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Evaluation of water diffusion microenvironment in healthy brain white matter and

gliomas using non-Gaussian diffusion MR imaging. a reproducibility study

Ren Yan', Feng Xiaoyuan', Pang Haopeng', Qiu Tianming’, Zhang Jiawen', Liu Hanqiu', Yao Chengjun®, Chen
Hong’, Zhang Yong', Qu Jianxun®, Zhuang Dongxiao', Wu Jinsong’, Yao Zhenwei' (' Department of Radiology,’
Department of Neurosurgery,” Department of Pathology, Affiliated Huashan Hospital of Fudan University , Shanghai,
200040 ;* MR Research Department of GE Healthcare ,Shanghai, 201203, China)

[ Abstract | Objective To explore the reproducibility of non-Gaussian diffusion MR imaging using bi-
and stretched-exponential models with 22 b-value (0 ~5 000 s/mm’) in evaluation of water diffusion
microenvironment in the healthy brain white matter and gliomas. Methods Twelve healthy volunteers and
65 patients with pathologically confirmed glioma were recruited for this study. For the healthy volunteers,
2 consecutive enhanced diffusion weighted imaging (eDWI) scans were performed and post-processed using
bi- and stretched-exponetial models, respectively. The white matter located at the basal ganglion and semioval
centrum was selected for the placement of region of interest (ROI), with each section containing 4 different
ROIs. For the glioma group, eDWI scan was done once. The representative section showing the largest solid

tumor was identified and the tumor ROIs were delineated manually twice by two neuroradiologists separately.
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Mean values of slow- and fast-diffusion coefficients ( Dslow and Dfast) , perfusion fraction (PF) , distributed
diffusion coefficient (DDC) and intravoxel heterogeneity index o were calculated. The repeatability of these
parameters obtained from 2 scans in healthy controls was analyzed by paired ¢ test, coefficient of variability
(CV) and Bland-Altman (B-A) plots. Analyses of intraclass correlative coefficient (ICC) and CV were used
For the
12 healthy volunteers, no significant differences in all diffusion parameters were shown between the 2 scans

(P <0.05). The CV values of all parameters were below 5% . B-A plots illustrated a majority ( =11/12) of

for testing the agreement of 2 scans of measurement in the same patient with glioma. Results

data points within 95% normalized difference for all parameters of eight ROIs in the 2 sections. For 65 cases
of gliomas, satifactory agreements were acquired for all the parameters with the ICC value of more than 0. 75
(P <0.001). Dfast and PF had higher CV values within a range of 5. 0% ~11.5% , followed by DDC and
Dslow. Their CV values were positively associated with the increasing gliomas grade. The « index had the
smallest CV value of less than 2% . Conclusion Our study shows a good reproducibility of non-Gaussian
derived diffusion parameters for the evaluation of water diffusion microenvironment in the healthy brain white
matter, whereas the index a has the best reproducibility among the non-Gaussian derived diffusion parameters
in the application of gliomas.
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F&1 MRIBAHESH

igdl TR/TE( ms/ms) FA aElics FOV(mm?) ST/1G( mm/mm) RAENE] (min;s)
T, WI 3 195/24 111 256 x256 240 4/0 1.27

T, WI 9 185/108 142 256 x256 240 4/0 1.41
T2Flair 9 491/140 111 256 x256 240 4/0 2.33

eDWI 4 000/90. 6 90 128 x 128 240 4/0 7.00

eDWI 4 000/90. 6 90 128 x 128 240 4/0 7.00

T,C+ 8.2/3.2 12 256 x256 240/256* 4/0;1/0* 1:40;3.45 -4.20*

TR: & & 8 0 TE : = % 0 18] s FA #8045 /8 s FOV . 1248 27 ST & 351G & TR FE s a: &= A P B IRFAL 46 77

4 1], BT A B EA T 1 AR AMRT S R B TR DI BR
L/ BT A SR A, o 2] 14 1], se DI 37 151,
WAIER 14 4, 5 28 A T AR R 1] 2 191
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i, SR 8 HIEZE B, BT AL R, I E AT TS
A, 45 41 30 A o 2 Kk, 28 4 mm, 2 ] R
0 mm, ¥z BOAH [A] 49§ FOV 347 3k iR W7 £ T, Flair |
T,WI.T,WI 1 eDWI(22 b {fi:0,10,20,30,50, 100,
150,200,300,400,500,600,800,1 000,1 500,2 000,
2 500,3 500,4 000,4 500 F15 000 s/mm”; “NEX” {E [
& b ARG, BOE A1 B 4 R, Horh eDWT $2¢ i
e MR SHO BRI A 1R, AR SHLER 1,
1.2.2 R eDWI 1% FrA e oo s 2
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Systems , Milwaukee, WI, USA) #4744, %] 8 il iE
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Fea i (SEAE £ 1) .
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F2 ERREAREETEENRESENENES S
ROI Dslow Dfast PF DDC a
BG_ROI_1 F1Ww 0.36 +0.03 2.30 +£0.18 0.40 £0.03 .65 +£0.08 .72 £0.03
52K 0.36 £0.04 2.29+0.19 0.40 £0.03 .65 +0.08 .72 £0.02
Pl 0.713 0.91 0.8603 0.72 0.7
CV 1.30 3.49 0.81 1.56 1.32
B-A -7.4 -19.6 -4.7 -8.9 -7.7
BG_ROI_2 F1k 0.38 £0.03 2.11 £0.14 0.41 £0.03 .66 £0.07 .74 £0.03
%2 Ik 0.38 £0.03 2.11 +£0.14 0.40 £0.03 .66 +£0.07 .73 £0.02
PH 0.817 0.91 0.892 0.361 0.661
CV 1.76 3.41 2.06 1.1 1.41
B-A -9.8 -19.8 -11.8 -6 -8.2
BG_ROI_3 T 0.36 £0.03 2.21 £0.10 0.40 £0.04 .64 +£0.08 .72 £0.02
B2k 0.36 £0.03 2.23 +0.10 0.40 £0.04 .64 +£0.08 .72 £0.02
P{H 0.689 0.97 0.622 0.47 0.781
CV 1.87 4.46 1.29 1.55 1.72
B-A -11.4 -25.1 -7.7 -9.2 -10
BG_ROI 4 F1 0.37 £0.03 2.08 £0.23 0.39 £0.03 .63 £0.05 .75 £0.04
2K 0.37 £0.02 2.08 +0.19 0.38 £0.03 .63 +0.05 .75 +0.03
P i 0.447 0.845 0.209 0.938 0.496
Ccv 3.09 4.68 2.46 1.96 1.99
B-A -18.5 -29 -13.6 -11.6 -11
x3 EEREERFPETOCEERESHENETTES S
ROI Dslow Dfast PF DDC a
SO_ROI_1 {1 0.34 £0.02 2.19+£0.14 0.39 +£0.02 .60 +£0.04 .72 £0.02
FT2IK 0.34 £0.02 2.22£0.15 0.39 £0.02 .60 £0.04 .71 £0.02
P{H 0.55 0.424 0. 866 0. 803 0.855
Cv 1.8 3.45 1.46 1.54 1.23
BA-LA -10.3 -18.8 -8.4 -8.8 -6.9
SO_ROI_2 1R 0.35+0.02 2.22 +0.07 0.38 £0.02 .61 £0.05 .72 £0.01
2 W 0.34 +£0.02 2.19£0.12 0.38 £0.02 .58 £0.06 .73 £0.02
P{H 0.126 0.35 0.165 0.86 0.227
CV 3.96 2.55 2.37 4.56 1.65
BA-LA -18.2 -14.4 -12.7 -26.3 -7.6
SO_ROI_3 1R 0.33 £0.03 2.22 +0.11 0.38 £0.03 .58 £0.07 .71 £0.02
2K 0.33 £0.03 2.21 £0.08 0.38 £0.02 .58 £0.06 .71 £0.02
P1H 0.18 0.78 0.32 0.88 0.47
(%% 0.94 2.49 1.8 1.33 0.96
BA-LA -5.1 -14.3 -9.6 -7.7 -5.5
SO_ROI_4 1R 0.34 £0.03 2.24 +0.09 0.38 £0.02 .60 +0.07 .71 £0.02
2 0.35£0.04 2.23£0.15 0.38 £0.03 .60 £0.07 .72 £0.03
P{i 0.151 0.706 0.213 0.728 0.124
CV 3.65 3.18 2.58 3.95 1.54
BA-LA -19.5 -18.3 -13.9 -23.5 -7.9
- 21, B W FE A ROL P B 2 (4 5
- (=11/12) 2947 F P U 5 2 B 1) 95% — B
2.1 fERMmE M eDWI 7T & 54 B-A # 5 A AL Fil N
4 2.1.2 ROREPCEE B2 WS R WA 3,

2,11 RJRWEW B2 willEAE R AR 2, %%
Z4Y Dslow \Dfast \PF \DDC [ o FCRT ¢ 45 560 25 2R 25 5
PG AES(P>0.05) o Fr el SRS R B/
F 5% , Horp Dfast 28 5 R B K, 16 3. 41% ~4.68%

BeXS ¢ K50 %% VRS AT 4 4> ROL 22 R ¥ B4t it
(P >0.05) ;i 4 254 ROI [y CV ¥/NTF 5. 0%,
Hrp o R 5/, FE ROI #/hT 2.0% , Dfast 1) CV
K TE 2% ~ 5% Z [ 5l B-A B &4 S 800 4
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S 8r
Et
W 6
i
4t

2 -

0

J[E3 Il % V&%
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Zgl 01 AT b AR 0E R R WU B R B0
(G, A, IVIM A94BLA L) 200 s/mm® by 5 6 43
YRS S MR EL( ~ 200 s/mm?) FIHE (B SRHL
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(0 P AN St 7 fof A508 B/R BICRE 140 1) 1y 2 41
IR R B AN B 4 6, /R IO % 1) el R A 4 45
FAIRE 5 1t A2 L 24 ) o5 S e 2 0 A L 2354 , 2
40 6 SR 40 L P R 1 R K A TR IR
PRERELER 53 b 8 G L Rt 2 6 40 100 /8 A 8K
DIEM e, IR 0 ~50 s/mm’ JE [, /01 b
TEANBOR JE LRI 2 B A A iE s o
U, AT T T 8 SEVE i (22 4~ b fH, 4275 200 s/mm’
LI 8 4~ b {H:0,10,20,30,50,100, 150,200;200 ~
2 000 s/mm”Z [f] 8 4~ b {H:300, 400, 500, 600, 800,
1 .000,1 500 F12 000 L Kz 2 000 ~5 000 2 [&] 6 4~ b {4 :
2 500,3 000,3 500,4 000,4 500 F15 000) FIE & FFE
{EL(b =5 000 s/mm”) ffj eDWI J7 51l FAH B {15 Ak (9 S 54
BT, WG FIORIRL i H50A5% 780 {3 K 11 o 8 Jot
9 i AT EE A MR R PR o

NZER R R T TVIM AU BORE TR AR A [R) 1 AF
el fd 52 2 AH A /9 eDWI 2 80 it JL P & A
Bisdas 25" 1% F eDWI 551 (b {H3E .0, 5, 10, 20,

30, 40, 60, 80, 90, 100, 200, 700, 1 000, 1 300 s/mm”)
XoF 8 51 A G S 9e s N PR K S 7 ] — 5 e iR 18 4 btk
137 B, @ AR A28 55 R 8L Dslow, Dfast Al
PF #R7E 8% LLF o A58 45 5 WoR fir 5 S 5048 5+
AEINTE 5% UIN B BN TR o J5 B Al R 2 P 5
F5E eDWI 51 85 42 471 4 (%) Bsf 1) 18] B AS [R] , AR BF 5 1)
PR H B (] 11 AT TL 43, 532 i R /R 7y A 3
SHEATTREARNTEL/IN s T340, A58 IR AT 4 ) 25 1)
NS BIAT T 18 shA% 1E R0 M B v , 25 1)o7 R 22
SRS EAS AR N R, 855 2R 75 R 1)
ROI [t (745 5 R B AN 52 A A [R5 30 I i <2 )5 #f
A B [ roCMi S 7 18R S R R R T = i A
55 R IR B o C R T 7 BT A TR ) S 400 S Rl
KA, Horp Dfast 48 5 KRB HMSHR A, X5
Tima 2510 4 HF 55 (9 45 AR, Diast 4R #E 22 50K,
HER M A S50 . T TR BSOS A7 (g hl
N R AR G 450, ARF 58 DDC RN o MBS S5 &R
BNT 5% , AARFMTEL M, #ig L DDC Ml
o SEFTAE b S 514, HXE T U 5 R 500 43 B4
G, JUH & Dfast, N2 5 32 3 Ik & LR US4 19+
P, BRIEXT T ROL Py /b it - b 52 21 AR 41 3R B 43 /)
TP A Dfast 53 HA S HORAE R

AR 22 b AE YR UM AU G AH X T AR At 38
DL, B N T N S rii A e He At 355 457 4 i
FECRT R R R AN 7 5 % B R S5 A i
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