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Usefulness of the High B—value DWI in Brain Tumors
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Abstract
This study attempts to examine the clinical usefulness of High b-—value DWI (diffusion weighted

imaging) for brain tumors with an edema. Subjects were seven patients selected from 65 patients who
received an MRI scan for suspected encephalopathy and confirmed diagnosis at our hospital from
February to July 2015 (male: 7, average age . 66 years old), As test equipment, 3.,0T MR System
(ACHIEVA Release, Philips, Best, The Netherlands) and 8Channel SENSE Head Coill were used, DWI
checks on the use of the variable TR 5460ms, TE 132ms, Slice Thickness 4mm, gap lmm, Slice number
29 is, 3D TIWI is TR 8,4ms, TE 3,9ms, matrix size 240 X 240, Slice can set 180 pieceslt was, b value of
0, 1,000, 2,000 s/mm2 with DWI acquisition and 3D TI1WI enhancement five minutes after the Slice
Thickness 3mm, gap Omm to reconstruct the upper face axis (MPR TRA CE) was. As for the experiment,
in b—value 1,000 and 2,000 images, SNR and the lesion at the lesion site and CNR in the normal site
opposite to the lesion are measured., WW(window width) and WL(window level) are made equal in MRICro
software, and the volume of the lesion is measured from each of b—value and MPR TRA CE image, Using
SPSS wver, 1,8,0,0 Mann Whitney—test was analyzed for SNR and CNR, while Kruskal-Wallis test was

analyzed for volume,

Key works : Diffusion weighted imaging, High b—value, SNR, CNR
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BE BAARY A7 A=
b—value AA7A1,000 s/mm® 22 da AHLED
At AR RGAA =L b-value (1,000 s/mm”
OI’?})—J A& FZ7HA MR 9] stEgo]AQl A=
AHg-o] AFEQAT EA= Ve LR JAPUG
gl A AAEE Fostes Aol eI oEH
b-valueE 1,000 s/mm” o] 2 3slo] A7} 71538}
A G

2o A4 AL HAFL=E 1.5T MR7|7]E ©]&3}
o b-value 1,000 s/mm” °]4 (1,000-3,000) & &
A2 FAE B o IWFY AIZFERBY 4T
o g ol g 2do] Bx ® v g1 15 9
3.0 T MR 7]7]o|A |4 ¥ A Zdo| b-value
1,000 s/mm’® ©o]4+o] A}z do]l FEsichs B
EE A, 2y AREo] AR v EAZY)
Fo] e HE gASEZ 3.0 T MR 7|7]& &
b—value 1,000 s/mm® o]A+e] ZrAL7}FRGA o ot ﬂ
FRIE= gk old 2 AFoA= FF (edema) ©]
e HEoF FRE A S E High b-value A7
A} (DWI: diffusion weighted imaging) 9] YA+
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AAF AH]E= 3.0 T MR System (ACHIEVA Release,
Philips, Best, The Netherlands) I} 8 Channel
SENSE Head Coil & ©]-&3}la 2015 d 2 €¥g 7 ¥
7HA] 2QolA HHH oHo= MRI & AlF g 65 1
T A A7 F (A 7T H, Hayol: 66 Al) = o
Aoz Ao g2 319 o1 Kaposi's sarcoma (case No,
1), Glioblastoma (case No, 5), Lymphoma (case No,
6), Meningioma (case No, 7), ZIZ} 1 case ©]H,
Brain Metastasis (case No. 2, 3, 4)= 3 case 9|3
o AHEH FA4 71 DWI Y 34 £ 3D T1 &
o]-g&5titt. AAt o]-&H DWI M4+ TR 5460 ms,
TE 132 ms, Slice Thickness 4 mm, gap 1 mm,
Slice == 29 /|2 AA3s}gct 3D TIWI &= TR 8.4
ms, TE 3,9 ms, matrix size 240 X 240, Slice =
180 7= At

1) DWI)

4233 FadE AR 4o FYT Fyos

b—-value & 0, 1000, 2000 s/mm’o 2 A} R G A
< %“ZM

2) TB TT ¥ 3D T1WI

29 3% F 5 £F 4L U561 WY FAE 3
mm, 7+2< 0 mm & DWI & FUsHA SAHoR

A7 e

Y=9 GHL Pi-View B o/ g3te] FRHoE =
g Ssios A WA AWS W BRG] 94S
workstation oA b—value 1,000 I} 2,000 FAIS H

4 IS SNR S WU WY RS FEre
CNR & PASW Statistics 18,0 &

A9l Mann Whitney—test 2 2A3t4ct T+ HHA A
¥L MRICro (Chris Rorden, Columbia, SC, USA.

www,mricro,com)|A W/W & W/L & FL3tA 3t
o] Z+Z+e] b-value 2 FAfolA HHo WAL ZA3}
o MPR TRA CE @A oA wwe WS PASW

Statistics 18,02 ©o]&3lo H|E4 AHAQ Kruskal—
Wallis test 2 43} },
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2. ROI (Region of interest) M7

SRS H|9 ROT & W&ok R97} FA
gtch (Figure, 1),

A 48

Figure 1. Region-of-interests(ROIl) position of the
brain tumor. Lesions @, normal @, background @), @

3. ™ (Area) M

® B-1000 @ B-2000

® POST CE
Figure 2. Area position of the brain tumor.

4. JAEM(Imaging Processing and Analyses)
1) iET(contrast—to—noise ratio; CNR)

CNR = (51—S,)/SDy (41-1)

S1 s, el HE 23R BHGANN 2%
o) NE7Az9 Bt
SDy: background® FZHA}

o Hgsiet,

2) MY OHEEH|(Signal—-to—noise ratio; SNR)

SNR = M./SDy (41-2)

M.: Phantom% 9] BAGY AsFwe] BEA
SDy: background®] ZZFHXZ}

I o] B F9E At o NE 7rwet A
A B9 As FEE 55t JES 49 At
FZE FEoA dtt wabd A g2 dol
72 A5 Zk(Signal)E F5Y EFE WA (STDnoise) gt
o2 Y FE ol &t AZgRSHE o] &3t A
£ AT A7I7E 2oy 29 mEHAte] wEba @
o] W3}st= o] Ut

(3-3)

T e Ve
g
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4) nonparametric statistical test

BTG FEHU 2lT meao e 7ol 8
e e, HYGY B Yalol 4w AHE
He $A4 AFYHo|t, EZFYY (distribution
—free methods) & AFEEZFAZA olztr= T
o HEAEY ME9FE 2 F82o] A2 AL F
naA e Agstr]o LHe ARE B4
&5t &3] AHEEE Al 7HA] HESFA AR
= 9849 o 7|23 Mann-Whitney 3}
Kruskal-Wallis A%, 281 7|Z4AY So] At

. Zut

B Xof o]&3%t Tcase? FTHL Kaposi's sarcoma
(case No. 1) (case No. 5)
Lymphoma (case No, 6), Meningioma (case No, 7),
Z+Z} 1 case 9|W, Brain Metastasis (case No, 2, 3,
4)= 3 case °|t}. b-value 1000 I 2000 °A] CNR
Sl SNR & ZZ Hlusty 2YAE ARG FAlA

Glioblastoma

’ ’

782.083+197.02, b—value 2000 ©] 488 77+171.77 &2
b-value 2000 Xt} 1000 ©] 164 &A uvehgch
(Table 1). b—value 1000 I} 2000 2] o] AHAE
WZ35}2 E5te] Mann Whitney—test & sFgth 1
A3 P-Value 7} 0.018 2 b-value 1000 I} 2000
o] SNR o 93t Aol7k AT (p)0.050) (Table
2). SNR 9] o] case No, 3 HOZ b-value 1000
o] 692,89, 2000 ©] 358,822 1.8 H|Z 7} =9toH
I 2922 case No, 5 HOE b-value 1000 ©]
686.64, 2000 ©] 366,97 & UEetgow 71 e A
< case No, 1 ¥13} 4 oz 1.4 wj7} ygie},

1200 1

1000
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1. SNR =7t Fig 1. SNR comparison graphy of brain tumor
Y HHol SNRL I b-value 1000 O]
Table 1. SNR of patients with brain tumor.
SNR
b—value 1000 b—value 2000
HHEA BG SD HH SNR HHEA BG SD HH SNR
1 455.46 0.44 1035.14 331.94 0.45 737.64
2 249.91 0.32 780.97 152.79 0.32 477.47
3 318.73 0.46 692.89 161.47 0.45 358.82
4 547.73 0.58 944.36 368.54 0.58 635.41
5 24719 0.36 686.64 135.78 0.37 366.97
6 702.81 0.79 889.63 456.5 0.78 585.26
7 297.87 0.67 444 .58 171.48 0.66 259.82
Mean 402.81 0.52 782.03 254.07 0.52 488.77
SD 172.94 0.17 197.02 128.96 0.16 171.77

» Case No. 1(Kaposi's sarcoma), Case No. 2, 3, 4(Brain

6(Lymphoma), Case No. 7(Meningioma)
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Table 2. P-value of SNR in brain tumor
patients
SNR
b—value 1000 | b—value 2000
Mean 782.03 488.77
SD 197.02 171.77
P—Value 0.018
2. CNR &7
X WO CNR HH2 b-value 1000 9]

471,99+168.25, 2000 ©] 27512415553 OF
b-value 1000 ©] 2000 Et} 1.7 ¥] &A Yegor
(Table 3), b—value 1000 T} 2000 9] Zo] AFAL
W£31A] FEs}e] Mann Whitney—test & 3FHTH 1
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Fig 2. CNR comparison graphy of brain tumor

Table 4. P-value of CNR in brain tumor patients

Ay P-Value?} 0,064 2 b-value 1000 I 2000 <9 CNR
CNR of &9oust z}o]7} g9tk (py0.050) (Table b—value 1000 b—value 2000
4). CNR 9 v|7} 7} 3 A Jved AL case No. 5 Mean 471.99 275.12
HOZ bh-value 1000 ©] 349,22, 2000 ©] 106,32 = SD 168.25 155.53
oF 3.2 Hj9| zpo|7}F WAL 7P R case No, 1 W2 P-Value 0.064
b—value 1000 ©] 603,00, 2000 ©] 487,29 2 1.2 Hj
9] Zolg Holw, o2 W2 AL case No, 3 ¥
T 1.3 WS YeRth YA case A= 1.7 oA
2.5 "j9] ZFo]E Ho|m CNR o] A F ez w4 U
=3
Table 3. CNR of patients with brain tumor.
CNR
b—value 1000 b—value 2000
g HH BG SD CNR g HA BG SD CNR
1 190.14 455.46 0.44 603.00 112.66 331.94 0.45 487.29
2 116.56 249.91 0.32 416.72 83.46 152.79 0.32 216.66
3 105.16 318.73 0.46 464.28 78.32 161.47 0.45 184.78
4 231.49 547.73 0.58 545.24 140.9 368.54 0.58 392.48
5 121.47 247.19 0.36 349.22 96.44 135.78 0.37 106.32
6 136.64 702.81 0.79 716.67 128.01 456.52 0.78 42117
7 157.96 297.87 0.67 208.82 94.15 171.48 0.66 11717
Mean 151.35 402.81 0.52 471.99 104.85 254.07 0.52 275.12
SD 45.50 172.94 0.17 168.25 23.25 128.97 0.16 155.53
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3. B WY oy
o oW B Case W FY WAL BRL
b-value 1000 ©]  474,26+59.75, 2000 ©]

391.83+56.39, POST CE (7]&) & 372.92+56.14 2
(Table 5) Ugten =24 $%4 o I4E L= 2
reduction 3FRE W b-value 1000 & —27.99+10.15
%, 2000 & -522+268 % Z b-value 1000 =t}
2000 o] 29 F7 © J43 WHo] 533 HWl o FA
ot WAL yeERgth b-value 1000 I, 2000, Post
oF el grol A7 AFAS WEAA o} 529
A 2 olael 2sE Wasie MBsdd Pl
Kruskal-Wallis test & AA|3tHTH 4 Zil W3
P-value 7} 0.012 (Table 6) ©]i % reduction
P<0.001 (Table 7) 2 b—value 1000 Et} 2000 9|
9 27 8 94T o SARF Ao tehtt

BN rlo rlo

Fig 3. Area comparison graphy of brain tumor

Table 7. % Reduction P-value of Area in brain tumor

patients.
Table 6. P-value of Area in brain tumor patients.
% REDUCTION
HA (mm?)
POST CE 51000 82000 POST CE | b—value 1000 | b—value 2000
Mean 372.92 474.26 391.83 Mean 0.00 -27.99 —-5.22
SD 56.14 59.75 56.39 SD 0.00 10.15 2.68
rAa\r/”(jrag e 16.57 914 7 09 P—Value P<0.001
P—Value 0.012
Table 5. Area of patients with brain tumor.
Area
HA (mm?) % REDUCTION
b—1000 b—2000 POST CE b—1000 b—2000 POST CE
1 481.75 412.29 407.52 -18.22 -1.17 0.00
2 454 .56 332.28 317.47 -43.18 —4.67 0.00
3 462.79 392.32 374.24 —23.66 —4.83 0.00
4 394.22 316.57 288.39 -36.70 -9.77 0.00
5 477.93 432.54 416.13 —14.85 -3.94 0.00
6 455.62 377.83 359.91 —26.59 —4.98 0.00
7 592.92 478.99 446.77 -32.71 -7.21 0.00
Mean 474.26 391.83 372.92 —27.99 -5.22 0.00
SD 59.75 56.39 56.14 10.15 2.68 0.00

» Case No. 1(Kaposi's sarcoma), Case No. 2, 3, 4(Brain Metastasis), Case No. 5(Glioblastoma), Case No.

6(Lymphoma), Case No. 7(Meningioma)
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B % (RE) B1000O
% (RE) B2000

%% (RE)y POST CE

Fig 4. % REDUCTION comparison graphy of brain
tumor

V. 0z

DWI & Fod A7|ZA oA Y] & £
ito] W2 A5 HHE GAEHE HeE 2Y
o B Exo] gt 5] AW YT 77t 2
A dolut DWI oA Aoz A AZF=E Ho
1, Babesol How FH Hoh AdFes 1 A5
AEg B,

[DeLano MC %]W& A3z GA oA AFZA=L
z2% YolA & B g A= E yefs At
Aot T2 JE 2] o3 AFHC b-value &

0 s/mm’2 3}¥L & T2 FRIFES ez
b-value & A& &9 F4 H¥ T2 9FS #L

I b-value & 1,000 s/mm’Fo] AARIYE wo=
HHpH Fo| 3 ATHFEE HoleH o= T2 9%
ol 7] Zelzkar skleh, 18 o3t T2 9
< #ast7] fsA b-value & F7h5t9 HARHAY
9 AT E dAste 94 €= 7IH 3 3
AME SHA EHW ZH4be] HE BxE 4= €& 7t
Ak, HFFol SlojA DWI &= A ¥ 1y 4
< AEd ded B2 =35 FAW @A Gl
AH&8H= b-Value 1000 ©]38}9] 2 FFH R
ARl s FHEA ¥ Sl 2 A™dA
HEF FAEZ JACE b-Value 1000 I 2000,
POST CE @AolA olEA detueA AuEget 4
A FAE gFeR g 22 A JE&T o §&
g Aoz Az, ool 72 Aol dig A
A A0 uzE A9l

1) SNR &

& HHel SNR o HF2 b-Value 1000 ©] 2000
Btk 1.6 ¥ =4 JeEbgth b-Value 1000 I+ 2000
o] ol AqtAdE WESHA Hoto] Mann Whitney-
test & 39t 1 A3 P-Value 7} 0.018 =
b-Value 1000 T+ 2000 ©] SNR o &3t zto]7} 9l
%t (p0.050), °]= 1000 ©|4¢] b-value HiHFE
GOIA bvalue & ZANT Tet ¥ WAz
q % 45 o g3k ol Ueptw® B 47 2
o & b-value & F7HAF wet FAACE {
ofulgt o7t e A2 AaE AT 5 AT

SNR 9] #}o]= case No, 3 ¥ (Brain Metastasis)
53 b-Value 1000 ©] 692,89, b 2000 ©] 358,82 &
1.8812 7} =9tow 1 & O =2 case No, 5 #
(Glioblastoma) ©2 b—Value 1000 ©] 686,64, 2000
o] 366,97 2 Uelton, 71 UFe AL case No, 1
¥ (Kaposi's sarcoma)d} 4 ¥ (Brain Metastasis) ©
Z 1.4 W7} Ugth ol CNR H7ie} nprix 2 %
o 7] A FH, WYty E77F St F=o @
ol Az G & AR AFRHT
2) CNRIZE!

¥ W2 CNR HFgE b—Value 1000 ©] 2000 HE
o 1.7 W) %A UEREe, b-Value 1000 I 2000
o gol AFAL  wEeA o
Whitney—test & sttt 2 A1 P-Value 7} 0,064
2 b-Value 1000 I 2000 ¢ CNR o] g9t Zlo|7}
fsith. (p20.050). ©l= b-value 7} 4% FH4to]
Zz2E e €& F U & 2FY FHAS
255, E Agste AAHASTE 95 4t o

i aA yse 2 a4
b-value & F7HAA w2t FAFHLE {7t Ao
7F (AR A3 AAE ST 4 YUSiHh

CNR 9] v|7} 7 ZA Yehd A2 case No, 5 W
©F b-Value 1000 ©] 349.22, 2000 ©] 106.32 =
oF 3.2 9] Zlol7} Wil o= Glioblastoma & X%
ol ERobA ZAT Qb AFWATAN AFsHe
fREgon WA WEFY 12 ~ 15% & AT
CNR 9 H|7} 7} W2 case No, 1 HE2 b-Value
1000 ©] 603,00, 2000 ©] 487.29 & 1.2 "j9 X}o|&
Ho]il o]& Kaposi's sarcoma 22 o] e}

Mann
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o}
o

FFe wokul i =R Ao ooz B
0 1

71012 Aot o]l Ho o] Hojzl Ao
HAHED th&oZ U8 case No. 3 WL Brain
Metastasis 2 1.3 H|& UgWdth UmA case =
Case No, 2, 4 (Brain Metastasis) Case No, 6
NA 1.7 W)
oA 2.5 Hje] Zo]E Hoj CNR °] A ALz =7
ugtth, ol F¢ ¥H71 2 =, HYsd 77
Siko] Ao Gl Agao] FFE & ALE A
24

> 20
AL oo oXx

(Lymphoma), Case No. 7 (Meningioma)

3) e1x mH

[DeLano MC ]9 SAZZRAANAH AsHEE=
23 Yoq & A9 g4 =S YeEY= 44
Azsh T2 489 23] o8 BTG, bovalue

0 s/mm’2 ¥ mE T2 FRIFE dedx
b-value & A& w9 FA4 HU T2 FFS FAA7]
I b-value & 1,000 s/mm’Fo] AARIGL wo|=
YH5 Sof 7 ASHEE Holy o]t T2 4ol
ot 1 WEOIEAR SAspe, 2T e 12 4
B257] AAH bvalued F

ISEN

ATE JAste] FdE A= 7]1}% Argste] 7
SHA HW Fito]l v FxdE 94E de 7t
AFNAE b-value S F7}3to] AT 2

PNH 30 > o o o
oﬁo_ﬂﬂllﬂlﬁ
rte

ase ¥ £9F WAL b-Value 1000 T} 2000 ©]
27 8 943 WHo] 5,33 ¥ o AT WS
Uelgth b—value 1000 I}, 2000, Post CE A9
%ol 27 ARAS WEAA gor SUW A T ol
o] A7ZIE HAs= HELAHQL WHQ Kruskal-
Wallis test S AA|3te] EXA3 A3t WAL P value
7} 0.012 °]il % reduction & P<0.001 & b—Value
1000 Xt} 2000 o] 2F 57 & AT © FARE E
A& Uetidh
2 A7Y AL AR 7 Hold T4
71 2 e, FEE £77F 4 Ao wEt g
oA gley 2 AFoAE ol2g Azt thafA
aeA FUthe Holn 3 £ o diAAE =
F7HAQ A47 28T AoE AlREH

a?i’

_‘E fr o o

40 Korean J Digit Imaging Med, Vol.17 No.1 Dec. 2015

ol AFPL Fd b-Value 2000 < 1000 ©f |3}
o 3

T2 ggel FAHE AL AU T & ggled
b-value 7} E4% zl-ﬂ-o] ZFzE Qe Ao 2 9]
3 shabe] o MzZart vegeh W FE(HO) W

9 WEZ7} b-Value 1000 ET} 2000 o] 3|
ZoFmt 29 Hzalol HIE molsilyl E=go] FHH
TR A wo] AMEEE 2 27+ & 70l 3D T
3 ggste] AgIThd Age] 271Hel JRE AT
T 4 9o $4% Ao Az Hrh

(‘E

<
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