(9.6%) 123
1 poins 17 169%) 16

Axillary lymph nodes/case 6.22 0.021
Abnormal 114 87 27
Normal 293 100 193

Elastic score/case <0.001
=4.28 m/s 178 129 50 7.56
<4.28 m/s 229 58 170

Calcification/case <0.001
Micro-calcification 166 129 38 10.65
None 241 58 182

Peak systolic velocity/case 9.89  <0.001
=159 cm/s 75 64 11
<15.9 cm/s 332 123 209

! Malignancy proportion in brackets.
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1 B—EFHEYE NMLERE
Fig 1 Manifestations of malignant NML in the same patient by different

WEFERHIRT

examination methods

A, US image, type IV lesions of invasive breast cancer; B, ARFI image,
SWV=3.08 m/s; C, CEUS image, with the CEUS score being 4 points; D,

pathological image of HE staining (original magnification x20).

Bm; o= B BIEOE D), 43 5 SL US+ARFI, US+
CEUS, US+ARFI+CEUSZHLZ M 7 i logistic [l AR5 AL,
PAIX I3, USHIlogistic Bl R R M8 A BIX A -
SERRHLEN (X, 0= TCE5HIHLN, 1= Z58F i) . i (X,

0=49% AT, 1=49%5 L I1) . 43 88(X,, 0= T a, Ma, I,
V. VAL 1= 1b, Ib). %k (X, 0= Tk 2L FI o,
1= I AR A ) . IR ik 45 (X, 0= Z5F91E %, 1= 45
PSR M9 (X,, 0=J6. 3B, 1= i IBRE) .
B (4 W R ) (X, 0=<15.9 cm/s, 1= =
15.9 cm/s) , RI(X,, 0=<0.7, 1= =0.7), SUSHAIM L,
US+ARFIf¥logisticlml AR BRI AN A 1 X34 hn 1 55 (X,
0= <4.28 m/s, 1= =4.28 m/s); US+CEUSHJlogistic[1] I 5
BRI AR XSG T 35200 (X, 0= <44), 1= =477);
US+ARFI+CEUSHlogistic Rl SR AI 44 A g X3 i 1 sk
Xlﬁﬂf_‘?;ﬂ:/\X40 Flogistic [ F 3 Hr A ZENMLs 112
R BIROCHT L ILIE 2, B HUSHlogistic[?l )43
M2 W AR B AUC 40.895, 95% EL15 X 8] (CI) Ky
0.862 ~ 0.927; US+ARFIfflogistic a1 7 5047 (12 I BP0
Bl AUC40.908, 95%CI°40.878 ~ 0.937; US+CEUSHY
logistic [l IH 43 #7 (932 Wi % P9 6] I AU C 40,921,
95%CI40.893 ~ 0.948; US+ARFI+CEUSlogistic[F 543
Hr 8932 W7 R 1 U AUC M 0.927, 95%CI40.902 ~
0.952, US. US+ARFI, US+CEUS, US+ARFI+CEUSH]
logistic [l 9/ Wi R B AUCHI B AR L, 22 R0 Geit2
7 X (P<0.001), USEE A ARFI K CEUSIZ Wik e dref:

# 3 NMLs& R4 FlogisticE AN 45 R

Table 3 Results of the multimodal ultrasonic logistic regression analysis of NMLs

Variable B SE Wald df P OR 95% CI
Distorted structure (X,) 0.684 0.350 3.818 1 0.051 1.982 0.998-3.935
Age (X,) 1.042 0.318 10.738 1 0.001 2.836 1.520-5.290
Classification (X;) 2.117 0.334 40.197 1 <0.0001 8.309 4.318-15.989
Contrast score (X,) 1.905 0.348 30.040 1 <0.0001 6.718 3.400-13.277
Attenuation (X;) 0.032 0.341 0.009 1 0.925 0.969 0.496-1.890
Axillary lymph nodes (X;) 0.633 0.371 2.907 1 0.088 1.884 0.910-3.900
Blood flow classification (X,) 0.607 0.448 1.833 1 0.176 1.884 0.762-4.420
Frequency spectrum (Xj) 0.035 0.482 0.005 1 0.943 1.035 0.402-2.664
RI (X,) 1.095 0.455 5.781 1 0.016 2.989 1.224-7.299
AFRI imaging (X,) 0.866 0.345 6.315 1 0.012 2.378 1.210-4.672
Constant 3.482 0.369 88.796 1 <0.0001 0.031

B: partial regression coefficient; SE: standard error; OR: odds ratio; CI: confidence interval.

24 ZESKERSAESLAEMENMLs ( AHAE
THMENMLs ) B9 H =

It IR Z AT e A, T b T bR AR 3 4T
1k, SV LB R, 25 oM 82.3%  77.8% APEESALAYRG
{51 3B L) R 11.8% ~ 44.4% , USKT AN LIRS 3 75 )

it 34 80.7%, #RAT A IALEBIUS s AE . FTLL, A
WF 5% 38 1 6 CEUSHIARFI, 2495 28 CEUSTES> M 453 8§,
5/ BLARFIHSWV = 4.28 m/shif W kb, Gei T4k
G ARFIHICEUSXS AN Ahs 28 A M A8 A 1 2%, 45
L4, il BEA ARFIFICEUSH] LUK H 86.4% 1) A
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Fig 2 ROC curves of US, US+ARFI, US+CEUS, and US+ARFI+CEUS
Logistic regression analysis showed statistically significant differences in
the AUC of each ROC curve (P<0.001), with US+ARFI+CEUS showing the best

diagnostic effect.

3 it

DIERFFR W], NMLs (5 ZLARE A2 199.2%", 2y
27% ~ 68.4% I3 191 kA 1, T H MR US KT FLARNMLs Y
VR B IR S B2 43 1R 61.2% F156.1%, B S AIK T3 0
USKE T 2L BRI S AL AR B (2 i 2 s 2 e
TE AR 322 I DA 45 kb P R G LR | O
THLRE A BI-RADS /3 250l 45 . Hi ¢ T USHR A ARFI

L CEUSHI T"NMLs %512 Wrh Y s 450/, HA4 0 /v
AT . RFRY K TRASR, #F— PR ZHES
R A AEFLIRNMLs B % 52 Wb 4 i F A

AT 7T BN AT 4 SR R, 494 DL b SR
TS AL . IS S8 R LS L RISWV L R NMLs K
MG AS R R R 2, 5 LU 45 SR AR L0, ARBIF S
AR AL IR B PSR AE, Kkt oy T~ VI, HrpR il
AR IR XA LAY T b2 T b kb ik L iy
82.3%177.8%, L = T AN PERUES LR AL, £ S 1L
NMLsHR A USRI, X T AEA E5 4K NMLs,
ASTRI ST 8 b A AU R 11.8% ~ 44.4%, AN SEH FLHE
FRIZWTIRIME . ABF 5858 10 Bk CEUS JLARFIL, 7] LIRS i
86.4% MG 6], BT LA, X A 8546 A NMLs, 24218
TR BR2E R AT LU B2 8, T T AT £5 1L N MLs,
AT LAZE A CEUS M ARFI, ISR G2 MR

HSUZE Ui 75 S R I, K FLARNMLs 14 8 75 ]
QAR Sy AR 28T 2 F ARG IR TAE R 3, D34y
NMLsit 75 UGB 18055 10175 X, AU AT B ik,
J 3 181) Z2 B4 kg FLHR BH 0 B0 SR LR A A R B AL S
AR TG E RTA T P RS R ] . BRI
Fehi ol 3 R e VAL, AR, VAL k164, b
7450 Ry A, S 191 551 3 A i B i, 3ISWV =
4.28 m/s, 3B i 2SR A, A B FRLIRNMLsH VA
o A, R TR S 2 R AL, A UHEOM, 4 S 12 Wit

i 407 A LA 0 T RO PR R A Bk T v ki, L.

*4 BESESKEXNTHARINMLsHTISETREE
Table 4 Diagnostic efficiency of ultrasonic multimodal examination of atypical NMLs

Pathological examination/case

Type ARFI/CEUS Sensitivity Specificity Accuracy rating
Malignant Benign

Ia Malignant 20 25 80.0% 66.2% 69.7%
Benign 5 49

ITa Malignant 23 18 95.8% 75.0% 80.2%
Benign 1 54

I Malignant 7 5 87.5% 50.0% 66.7%
Benign 1 5

\% Malignant 2 5 100% 66.7% 70.6%
Benign 0 10

v Malignant 5 4 71.4% 60.0% 64.7%
Benign 2 6

Total Malignant 57 57 86.4% 68.5% 73.3%
Benign 9 124

" When the lesion scored 4 or 5 in CEUS or SWV =4.28 m/s in ARFL it was considered malignant.
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