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Abstract: [Objective] To evaluate feasibility and accuracy of liver fat content (LFC) quantified by mDixon method in patients
with nonalcoholic fatty liver disease (NAFLD) | with hydrogen (1H) MR spectroscopy as the reference standard. [ Methods] A total of
70 patients with NAFLD underwentl.5-T MR imaging with 'H-MR spectroscopy and mDixon volume imaging of liver. ~Single-voxel
point-resolved "H MR spectroscopy of the liver (Couinaud segment VII) was performed to calculate the liver fat fraction from the peak
areas ofwater (4.7 ppm) and methylene (1.3 ppm). Water-only(W) and fat-only (F) images created from mDixon sequence were sent
to image-post-processing softwarelmage J and liver fat fraction were measured in the same position of VOI of 'H MR spectroscopy.
[Results] Mean liver fat fraction measured from mDixon sequence by Image J and 'H-MR spectroscopy were (16.9 + 8.7)% (range,
6.6%-37.0%) and (16.0 + 8.8)%, (range, 5.7%-41.4%), respectively. Pearson correlation coefficient was 0.920 (P < 0.0001).
With the Bland-Altman method, 95.8% data points were within the 95% limits of agreement. [ Conclusion] mDixon method post-
processed by Image J can be used to rapidly quantify LFC in patients with NAFLD.
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JI 105 BT SCRR 0 B IE R 5 28, 4 g Dy 5 28
S H I = ERAE AT AR N A i G R TR SR
05 R G 00 i DL A TR A 9 i s T RS M T R
(alcoholic fatty liver disease, AFLD) FIHETF 4G MR
i 9% (nonalcoholic fatty liver disease, NAFLD)_
NAFLD 55 AEJE R 2 AT 2 B R S5 A Q238
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KRR 15T XUER BE G 2L R iR R 5t
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=4 (three dimensional,3D) i AH A4S & [0]
mDixon JFF Hl MRS BJ7E[R]— MG A b 4T, S61T
2 mDixon JPHN AR, 38 b FH =P for
K&, & mDixon JFFIHAHTEHE , E 2T, T ik
A TS EENT . TR 5.6 ms, TEL: 1.80 ms,
TE2: 4.0 ms, B4 M B . 15°, 564 . 256 x160-256,
FIE FOV : M4 8 AR AT 8% | )2 )5 .6 mm,
JZ[B]#E . -3 mm, mDixon JFFIRELE—DFESAN
SERL (BRI 13.8-17.7s), SEHHEIHEH KA
(water—only, W)  IEAHA (in phase, IP) S AH{Z (out
phase, OP) JEAHE (fat-only , F) , FA—~2H =4k K]
154 65-85 i .

'H-MRS R4E . Ry T UHERA E A, P4 mDixon J7
A7) R T A AR i RS (ORORE ) B | R bR T
HENLER , SREEFRER MRS %l AR5
T 43T (point—resolved spectroscopy, PRESS) , >R
FHREL i 2 RAEFe R, ZECATF TR: 2000 ms,
TE:41 ms,NSA:32, J& 2 # %% 1 (volume of
interest, VOI) K/N°A 20 mm x 20 mm x 20 mm,
[]— 24 2 BE N AR P B AR OB eI A Ja i B
(FERIFBEVD) , BRI 2125>10 mm , /N0 ke N
RN B SFE S ARG T . MR
S, AR PR DI RESE DUACE 1 VOI #YSE (7
GO RS A HE T AR, Dhd se# DI R R 1
AL il 5 —Br BYREAE mDixon E% b #E47 VLHD 23
Bro VOI & & 47 A sh LA B2 513, 2R3 9K
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0 11 2 55 42 9 (full width half max, FWHM ) < 10
Hz, ARATKAMH],
1.3 MR EgL&ET %

mDixon JT 8 L 5 Ab PR . SR FH 26 = 7 e 2R 1]
1ZAE PREXAF Image J (National Institutes of Health,
USA) #EA 7 EIGUG AL 31, 05 JFE N B 105 & &, 43
SIPFF mDixon 7K AH S i AH I 46 R N R f5 Ak
PR T AEM % D1 2 Image J A PR, 22 “Image—to—
stack "AbBRJE HEAT 43 B A4 A4 (LK AR IE S W
feHHE A F), FH “Image calculator” IJ i 58 45 7K 41
WA AH B AH & AR 2K IR E (W+F), 285
“Image calculator” HJ G888 K: A5 K] (F) BR DA K g K]
(W +F) 15 2 I§ 5 /3 %% (fat fraction, FF) &l (FF=F/
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TR DI e 4 T 5L R S AT — DXk, s
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4 [l — 157 O 8 DU I3 o 7 EUR ) 2647 I
W (LFC i) M IFIE SR

'H-MRS Z4fs 734 . A Philips TAF 24 A 47
Jei A BE T AE 3k FUER AT (spectroView ) X SR 4E 1A % 11
B s AT 904, A S5 K W (E (P,,..) 8 7 1
WAL (Pyiq) /K DA UEE I TET R (A0 ) DR DR 0 1T R
(Awa), LG IR E L 105 4. 7ppm Ab /K IE A
1.3ppm &bV F B0 (e I T AR, ] MRS 075 i) T

PESR G &8 (LA km) itaE AT .
LFCyirs= (A AtiatA ) X100%
14 SFiFFESH
K I SPSS 17.0 Geit2# kit 47 fir A 1y e it
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It LR AR BEAF 00 R FH kST FEAS ¢ A 30 sl A S 80k
55 P IS AEACK S . Dixon B ZE Image J Ab
B 5 A5 Y LEC i 5 'H-MRS I 52 15 21 1Y
LFCygs B—Z0E 0 AL BRIPAN . B 28, E— ML
KL I ERPERNTE P LFC i A1 LF Cyis HY
F e, 1A Pearson HC &%, Hk, H Bland-
Altman J7 LA 3P0 # 19 — 20, 8 LFC, ., 1
LFCyrs W35 (1) 22 SEARICTE B AT BRI BCH N 19 07
THE 95% W AT A5 X [B] 38 i A6 A [l S8 2 2 A
8 77 Toa) AR 7N 73 ) HEL s 3 7 2% 2 Ml 22 FN B AL 1%
2% o W AT LIRS 5 07 251k, B R A W O/

SRR, M P<0.05 1, ZREAGIHFE
X,

2 % R

BH ARG O (42.7 £ 15.4) 8 (AR IR IEH
18 ~ 81 %), WIS A 40 BV 4E I (38.3 +
11.7) % ARG N 18 ~ 62 % 1 30 4 Lot | 4F
154 (48.6 = 17.8) % AFIYEEI R 18 ~ 81 % . B
F7(1.65 + 0.07 )m , PR A (78.0 + 13.9) kg, M
1+ %0 (body mass index, BMI) 4 (28.73 + 4.74 ) kg/
m*(19.10 ~ 55.36 kg/m?) . 32.8%(70 H1f¢) 23) ML
JHE B, 32.8% 1 BB 3 A M IR, 65.7% A3 1= I L
iE, F1 35. 7% A SR (R 1),

#&1 70 % NAFLD 2= B4

Table 1 Characteristics in 70 patients

Characteristic All patients Men women P Value
Mean age (year) 427+ 154 383+ 11.7 48.6 £ 17.8 <0.05
Height (m) 1.65 £ 0.07 1.69 = 0.05 1.59 £ 0.05 <0.05
Weight (kg) 78.0 £ 13.9 82.4 +10.0 72.1 + 16.1 <0.05
BMI (kg/m?) 28.73 +4.74 28.90 = 3.08 28.50 + 6.38 > 0.05
Obesity (%) 32.8 (23 0of 70) 40.0(16 of 40) 23.3(7 of 30) > 0.05
Diabetes (%) 32.8(23 of 70) 17.5 (7 of 40) 53.3 (16 of 30) <0.05
Hyperlipidemia (%) 65.7(46 of 70) 65(26 of 40) 66.7(20 of 30) > 0.05
Hypertension (%) 35.7(25 of 70) 25 (10 of 40) 50(15 of 30) <0.05
LFCmDixon (%) 16.9 + 8.7 184 9.5 15.0+7.3 < 0.05
LFCMRS (%) 16.0 + 8.8 17.6 £ 9.6 14.0+7.3 > 0.05
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'H-MRS 348 15 [8] 3424 3 43 25 #,mDixon
F I RE Y 15.9 B2, 7F Image J 514 4k 3
mDixon EUEAF 2] BRI & &= I (P2 ) L AR 38
JE W & AR R]  ZH 288 B R AN [R] 9 23 €5, (R
WE-2T00) , BENR I S B N TR] I S AN TR R 1
gk, (K 1), KR Image J BA4FE mDixon [#]
B 13 2 1 LFC, ., 5 "H-MRS W & 75 2] (1)
LFC s B PERE WL 2, SR FH Tmage J 3KPFLE
B B PRS2 LFCopin A (16.9 + 8.7)%
(JEFEHN 6.6% ~ 37.0%) ., FH 'H-MRS {515 2] fY
LFCyis 4 (16.0£8.8) %, (FLFE N 5.7%-41.4% ) (W,
#1),

As increasing of fat content, the colour of the tissue turns from

dark blue to red. Left:female patient, 66 years old, LFC (Couinaud
segment V) measured from mDixon sequence by Image | was 7.6%
and was 8.4% by 'H-MRS. Right: male patient, 28 years old, LFC
(Couinaud segment VI') measured from mDixon sequence by Image J
and '"H-MRS was 32.5% and 30.7%, respectively.

Bl 1 XM Image J Z#7E mDixon 1 ZBEIMIER & 2 E
Fig.1 Images of liver fat content created by Image J from

mDixon

El 3 7 H Image J FAFAE mDixon M &
13210 LFC o 5 "H-MRS Ml 545 2] ) LFCypes 1
s &l Pearson AHOC R ECH 0.920(P < 0.0001) , &
4 1278 Bland—Altman [, X HL 95.8% xi #R1E 95%
—HEEE N

3 4 ik

XA IS A I R BF ST TH-MRS I 275 5
() LFCyps 1 N2 R AEPEAN K H Tmage J #1444k
P mDixon EULIN &5 E 1) LFC, 0 WA TPEFIE
Witk FATEE R B FEARWT TR AN HE | il
Image J 24 )40 # mDixon 1545 21 69 5 7 7 &
P RE $ A OC 52 5 i 1D 2 = ma IR A A A S,
B I A 5 2 5 g 3 e BRI 5 B (D 1)

50.00

40.00

30.00

Number

20.00-

10.00-

L 1
0.00-

mDixon Group MIIKS

Horizontal line in the box is the median. Lower and upper ends of
the box are limits of first and third quartiles, and height of each box is
interquartile range. Vertical lines extending above and below each box
end on data points farthest from mean but within distance of 1.5 times
interquartile range from end of each box.

B2 F 'H-MRS #1 mDixon 77 &M EFE# 70 &
NAFLD £ & BT RE (VIR ) AR A & E I FH 2k B
Fig.2 Box plot of liver fat content calculated by 'H-MRS
and mDixon sequence in segment VI of liver in 70 patients
with NAFLD

401

R? Linear=0.846

mDixon

Scatterplot and regression line show close correlation between liver
fat content calculated with '"H-MRS and that calculated with mDixon
sequence (Pearson correlation coefficient, r = 0.920; P < 0.0001).
B3 F 'H-MRS # mDixon 75 % Il £5 2] &9 FF A (VILER )

FERf & ER A< BB T E 2
Fig.3 Scatterplot and regression line of liver fat content
calculated with '"H-MRS and that calculated with mDixon

sequence

A AR AR TR 5 Tmage J BRI A5
B LFC i 5 "H-MRS ME A3 LEC s o —
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Differences between liver fat fraction estimated by using 'H-MRS

with 95%

and mDixon sequence were plotted against means,
confidence intervals (Bland—Altman plot). 95.8% data points were
within limits of agreement (solid lines), corresponding tox1. 96 SDs
from mean.
El 4 F 'H-MRS # mDixon 75 %l 252 AT AEAE R &
=/ Bland-Altman [&
Fig.4 Bland-Altman plot of liver fat fraction estimated

by using 'H-MRS and mDixon sequence

., TATAR, KA Image ] A4 HE mDixon K%
AR VRGN RN 5, RELA O AR A
— RS ATAERR S & 5 1A R R T A

JHF T S VA R T P 1l S <6 s 08, 2
1AM B I HA BURER 22 JFANTE HT T | W
JIg Wi I i £ B ol 5 (ultra sound , US) Al
ML 2 45 5 (computed tomography , CT) AJ H T ¥
i FRERE 7 B BA A IR L R K eiE 2
FIR il 111130 R MR (magnetic resonance MR)F{ A, AJ
A3 il R AT - e 8 J I I AN K 8945 5 180
I HE CT B¢ US 31 40P AR -1, F A
FE AR D & 509 MR FiEA 28, mIK
AR A 'H-MRS FUEE 7462 2 # 1) MR 47
AR A4 LT AR 1 A 2 6 B D v (5] 4 BT 38
=50 NSNS (11 S & ATV E5 7 NS YN E S RS
(A2 R 7 i (A IDEAL Bfg52) , FEF i
H 17 1k HRE AL 0% -50% ) g 15 4 BGE L, 77
TERRNT—KAE 5 T R EOIPE AN BEPEUT IR & 52K
T 50%MEHE . BT 2 A T3 B e vE R 05 40 En
M AE 0%-100% HIFE ™, EA BFFEIESE, 5 5T
TE KT HE, FeaE AT RS D7 728 PR RS 0 3 R 4, O
AE 5 JIR I 105 — A RSORY 118 PRI X 222

AHFFE PR 3D P AR BE 1513 mDixon 3

G1)@EF 2 SABIE Dixon J7ik, W H X3 KBk
VAT AR B 1, SEE K R D5 5 5 B9 0 5, — Ik 4
AT RS 4 207 W B KA CIEARDE AR AT
JEARE 224 5L 2 1 Dixon J7 AR EE,
DX IR K BRI T AR R I, RENSIH BRGNS
ST B ARG AN )1 AR R 22, B
IR HNG W5 A5 7 4 B RS 0 B . BBk 2 B IE
mDixon J7 ¥, ANz (81 s (] (I BR ] , 7T RAEAT M
AR A 22 B9 MR (AL ) | DR AT DA gk 45
G %) [ 5 ek ) 600 6 6 ) A I (] R S R
PR, BE T BT SIRR H P ) FERAT R T,
Jir A7 BB B ReAE — A BRSO N 52 i mDixon 22 i
KA H BT R SE 444 15.9 #), st it/ T 'H-MRS
F ] CE34h 3 43 25 #0) , iFE AR
AR EEFAROLAF B, VF 2 sl 838l (0%-100% )
FINE T 0 B &, A2 LS 2 15 Dixon J5ik
5 UL R 10 — 7K ABEA ) R X

TEAM ST, FRATTR S =5 9% Image J 4K
A A7 T B AR AL B BT A5 2] AR 5 B A
(FF), TTFATA A Tz 5, B o] i 4T 5 X I 4
SRR BRI & 2, AE5E T IE (a7 ik ko v, IR
Jigt 10 e g A Ak 0 R — DX - s AR A7 1]
12 8915 5 38 (signal intensity, SI) , FFIE G 1 2 &
138 R LRe= Sl Stel 009, 1 b 315

1

Z HAt 2B IS e AR A
Image J A AT AR EHMR B R AL 3, e BUK AR AN
REAREUG , 20 T B i b 2 45 BB I o B0, 7E
PRI b, IR 5 5 2k % s AR P e 5k 0 S e
WE O R EE AT AL FIWT, AT T
AR B ATAT X I B 105 &, AN Ty AT AT
) N T 3855, Borra 251K Guiu Z51'9L) 'TH-MRS
W B E5 RN WS hnile, AT IR0 07 ik
JEMEAR G & &, W45 2R 5 'H-MRS Wl & 45
R E 2 FATRYSE R S AL, AT 3K
T Image J #5075 89 BB B 105 & 5 'H-
MRS 0454 SR A 077 5 v B — 3
SEMRPEAN TR 5 A8 1 1 MR 05 1 PR 3R A 46
JHFEF AE AT 2 25 i 3 o2t 25200 AR 3RATTIR A
e, FRATHTHEVE L B AR S NAFLD i
BRI RETE A TRV T 5 25 b 1 R A
B, I HERR A 52 M TR B 5% , an
JHF It A8 2R UG RE 1l P i 5% 1 A 1t B2 60 R
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M —E TR EE FHERR 13X A P 2R B 52

5 A H-MRS ML, R Image J ARKAFAE
mDixon [R5 £ AR 5 & A7 LUR JLANME R
OmDixon FFFNE G4, I+ H T IFEK7 5% MR
AL F 2P, @mDixon 81 R AL [a] JE H
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2N HERE B AR OKAR EARGL AL IBAR )
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@mDixon R 2, ARV & REAE A AT
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£E1Y . ©Image J B4 1L MRS J& Ab BHHE {7 2R PRk

ST IRME R A AL RS T (B an R Iml i 1
A =Rl 2 1l R AE ) A L, mDxion 78B4
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FHRT 50%M AL (B #E KT MR R I &
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IDEAL HAZAH b, mDxion FE3 48 5 #5645, I Hl
DITERY58 MR 381 S8

TP FRAFAE—E WY R BRPE . o, 3]
(875 ¥ 52 LA o5 — A [l 42 19 J5 i 'H-MRS 1E 2
FhRiE, AR S REE R, MR ZECH
LT MR J7i—+F, FATTRY 7500 5E i R 105 53
AR AR > FRENEFIES, A
S S AR BT AR AR i i, OO FRATTRIFSE X
GJ& NAFLD T JCH AW 1 28| S0 T R AR
PG A MRS I 555 TR I I 19 D) 3% 490 G U Bk T
FEL LT AE AL 2 R 25 m I B 25 R M AE R, 2k
A I ) BRG], 72 MRS SREEH RAT T2 BFIE, A—
SERRJE L5207 MRS W 25 A v

AT LSRR VIR Image J FAFXF 2 S4E
1E Dixon J7 ik KRG AT fa Ab BEAT PR | Ty (o Mo )
HEAPIE R 7 & & A TART R N Tz 5, &
45 R 5 'H-MRS 1 I 5 45 R A R 4 A O H
mDixon J781 1Y & SRATAEFIR I A 4 FE 15 ] | Image
J AR L PREE P AR ARV P
JR DT & R T RE . 207 e il T A AL K
BRUBEE AT — 09T,
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