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Value of intravoxel incoherent motion diffusion-weighted MR imaging in preoperative
glioma grading

Zhang Lei, Yang Liuqing, Gong Mingfu, Wen Li, Wang Guangxian, Zhang Dong ( Department of Radiology, Xingiao
Hospital , Third Military Medical University , Chongqing, 400037, China)

[ Abstract ] Objective To investigate the application value of multi-b intravoxel incoherent motion
(IVIM) diffusion-weighted MR imaging for preoperative evaluation of tumor grade in gliomas. Methods
Forty patients with pathologically confirmed gliomas (18 cases of low grade and 22 cases of high grade)
admitted in our hospital from July 2015 to July 2016 were enrolled in this study. They received conventional
MR plain scanning, enhanced scanning and multi-b of IVIM sequences scanning. Four parameters including
apparent diffusion coefficient ( ADC) standard, slow diffusion coefficient (D), fast diffusion coefficient
(D # ) and fraction of fast perfusion fraction (f) were measured in the 3 areas, i. e., tumor parenchyma
region, periphery surrounding the tumor and the semioval center of contralateral side. The data was compared
between low and high grade gliomas and correlation of the parameters to the pathological grade was analyzed.

Results  In all patients, the values of ADCstandard, D and D * in tumor parenchyma and peripheral
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regions were significantly higher than in the semioval center of contralateral side. Also, the D and D * values
were significantly higher in tumor parenchyma region compared with periphery region (P <0.05). The value
of ADCstandard, D, D # , and f in high and low grade gliomas were (1.09 £0.22,1.48 +0.32) x10 > mm’/s,
(0.78 £0.17,1.21 £0.23) x10 > mm*/s, (32.65 +9.91,17.12 +7.74) x10 > mm’/s, (0.47 £0.08,
0.29 +£0.07), respectively. Compared with low grade group, high grade glioma patients had significant lower
value of ADCstandard and D (¢ =4.391 and ¢t =6.236) but higher D * and f (= -5.290 and ¢t = -7.177)
in tumor parenchyma area (P <0.05). The Pearson correlation analysis illustrated that the ADCstandard and
D values were negatively related to glioma grade whereas D * and f were positively associated. In addition,
the receiver operating characteristic (ROC) analysis showed that the area under the curve and the diagnostic
threshold for ADCstandard, D, D % and f were (0.851,1.23 x 10> mm’/s), (0.939,0.92 x10 > mm’/s),
(0.899,20.6 x 10 mm’/s), and (0.957,0.36), respectively. Conclusion
significant difference of ADCstandard, D, D * and f between high and low grade gliomas measured by multi-

Our data demonstrated

b IVIM MR imaging. This non-invasive IVIM imaging can detect diffusion and perfusion changes in tissue,
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which may be useful for preoperative evaluation of tumor grade in gliomas.

[ Key words |

MRI; gliomas ; diffusion weighted imaging; intravoxel incoherent motion; multi-b value

Corresponding author; Zhang Dong, Tel :86-23-68774036 , E-mail : hszhangd @ 163. com

2 J5 968 R P PN i AL ) DA TR o N R
50% Fedv o Gy, AR G , DRI v M e
RN IO R R I E S AV STV ER AR FEPS
B WS RY BRI AR 5 R HE R
A BT ISR AR T S0 31 1 o B L3
AR DT 125 A AT, 1T LR USRI T TS SR
H A A AR R REIEIR BT R R WA Tz 3 K
IR & (IVIM-MRI) |, Jos H 5 i #2500, R el G a1
[ I I 20 R ) R ORIE T4 R DA, AR TSR
IVIM-MRI $A, BRI H X B R R 70 232 W 14 1 R
IS AL

1 WS H %

1.1 —fH

W TR B 2015 4E 7 H % 2016 4E 7 A [a],40 f#if
SEREIG R S MR R 55k 1 i e o g £ o, L B
27 i, Pk 13 ], AF 1% 25 ~69 & F-3446.9 % IR
RIA K2 S 8 T AT R = 7 B0 R AENE
BEHER

BEYFAREESL, | RAETEHE 4 4], 1T 9
RICAE 6 4], 1 SR A7 B IR 40 0% 2 41, 1T 90
SR I 20 MR © 51 T 9% ) A% 78 /05 Jig Jo 240 g 8 9]
W 2% ) 22 8 5 74 L8 240 M9 4 451 0 IV 5 e o B 4
10 4], #4E WHO 2007 hig Hr#iX filt 48 5 G2 g 2o 28 I
STRARAE ARG 18 6], = 22 i, = AR
AN E DA BRES SR S bR
1.2 #%&u%

1.2.1 HAffiHE I 5 Y% GE Signa HDxt

1.5 T -5 R PR A3 8 3 3 Sk i AF 425 P 24 el s A
A3 AT H AL MR P4 3858 ) IVIM-MRI 5454 . F
M MR 4451 T, WL T, WI, T, FLAIR J# 51 4% i |
JARAE IG5 AG A, IVIM-MRI 281 F : 14 4~ b {A (0,
20.40.80.100 120 150,200 400,600,800 .1 000,
1200.1 500 s/mm®), TR =6 000 ms,TE = Min(61.9
—64.9) ms, FOV:24. 0 cm, 40 [%. 128 x 130, 25,
6.0 mm, 2 =1.0 mm, NEX =2;{H#iZ%(23 2,
FAHGIFR] 280 s FHH 0 LB 5 4 ki, 6T b7 ol B
A CEL DUR R S0, R o 0 3 A Ik I Hhi ik
HEAL T 4 mL/s, A (R (kg) x 0.1
mmol/ kg , Vi 558 B8 J5 LA [R] A it 7 B A 45 o 2R B
ERIK 0T LR T 43 AR N

1.2.2  IVIM EMZ A0 HE F 54 32 B o3 #r IVIM [
522 ADW4. 6 J5 b3 T /E 4, iz A1 Functool ( iR 45 :
9.04.06) 43 H MADC 347 MG J5 ab 3153 A
T FEEAT Sk BB IE (Apply correction ) , 8K J5 ) & 5] {H
LBREF S 11515 1 ADCstandard \D D * (£ Z%]
TR, ISR X (ROT) 25 5. 45 5 3 o MR, 7
ADCstandard [&] [ R T 22 7 76 Mg 52 5 X35 ( 14 56k
PG ki Ak A W e X ) 98 T IX (ki %% 2. 0 em
P ) X T 2 B R0 X PN 4 33 ) T 2 3 R
I EGHR X, RO [ TR/ R 50 ~ 100 mm®, 75
WEFFREAS SRBE A SR L AR DI, e e e
A f/N ADCstandard (AR X3k, iy ZECTFEIL
ROI 3 17 i1 55, ADCstandard {1 55 28 =0 0 T
S(b)/S(0) =exp(b x ADC) ;DD = f {HIH AT



http ://aammt. tmmu. edu. cn

=R R4 ,2016,38(22)

2409

S(b)/S(0) =f xexp[ —=bxD#* + (1 -f) xexp( -=bxD) ],
1.3 %it &7k

K SPSS 13. 0 Gl it THRBTRILL v 25 R
R RS, P <0.05 R 22 A G R G R
S KR IEAT Pearson AHSCHESIT s 221 B2 5L
5238 2 TARRHAE (ROC) i £, JF X il £ Tl AR
(AUC) #4773 B, LAt % i AR I o 98 6 47 43
F) e ESHL

2 #R
2.1 BRI ERX R R AT F P E s iy IVIM
BHH BT

40 BB IVIM B4 5 4035, 2 55 o
SZJRT DX I JE DX % s B [E] Ao ) ADCstandard | D
D fHPPYME (R 1) o RABCN ¢ K50 LB S BT, 45
B R R S X 98 JE X [ ADCstandard \D D # {i
YIS X E L, 2R A G EE (P <
0.05) , 1 £ {55 X5 il B [5] Hrs DX 25 AN K 5 g s
JEIX D Do fH e TR X, 2R A S FE (P <
0.05) , 1 ADCstandard .f {5598 5 X 22 A K
2.2 & KBRS IVIM & BB

e AR e JoRg 1) g S JB X, 98 Ji] DX B ki) >
GE[E Hr.0 [X ADCstandard \D D # £ BFIE (R 2)
1o e J5 938 24 i 988 52 5t X ADCstandard {5 D B3
RTARGGNA, P& LA S22 25 5 (1 =4.391 P =
0.000, ¢t =6.236 . P =0.000) ; = 2% 51 & e 5 i [X
D fHESFARENE (1= —5.290 P =0. 000, =
-7.177 P =0.000) , i & tb i 22 A G it2# 5 X
(B1.2),

2.3 IVIM &A% 5 fi i 9 2228 R W A8 K M 5

iH 12 Pearson AH A 43 A R i AIREB e 43 2
5 ADCstandard \D {HEFAHE, 5 D« f{H2IEMK,
H D {0 ARPE I TR g 5K i X ADCstandard |
DD« ({2 ROC {hZ (18 3) , fh< T m A il
0.851.0.939 .0.899 .0. 957, H.%J )i A2 Wt [ {8 45 1]
#71.23 x 1077 mm*/s,0.92 x 10 ° mm*/s,20. 6 x
10 7% mm*/s,0. 36 ; 4 HUCR G 55 B i VRN
o ARG A SRS 1 S5 1) e, 12 T ) SR R R S B
W4 95.5% ,84.4% .,

£2 B ERNREREEMEERER BEK R
PEHLE S IVIM SEIEG (x+5)

S [ 371 e
Mo i S e BT
ADCstandard( x 10 =3 mm?/s)
Jigeg 5 B IX. 1.09+0.22 1.48+0.32  4.391  0.000
T JE X 1.28+0.32 1.19+0.32 -0.888  0.380
2R E G X 0.72+0.06 0.71+0.05 -0.323  0.748
D( x10 3mm?/s)
i S B X 0.78£0.17 1.21+0.23 6.236  0.000
T JE X 0.76 £0.15 0.83+0.21 1.097  0.279
PR G X 0.64+0.11 0.71+0.12 1.792  0.081

D ( x10 >mm?/s)

Jir9e 552 Jog IX. 32.65+9.91 17.12+7.74 =5.290  0.000

S JH X 26.74 £9.56 16.69 +6.24 -3.744  0.001

2RI E LG X 20.12+5.00 14.88 +4.26 —-3.435  0.001
f

Jihgeg S BT IX. 0.47£0.08 0.29+0.07 -7.177  0.000

FEIX 0.43+0.12  0.30£0.07 —-4.420  0.000

2RBRIE G X 0.39+0.04 0.39+0.06 0.151  0.880

R1 40 GIRFUEREMEXREX BAX UL EFOKE IVIM SHESITEESR (1 £5)

IVIM 244 i 5 ot I ROI % JH [X. L [ HCs tH Pl
ADCstandard ( x 10 ~*mm?/s) 1.27 +0.33 1.24 +0.33 0.72 £0.06 10.143* 0.000°
0.341° 0.735"

9.839¢ 0. 000°

D( x10 *mm?/s) 0.97 +0.29 0.79 +0.18 0.67 £0.12 6.653" 0.000°
3.643" 0.001"

3.409° 0. 002°

D ( x10 >mm?/s) 25.66 +11.86 22.22+£9.63 17.76 +5.36 5.116" 0. 000°
2.154° 0.038"

3.035° 0. 004°

f 0.390.11 0.37 +£0.12 0.39 £0.05 -0.098" 0.923¢
1.017" 0.315"

-0.953¢ 0.347°¢

NN AR S ey W E R b T RN e e R DL D EN DL R o [ VR



2410 B =2 B KRR ,2016,38(22) http : //aammt. tmmu. edu. cn

cho 600

A RFT 3k P MR 32 3% =AM 8t K K KR ALARAE 5 % ; B: ADCstandard 1545 % B &M 41 »F 9% £ X ADCstandard 15 4 1. 46 x
10 °mm*/s;C.DAHAHE AMFATHRER DA 1.12 x10 "mm?/s:D:D = {A4H B AMATHER D= A4 19.4 x10~°
mm’/s; Ef (A4 B A MRk R (44 0.43;F. KRB R FAE(HE x 100) &0 5 -+ 2R 40 i , WHO 1148

Bl REERREEE (50 S L) RETigsE MR 2% IVIM ESHAEERRERERA

A KATK R MR 35 3% = A B TR eF R R LW ZRAK 3R L %5 B ADCstandard 1544 5% B £ & TR »+ 9% 4k X ADCstandard 14 4
0.96 x 10 *mm’/s;C:D A AHE AMBTHHEE DAAA0.73 x 10 *mm*/s;D:D = A4 B AMNBTATRHIER D« {44 38.
2x10 7 mm’/s;Ef A HE EMBTAHRER (54 0.43;F: KGRI FIE(HE x 100) A F A+ 1E T R4 2 @i,
WHO Il[#&

B2 BRANRRBEE6Y F i) RETEE MR & IVIM 2SHHEERARERERN



http ://aammt. tmmu. edu. cn

o SR KRR, 2016,38(22) 2411

L0 — SCFIX ADC
SEJRIX D
0.8 Sk
£
# 0.6
B
044
0.2
0 —— ®
0 02 04 06 08 1
15
I — JRIX D*
— SERTIX £
0.8 - SHL,
i 067
E 41
02
O T T

0 02 04 06 08 1
5

A: A % i R ADCstandard \D {8 ROC w1 % B: bb /8 %
R D 45 ROC £
B3 BEstRX IVIM &858 ROC #Zk

3 itig

3.1 IVIM-MRI j& 22

R MR 0 5 R 1 SHOUE o B2 4L B RE IR
SEF R RE ST ANE 0 I TR o B3 R S W A E A
SEFIERFET T Le Bihan 45T 1986 4F 3 Y4 H T 1A
RNAMTEaME. B THRIERMIIZ5)
() — B UG 7, BB IR ) (0 0 R R R — 3K
P TSR BEALIE ), A= Wik N OW Iz S 457K 4+
A IR IV %) S0 B0, I = B Sz e 20 R0 9 1 1
BB IVIM B8 A% 38 5 F 5 2 80 ( ADCstandard , D |
D FAED) 23 5P e o 5 47 G 3l A i R
JLG3 , AT AS BB XY B RETEAR AE B X B
HIAR AT/ S WA AN .
3.2 IVIM EJFFE 5 B w7 F a9 A

ADCstandard {5 == 2 D) i J8 20 it 25 8 >k ) 2 st Joie
T OB PR A G FE R B 2, A0 A
] B2 e /)N, A L A0 ]I b i K 40 53 Gz 3l 52 R B B
o P, & 20N KB ADCstandard (B AR 45 25 531
TR o Liu %71 & 3 ADCstandard {ED 3652 584 1 43
FAZWARA W, € 5 R A 40 e 2 B B A oG . AR

WFFE 7 B SO 20 b g 52 J5t X ADCstandard AR T
RGN, 45 50 5 ZARE AR . SR Rydhog 25 50 %
B ADCstandard i 7E /& ARG 1Y 1598 18] I o 48 1
¥ 2E5t o SrHTIRIRAT BEJE ADCstandard {845 1 bR
HLPRETEFNY B AE B, A 5 1 3 i B 4121
IR T BOZ S 5 A e, B 7E B e i 6 4 i 2%
JESERMEAEUER . ABFRESRR T 14 4~ b {H, H
T % ADCstandard {8 R X 4355 ARG BB , 12
FORe S NGO S5 D (AR D {E L BR T i 2H
LNHETESZ W R R, BB SE I EA S K 2§47 Hoz 3)
TR E, SR TR EEEEWN D EHMIKT
ADCstandard i, = 2% 51| 6 5988 4H b D AE AR 4
%o X AT RE 5 GO 16 Jo I8 40 JH LU AR 00 & /DN (1
TRER BRI 2 HES B3 S R A0 M A ] Bt s 2D
&5 FEGH PN I 20 N K S 18 EE 2 T 2
FRAT G, AT 77 2 T RR AR D (A9 2R BF 5 v J i
Pearson 5 ¥ 7 #r A B AR o) R o> S
ADCstandard \D 2 14H5 .

ANt S5 F R TVIM AR BRTEAR b (E
(<200 s/mm”) fi, 41 0555 55 52 HE 1 DR 2R 1 5% i)
R T HIRER (b (E#)N, e ] ) | G &
AR HA R D+ S5, BFFEEID = |
B3 031 5 1L O 3 L 75 A G, JF H 5 CBF K-trans
SEETT R S BT AE DA, WS 98 1 AR I 43 12
WA B R ' . ABIFSERE A T 7 MG b (E (B
/N20 s/mm® ), 0] BT I S I R 4 4 R T B, 2
R ARG TR D o+ 258 T2 B s
X, H o e g 410 D o+ {H 5 2 s TR 4,
3BT I DR AT 8 -5 v 80 JE B8 i A il A8 1S 22 L il i
L NS A G, U] D o« (A — e AR LR
W T A RTETEAS B, e AR S ST A AR i
SRR M E G R o AEFE b iR ZH LN TR Y
D s fE 28 O, IX AT RE 5 R A U R 1 S S A
K, BT LA D s RS W T A5 B AR 1R B R 2H 21
SRR I3 f 2 (A 26 RIE T i — P, F RN
PRI TSRO o5 S HOOM i 2SR R
A EA K. WA 0N s GO0 e B 4L £ {H
= ARG AR W 3 b A gt # Lo 3X
5 Bisdas 25" 1l Togao 25" %R IVIM 3 1A 6 S5k
D s £ (BRI 5% TR 43 G R 45 SR — B, 1 HAB TR TA
AR T D s fHL € (B SE I &) H S 0N, ] S G
SR R HE T {5 B o g Pearson AHICHE 73 A
R E RPN IIE 35 D o+ FERIEAIC, SR



2412

o =R R AR 2E4] ,2016,38(22)

http : //aammt. tmmu. edu. cn

Hu %5 B9 B (R G e ST 41 7 £ (8 T 4t
WA, BAGE 8o i Rl B S AR TR kA
R (104 6]) R T 3. 0T @i IRFM & A
[ &iciE AN ) /N FLES 2R b fEL(0 ~3 500 s/mm?”,
13 b {H) , BOGER RN AR SRR R A K.

IVIM JSGH AR BA DX J e i 53 g 41 4L e
KT B BRI A ST O DL, X T3 R )
1B T RERRRT b O R R AR L, T e A
BRIV TR 4 o BIRE e R I R i
JA 52 5T X ADCstandard | D (A TR0 & , 12 8 B A
AR5 1.23 x10 Pmm*/s,0.92 x 10 Pmm’/s, i D * |
A = TR IS W E 43534 ,20. 6 x 10 " mm™/s,
0.36 , #8 B A BLF i ta e M, BAT A B BUR AH 2 A=)
Rtk S AR SCHE S AT . 2214 TVIM 24 ROC il
g B, M2~ m MK Kk D E,
ADCstandard {Efz/)> s 24 IR HUE 557 8 1 O e i
i ARG IS JTIR 04 550 i, 12 W Y R AURE Ry S
G395, 5% ,84. 4% o PR XS T iR ARG i S5 IR
2B LA D A I ES R

H T IVIM BUREARTE e fd: b E I BOE , 4 5 {5 1
PO , PR PR SR DRI AU A5 3 R i e K540 110 M0 P 25 D7
G Rk o ABFSER A 1. ST B3R
VLA AR K, R b K 1500 s/mm”, fiib>
PR b (AR, ATRE 20 WF ST 45 R g e . — b
FAT W EYREEA >R 3. 0T @ L4k i 5 4, &
P Z N HORVEHE A9 b {8, #R 3T TVIM 72 5 5988 AR Hif
I3z Wb BN B EL

S 30k :

[U] AREEEL, 2egdts, skilkom, . KRN Tz S =45
Jok B BERRICTE 5 rh X BRI [0 ] 1l R S 2 2%
A, 2015, 34(1); 8 —13.

WA, RO, HJFZ, 4. DSC-MRI Al DCE-MRI & £ 7
MrTER B B Jr s W L [T ] 50 = 2B Ky
#, 2015, 37 (7). 672 - 677. DOI. 10. 16016/ j. 1000-
5404.201410173

Jafari-Khouzani K, Emblem K E, Kalpathy-Cramer J, et al.
Cerebral
Susceptibility Contrast MRI in Glioblastoma Patients [ J].
Transl Oncol, 2015, 8(3) . 137 - 146. DOI. 10. 1016/]j.
tranon. 2015. 03. 002

[2]

Repeatability  of Perfusion  Using  Dynamic

[4] Jain K K, Sahoo P, Tyagi R, et al. Prospective glioma

grading using single-dose dynamic contrast-enhanced perfusion

(5]

(6]

(7]

(8]

(9]

[10]

[11]

(12]

[13]

[14]

[15]

MRI[J]. Clin Radiol, 2015, 70(10): 1128 - 1135. DOI;
10. 1016/j. crad. 2015. 06. 076

Federau C, O’ Brien K, Meuli R, et al. Measuring brain
perfusion with intravoxel incoherent motion (IVIM) ; initial
clinical experience. [ J]. J Magn Reson Imaging, 2014, 39
(3): 624 -632. DOI.10. 1002/ jmri. 24195

Lin Y, Li J, Zhang Z, et al.

incoherent motion diffusion-weighted MR imaging and arterial

Comparison of intravoxel
spin labeling MR imaging in gliomas[J]. Biomed Res Int,
2015, 2015 234 —245. DOI.10. 1155/2015/234245

Liu C, Liang C, Liu Z, et al. Intravoxel incoherent motion
(IVIM) in evaluation of breast lesions; comparison with
conventional DWI[ J]. Eur J Radiol, 2013, 82(12); 782 -
789. DOI:10.1016/j. ejrad. 2013. 08. 006

Rydhég A S, van Osch M J, Lindgren E, et al. Intravoxel
incoherent motion (IVIM) imaging at different magnetic field
strengths: what is feasible? [ J].
2014, 32(10) . 1247 - 1258.

Hu L B, Hong N, Zhu W Z. Quantitative measurement of

Magn Reson Imaging,

cerebral perfusion with intravoxel incoherent motion in acute
ischemia stroke; initial clinical experience[ J]. Chin Med J
(Engl), 2015, 128(19) : 2565 —2569.
Santarosa C, Castellano A, Conte G M, et al. Dynamic
contrast-enhanced and dynamic

susceptibility contrast

perfusion MR imaging for glioma grading: Preliminary

comparison of vessel compartment and permeability

parameters using hotspot and histogram analysis[ J]. Eur J
Radiol, 2016, 6(85) ; 1147 —1156.
Bisdas S, Koh T S, Roder C, et al. Intravoxel incoherent
motion diffusion-weighted MR imaging of gliomas; feasibility
of the method and initial results[ J|]. Neuroradiology, 2013,
55(10) ; 1189 —1196. DOI;10. 1007/500234-013-1229-7
Togao O, Hiwatashi A, Yamashita K, et al. Differentiation
of high-grade and low-grade diffuse gliomas by intravoxel
incoherent motion MR imaging[ J]. Neuro Oncol, 2016, 18
(1): 132 —141. DOI.10. 1093/neuonc/nov147
Hu Y C, Yan L F, Wu L, et al. Intravoxel incoherent
motion diffusion-weighted MR imaging of gliomas: efficacy
in preoperative grading[ J]. Sci Rep, 2014, 4. 1-7.
2255, 3D ASLETERSR RN AT 12 3§ oAU
BAE R R 2B A o3 G i IR SE [ DL e A
B, 2015 1 -102.
SeET, EBEW. BARBTEOR DKI A IVIM 75 oA pf
ZRGMVITEBUR. REILIRLER [T ]. 2015, 6(2): 145
—150. DOI;10.3969/]. issn. 1674-8034.2015.02.013
(#5:2016-07-14 ;48 [H :2016-09-18)

(i ZHE)



