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Application and research progress of diffusion magnetic resonance imaging in brain glioma grading HAN Lei',
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[ Abstract] Glioma is the most common malignant tumors of the central nervous system. The treatment of high-grade glioma is
different from that of low-grade glioma, so preoperative grading is important for clinical decision. Diffusion magnetic resonance
imaging can detect the alternate motion of water molecules in the abnormal tissue structure, and provide important reference for the
preoperative glioma grading.
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B TR AR AR T LR K 2 T
BRI & RO 55 8, I HEA T
Pk, FERBUR MARET b Cp iz s . B
FH T i 12 Jo 98 AR 43 S SO R R R
FAY HUNAUSE (diffusion-weighted imaging,

DWI) . IKZENIEMT23h (intravoxel incoher-
ent motion, IVIM) . ¥ #i5Kk&E % (diffusion
tensor imaging, DTI) . ¥ HU&REE % ( diffusion
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kurtosis imaging, DKI ) K #2828 Jr ] 55 6L
[ 59 B i % ( neurite orientation dispersion and
density imaging, NODDI ) %, HPDWIRH K]
AR, CafE IR iy, BA
I IR HME . AR B0 R i 4%
ELRR G, YR Sy ki IS 596 R 43 A 2 A
Wi, AHFFEREE—%F LA B WO R i A% 5 AR 1
JE IR 43 4 P i PR Sk R A e

1 DWIHRERHEERRESRFHNAHRR
R

1.1 DWLi3#

DWIF| WY L &4k (apparent diffusion
coefficient, ADC) & & L2 /K 14 1L
Z R PR . ADCIEZAEY HURE (bfH)
B PR AL A R B B (55 A i . =
{5 40 M S AAHOG, 28 Hh IRg 4 2 b 4 a2
M. MR, Ky TFiEshiigig,
ADCHALER#E /N, L, DWIEI 2] i 7K 53+
SHYHOT AR LK b S oK S 32 B iE
3l ARG L, ML ES . MR
R E R G E RS T
1.2 DWIER R & o 2B F 4 5 7 A 5 J

DW L7 B J5 988 AR Tif 43 9% 19 I PR g FH 7 T
C A% £ iE . Darbarss 'S 4B LA T 1941
LGG5 291 HGG i 52 5t X 4k 1 AD CELJ= &
M, LGGH I X iy -1 Y i IlRAD C{E P 2. 5
THGGH, Zil#H TAERHE (receiver operator
characteristic, ROC ) phZmmhZe FfH (area
under curve, AUC) 40.80. Yazdani% ' Xty
JIADCIEFRHEAL G CIEJR/IER H ) , 4rHrit
BSHILGGH 16BIHGGHE JE X M ADCIE, &
PHGGH 1998 & - ADCAE F125% ) AD CAE ]
BARTLGGEH , Y% J5 ADCAH Sz e it fih g 32 e 7
JEE HO R BRI S R ) SR L E K . Xu
a0 [ S T 20 BILGG 5 29 BT HGG R 52 5
DX 35k (9 AH X ADCAAEL (g 552 /15 (5T ) S5
Jod N REABUR 55 & (intratumoral susceptibility
signal intensity, ITSS) , KIHGGHH AT
ADCIEM BALFLGGH . HIXTADCEI{E H1.497
BF, 2WHGGH R HE . ¥R P

(LA B 000 (B 4331 4 86.2% . 85.0% . 89.3%
M181.0%, AUCK0.903, ZWHGGHIRLBELL
TITSS (AUC=0.826) ., Tan% """ 6]}z ]
Z s b EY BN A ( multi-ultrahigh-b-
value diffusion-weighted imaging, UHBV-DWI )
AL G5 (D W 51 X6 15 (614K 2% 1) 52 760 441 it g
(low grade astrocytoma, LGA ) 5254554 5
BRI (high-grade astrocytoma, HGA )
ADCIE#AT AL, ZPILGAS R X8 i ADCIH
[ (1.04+0.09%10°) mm%s ] B %5 THGA
[ (097+0.08x10°) mm®s ], HGARJUHBV-
DWIADCIE [ (0.14+0.01x10°) mm%s ] & T
LGA [ (0.12+0.02x10°) mm%s] . JfHROC
it 7RUHBV-DWI ADC{EAYAUC (0.810) HH f 5
TDWI ADCHHJAUC (0.713) . UHBV-DWIXf
HGA 5 LGAM AR T DWIF5I, (H
Jei J& X 18\ UHBV-DWI ADC{H 5 DWI ADC{E1E
HGASLGAZ M 2R T8 245 L.

DWIVE R I R 5 BB S 510, s S
X 31 ADCAELX R 98 1 3 B LA B Z N S5
{t, HUHBV-DWISZALRETAE. P& J X Ja i
WA RAISAAI], ATy AT 2ot — W oE Bt e o]

(G

2 IVIMBY 32 R B 7 R oLy 43 4 v B Rz R F 2%
il

2.1 IVIMRZ

DWIHE s FE bR ADCIE AR I BUmAU& &
i PR BRI AR H, ZARAL TR H W ADC
(B[] s 352 2L 21 9 50RT B 40 L 45 T B A S i,
PAZH 2N ADCAE H T (0006 B 10 3 1 5 i) s
L TV R R A2 4 4 XU B R A
WS I MbEZ AR, MR (R B
AP BB A ok . TVIMAT L4 545
W2 2 HORR B I VA B E iS4, 5 .
LY BARKD . A EY BUR D
HEL; DIEARE ALK Tz, D
(E SNSRI =4, RFEERZ NI T2
B, BN mm’s, =REEEA ST BB
TEEHE AL, b <200 s/mm’Af, FEHX}
PHRUS SRS E; MTEE >200 s/mm’if, §-



(M BBHE) 2019F5285H4M

267

S5 KB ELSE Y WA A . R (RT3
ADCXFHEFERURE,  [RI2Z B9 SOk (52, &
b ADC 3 22 X4 Echisk 1 |
2.2 IVIMAER R & 5B o B B 5 it e

TV IMTE B 5 988 A HiT 4325 00 1 DR o2 FH A9F 5% AH
St ZouZs I T 266ILGG ( 1144 )
5256IHGG ( MZ146], VL1165 ) Mg S5
IVIMINZEL, bt a K SRHGGAL ) B = T
LGGA, ERAG¥E X (P<0.001) ; DE
R FLGGHL, ERALIT¥E L (P<0.001) ;
PR D E2E R G FE S, X1, I,
IV R AT L8, DI FEAE T Y
Me, THRENRZMESAHGI¥EXL; F
. Vgzim2FgileEm L DS

STLE L RS T XM 27HHGG

F7HILGGHITIVIMZS 1T Hbiss, AMHGGH
()23 TLGGYL (P=0.002) ; DfE &K
FLGGH] (P=0.015) ; {HD{H & & & TLGGH
(P=0.019) . Hino% '™ KRS CR=bE (3
5134 A AESDE, XF106ILGGH21
BIHGG I g 52 Bl 4 i A7 e AL, 45 RHGGA
A R 4 8 25 5 FLGGY., ROCHIZ /T i
TR3DIE AN 3 DIE RS 1 K A B AUC /3 51 h
0.990#110.967, ¥ HA RIFZWRE, MMif/DIE
WAL 22 S RG24 X R & PR
DAELAE I SRS A5 B e K B S B/ NDIEAFTE B
TR S S — 2k, 3/ DIESA Y B R K 1
BALT 134 bEB K SE, i/ NDIELE
H RIS I B AN

IVIM ] DATE WL EEZH SL PN 7K 434 1l [R] e
AL NETEE, SR FRE AR % EA
HEMNAE, (AR5 S5 E A — B
B, AR REEREAM ST, AR TVIMATE I 5
AT G ERR %
3 DTIMEREREERRBS RPN AFHRR
R
3.1 DTLR#

DWHEBSK 43 T 1L SN AN T )32 Bl (1 14
R, AHIK AT 8 B RO SR A AN
[f]. DTUEDWIRY—FpaEfifi, HAT X 432041 N K

SrFEshi e, RIKAF8 5O & m 2k,
IE e mAK O FAE =Y R iz 8h . DT E 2L
SR AERR 5745 W 5P (fractional anisotropy,
FA ) . HX £ 5 (relatively anisotropy,
RA) . ADC. “F¥¥ % (mean diffusivity,
MD ) , Bliia P H R % (axial diffusivity,
AD) , BmY H AL (radial diffusivity,
RD) , “Fiisk ( planar tensor, Cp) , EKIA
7K (spherical tensor, Cs) FZkPEsKE (linear
tensor, Cl) %5, FAH5 4% ) SEHB o A9
Bk R LA, JERElo~1, H A, ftFERAL
(R 7 T PE AR 5 RAFE A5 ) S 4 5 4% 30 [ 1k
WA, IR RS ) Y R,
0~\V2, {HMK, & SrE B, ADCR B
KA FAEH LT N AP HLRE Jr, HAERR, 3t
HK 5T e S os ; MDICRA LN R H—
XK 8e )1, 5K T 8051
Je%; AD. RDAMHMRETFAT. BE TRIZ RN
Kz sl ; Cpn Pk, CsFan4sm Ak
s, ClIoR&MEskE ",
3.2 DTUERRA BB b 6 o AR 3R
DTIAE I R b 3 F PFAl o X K i
Jo 2T 4 o S, A3 2T 2 TR TR S 115 O K
SEEVEZ RIMRARE, TR FllE
7 SR AR 12420 DTIZE BB 43 2% b i AT
FERIXT D, JiangZE 2 BHFSE LA T 21HILGG
5326lHGGIIDTIZ AL, LGGAHS5HGGH M
SERIXADME (1.35+£0.36 vs. 1.16+0.34) Z5%
B X (1=2.048, P=0.046) , WiZH[A]41
VT K B X P 3R B Cs B I CME 2% F A Si 22 25 )L
(t=-2.171, P=0.035; 1=2.324, P=0.024) .
Zhao 17 43T LES T DTIHS A S 4624 HILGG
528BIHGGZ M2 5, K IMHGGLH K FA(H i
FETLGGH (0.18+0.05 vs. 0.14+0.04) ,
ERAGIFEE L (P=0.02) , MMDIHEE#
R FLGGH [ (1.28+0.26x10°) mm?/s vs.
1.61£0.30x10°) mm’/s] , ZREFHI¥E
X (P<0.001) . TakanoZ§ ">*' L2145 T %% 510
151 I 20 JC 58 A Jie JoR 98— 46 - T PN 1) 2 A g A )
4R [X. (region of interest, ROI) , 5
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1. TN s 1) e KFATE 235125 0.51 £ 0.17F1
0.51+0.15, ZRTGI#EL (P=0.95)

DTIAE i BIe AR AT 43 0 A — A,
(R TREE RAFAET TG 5L, ARt — 2t
9% o DT B4R FARERAE (15 £ 4 % 07 1
AR AT il . RJETEI LA f
HAE R
4 DKIWEEREERRES RPN AHRR
bEidis
4.1 DKIR#H

DWI. DTIZ 2N B Ko T B A s
8, MNBEMA I, (HHALNB K Fia
Bl 37 A ML A L 2 R A RO 45 A 1) 5 T 2 S vy
Wiorfi . DKIEIDTIWEES, 5] AR &4
BEAY, g Ko 4 B0 25 = 3 o A i RR B
AE T A S 2 2 N K 4 F 18 B L . DK
M EESHOFEAD ., HiniEE (axial kurtosis,
AK) . RD. #&BmEREE (radial kurtosis, RK) .
S E ( mean kurtosis, MK ) XMD. ADY5
RDAARFAT AR B+ R 2P 50y ) F P ik
FREE s AKSRKASACER AT BT E 2y 807
] b A R R s MKARR BTG I 1a) 4 i
JE PR
4.2 DKIUESR R T 5B oy 5L A B Rt B

DKIFE S 968 1) 4328 rh HAT B8 v 1) R U
Zhao 7 Xk 52051 e TG AR HEAT RS PERTSY
KIM28BIHGGHIMK . AK K RKA{H ¥ 15 T-24 1)
LGG, Z5A%it*¥E X (P<0.01) , ROCH
LM BoRMKAE (Ff55 B 8100%, REJEH
79% ) FIKAMH (FEFEN96%, RAPUE F82% )
HATHIR B2 eiEe (AUCH0.93) , I
TDTIV A S5 WA TR TR MK . AK
MR R & T I HKFE, ZRA5%E
X (P<0.01) ; [FIBfAIMAKIESKI-67FRI0TE 4L
HBEMINE (7=0.72) , 15 HAKMHEAE KT
D2 0968 432« s 200 R b 5 R -1 35 PR 98 7%
R — B G R. Q%™ kB
130ILGG 526IHGG Y 121 DKIZS A 2% A 5 i
Y (P<0.05) . MKAHEA AR %5035 6E
(AUCH0.925) , X} i RABE Fks 5 1 43 5]

$9188.5%F184.6%, L TDTIMAIFESEL, Vellmer
2 D3 i I DKIRMK . AK . RKAE A A 2L
X 4YHGGFILGG ( P<<0.05) . {HDKIZ¥nt
T2 U, PS5 50 R % . Huang
4 34 FFalk % ) St Meta 47 & B, DKM
MK/H 7% HHGG 5 LGG A 5 A7 55 5 1) 5 A5 il
FESE

DKIA L 24 LSRR, MR
JJRR () o e B AT SE A2 Wi . {HR i FDKI
FREEF RS | §EESEOHR 22 1 R RSB
FESET BT SOt LA IO I R R
5 NODDI®REIE R H 7R ByE 4 2 i Bz FRafF
RitE
5.1 NODDI&#

NODDI% & F 32 BN 32 [R5 A, 32 fH
P FBOIR AR A 2 240 R /R 2 S50 200 e 5 400 i s o A o
MBS NP1, A2 FRYBUR TS K TEZ FR 25 ]
HEgY L . NODDLR ] = % /1 Wy B #5 o
HIR AN (RSS2 N 132 BROK ) L Al sk
(ETTTANAEL . P2 40 6 55 M AR B/ 2 B 45 1) S 1
K FIRER (% 25 XN 1 4% 1) Rk ) e
7K 53+ . NODDIMFRMESE SR A AR
53¢ Cintracellular volume fraction, ICVF ) Bififi
Z % (tract density, TD) | W4 #4L
(orientation dispersion index, ODI ) 145 [w] [R]4:
Y% (isotropic diffusion fraction, 1SO) .
ICVF W T P2 % 3 ;- ODIRTHEMT A Ak pil 22
L4 Rz AW SE ) 7 g, HAHAE,
FHHL TN —5; ISOFBFTA m WA 4%
] R 7
5.2 NODDIL R IR T 525 04 o ) BF 52 i e

NODDIFE A 137 24 1 4 i e B a1 47
VNI AR (N DR e R e el O AR E R Tl i o N A
Vellmers ' #F5% & RESLARY BB B0 42 X
ZHRAEH HUR, ZENODDIR S Eh I h
o IR R IE A ) SRR A3 R
SATHAE X R UG BB HE AT WAL #E S, NODDI
Xof B SR A G ) T S R o TR 5
5 TD . ODIFIISO A A & b4 HILGGHHGG
(P<0.05) , TD. ODIZENl . IV 45 Bidi = I
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LEEG 2N (P<0.05) . Zhao: %' %t18 IR, P BRE PR GRS A I o o3 g v R 44

BILGG ( M%) 524HHGG ( M8, V16
B ) PEAT A R B, AR IR S X I HGG A
[ICVF ., ODIPEH#MEE TLGGH, ERA ST
=X (P<0.001, P=0.009) , HHGGZHWICVF
FIODI - 24 A8 X5 (B ( by 55 o/ 1E & 11 5T )
WETLGG, ERASIT¥E L (P<0.001,
P=0.028 ) ; TM7EREE X, HGGHYICVFF-I(E K
TLGG, ZRA%I¥EX (P=0.006) , ODI
EM A Z B2 7G5 L. ROCHIZ Bos
I g S o XA TC VF X e 98 14 43 9 EL AT e v 1Y)
e (AUCHO0.81) , FefElmFEM0.3 101
PR L RS20 0N 78% . 88% Al
83%, L TW5EMDTIZE . [ IR45 e ik
JESCFRICVEE R (=0.306) . 9 JAICVF{EAR
(<0.331) MM ST AT BESEHGG; 11 iR S o
ICVFEAR ( <0.306) . JEICVFEE R (>
0.331) MM EMIMELGG, #F—4 Lk
PR, T2 s Jo g i S B X A ICVF . AHXFICVF
FUAEXTODI R T T AL B, R A%t E
X (P=0.011, P=0.028. P=0.035) ; 7EIZH
IV 9% Jist S =2 18] 22 5+ o8 124 7 X . Maximov
e U0 g4t g (0. T, Ve84 ) #F
R A, NODDIFIZHTD ., ODIN] A%
HILGGHHGG, TDHAA & MZWiskaE, T
DTIMFTA 24, HTDAEN 5N, M5V
ZEZEFAGIE L (P<0.05) . trfEfb)s
(IR S/ IEH A ), IZWIRES A $E e .

NODDIfE J —Fh#7 24 19 4 HB0E 4R i 15 2
AR, TR 5T i AT 539 i B AF 9T 245 2 FLE AT 2=
5, [HRIBEEMZERGE, SEZAETH
HTAYAR DA SR 8> AR TN, e R 2L 5%
P RFEARAE LAAE R 5T 45
6 SDESRE

Bl REAEIRY BOSUG B AR B L K, HOxt
ZH LGSO 2 A8 P AR A R RS, AE I B AR I 43
G E Rk B 2, JF B e A4
Gy IR Z o ABBH AR & SR i) [l B A A — 2
1P ES TN TSN 1 & 2 & B e s = A S %2
M55, AR G IR BRI A8 . 5838 Mt oe

EEEAIE

(& % X #t]

[1] GOODENBERGER M L, JENKINS R B. Genetics of adult
glioma [ J | . Cancer Genet, 2012, 205(12): 613-621.

[2] OIKE T, SUZUKI Y, SUGAWARA K, et al. Radiotherapy plus
concomitant adjuvant temozolomide for glioblastoma: Japanese
mono—institutional results [ J ] . PLoS One, 2013, 8(11):
€78943.

[3] LE RHUN E, TAILLIBERT S, CHAMBERLAIN M C. Current
management of adult diffuse infiltrative low grade gliomas [ J ] .
Curr Neurol Neurosci Rep, 2016, 16(2): 15.

[4] WALKER C, BABORIE A, CROOKS D, et al. Biology, genetics
and imaging of glial cell tumours [ J | . Br J Radiol, 2011,
84(2): S90-S106.

[5] DONNERS R, BLACKLEDGE M, TUNARIU N, et al.
Quantitative whole=body diffusion-weighted MR imaging.

[ J 1. Magn Reson Imaging Clin N Am, 2018, 26(4): 479-494.

[6] CARAVAN I, CIORTEA C A, CONTIS A, et al. Diagnostic
value of apparent diffusion coefficient in differentiating between
high—grade gliomas and brain metastases [J] . Acta Radiol,
2018, 59(5): 599-605.

[7] PADHANI A R, KOH D M, COLLINS D J. Whole-body
diffusion—weighted MR imaging in cancer: current status and
research directions [ J | . Radiology, 2011, 261(3): 700-718.

[8] DARBAR A, WAQAS M, ENAM S F, et al. Use of preoperative
apparent diffusion coefficients to predict brain tumor grade

[J].Cureus, 2018, 10(3): e2284.

[9] YAZDANI M, RUMBOLDT Z, TABESH A, et al. Perilesional
apparent diffusion coefficient in the preoperative evaluation of
glioma grade [J].Clin Imaging, 2018, 52: 88-94.

[10] XU J, XU H, ZHANG W, et al. Contribution of susceptibility—
and diffusion—weighted magnetic resonance imaging for grading
gliomas [ J | . Exp Ther Med, 2018, 15(6): 5113-5118.

[11] TANY, ZHANG H, WANG X C, et al. The value of multi
ultra high—b—value DWI in grading cerebral astrocytomas and
its association with aquaporin—4 [J1.BrJ Radiol, 2018,
91(1086): 20170696.

[12] LE BIHAN D, BRETON E, LALLEMAND D, et al. Separation
of diffusion and perfusion in intravoxel incoherent motion MR
imaging [ J | . Radiology, 1988, 168(2): 497-505.

[13] YE C, XU D, QIN Y. et al. Estimation of intravoxel incoherent
motion parameters using low b—values [ J | . PLoS One, 2019,
14(2): e0211911.

[14] KOH D M, COLLINS D J. ORTON M R. Intravoxel incoherent
motion in body diffusion-weighted MRI: reality and challenges

[J].AJRAm] Roentgenol, 2011, 196(6): 1351-1361.

[15] TIMA M, LE BIHAN D. Clinical intravoxel incoherent motion

and diffusion MR imaging: past, present, and future [ J | .

Radiology, 2016, 278(1): 13-32.



270

WO, A B R AR TE

B SRR 3 28 v ) o T 5 0

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

ZOU T, YU H, JIANG C, et al. Differentiating the histologic
grades of gliomas preoperatively using amide proton transfer—
weighted (APTW) and intravoxel incoherent motion MRI [ J ] .
NMR Biomed, 2017, 31(1): €3850.

RS, MREAh, R, 5. IVIM-DWITERE BUR 7340
ZWHNEL [T ] . IRRHUH %A%, 2018, 37(2): 182-189.
HINO T, TOGAO O, HIWATASHI A, et al. Clinical efficacy
of simplified intravoxel incoherent motion imaging using three
b—values for differentiating high— and low—grade gliomas [ J | .
PLoS One, 2018, 13(12): e0209796.

CHENEVERT T L, BRUNBERG J A, PIPE J G. Anisotropic
diffusion in human white matter: demonstration with MR
techniques in vivo [ J | . Radiology, 1990, 177(2): 401-405.
BASSER P J, PIERPAOLI C. Microstructural and physiological
features of tissues elucidated by quantitative—diffusion—tensor
MRIL.1996 [ ] | . J Magn Reson, 2011, 213(2): 560-570.
PAJEVIC S, ALDROUBI A, BASSER P J. A continuous tensor
field approximation of discrete DT-MRI data for extracting
microstructural and architectural features of tissue [ J ] . ]
Magn Reson, 2002, 154(1): 85-100.

JIANG L, XIAO C Y, XU Q, et al. Analysis of DTI-derived
tensor metrics in differential diagnosis between low—grade and
high—grade gliomas [ J ] . Front Aging Neurosci, 2017, 9: 271.
WANG S, KIM S, CHAWLA S, et al. Differentiation between
glioblastomas, solitary brain metastases, and primary cerebral
lymphomas using diffusion tensor and dynamic susceptibility
contrast—enhanced MR imaging [T].AJNR Am J Neuroradiol,
2011, 32(3): 507-514.

CHEN D, LI X, ZHU X, et al. Diffusion tensor imaging with
fluorescein sodium staining in the resection of high—grade
gliomas in functional brain areas [T].World Neurosurg, 2019,
124: €595-e603

CINALLI G, AGUIRRE D T, MIRONE G, et al. Surgical
treatment of thalamic tumors in children [ J ] . ] Neurosurg
Pediatr, 2018, 21(3): 247-257.

ZHONG S, LI W, WANG B, et al. Selection of the best point
and angle of lateral ventricle puncture according to DTI
reconstruction of peripheral nerve fibers [ J ] . Medicine
(Baltimore), 2018, 97(45): €13095.

ZHAO J, WANG Y L, LI X B, et al. Comparative analysis of
the diffusion kurtosis imaging and diffusion tensor imaging in
grading gliomas, predicting tumour cell proliferation and IDH-
1 gene mutation status [T1.J Neurooncol, 2019, 141(1): 195-
203.

TAKANO K, KINOSHITA M, ARITA H, et al. Influence of

[29]

[30]

[31]

[33]

[36]

[37]

[38]

[39]

region—of—interest designs on quantitative measurement of
multimodal imaging of MR non—enhancing gliomas [ J ] . Oncol
Lett, 2018, 15(5): 7934-7940.
JENSEN J H, HELPERN J A. MRI quantification of non—
Gaussian water diffusion by kurtosis analysis [J].NMR
Biomed, 2010, 23(7): 698-710.
JENSEN J H, HELPERN J A, RAMANI A, et al. Diffusional
kurtosis imaging: the quantification of non—Gaussian water
diffusion by means of magnetic resonance imaging [ J ] . Magn
Reson Med, 2005, 53(6): 1432-1440.
GLENN G R, HELPERN J A, TABESH A, et al. Quantitative
assessment of diffusional kurtosis anisotropy [J].NMR
Biomed, 2015, 28(4): 448-459.
QIX X, SHID F, REN S X, et al. Histogram analysis of diffusion
kurtosis imaging derived maps may distinguish between low
and high grade gliomas before surgery [ J | . Eur Radiol, 2018,
28(4): 1748-1755.
VELLMER S, TONOYAN A S, SUTER D, et al. Validation
of DWI pre—processing procedures for reliable differentiation
between human brain gliomas [ J ] . Z Med Phys, 2018, 28(1):
14-24.
HUANG R, CHEN Y, LI W, et al. An evidence—based
approach to assess the accuracy of diffusion kurtosis imaging in
characterization of gliomas [ J | . Medicine (Baltimore), 2018,
97(44): e13068.
FALK DELGADO A, NILSSON M, VAN WESTEN D, et al.
Glioma grade discrimination with MR diffusion kurtosis imaging:
a Meta—analysis of diagnostic accuracy [ J | . Radiology, 2018,
287(1): 119-127.
ASSAF Y, BASSER P J. Composite hindered and restricted
model of diffusion (CHARMED) MR imaging of the human brain
[J]. Neuroimage, 2005, 27(1): 48-58.
ZHANG H, SCHNEIDER T, WHEELER-KINGSHOTT C A, et
al. NODDI: practical in vivo neurite orientation dispersion and
density imaging of the human brain [ J ] . Neuroimage, 2012,
61(4): 1000-1016.
ZHAO J, L1 J B, WANG ] Y, et al. Quantitative analysis of
neurite orientation dispersion and density imaging in grading
gliomas and detecting IDH-1 gene mutation status [ J ] .
Neuroimage Clin, 2018, 19: 174-181.
MAXIMOV I'I, TONOYAN A S, PRONIN I N. Differentiation of
glioma malignancy grade using diffusion MRI [17. Phys Med,
2017, 40: 24-32.

(ks EI: 2019-01-31 & HI: 2019-03-27)



