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Intravoxel incoherent motion diffusion-weighted imaging as an adjunct to dynamic contrast-enhanced MRI
to improve accuracy of the differential diagnosis of benign and malignant non-mass-like enhanced breast
lesions MA De-jing, LU Feng,ZOU Xue-xue, et al. Binzhou Medical University Hospital, Shandong
256603, China

[Abstract] Objective: The purpose of this study was to investigate the value of use of intravoxel
incoherent motion diffusion-weighted imaging (IVIM-DWI) as an adjunct to dynamic contrast-en-
hanced magnetic resonance imaging ( DCE-MRI) in distinguishing enhanced benign from malignant
non-mass-like breast lesions. Methods: 56 patients with non-mass-like breast lesions who underwent
MRI examination were retrospective reviewed. The features and quantitative parameters of the lesions
on DCE-MRI [ distribution, enhancement characteristics, TIC curve and the maximum enhancement
slope (MSI)] and quantitative parameters (f,D and D* ) on IVIM-DWI were observed and measured,
and the differences between benign and malignant groups were compared and analyzed. Multivariate lo-
gistic regression was performed to identify variables that distinguished benign from malignant breast
lesions. The pathology results were used as a gold standard to evaluate the the diagnostic performance
of DCE-MRI and DCE-MRI plus IVIM-DWI. Results; The differences of distribution, enhancement
characteristic and TIC curve between benign and malignant lesions were statistically significant (P<C
0.05) ;but there was no significant difference in MSI (malignant group:2.57 and 1. 89;benign group:
1.92 and 1. 43). The values of f (malignant group:8. 134 2. 64; benign group:6. 924 2. 56) and D"
(malignant group:6. 96+2. 89;benign group:6.8312.58) were higher in malignant group than those
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in benign group,and the values of D (malignant group:1. 0540. 31;benign group:1. 27 +0. 26) was

the opposite (P<C0. 05). The sensitivity, specificity, accuracy, positive predictive value and negative

predictive value of the two regression models in diagnosis of benign and malignant breast lesions were
as follows:88. 24 % ,68.42%,81.13%,79.49%,80.75% and 91.18% ,73. 68% ,84.91% ,83.35%,85.
24 %. Conclusion: IVIM-DWI can significantly improve the diagnostic efficacy of DCE-MRI in the dif-

ferential diagnosis of enhanced benign and malignant non-mass-like breast lesions, especially the diag-

nostic specificity.

[Key words] Breast lesion; Non-mass-like enhanced; Intravoxel incoherent motion; Diffusion-

weighted imaging; Dynamic contrast-enhanced; Magnetic resonance imaging

o) 2 s g A PR {2 (dynamic contrast enhanced
magnetic imaging , DCE-MRD 2 H i 2 1A 112 W 3L IR
PR 14 HE A A T B, B BOR A I2 WU L (H R
PR XHEARS o P HOMAUSAR (DWD $ AR AE Ky — Fi il
Bk 2 F B, 0] LL4R 5 DCE-MRI X 20 B %2 9% 19 12 7
S S ADO R & T /K 4 T3 HOM %
08 P 0 A R TR R A A AH O 33 3 7 HIO AL 1R
(intravoxel incoherent motion diffusion-weighted im-
aging, IVIM-DWD 7 AR 0] L 43 51| )& B 7K 7 F 97 8 &%
AR AT E RS . MEAA PR R B TVIM-DWI
FE S — B il B A A B, e 96 AL W 8 i 42 % DCE-
MRT X LR 42 12 8 68 R 5 1 I EL B0 0 A A7 4
e L4 AH LA 43 A A i PR 5 A0 5 A8 9 RF . AS BF
FEE TRV TVIM-DWI A S — F i B 5 A 5 Be e 3E
i e B i Ak 1) L R 9 28 o6 DCE-MRI 32 Wi 8% 5E 1) 5%
M

RS 7 ik

Ll R %K

[l B¢ 23 A 2017 45 6 J] —2018 4 6 J] 5 ZL AR e
AER B2 H MR kg # 1R 2L 28 52 4E i i
SRAGHY 56 BB AR TR O R AR IR
21~65 4% F-1(42.3+6.8) %, Y AR : OMRI
T HARAT 28 6 A SO ALY S 29T R L T T MRI A
)5 2 A AT TR B I A T AR AT B 1 o 2
R QABRNELAH — DA EHRRT 1.0 em,

I AN EH I 2205 BHAIE 52 1 g k2L 53 4> - R MR AL
194~ MR AL 34 A~ REWRZ A TE WA KR
88 A R ZER LR R 3 A 3 A0 ik FL R 9 A0 FL IR
B 4 A B A BRI RS 14 D 28R
fdE 13 AR/ 3 A R PEFL S 2 4>
JEAE i R FIAE Mg 45 1 A

i 9] B AR A A RS N W A AR &
FPE B AR ZE s Al

2. KdJrik

{#i F§ Siemens Magnetom Skyra 3. 0T MR 5% {X

4 A FLIR L 2Bl S8 3 4 A s U B, BCEL
HATETXREN. OFMEAMTFI 25 T, WI
(TR 169 ms, TE 2. 6 ms), T,WI(TR 3500 ms, TE
69 ms) Jz ig W5 #0 4 ¥ 51 T, WI (TR 3200 ms, TE
69 ms), JZ/E 4. 0 mm, Z[EHF 0. 4 mm, LB 340 mm X
340 mm. 4 FE 269 X 384, i Kk 2; @IVIM-DWI 45
iR BRIk SE-EPT 45 45 B8 D5 4 il £ R TR
6400 ms, TE 63 ms, )28 5 mm. 2@ 1 mm, ¥ B
340 mm X 138 mm, 45 [ 192 X 78, ¥ ] 12 4> b {4 (4
B4 0.50,100,150,200,250,300.400,600,800,1000
A 1200 s/mm*) , 78 x.y.z Bl 3 4> J5 ) b [5] it 4 1
R R IR B o 1.1.1.1,1.2.2.4.4.4.6 F1 6,
A 13 min 40 s; @ DCE-MRI 4 : 5% F 46 BZ 7]
=4k 75 U B B 3 i (volumetric interpolated
breath-hold examination, VIBE) # A&, 394§ 8 # (1
WS +7 W3 98), TR 4. 49 ms, TE 1. 68 ms, #1 B
340 mm X 340 mm, i % 352X 260,28 1. 2 mm, JZ [E]
BE 0. 24 mm, BF% f 10°, 45 3004 48 5 16 24 45 s % HE A
SR GAd-DTPA, i % 2.5 mL/s. § & 0. 2 mL/kg, #k
Je VAAH TR R 5 0.9 20 E AL 4 I SR 20 mL wpas

3. VG 43 A R Ak 2

A G 2 B 5 4R ERLIR A 2 k&
55 1A RS A % T SR FHOBUTE 125 0] s X TR 67 I U 19 2
R (R GBEYER A D AT — B R R . b T
ROT #5007 B 727 5 | A2 00 I ot 158 2 BT A 45040 4000 o
3 W HUHE- 148 s ROT 3 BURR o - R A 45 3 &k i A7
PR S JB 9 4 U B 78 N B S IR AEIX

FI A MITK-Diffusion J&5 4b B4 4 7 b7 8 % 09
IVIM-DWI %4 , 4% 4 DCE-MRI 7£ %% & N /) [\ ROI
(T F 46.10~234. 70 mm?) , 22 MITK-Diffusion J5 &b
BERAE B B 1 ROT MR /- 80 (D B R 2K
(D) EFMR Y HLRE(D O {E.

¥ DCE-MRI 1414 & Syngo MMWP VE40B T.
YEu o WLEE 95 A8 1 o0 A CERAE /M By A id o L1 43
e 2 ) 5 2 a0 R ke L X s L 22 X AR 18 i
Sy L0 43 Fsi Ak 75 2 (AR SRR FE IR R 5 ki ol C1



T2 SR 2019 4F 12 A48 34 % 12 81 Radiol Practice, Dec 2019, Vol 34,No. 12 1339

g3 HB J7 AN B A M sOR B AR s A id S CO 1) .
FEHG Kt P9 %€ B RO, [ AU 5. 00 ~ 10. 00 mm?*, F] H]
Mean-Curve J& &b P A {4 3K 15 ROT % B 6] {55 5 58 &
i1 £¢ (time-signal intensity curve, TIC) Fl £ 3 ok 53}
R (maximum slope of increase, MSD) , ## B8 /A (1) 8
(2)3+5 MSI:

(Sl —SI,) X 100%
TTP

Slena — Shyvior
SIy X (Tena = Tsior

)

Horp, SLe W38 5 19 B K A5 5 980 5 5 S, W16
HS R (RISF4 SD » Sl & SLo 43 B Hh 28 E T
S ERE R R A N S TR K E S R N R R
JE 3 Tna B2 T prion 53 T 2275 HH L 4 B5F i) 5057

HRAE IR &L 1Y {5 5 98 1k & (the slope of signal in-
tensity, Sl ) » 44 TIC 43k 3 B, T %I 22 %1, SI,.,.
>10%; MR FEET, —10 %8Sl <<10 % [ B Ky
i AL ST, << —10% . ABFFE R 1 A TIC i8 2k 0
g5 1T RSRIT A48 R 1 48

4. Gt o

fdi ] SPSS 19. 0 e i34 1 56 R Kappa — 3
PERE B0 43 B W 17 2 RS W g R — Bk, Hewg e
B340 Shapiro-Wilktest 35 #4171 &S PR 5, 77 &
TE 2S00 A 2 DAY B A b v 22 SR 4 34, I SR A s ST A
A ¢ KB AT BT s ANFF A IR 43 A0 ) AR SR
HH S S5OR DY 4357 530 1R] BE 3E 4T 15 3 L 4 TR) L AR A WL
coxon Bk A K 5 52 1 B8Rk G 114 34 2R 49 50 CHA) ol

MSI=

(D

MSI= (2)

Ho) i 7 S AT AL R o K. BA P<<0. 05
W RATG IR L. RIF R Logistic [ 4447
0 B W il DCE-MRI f DCE-MRI Bt 4 IVIM-
DWT % 510 FL I BBk o 28 00 Sy S TR 2. DAL
HRZE I A AR - 26 B 0 ROC 11282+ 43 T 20k i
F DCE-MRI #5 # . DCE-MRI 5 IVIM-DWI Bt & W
FEIE B ST LI 25 1 5 502 W

& R

L. AL 2 U2 W 45 2R — Bk
X PR AL % U2 W7 485 R 1) — BOPE R AT A 3 L TR A 45
R L. Gt g R s A2 5k 4t DCE-
MRI E 14 6 & 2 5 5 fr DCE-MRI il IVIM-DWI
18 P AL BRI 2 W A8 1 R Ik 2 A A dr iy — 3ok
(Kappa {H4> %4 0.797 1 0. 918),
1 BRERDPHER-BEMT (o

ok ) & Kappa
DCE-MRI 0.797 <C0.001
Rt 17 3
LM 2 31
DCE-MRIH-TVIM-DWI 0.918 <C0.001
R 18 1
Ry 1 33

2. RGBS A A bR Y HE AR
NS e (1 U R R MR RE i QIR KD
Gt tra R 2.
AR 2 LR AL B R /i By A (I 1D AT

Bl £%.%.49 %, AMAMRFERIE, )T @ik @aphs T, WL, £ LMl 4 T I 3 AF 3 42 R 3
B EE(F) 2t S A D k@i TTWISHANBEAL, 7R TFARBELZRGH . 2R R
HABARR A A R EA;OTICHERZFE A A);DIVIM-DWI B 75m % 245155 (37) ;) ADC B =
T EF~HRAESTGEDRERSE T M@ A BB T 3% A @Il S8 — 3, REIEGILE R
4a LA X2, 1) R AF 4 4 e 4R E 3% R (HE, X 200)



T 52k 2019 4E 12 H 4 34 %55 12 3] Radiol Practice, Dec 2019, Vol 34,No. 12

%2 REHFZ DCEMRI R IVIMDWI A4 # & (4
B <n§;¢1i9> (r;li‘%4) %t ¥ P
i 8. 835 0.003
EH/ T B 6(31.58%) 25(73.53%)
it 13(68.42%) 9(26.47%)
AL B 6.399 0.011
M SR AE R 6(31.57%) 23(67.65%)
it 13(68.42%) 11(32.35%)
; L92:+1. 57EL
Msla ERTIRT (0.39-5 8 4151 0.059
TIC (A 5. 306 0.021
I 9(47.37%) 6(17.65%)
T i 10(52.63%) 28(82.35%)
fC%) 6.92+2.56 8.13+2.64 1.824 0.074
D(X10 *s/mm?) 1.274+0.26 1.0540. 31 2.534 <0.001
D* (X10®s/mm?) 6.83+2.58 6.96+2.89 2.086 0.042

ECMEEARARA P AR TS EA T,

%3 WADE K &M Logistic B 37 1 897 B R i

L R IR A& FeBEFRRI AL R AA
b 2 75 T F
R (%) %) CR (%) (%)
DCE-MRI 88. 24 68. 42 81.13 79. 49 80. 75
DCE-MRI+IVIM-DWI 91.1 73.68 84. 91 83. 35 85. 24

INEE/SEFE AT S A0 1 L0 BRI W 0 5 T RAME 4, 4 )
ZRWAH G E L (P<<0.05), R4 E MSI
)22 RG22 8 L (P>0.05), EM4d TIC ik
DI IR Z 0L, Rpedd LA S I LI 2) g i
PR, BE MR AL ) TIC 8 28 A 1 25 S S i 2%

= N (P<<0.05),
A PR A R AR D EIY T R

P D" (HR 25 A G2 5 X (P<C0.05) . H [ {&
(12 BTG B X (P>>0. 05) ; 54 41 v 3L B o5 A8
1 DEAR T REAL 22 R A Gt 2% 5 L (P<<0.05),

3. BITIEMIZWRE

B R CEMALR A S 2 R AR A Logis-
tic [8] 5 43 B7 » 4% 3] @ 7 DCE-MRI }, DCE- MRI B 4

B 27 EMELIEA FAFESUR K, &) s Egiar s T, WL, 25 A& L A0 3E b 3 4 9

BRAKEG) .ERBHSH . RHHBMA ;DT BREKR @A T, WL B Fm s TURR TRt s
RFEGH  ESLEBRBAHEREFTAYR;OTIC WX ZRBA(NE);DIVIM-DWI 2 7R EEHKSEF
(371 ADC A B 7R ER ZRME T (FHDREBETFETRALATLS TERBIRA $HE M
R S 4F Ak & g B fe 3 dm iRz (HE, X 200D,



AT S2 e 2019 4F 12 A% 34 %5 12 ] Radiol Practice, Dec 2019, Vol 34,No. 12 1341

IVIM-DWT 2 W fif B AL 7L IR RGP 22 /9 Lo-
gistic [A1 5 F2 (P3,P4) , 43 51 Hy -
P3=—4.242+4.211 X L+2.722XC+2.568 X TIC £ &

(3
P4=2.946+1.190 X L+0. 591 X C+2. 582 X TIC % & —
2.938XD (D)

M P>>0.5 W2 OB MK AL . P<<0. 5 WFiZ2 W A
RAER A . R BT 52 9 Logistic 77 F2 . PIARZ W7 J5
TERS W RCRE AR G TR bR (B I35 3. LA ST % Uy 2 40 i
FLAR R R 22 Y T R R 22 1l ROC i 8, fh 2 T
T AL 5] 24 0. 783 F1 0. 824 (] 3),

o

2017 AFCEL R B LR A A S 2 W R T K 3D
fi Hh o T i PR AR Hhoxk 70 o 22 1 S5 ) A D s 4
AR B TE 25 LS AR R 5 MST Rl TIC i 2k 2545 B E AT
ZEA AT . 2013 4 38 [H S 2% 4 (American Col-
lege of Radiology, ACR) 1 1T # BI-RADS MRI X}
NME ¥ 7428 B 53 A7 ¢ AE B 46 38 40 o Jey kb Pk S 2 i B,
PE DI | 22 DCIPE S R 18 P 3 Al 6 Fh 2R A 5 N R e
07 ALFE 51V AN 5] AR INRE R R 3 A X
4 PR, DIEA BFIT . R b B A 5 Ak 19 i 28
LAE S BB A3 A 22 DL T e A2 b, O HOHO LR
TR WA B E AR T AREESE T B e AR A
LR AE /0 B4y A 9 ) 9T 4 B Ry 73,53 %6 L R PR AL
B 31, 582, 5 LLAE I F 7% 25 S B AR A A
DLAE AT [ A2 285 0 00 3 T HA: 0 A0 722 ) 01 5 v B
63 20 10 0 5 7 e b B /N RO S A G S 1
W IRE IR S B R 3k 96 00 . ARBF ST R L 34 AN BN AE
H 23 AN (67. 65 20) H BLAE A/ FRIF AR SR AL 1T 19 S R
PRI AE AL 6 AN (31,57 %0) H B Rt Ak 7 =X, 3
07 ARG 78 v s B3R S DR B ST 45 SR A

10 PR —- == DCE
== DCE+IVIM
BEL

or
M'( 08
)

ow

[ By

oo~y T Y T T T

00 02 o4 os os "
4R ®

B 3 DCE-MRI #= DCE-MRI % 4 IVIM-DWI % i
BB MU L) ROC & A,

B0 AR 5 5 RS TSR . A0 e
HI T A 4 R P 28 o i 0 8 A/ 2 B i AL 1Y LE ] 4 2
HIBIE5E & AT BB T A 4 3F i B e it Al 1Y 1R M 22
A 22 TR 2 P LR R R A e L R R 1% s 4
FLAE e b T B st 91 5 T B0 R 310 3 Ak 20

Smith & Ay A58 45 A R L TIC i 2k B A 8K
RS0 FL R AR R BN . AR B
TIC ik LA [T 2SS 3, il ik 82. 3504, X 5 DA AE
RIF 98 2598 B AR A 0 H R M A8 T L IR TIC
i 28 B4 L B IR 5 ik 52, 63 %, 2 BT B R BT BE 2 TIC il
2R W 72 1 I AR B0 5 55 2 TR A b i A R R LB
2 11 A5 BE 1 30 355 1 B i 9eg R] BT A e T A PR B G
A 19 A R SR 2 A7 7 A Ho 4y
75 200 A L R B PR 2 i e L R R T R P s A Y
SEAPERR A M AR E R L AE S S B 11 B AL = (IR TIC iy
2, m S 2O T 2k S A A A b e ik A Y R
a8 BT 7 L TR . AR BE S e RO A ) MIST
B 22 S ICG 2 3 L (P>>0. 05) , 43 47 JL X A g 2 i
T LR ek 1 50 R 5 A8 9 I A A R R R O R
B F SR R AR 5 S R B R, SO
AR Z BIAFTEE S A K.

12 IVIM-DWI 28005 T B PEZL IS A2 40 1) DA
T REH. T EH.D Hm T RMEHAZE, 5 Louisa
SR 1 45 SR — B0 L R e B R 5 Ak 1Y
kb D (B A0 b e R 5 b 1 9 A8 D e 43 AT I R T
AE A HY T 3AE M HOAE 9 1 19 995 728 T BT f 10 300 L o 8 IXC
WA DRI AR S A Hob AR B ROT fY B i
AN AT sk B Y 2 5 7 25, S BOITI R ROT B IR A 4
P A SR AL Y AR HEA . 1 BRI DT (A S R i U
WETEAR B AR A e I i M i A . 5 R
o 78 2H IA) A7 AE 22 57 o (HL S T B2 0E B 1 02 8 40 R M i 78
I8 4 3 R T A T AN 2 iR R R AR ) L 5Ok
PER A Z AR &

Logistic [a] 543 874 955 22 14 43 A5 R AE 38 A6 7 5
TIC KB H AL W FL IR BB R . BT A
S AR/ B A S B DA/ B A B A X S A
S WRE S AR R L O B 4D ) b iR T v
IS IR BT R R 5 B R 22 S B
B R RE g A R . TIC & g A mlH 7
TR B i R AT R R Rk s A8 I A AR G AH OC 5 A AE AE 25
S bR L A B M L A TE - K g A
LU 7R A 28 9 A 1 A TR] BT A o /b o 8 i Dk R T L Y A
%, TIC Z R & BB B AL 5 ) R i 88 1f 48 &%
RS A R H AR AT BT Y B 2 L 2 DK O L Y
DL TIC Z TR, AEF5E T DCE-MRI 112 W it
VRN S A i SN I o LA o TR = I



1342

AT 2F 2 2019 4F 12 A% 34 %5 12 ] Radiol Practice, Dec 2019, Vol 34,No. 12

88.24% .68.42% .81. 13% .79. 49 % Fl 80. 75% ; f Ik
A DL AR A e o (EURE S R AR
DCE-MRI 5 IVIM-DWI B4 %8 5112 W 3 i ik 2

AT A Logistic [8]1H J7 #8 (14 40 37 52 i PR 8 s
AR oA AR AL TIC 287 Je DA, 2 Wy U B
SR VR 3L R B A 43 B R 91, 18 %4 .
73.68% .84. 91% .83. 35% M1 85. 24 Y0, & Bl v
DCE-MRI W12 Wi 2 Re A #2 5, L HIZ 2 Wi e s
WY 42 5. F O AT O 7 IR T b A 5 A 1 2L AR AR
IVIM-DWT A, ] by 7 i B 22 1 25 03102 W 4 it A
P (a5 2 o G IR CAR A vl Dok — 25 1565 0 T 2L AR
R AR A8 1 S 0012 i
5% ik

[1] Medeiros LR, Duarte CS, Rosa DD, et al. Accuracy of magnetic
resonance in suspicious breast lesions: a systematic quantitative
review and meta-analysis[ ] ]. Breast Cancer Res Treat, 2011,
1262) .273-285.

[2] Zhang L, Tang M, Min Z, et al. Accuracy of combined dynamic
contrast-enhanced magnetic resonance imaging and diffusion-
weighted imaging for breast cancer detection:a meta-analysis[J].
Acta Radiol,2016,57(6) :651-660.

[3] Tamura T, Usui S, Murakami S, et al. Comparisons of multi b-
value DWI signal analysis with pathologic specimen of breast
cancer[ J]. Magn Rrson Med,2012,68(3) :890-897.

(4] ABEE.RARR . Z24E .45 DCE-MRII 45 IVIM-DWI %54
FUIR ROGB AR AZ LT, i PR B R, 2016,32(4) :534-538.

[5] B2 shAHG s MR T ZL R 9% Bl B Ak 7 97 & B L 5 7R
AT F LB 6 RS LD bt db st PRI BE 2 Be , 2014 : 1-96.

[6] wWAeE ot 23R & & 2% K4 FUREE SR A

7]

(8]

L9l

[10]

[11]

[12]

[13]

[14]

[15]

FAZ Wit L R ICRLT ], Mgl 28 % . 2017, 26 (4) : 241-249.
MEE R M B MG A 45 BIFRADS 4 25k i He 7L 158 45 0k o B
FLAR R A 4% MR g 25 3 5 R AE S ADC {8 43 #7 LT 1. i R 7l 55
ek ,2018,37(7):1101-1105.
Delen D, Walker G,Kadam A. Predicting breast cancer survivabili-
ty:a comparison of three data mining methods[]J]. Artif Intell
Med,2005,34(2) :113-127.
IR 5K 005, 82 55, P2 I v LR R 19 MRI 2T LT ). AT %
S, 2015,30(2) : 145-148.
Smith H, Chetlen AL, Schetter S,et al. PPV (3) of suspicious
breast MRI findings[]]. Acad Radiol.2014.21(12) :1553-1562.
Agner SC, sen MA, Englander S, et al. Computerized image
analysis for identifying triple- negative breast cancers and differ-
entiating them from other molecular subtypes of breast cancer on
dynamic contrast-enhanced MR images: a feasibility study[]].
Radiology,2014,272(1) :91-99.
ot W 2 L. BB b B B g 5 i B B ) MR 3R R 22 S BT
FELJ]. T 2 558, 2017,32(6) : 561-565.
Bokacheva L, Kaplan JB, Giri DD, et al. Intravoxel incoherent
motion diffusion-weighted MRI at 3. 0T differentiates malignant
breast lesions from benign lesions and breast parenchymal J].
Magn Reson Imaging,2014,40(4) :813-823.
SR L XV W L SF L R NS T I8 3 e BB A
FLIR I EAE 35 A [T ], v [ B 2 52 AR HE R L 2015, 31 (7)1 1037-
1040.
Sinkus R, Tanter M, Siegmann K, et al. Breast cancer exhibits
liquid-like mechanical properties: a comparative study between
MR-mammography and MR-elastography [ C ]. Proc Intl:
ISMRM,2007:963.

(e fs H 1 :2019-04-01 & 18l H #3;2019-05-30)



