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Application progresses of intra-voxel incoherent motion in

evaluation of rectal cancer
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[Abstract] The incidence of rectal cancer gradually increased in our country in recent years. Preoperative imaging methods
are used to accurately display the lesions of rectal cancer, providing accurate quantitative diagnostic information, therefore
being important to formulate reasonable and individualized therapy clinically. Intra-voxel incoherent motion (IVIM) is a
multi parameter imaging technology. IVIM can provide the diffusion and perfusion information from the molecular level.
Theoretically, the microstructure information of internal rectal cancer cell density and the vascular density, and the tumor
cell metabolism can be displayed quantitatively with IVIM imaging, which can reflect the heterogeneity of the tumor and its
degree during different periods. The application status and the future development of IVIM technique in management of rec-
tal cancer were reviewed in this article.

[Key words ]
DOI:10. 13929/j. 1003-3289. 201704095

EEAAETEHHEIRINENGEERE
VAl B B A i R

FRECRBF IRG ARG AT 5 B.FE 2R K
CLLAR R 27 Bt Jas T Ly B B S k5 LUK DR 250014)

Rectal neoplasms; Magnetic resonance imaging; Intravoxel incoherent motion

[ ZE] ek, 30 E B LW RE 4T & AR AN AR 2 07 w5 R v 6t 0 7R B 98 A R 4R i AT R B
it PR A B 2 A AR AT R E L E R, Ed AR WA TE 31 (IVIM) (9 2 S 8URMGEE AR, o 4k F 7K 2 4l
S SR HORRE A 1 0 B0 1 T R R B Y A R I A R 1) 5 R 2 A S R R A 1 ) T R
AT 52 Bk e 96 7 [ B 307 540 53 T e B G i . R Sl TVIIML B R 76 1 W0 i 5 T 1940 I ) BB B o ol o B i A 47 4k

[RgER]  HBMIE IR AR R R AR T 12 30
[(FES%£S] R735.37; R445.2 [XHEHRIRAEE] A

[XEHS] 1003-3289(2017)11-1732-04

E MR R = O A T R R 2 Y R E N A MR RIG YT TS . CT VR AL MRI, B
BT S 2T A 45 B S At F i e W T AR A 5 i 45 A
HAT A B, 5 2 0 AR P O 42 i 64 D) RE 52 1R o2

EB . MENAH T8 35 (intra-voxel incoherent mo-

[(E&TE] WARE BRI RI5H (2014GSF118086) ,

[E—1EE] ZFBM A7) B URF A+ 8 B, P
FE B HIERARIZ W, E-mail: laycll@sina. com

[BEEE] %, WA KR T 0L B B iU R, 250014,

E-mail: lijun69413@aliyun. com

[(WFEHH#I] 2017-04-18 [fem B#I] 2017-07-11

tion, IVIM) AR JE HFT D 4nei ot 2 b (A . T IH
W T A 20 BUK 43 T2 B I 1R 5 . TVIM 78 ok fih
28 355 I A5 52 0 0 4 2 Bk 112 AR AR 2 i 2
B AR B 5T N A A AR S R R AR R TVIM
B AR A B 958 D T A I 2 R AT 2R A



[ BE A AR AR 2017 4E58 33 %5 11 8] Chin J Med Imaging Technol,2017, Vol 33,No 11 1733 -

1 IVIM B &R

DWT J2 | M 3% 1A 20 4L b K 4y 7 80 3 iz 3h
AT AR D BE AR A K e . B TR G 8K
QIR KAy F A — i I [] 2 () N 0 RS 32 sh A A 1
Wriz sh oA A . RAE AR ZUh U8R E P ik
GF F38 B TSRS 3 ST R 8IS B A AR L T2
— R R B . BRSO, AR LUK
Gy iz 2 i AL B A 1A A5 SO0 B 00 T A B, R
VRE YR R T 1, LT A U 194 00 28 A R I I Bh
X R S A E A R . W IVIM Al
PR 15z 8 X 2 1ok AUk - Sn/So= (1—Dexp
(—bD) +fexp[ —b(D-+D" )], H i Sn {8 jifi Jin w6 &
1 30 Wi VR 38 P A5 5 5 B L So AR 38 i Bk BE W4 37 )5 1A
EWNIE SR, D AARIE R 8 MK T8 1 7T
W20 21 P L OE I R EE S B O BV B R B B
mm?* /s, D" QR P HOK 5 F 97 HL, 7T k21 4
TG AE AR B PR Y 8 R A 08 mm® /s, f
BV A 53 B0 AR R A 40 PN A 2R BN P R 0N R AR
PRGN AL A F 0~1 Z A, K b (b<<
200 s/mm”) DWT I & 75 Bl /) 5 5 2 0 {5 8 v] S e 4
2L HE RN L B 5 b {E (=200 s/mm*) DWI | &
215 5 2005 8 AT SR o3 1 1 AR 8L
2 ERENEGERRIAR

CT 48 5 0 H 15 W 98 12 W A 23 30 1Y) 52 14
kA, T CT XA Sy Pt 1A R, B
T 4330 00 A R AR L AR, L2 W UK 24 68. 600~
83. 301 H AN B AF 52 iz 3 UK T 3K 10050, Xt
T N8, CT BB MR B AR X e o bk L 25 — 2 1Y
LW N, T B CT 12 W b B AR — s B AR
e G 1 s e WU R TR R P AR N R (SR 2 s A Nl
S B TEIG PRS2 B TAE P & B A% 3~6 mm [k EL 45
WA TR R .

UL AR T 9 AR 43 3% MIRT B4 44 51 ok e B
. JUHIE S T2 P50 00 3, 1T B R R B RE Y
KRG LR T A WA A A6, o) T2~ T4 431
B e WiE R R S 2 BT FIe . m T T2
J 91 W] I A R T AR ARG Sk 0 W B ) & R
PHAPE S E A 09 (5 85 . (H MRI XF T2 #1154 T3
WA 55 0032 WA B o FROHED S RS S T3 IR I R
PR A UEA TR B Ak 9T Sk B T R O X o4,
T A B £F 4 25 4 21 2086 A e 4 R M RN 1Y S i)
MRI i DA X 43 0 75k Jib 988 4t = 3 . 1 TVIM
(5 AT REXS T B T /- A — E i B,

B SEA WA N R EIRIT Rk
PR E S B HE R X, W MRI A W5
AR S R R A AN A . 3 5 = I R AL 2Ly
M 3 mm BY W EH A &4 HE MRI A BoR H AR
<5 mmIR LSS B TR R U L 2 AR R
FETE G b BE Ay WA B0 . MR R S S L 3910 34 54k
SRS T 4 12 W bk [ 2 5 A% 1 il o {0 E i 2R
b TS5 W ST B B T T I R IR A — 2 1 TR
3 IVIM ZEEH & 5 A

IVIM £ Z b HE Y SR, & HITEN E 72
BAHE A5 e ADC {12 3 WP 15 R 4 (slow ap-
parent diffusion coefficient, D) {H .3 R WP 85 R 4L
(fast apparent diffusion coefficient, D* ) {& M Pt @ §~
BT & HE 3R (fraction of fast-ADC, DE,# i3 E &2
OGN NN A A N 7R R SR AR e s S AR D S W
A Bl g AT P L A3 39RO e g AR T TS B R
3.1 FHAmTAES  TVIM H T i f5 aT LR E
SR A B AN TR S b (R B = S — 1L <
200 s/mm* R, b {EH A $#EH 0.20,50,100,200 s/mm®
% 0,25.50.,75,100,150,200 s/mm”’,

3.2 TM fEHEBE T 2We IVIM #5824, 4548
BRI E R R DY X 32 6 g i R AT
M. &3 IVIM 3 ADC {6.D {6.D" {H 1 [ H7EAR
JE A T Sy 25 7 ¥ e gk 2 5 . HE W 5 PR AT
il oA 7 AR T M i TR Vi TR B 0 AFL b e PN 2 A LB
PEIAEIE R e Az A o 1 A8 Ak, A2 352 10 R BB Y el A8
TR Y & B ADC (AN D {EAE B E T i
R AR oy AR B 22 [B) 1Y) 25 A Ge it 2 5 L, ADC {5
D {HKE B T /- W3 i TR, B D EHRIE N
WY &2, oA D DR oA B 0 9 43 00 A 3 s, e Y
I8 24 A 1 50 L 350, 200 A 3 R A% 3R L A T v
Je 20 PN L A T R ) A T 2 S AR /N L K 43 F Bl
PHCZ B R LS ADC (G D WK, 0 H
R AR EE TR OS5 IVIM 751 £
b A 4 AR S A7 G, b (E 19 358 IR 22— S E 1Y
i SN I %l I R A R N R g T
(B 15 B AN — 5, AT RE 2 5 SO0 o 45 2R B 22 1 T
Z— QBT HES TAER—0, 8005 & £ H a0
RATARER AL &, T o B & th I i s 3 th %, il
AR AR Y /D 1 SRR 25 3 O 52, TVIM 3 41 5%k i i
1) 855 2 A A O 52 AR RURE L T8 AR S8 R S T
JUE 225 05 78 B /IN WO B 7 A G U Y L i A TVIML 4



e 1734 o E BE 2R R B R 2017 4E58 33 %% 11 8] Chin J Med Imaging Technol, 2017, Vol 33,No 11

BRFE ; O AR R ROT £ 7 XA R, TVIM %L
i B4 0 T vk A T P R R A ik R AR 2
T 2) i .3 R AR BUA Bk A 2 RO ikt L 28
FE A R B a) 3 A R 1 s e i g ) A L, L
R M T i PR R 4 2 8) W 1 EROAR SR B L 9 ) (A RE 4R
RGN A L D SN I W R R

D™ (B R f (B J2& f B 06 BRE T A DG 240, D
AR 2 2 21 P9 O 6 A il A5 B R I 3 6 3L £ (AR
FEAAE I B AN T 5 L FE B R o A B
T 53 B RIFSE b A 7 2 B X R WK ] T 43 399 i
D EHMESA S FB G HEAEFE N R
SR D HAT A T 40 W13 o g iy a4 f (EREE T
3 S HE s/ SN ARAS R T 43 399 8] 22 5 38 e 4 i
S . HE LR R — R T R A
TAEARR, T IVIM S804 5 5 K5 55— 7 i vl fig 5
b A A B DB AT [ A5 A 6
3.3 N WSS IE X T B 5 R F R IT
TR E ECEE ., FIH IVIM GBI OW K 5+
KT W% Tk T 25 1 0 B 2 008, 7 9k T2 45 0% 25 0728 i
3 32 7K 43T EORI GO PR T A R bk L 4 Y P S Al
I, Yu N D (E TR S8 B B R IR 5 RS 0 ik
B2 07 B3 . Qiu 70 XF 68 ) B i B AN g
R itk 0 45 647 73 # . R P 1 ADC (B D {H g U2k
b S Wbk L2 1 RO OE RS . R L R ik
S5 N TR GOV 5 M 08 S TR A 2= s, N TVIM 45
SREAT R 3BT R A A SRR L Y A S B 3 O
7R, G PR HR TG T W% B 1 5 A% Tk T 4 PN S A/ IR BE
KA L AE H AT E NS SO SR AT A o i 5 R S A
— L RE
3.4 IPROFM IVIM BRRH F H A T 43038 N 4y
Wirh Ah L 38 BT TP AT S B AR . Nougaret
A ADC A D {8 A BY T B M 98 57 300 A
A A I PR 0 W7 A7 T 8 1) 97 3 B At 0 ol 1) 1
B A ZH 5 E T M TVIM P81 6 1t AT
HE MR ARG B RS TG R N

25 LTIk TVIM A S — o i ke I 77 vk, AR 2
A L RUAS 58 38 (14 5 18 5 [ I T 2B % 25 I E 2
T BB BN T OB AR R B AR e L (R AR B
MRT 358 (1 42 T+ A0 I i 2 8009 Ak TVIM T 31 1 B2
SRR RN — R L A AT T R AP
(0 A Ak R FH S 224 A o 7R 7 4 T R 2 g
Bl KSR I PR AR T B TVIM B 2
SEENITN. 2 IVIM ¥ S EBE T 2N

3 $01 75 THD 4k 55 A 4 I e o T I T L e AR T 9T AR
PP B A e L P R B AR 28 1k AR T I A B T
TEHL.

[ 5% 3Tk ]

[1] Siegel R, Naishadham D, Jemal A. Cancer statistics, 2013. CA
Cancer. ] Clin, 2013,63(1):11-30.

[2] AR, 25 NE gL, 4. CT Ml MRI X & B R AT TN 434
MR Meta 707 . of B RBISMRE 28 K, 2012, 12(4) : 289-294.

(3] #/™f, BB, BROEsR, 45 . 3. 0T 3Lk IVIM-DWI 3405 H %
AR T 43 30 G VE i 28 BIF 9T . SR A% 2 i, 2016, 7
(32):1052-1055.

(4] #EHE, Z2HE, Whe, 5. S0 CT AR & AR B AR 5012 Wi 45
IR R LR B A 5 S P 1 A ik A P R R A AR EOR,
2016,32(3):403-406.

[5] MRmerk, 2= AR, RAER, 55 . %A B8 1 CT 16 Mg 2 Wi b B4 26 1
LW B 590, 2010, 9(2) 1 155-160.

[6] Videhult P, Smedh K, Lundin P, et al. Magnetic resonance ima-
ging for preoperative staging of rectal cancer in clinical practice:
High accuracy in predicting circumferential margin with clinical
benefit. Colorectal Dis, 2007,9(5):412-419.

[7] Gowdra Halappa V, Corona Villalobos CP, Bonekamp S, et al.
Rectal imaging: Part 1, high-resolution MRI of carcinoma of the
rectum at 3T. AJR Am J Roentgenol, 2012,199(1):W35-W42.

(81 U35, AIWEW, i #, 55 . H M o 3 BF MR RIS T2.T3 43
oG FR . op [ BEAE R BOR , 2016,32(10) :1531-1535.

[9]  HESCH#R. = 40 BE% MRI e MR 3 5UINA B AR 7R B 98 (9 165 R i
JHBESE. ™M BE R R 24, 201313,

[10] Bellows CF, Jaffe B, Bacigalupo L, et al. Clinical significance of
magnetic resonance imaging findings in rectal cancer. World ]
Radiol, 2011,3(4):92-104.

[11] Akasu T, linuma G, Takawa M, et al. Accuracy of high-resolu-
tion magnetic resonance imaging in preoperative staging of rectal
cancer. Ann Surg Oncol, 2009,16(10):2787-2794.

[12] Mizukami Y, Ueda S, Mizumoto A, et al. Diffusion-weighted
magnetic resonance imaging for detecting lymph node metastasis
of rectal cancer. World J Surg, 2011,35(4):895-899.

[13] Nougaret S, Vargas HA, Lakhman Y, et al. Intravoxel inco-
herent motion-derived histogram metrics for assessment of re-
sponse after combined chemotherapy and radiation therapy in
rectal cancer: Initial experience and comparison between single-
section and volumetric analyses. Radiology, 2016, 280 (2):
446-454.

[14] ARG, B0, X E R, 55 B G 2L IR (R 3R 0 A AH 42 3l
BOE RS ki-67 kA B AH I L 43 7. [ R AR
A ,2017,33(2):237-241.

[15] B, E 520, ARAAR, 5 . 7k R WA — B0z 3 7 5116 B AR
T 2R3 9% B T AT PR BIF 5 I R BT 2% 20 K 2015, 34 (12):
1929-1934.



[ BE A AR AR 2017 4E58 33 %5 11 8] Chin J Med Imaging Technol,2017, Vol 33,No 11 e 1735

[16]  F=REf=, BERI, {7 fdt, 45 . B R 2 AR M 2 3 MR % 250 sing intra-voxel incoherent motion diffusion-weighted magnetic
5 TNM 231 A e PEREIE . B 5t B B R 22 3k CH KRB ), resonance imaging. Acad Radiol, 2016,23(4):479-485.
2016,36(6):753-756. [20] Qiu L, Liu XL, Liu SR, et al. Role of quantitative intravoxel

[17]  SKBAEE R, K, 25 MR (R R N A H 138 3 5om B % incoherent motion parameters in the preoperative diagnosis of
B R T 43 W B 4 A AR BE 04 1 A0 (E BIF 5T . G iR R nodal metastasis in patients with rectal carcinoma. ] Magn Re-
2016,7(8):561-566. son Imaging, 2016,44(4):1031-1039.

(18] #RWFWF, Fhise, MITIL, 55 . i B & MRI KR N AM T8 [21]  EfiE, B fh 4 (R NRH T 18 3h B BOm BOSRAG TE IE &6 1 1 1
Bl AR T RO R X L 7 1 X S — B R R e AR T WFTBUIR . BE 24534, 2016, 22(15):3016-3019.

73, 2015,49(9):651-655. [22] ALREE, PRULBE . (AR PN A AH I8 3l 57 IR 12 187 T 9 152 A

[19] YuXP, Wen L, HouJ, et al. Discrimination between metastat- ] R 2 AR R, 2017, 33(1) 1 145-148.

ic and nonmetastatic mesorectal lymph nodes in rectal cancer u-

[ SN G S R R U S T S ) SN S R R R R U R U R R S R i R U

) SN TN R R U e e R L R U U N e g e N R

[ T

2017 4F4f 33 4555 8 WP I BE 2 AR I R VL6 5 1171~ 1175 BT, 2552 [ 75 0 o5 — 1 355 10 S350 g 5 o) 0 DK Ik (1]
XoF T % PRI IR 3 A G J 68— S50 5 il 11 i B S D B MR 3G, S IE W T

@O 1171 TTHECHH E “left parahippocampal gyrus (r=0. 53, P=0. 000 8), caudate (+=0.54, P=0.000 6), in-
sula (r=0. 62, P<{0.000 1), cingulate gyrus (+=0. 47, P=0. 003 5) and postcentral gyrus (+=0. 35, P=0.034 8)”,
B IE M :left parahippocampal gyrus (r= —0.53, P=0.000 8), caudate (r=—20.54, P=0.000 6), insula (r=—
0.62, P<<0.000 1), cingulate gyrus (r=—0.47, P=0.003 5) and postcentral gyrus (r=—0.35, P=0.034 8);

Q% 1172 T SO 2o 552 15 (r=0. 53, P=0. 000 8) \ B (r=0. 54, P=0. 000 6) , & M (+=0. 62, P<<
0. 000 1) FUAF A (r=0. 47, P=0. 003 5) & H gt J5 [8] (+=0. 35, P=0. 034 8)”, ¥ 1F Ay : ZEM3E T 5% 1] (= —0. 53, P=
0. 000 8) JBIR#E (r=—0. 54, P=0. 000 6) .5 (r=—0. 62, P<<0. 000 1) . J045 1] (r=—0. 47, P=0. 003 5) M o 5
[\ (y=—0. 35, P=0. 034 8);

Q%5 1173 LW 18 P & 22 ¥ 5 32 6] (r=10. 53, P=10.000 8), B4R (r=0.54, P=0.000 6), & I
(r=0. 62, P<<0.000 1 1147 1] (r=0. 47, P=0. 003 5) & 1 9 J5 7] (r=0. 35, P=0. 034 8)ReHo {8 5 i Wt Bi:f [i7] 2 171 4
X HEE N W v PR A A 3% 8] (r= — 0. 53, P=10.000 8), B4R (r=—0.54, P=0.000 6). & it
(r=—0. 62, P<C0. 000 1) . $14F [8] (r=—0. 47, P=0. 003 5) M H 9 J5 [a] (r=—0. 35, P=0. 034 8)ReHo {H 5 i Wr i} [11]
AR

D 1173 TR FAAM K (r=0. 53, P=0. 000 8)”, B IF Ay . & HAH K (r=—0. 53, P=0. 000 8);

@ 1174 vUE 2 B BB D, A M0 217 85 GE S - D, Z2 i $naiy 14l ;

©% 1174 W SR BT a5 6 AH2E (r=0. 54, P=0. 000 6) 5 1E K ; 57 W Asf 18] 52 7R 56 (= —0. 54, P=0. 000 6) ;

@ 1174 T 5k WA E] 2 5 A7 (r=0. 62, P<C0. 000 1) 1E Ky - S5 Wi Asf 18] 522 67 K 56 (= —0. 62, P<C0. 000 1)

@5 1174 W SR BT a5 6 AH2E (r=0. 47, P=0. 003 5) "8 1E K ; S5 WAt 1] &2 67Uk 56 = —0. 47, P=0. 003 5) ;

Q%5 1174 T 5 W0 I ] 52 67K 5E 56 B (r=0. 35, P=0. 034 8) , 48 7% 1 1 785 e A7 1) FF 400 5 0 50 0 156 4% 4% 3t
LR AR 57 1E O 5 o T IS A SR A 56 5 R (r= —0. 35, P=0. 034 8) , /1% K W7 W A A1) T W0 o R 500 1% 2%
EHIYIRENIKE .



