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Abstract

Objective: To evaluate the application value of multimodal ultrasound imaging scoring method in
BI-RADS 4 masses. Methods: A total of 189 breast masses diagnosed as BI-RADS category 4 by
gray-scale ultrasound (US) were selected, and pathological findings were obtained by surgical ap-
proach. All masses were imaged by micro-vascular flow imaging and elastic ultrasound to obtain
quantitative parameters of vascular index (VI) and elastography strain ratio (SR). The pathologi-
cal findings were used as the gold standard to construct the corresponding ROC curves and obtain
the cut-off values. The ROC curves were constructed by scoring gray-scale ultrasound (US) and
multimodal ultrasound (US + VI + SR) with reference to relevant literature and comparing the di-
agnostic efficacy. Results: The sensitivity, specificity, accuracy and AUC of gray-scale ultrasound
and multimodal ultrasound were 93.7%, 79.8%, 85.7%, 0.868 and 88.7%, 89.9%, 89.4%, 0.935,
respectively. Compared with gray-scale ultrasound, the AUC and specificity of multimodal ultra-
sound increased significantly (P < 0.05), but the accuracy increased and sensitivity decreased,
there was no statistical difference (P > 0.05). Conclusion: Multimodal ultrasound imaging scoring
method can provide a simple and effective quantitative diagnosis method for distinguishing be-
nign and malignant breast mass, further improve the diagnostic efficiency of ultrasound and re-
duce unnecessary biopsy to a certain extent.
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1. 5|8

HRT, FUIRE A G K oM RE i 32 B R 1], D R B I E W2 i G, S R
FLIE K R BB E L — . FLUREAR R & M EE 52 4 (Breast Imaging Reporting and Data System,
BI-RADS) & fifi i FLIR M B S 2 W FUIRSE R AEAL S 54K 0« AU IR A& (Miicro-vascular Flow Imaging,
MVFI) & —Fh A8 Ui S B R A, REAIER < 0.2 mm BRI, R 6% (vascular
index, VIYFE/ER Py ML Gl A VPAG 2] 88 Sttt A5 T DA 5 P e % JE PRl 2H 2R 0 R 23] [4], I ot
T 5 250 OE BI-RADS 40 2K 5 2 W FUIE BBV AL AUC 35 0.964 [5]. % A% L (Strain Ratio, SR)
e AR SR AR 0 B BB, RENS B LRI H AR X R, IR 7 2 B 4R T . ASHIE 7 £ T BI-RADS
4 FX VS ORI, A BUSH, R SRS RGP =4 BI-RADS 4 28k R
AR N AN A

2. ERERE
2.1. —REER

WEE 2021 429 A & 2022 5 9 AR IAT AR YIS &R 205 L8, AL E 210 Mik.
PNFRUE: © K FE KA N BI-RADS 4 KRN @ H&EFARWELE, © KA ARE
ZIEIT . HEBRARUE: O BERGA B EG R EZE, @ 220, WA M EAEANE . &% 188
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2 BEW 189 MM NNAM T . T BF LN, TR 17~79 %, “F35(46.10 £ 11.24) % ; il
Ki% 0.40~4.80 cm, “F35(2.16 + 1.19) cm. AFTHEHEB L LBIERIR S5 B ERC 2 i 2 di it
(YX2022-015), FrA B st A &

22. U{/EHZE

KH SamsungRS85 HAZWIL, L3-12A ZkFEHRS, M 3~12 MHz, Fl& S AR5EIE S AT MVFT B
G, BRSPS R B4t . A BB, T B3¢, 780 28 DU FLIR A s - 1 Sek AT
WA, RIS T Z VA A, WEIFOSEMAIE . KA B W& 6. NER
[ AR . S5 7 18] PR AR AE  E5ALFRE DL oSS X 51 It bk EL 4 i K5 00« AR5 D) 45 48 sk A 1
PR AR BT b b, R S XU A% Th RE S KB BEUG At: B 4%, R B T BRUOREAE K /M
Hog A & 2~3 5 8 B Ew MR, &5 00 B e, =i sk G AR B 3 s RG4S
1, KRS BT RGeS B 45 EE(Strain Ratio, SR), BUBMHFT7E Xy A X, DL [F
FERRARLUN B X, SREUNES B i IR EOSER [X (ROT), # ROI S5 sbrit i AsE 4 ULhd, W
FHEE ROI, P E 46 SR (B X #PE R A A A X bk AR 2 EU AR, A2 M = YR I . f
Ja 55 MVFI A8, S Eedb i mady, Shun b3 s i) 2 m ROI, EEEFERE KN, fi
HSE IR T AE X 35, A0 %2 FE 5 o e 1) 1 5 6 B (vascular index, VI), VI AR Z) ) ROL W I
BEBS SMERBE, EENE =BT AE.

2.3. B9

A7 e 4 % [ T 0 5 005 v i 78 PG AT e AT iR, 45 B B LR A4, H—44 20 FEUL E& 5
HBE T HEAT S & 58 o K 2013 i BI-RADS 70 Z8brvE AL FLER i B, BI-RADS 4 28/ Hi 414> A4 BI-RADS
4A. 4B J 4C 2.

24. ZESBEERASTES

SER IR A S, S A O SCHR[6]4% 1N I bR vE 43 73l X P B i) BI-RADS 4325, SR K& VI #H473F
e © KM EG: 4A 251 4y, 4B 2K 24y, 4C K3 4y @ WUME MRS : VI < #WHEHE LN 0
Jy: VI> BHBHEE XN 15y @ #bESf%: SR < HMHEZE X N0 SR> BMEENX N1 . @ %
MARSER T RS . KO A%« B LI A B s p A =38 o o (A AR A3, Bl US + VI + SR, Jul#
1~5 %3
25. irEAE

KF SPSS25.0 B #HAT G 244081, IES DA RTERILL x £5 Ron, HRILECRA 15K, s
SRR M (Q1, Q3)F R, AIAIELH K A Mann-Whitney U #5368 R (%) w, 4IA]
FLBCR A A K656 . DURFRSE By 4briE, 5124 SR & VI (] ROC #h4k, HUZ &880 Rt hk B
SR K VI N#BHE, RIS &2 A ROC figk, DL P<0.05 NERA G E L.

3. &R
3.1. FREELER

189 5] BI-RADS 4 et bk 109 41, GLFEARE 57 B, £F4ElwiE 35 6], FENILIRE 6
B, AN 4 ], JE 3B, BENP 2 B, [ATAF4EL 1B, MR 1 B SERPERER 80 1, BLHEE
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KRR RN TR 62 1], SR 13 1, BRBUR 2 W1, BIEE N 2 0, AERRER AL AR MR 1 .
3.2. BI-RADS 4 X R EM iR VI & SR BItL 8¢

VI: BYEfE: 2.00 (0, 12.45), SEEHH: 8.00 (4.43, 12.67), BB A2 5 BA G it (P < 0.05).
SR: RPEREER: 227 + 1.41, Wik 4.25+£2.05, REBMHANZEREEGHER (P <0.05), IE 1.
AP VIL SRAE ARG IGAS &, DURERZE NS hrdEes ] ROC MiZk, FEfssbE, WK 1.

Table 1. Comparison of VI and SR of Bi-RADS 4 benign and malignant masses
F 1. BI-RADS 4 X REM MR VI & SR BYELEL

A EREIRR A i T {E P1H
VI 2.00 (0, 12.45) 8.00 (4.43, 12.67) 1.75 <0.05
SR 2.27+141 4.25+2.05 2.40 <0.05
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Figure 1. ROC curve of VI and SR in diagnosis of benign and malignant
BI-RADS 4 masses
1. VI % SR 12 BI-RADS 4 2 REMMIRA ROC Bhzk

3.3. KM BEMESRSBELR BI-RADS 4 2757 R B MR a8 M EL 45

KRS . 2B RN AR, DURELZ RN SArdEL s ROC MhiZk, LK 2. KMidEs
S ARSI R FEre e HERAYE & AUC 2051 9: 93.7%- 79.8%- 85.7%- 0.868; 88.7%- 89.9%-
89.4%. 0.935, W% 2. FHELT KM, 2SS AUC. FrrtEE b, WE 3, BARir5%ER
(P<0.05), #ERatE LA REMETR, AERASIFFZE5FP>0.05).
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Table 2. Diagnostic efficacy of gray-scale ultrasound and multimodal ultrasound in differential diagnosis of benign and ma-

lignant BI-RADS 4 masses
=2 IMBERSESBE LR BI-RADS 4 ZKBhik BB AIIS BT AE

Fik REMEY R % T % AUC (95%CT)
KW 93.7 79.8 85.7 0.868 (0.813~0.922)
EZ ¥y 88.7 89.9 89.4 0.935 (0.900~0.970)
P1E P>0.05 P<0.05 P>0.05 P<0.05
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Figure 2. ROC curves of gray-scale ultrasound and multimodal ultrasound
for the diagnosis of BI-RADS class 4 masses

Bl 2. RMBE R SIESSHBAEISHET BI-RADS 4 25 R EM R ROC BhZk

Figure 3. (a) Gray scale ultrasound showed hypoechoic mass, parallel position, irregular shape, uneven edge and angulation,
gray-scale imaging was evaluated as 4B with a score of 2. (b) SR was 1.65 with a score of 0. (¢c) Micro-vascular Flow Imag-
ing showed a VI of 1.3 with a score of 0. The multimodal imaging score of the nodule was 2, and the pathological results

confirmed that the nodule was adenosis

E 3. (a) RMMBARREIAEMR, FITA, SN, SR, g, KMREITEHR 4B K, 525 b) #
MR R SR A 1.65, 15047, (o) BRIMRAGR VIR 1.3, 5045, ZEBSESRETS R 2 5, RELERIE

S HBRTR
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4. WHig

R AT FMEEM A H AT 2 S T AR A2 BTl . BI-RADS 4 i S )
5 FE K (2%~95%), 450N 4A. 4B J& 4C =AM, JERSFEAHMEAEESN, B—IKMlHEEE —%
SRR, e L EMNREE W, BT 4 BIRpEESE, BelRi2ARE, $HR
BI-RADSD [ B AE TG IARZE R AU DL T AT 27 RE R . BEAT A 7038 B REE 75 %) 4 2R LR R
LW B —EME, SRR 47.1%~75.7%2 181[7] [8] [9], R EA T IE4RER 4 B
SWIREE, JUHE KRR, SR B A D B E R B A B BRI AR B v
B IR 2 3 mT AR S AU A B 2 WK, (BAFE M S S Z R SRR m. ST, AR
PAIK B AS A, A P S R UM AR P IS B A VA, 18 F 2 RS 7 BT/ iE Xt 4 S
BEAT o0, IRV AT DUE— D3R 4 R i2 KT .

Jrr R S B A VAL I T A B b e, BRAT A FU R W bR ) it — R R VR S, AT
VI FE FUBR I BB 10] [11] [12] [13]. HET, WHUREZEH) 2 R T WM, Hek
PRI . /NS S, oI HA2 <02 mm I, 177 H. Adler IR 73 2 brvHEAS BE G 820 I
WA G Y SRR 2 v DU I N N L, BV E QIR R, JFRAEIRIR b
Z N o AW AR 1) MV-FL g — UGBS UM T E R, eis B IE N EE, Al i
(AT A LIRS 5 INEHZUE 3 K b e 3R ok, Rl VI R = & . BEA A W AIESE VI X
— RS EOS LRI H ) R S 2 W B A B R A 14], ABEF VI 2 KB E A 1.75, K
TREAWF T 45 2R (2.95~8.9) [15], T Al g K 2 — AR A M AN ], AT 5 ket > R PR 0 = 1
e LR AR, ELAE SR 6 b 7 461(8.7%) VI $E3E 0, WTREJRZ ——AE) FHLBRAS VI s S5
SRR, ATREIR N 2 = R R A AT

8 P P AR B A I 2 S SRR S AT AR R, A0 B A T LRI A E R, BT
ORI R TAE BT IZIFRE[16] [17] [18]o SR VE /3 AT SR ¥ BEVEAl I B fifi K/, AR T 30V 0
SR AT AL HRAE B, 7E— e FRE b R] PR 75 R IM A R A . AT 45 SRR, SR AIEWTE A 2.39,
FUBAE RS V20 51 88.7%- 68.8%, T XIMHZE[191IWF 7T 45 S F B SR ARy 3.11, Bl s
SN 86.6% 67.2%, SrHTAHEIT SR Ak W E BE AR K AT BE 5 K 2 — 2 XIMEE AR [ 19199 N B 700 A
TR L) BI-RADS 5 28, 5 R ms B — MRS T AR R N 2 R AN SO TS A AL, WidE
() B b e LA v S e e e A1)

BRI, BEE NG K2 B WER, 1ZW LRI SR Rk 88.9% [20], {H#
PEVESr Ko Adler ML 73 R ICIE IR gEAT 52 B b o AW FEE IR TR TGS VIL SR [ 2 B @ &4
il FLR I B 08T T2, BT K EE 75 1Y) BI-RADS 43 80 st e i, ARAE#IBTE XS VI & SR 4>,
BI-RADS 7328, VI J& SR =3 7B 2 K B B B PR 4 . SRR S A LLEL,  AHIF 9T i 2 s
AR PR R B S 2 W Ak, 45 R s HAa2 Wl e v 3.5, AUC H 0.868 #2154 0.935, it
PEE 79.8%FE 1 4 89.9%, HEMATEH 85.7%I8 F & 89.4%, 1 RAEBMER T 85%, oA B B &K, hknl I,
ZAEAHR T GV EAEA RS W R (2 mE L, BESE T 4 B pis Wi m e, BT
B PER

KT 2SS E KRR . S UG SO UL AR =M A HR, LR A PR S
E R RE R M AE BRI B AT 2 4 e s VPAL, RAN T KT AN, DR TR R 4
FI e RBVER IS WRE . TR, R R PR B A G v DAk 2L M e ke B SR BB T 40 850 ) A RS it 2 (A 4
T, Ho g b 0 ) T R BT AR AR SR B AR B . AR, ROBMEFLIRI ) SR K& VI
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M EE, HESHNERNA R, FMER AT RS E IIRILE MRS T 2 MR R’
PB4 B4 SRR S R AR T BT v . AWETUIIZS 2 BB ER, R EIE SO ARk
ROV FL I P DUR E ARS8, SO SR & VI BIBd%. 1 11 BigHRS R, H 6 il
FUBRER, FL SR B I Be 55 A B AL AU A R AT %

ARFRRRE: H5e, AWFR RO, RGIE A TN RRE, IEF/Y K
TR BRI RIS A USRS 1 LR, FUBRIMER AR/ BR B AT E 2 520 SR B¢ VI IR, A
WEFCRBAT 72 RIPAL A T8 Ja SE0F FC R AL 24T o

5. &g

b, RSB BE I METU SR 4 RIURI R BB PESR At — R i A R e miZ Wik, it
—BR R AW, TR R LI AL A

SE K
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