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3. 0T MRI multi-echo Dixon technique in quantitative analysis of liver fat in patients with nonalcoholic fatty

liver disease

LI Si-jie, WANG Zhen, CHEN Lu-guang, FU Cai-xia, LU Jian-ping*
Department of Medical Imaging, Changhai Hospital, Second Military Medical University, Shanghai 200433, China

[ Abstract] Objective To investigate the feasibility of using 3. 0T MRI multi-echo (ME) Dixon technique for liver fat
quantification in patients with nonalcoholic fatty liver disease (NAFLD). Methods Twenty volunteers were enrolled in this
prospective study, and they included 16 NAFLD patients (12 males and 4 females) and 4 healthy volunteers (3 males and one
female). All volunteers were examined by routine liver MRI, ME Dixon technique and single-voxel MRS. After examination,
the fat fraction (FF) value of Screening Dixon and the FF value of single-voxel MRS with Histo sequence were recorded, and
the FF values of 3 regions of interest (ROIs) in the fat {raction map of ME Dixon were manually measured. Finally, the FF
values were analyzed with Spearman correlation analysis. Results The Screening Dixon FF value was positively correlated with
the FF values of three ROIs of ME Dixon (»=0. 842, 0. 959, and 0. 945 respectively, all P<C0. 001). Similarly, positive
correlation was also found for the FF values of Screening Dixon and 3 ROIs of ME Dixon with the FF value of single-voxel MRS
with Histo sequence(#=0. 971, 0. 842, 0. 959, and 0. 945 respectively,all P<0. 001). Conclusion It is feasible to use 3. 0T
MRI ME Dixon for evaluating liver fat content in patients with NAFLD, and its results are positively correlated with those of
single-voxel MRS, It is valuable for the diagnosis, follow-up and intervention of NAFLD patients.

[ Key words] nonalcoholic fatty liver disease; magnetic resonance imaging; fat; quantitative analysis

[Acad J Sec Mil Med Univ, 2016, 37(9): 1088-1094 |

BTG 14 08 5 P T 9% (nonalcoholic fatty liver resistance, IR) #1135 1% 5 J8& % Y AH 5 /9 AR 181 7 35 v
disease, NAFLD) J& — Fl 5 i & K K HT Cinsulin  JFAEIAS7 S48 Ba AR A0 Ath W o6 1) 350 1T X 2% T

[KFHE] 2016-04-16 [(#EZHH]  2016-09-06
[EFEEA] HUE. B ER. E-mail. lisijieyichen@163. com
* W E/E# (Corresponding author). Tel; 021-31152146, E-mail; cjr. lujianping@vip. 163. com



55 9 3. G55, 3. 0T MRI £ 1138 Dixon HAXS WAL NI PE V5 835 AN 10 9 2 2 4347 + 1089

SR, AR P 240 M DR L M B 7 72 R 32 SRR AR 1Y
IR R S AE 2, 2014 AR 5L E I 2 A Bk TS
M f8 . JE O P IR W5 P & (nonalcoholic
steatohepatitis, NASH) J& NAFLD # /™ & ) 41 21
R, Y NAFLD i 3 NASH, w] 3 5 )i 4k |
JFF 3 0ty % JHF- 40 93 1 LB . NAFLD 5 4% bR s
IS e 8 DA O, SR 51 BBl & 0 % Oy 2500 ~ 3520, W
MBI A% =>10200 Rk b 78 BN R AR TS
KPR e KA T 7 SR RS  NAFLD Y & 38
IEBAERGI A R A, Wi, NAFLD &
AR MG SR 2 i 2 SR AL | o A 1 A
By B AN B AT, PR, RO E A 12 L PR A
NAFLD &35 iR D5 2 1 6k T 3838 19 T B3R
7 RIBE DT S I R B LR, TEARRI P AR =12 W
Hh L B A (MR A J31] J2 B A 3R i 3 4 Bl 33 20 A
(MRS) /& H AT 8 12 AT BB 5805 1A 20 LA
AU KAk W0 e 10 0 0  ABATY SR A A0 F i
[ RF R AR M R R R . AP0 LR
# MRS %t 8, R 3. 0T MRI £ [5] i (multi-
echo, ME)Dixon J3 41 X} JiJE A 7 1 £ #5172 12
SE » BT PERF 27 Hovh F NAFLD F3 I i 105 5 &
S e G I 1 R A R I S A {1

1 BT %

L1 #rRxtg RilEtEmgsA 201547 H 1 HE
2015 4F 12 7 30 HAE A S InAWF 5819 20 BiE&
JE . Horp Aot 5 il NAFLD 8% 4 ], 1E 5 %)
M5 1 )5 J5 % 15 filrp NAFLD B35 12 4], 1E % %F
MR 3 Bl 4EU8 29 ~61 %, V- My A 1% (43, 45 =
10.55) % , LA IR 41 % . 9 AKRE - I AR08 S
K20 NAFLD 835, DL s ) B B
ARG RIIE T ABE . HEBRAR1fE : MR 28 RAiE 5 5
JE JF AR ST (O RR AR 3 5 SO b S5 55 < P E VT BR AR S5
B ISR SR R 8 SR s g A A T
TIRE S R T s (R 4 H >3 k>
5 R L B o >20 g/d BE>30 g/d) s 3
AN A A BRIV 25903697 50 0 B85 s IG5t 1L
T .

L2 #Fiesix HE-ZEAEFE MR#
VEGI I E I BT A 2 TR . R &
PUI']F Skyra 3. 0T MRI, H377k : B 56

ARAL Ty AR, IF LA Sy s 7 48 Mk 3 il
Screening Dixon,ME Dixon, # Wi T, AL T,
RS . 5 A AR e I IE AL Kb, A 3h AR R
Screening Dixon (] i ) 4% & F1 g Bt & & 4 % 14
SVS B 7 £F Screening Dixon B4 H 3k )5, 78
PEAG SRR PR —4E 2% EL8T 1E XK A B A T
Ab 5 4 A0 B Ok 1 IR AT 3D A SEE AR 6 0 O R
L R JE B T RAVE AN S R A i A 8 S v 7
R THBE U R X (ROD) , S i IF iF L X
4 Histo JF 41 45 H i 1% B K AR N o 2 e 41 v
SR Ty A2 %80 TR 1 000 ms, TE 99 ms,
FOV 340 mm, JZJ8& 7 mm, Averages 1, §lI% ff &
160°; Screening Dixon 39 % %k: TR 4. 19 s, TE
1. 23 ms,FOV 420 mm, )28 4 mm, Averages 1, #l
A 773 ME Dixon JF A 2% TR 9. 15 ms,
TE 1. 05 ms, FOV 420 mm, JZJ& 3. 5 mm, Averages
L BB AT 475 BEWT O T, IS4 TR 1 200
ms, TE 95 ms,FOV 420 mm,JZ/E 7 mm, Averages
L% A B 160°; B2 T A3 4 2 4 TR
3.97 ms, TE 1. 23 ms, FOV 450 mm, Z)8 4 mm,
Averages 1, Bl 9°; SVS-st-Histo HIi =45 .
TR 3 000 ms, TE 12 ms,Averages 1, Fl%E % 90°,
volR>>1. 30 mm, volA>>>>P 30 mm, volF>">H
30 mm,

1.3 BBRFHHABLEME N -ZEHF
B ISR AR W 2 10 Y m AR B R 2 A B =
IS G i R P it — 2 AR LR E 4T
B A% . 0 % 5] 321X Screening Dixon J7 4]
Y I B g 15 43 4 (fat fraction, FE){H ., 7£ ME
Dixon ¥4, #3432 1A M & 3 4~ ROI X i FF {H.
WEREDCI AT 1A A I 2 A B A 40 S PR
g3 AT A TR 3 AR R A B> ROT
X sk, Herp—A~2 5 Histo J#81 ROT XA Iz Y X
5.1 RO, FrAy 459 ROT DX 4 R J A
LA X, WL Histo 91 % 2 #H R BIR R MRS
(I BT, 10 SR NI U K I FF AR

1.4 %itsas® KA SPSS 20. 0 #4217 5045
M. AFRBEBER A A I Qo RoR. WA
Spearman J5 ¥ iE1T4525 FF A 43 HC A &4 20 #7
R g5 K HE () 0. 05,



BRI 2016 4R 9 S5 3T

2.1 3.0T MRI ME Dixon m /%08 By & & 5 ¥ L A
H oL il I Wl 98 (Screening Dixon) . B 55 Al A
PAF il E IR S B RS By E R Jh A
s 2 H 2 8 NAFLD (9] 412 Wk 45 F i
B AR E (B 1.2) . SR 58— OR R 58 1K
ME % # #1 # (ME Dixon) , [ 50k 6 (B 3.4).
Screening Dixon & ME Dixon ] 1] LL45 3] [8] #H {3
(in-phase, IP) . Jz #i{ii Copp-phase, OP).JJ§1%./K
% #. ME Dixon it A[ 155 T, " 54 T, K4 A
BT, LA R A 8 ) g 105 3 808 IR T FEAT
ROT JU & i FF A (K] 5.6) . fea 32 1a% 1l LU
i ME T, #0E #9544 R P 5% HR (Histo) , 2 i
MRS W% L I B 3 A Tk ROT /4 i 15 72 1 4
HE 1.2, A5, 22 H WA
FEIAAT o

2.2 NAFLD & & A JE s W5 #9 % 12 3 &
M, NAFLDZREE I IFNE Screening Dixon [ &
I BT G 8 3 A DX U OE R 32 i 3 I B 1 R
(| 2), NAFLD %2 X % ME Dixon [fl//Z # fi
Ty WICIP/OP) J¥51£3 N : OP EG LR M5 5
SRR TP UG AE 5 AR AR R IRMQ U IE (5 548 0E
W AZIAE TR WK R EEARCE 6) . NAFLD 3Zi4#%
(1) Histo B Pl op A9 80 28 S A IR 4R L Sk
TR A0 0 a5 B 1 A 7K U A I AR 1) Sy i Jo e
(B 2D,

2.3 3.0T MRI ME Dixon &% 5 %4k % MRS @
AT A R RS T S AR

1 FF {4,754 Screening Dixon 5 ME Dixon |15 1Y
FF {8 5 B IE A6 (r=0. 842.,0. 959.0. 945, P<C0. 001 ;
€l 7) ; Screening Dixon } ME Dixon 4 Histo 5 A9
FF {85 B IEAH G (-=0. 971,0. 842.0. 959.0. 945, P<<
0.001; % 8),

1 IEH BFBE Screening Dixon $3$ 475 45 £ #0 Histo i L& R

Fig 1 Results of Screening Dixon and Histo spectra of normal liver
A; Computational region of the liver lipid content of the subjects of the Screening Dixon; B: Image of pseudo color of liver lipid content of
Screening Dixon. There was no obvious area of yellow (lipid) in the liver; C: Preliminary screening report by Screening Dixon automatic
generation, and the subjects were NORMAL; D, E: The single voxel spectra of the multi-echo T» correction was obtained by calculation of
Histo technique. An obvious peak of water, but with almost no fat peaks; F: Spectral report generated by Histo technique. the liver lipid

content of the subjects was 1. 42% by automatic calculation

& 2 NAFLD BFfE Screening Dixon $3$ #7145 R #0 Histo i i 45 R
Fig 2 Results of Screening Dixon and Histo spectra of NAFLD liver
A Computational region of the liver lipid content of the subjects of the Screening Dixon; B: Image of pseudo color of liver lipid content of
Screening Dixon. Liver parenchyma was almost filled with large patches of yellow color (lipid); C: Preliminary screening report by Screening
Dixon automatic generation. The subjects were NAFLD patients, liver lipid content: (30. 7£5.9)%; D, E: The single voxel spectra of the
multi-echo T3 correction was obtained by calculation of Histo technique. The water peak was on the left of D, and the slightly lower peak on the
right of D was lipid peak. In the upper part of E. the slightly lower peak of the left side was lipid peak. In the lower part of E, there was a low
flat curve corresponding to the peak; F: Spectral report generated by Histo technique, the liver lipid content of the subjects was 31. 20% by

automatic calculation. NAFLD: Nonalcoholic fatty liver disease
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Fig 3 Multi-echo (ME) Dixon obtained 6 different TE echo images (A-F) of normal liver

One-time acquisiti. The liver signal of the normal subjects was uniform, and no region with reduced signal

N | N

4 NAFLD iR ME Dixon 5113 4% 6 1 (A~F) [ TE By [EE E &
Fig 4 Multi-echo (ME) Dixon obtained 6 different TE echo images (A-F) of NAFLD liver

One-time acquisiti. In Eco0, Eco2, Eco4 images, the NAFLD subjects had significantly reduced liver signal, and intra hepatic vascular had

relatively high signal. NAFLD: Nonalcoholic fatty liver disease

5 IEFRTBE ME Dixon Fr 5|35 Fr 15 4B . B #0 FF &
Fig 5 Four phase diagram and FF map of multi-echo (ME) Dixon of normal liver
A: Fat phase of ME Dixon, the liver of the normal subjects showed a uniform low signal, no abnormally high signal area; B: Water phase of ME
Dixon. the liver of the normal subjects showed equal signal, no obvious abnormal low signal area; C: FF map of ME Dixon, the liver had no
notably high signal area. In this figure allowed for free selection of ROI, the corresponding FF value can be directly measured; D, E: Image of
in-phase and opp-phase of ME Dixon, the liver signal intensity of the normal subjects, opp-phase and in-phase images were similar, with no

significant reduction. FF: Fat fraction; ROI: Region of interest

B 6 NAFLD BFAE ME Dixon 5 5l [ 45z B #0 FF &
Fig 6 Four phase diagram and FF map of multi-echo (ME) Dixon of NAFLD liver
A Fat phase of ME Dixon, the NAFLD subjects had significantly increased liver signal, which was higher than the signal from the spleen at the
same level; B: Water phase of ME Dixon, the liver signal of the NAFLD was decreased, being lower than that of the spleen at the same level;
C: FF map of ME Dixon. liver signal was higher. In this figure FF values of arbitrarily selected ROI can be directly measured; D. E: Images of
in-phase and opp-phase of ME Dixon, for the NAFLD subject, opp-phase images on the liver signal was significantly lower than that in-phase

image, and intra hepatic vascular had relatively high signal. NAFLD; Nonalcoholic fatty liver disease; FF: Fat fraction; ROI; Region of interest
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Fig 7 Scatter diagram of FF values of Screening Dixon group and multi-echo (ME) Dixon group

The FF values of the normal subjects was 5%. FF: Fat fraction; ROI: Region of interest
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Fig 8 Scatter diagrams of FF values of Screening Dixon and multi-echo (ME) Dixon and Histo groups

The FF value of the normal subjects was 5%. FF. Fat fraction; ROI: Region of interest
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