wCJ

W EARLEL

E258%278: http:/ /www.baishideng.com/wcjd/ch/index.aspx
ZBENEE: http:/ / www.wijgnet.com/ esps/helpdesk.aspx
DOI: 10.11569/wcjd.v23.i36.5760

WFAL N EZLE 20158128288; 23(36): 5760-5767
ISSN 1009-3079 (print) ISSN 2219-2859 (online)
© 2015 IS HSEREDESRATATE.

F AR BASIC RESEARCH

BB & BB HAR B AN WS AR BU X 5= V X2/ N FF 93
HIIZ BT B

A b, meI, MR, EHA, EER, & F, ¥ #, T4

¥4 %#
#E R, MA
A% Rk RO A
(nuclear magnetic
resonance imaging,
MR A 84 2R
Fa s R E R 4934
Ao, MRIZ) A %
&, KIEE $blh
[PEECE & 2%
8y B R AL R
BRA, A G
E XA
2] 84 B R BT

W& FERE
re R H, B 24
EJf, 2 K%
W b B 1A
S+

J3aishideng®

WCJD | www.wjgnet.com

A, 28K, THA, EER, BF, AMKFFHF—WE
E A HACTE # 4 #0M F 450052

HIE R, T2UE, RN K LW BTG B R 7T b #R
M T 450008

Y, AMKFH KB ERILIRINA b &M T
450052

Bz, BT, ET2MEBCRIDBOREERIIFIE,
DFEMZBILHAR.

BR “+—2" AR LHEFNRAALFTHAB, No.
2007BAI05B05
T B F AR R A AT B B, No. 201204008

BB RS MREADB. BERLSUERT HTND
feBAt. EHB. EFR. Pl EIIEREVRIFRW
HE OB BIRS TR, I SIFBER SRR,

BIFMEE: ST, 208, 450052, STERAXINT _CXEE
IRES1S, FBINAF B BERTREGTRICTZ.
¢jr_gaojianbo@163.com

E815: 0371-66913681

IWFSEHA: 2015-10-24
BOBHA: 2015-11-13
ESHE: 2015-11-23
AR EER: 2015-12-28

Comparison of mono-
exponential and bi-
exponential models of
diffusion-weighted MRI
in diagnosis of small VX2
hepatic tumors in rabbits

Yue Zhou, Jian-Bo Gao, Jin-Rong Qu, Ming-Yue Wang,
Jun-Qiang Dong, Ping Hou, Han Xu, Li-Feng Wang

Yue Zhou, Jian-Bo Gao, Ming-Yue Wang, Jun-Qiang
Dong, Ping Hou, CT Room, Department of Radiology,
the First Affiliated Hospital of Zhengzhou University,

5760

Zhengzhou 450052, He’nan Province, China

Jin-Rong Qu, Li-Feng Wang, Department of Radiology,
the Cancer Hospital of Zhengzhou University, Zhengzhou
450008, He’nan Province, China

Han Xu, Department of Breast Sugery, the First Affiliated
Hospital of Zhengzhou University, Zhengzhou 450052,
He’nan Province, China

Supported by: Scientific and Technological Support Plan
Projects of China, No. 2007BAI05B05; Medical Science and
Technology Project of He’nan Province, No. 201204008

Correspondence to: Jian-Bo Gao, Professor, CT Room,
Department of Radiology, the First Affiliated Hospital of
Zhengzhou University, 1 Jianshe East Road, Erqi District,
Zhengzhou 450052, He nan Province,

China. cjr_gaojianbo@163.com

Received: 2015-10-24
Revised: 2015-11-13
Accepted: 2015-11-23
Published online: 2015-12-28

Abstract

AIM: To investigate the value of mono-
exponential model with single b-factor and
bi-exponential model with extended b-factor
range of diffusion-weighted imaging (DWI)
in diagnosis of small VX2 hepatic tumors (<
3 cm) in rabbits.

METHODS: On the 7" day and 14™ day after
tumor implantation, 50 New Zealand white
rabbits with VX2 hepatic tumors underwent
DWI based on single b-factor (b values of 0
and 800 s/mm?) and multi-b-factor (b values
of 0, 20, 50, 100, 200, 400, 600, 800 and 1200
s/mm’). Apparent diffusion coefficient (ADC),
slow ADC, fast ADC and fraction fast ADC (fy,)
were measured in the rim of tumor (TR) and
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the normal region (NR) and compared between
the two groups. The best thresholds of ADC,
slow ADC, fast ADC and f;,, were calculated
by the receiver operating characteristic curve
(ROC).

RESULTS: There were significant differences
between TR and NR in ADC values on days 7
and 14 (P < 0.05). The values of slow ADC of
TR were superior than those of NR on both
days 7 and 14. Fast ADC and f;,, of NR were
higher than those of TR on the 14™ day (P
< 0.05). Expect for slow ADC, no statistical
difference was observed in ADC, Fast-ADC
or f., of TR between the 7" day and 14" day.
Slow ADC offered the highest sensitivity and
specificity compared to ADC, slow-ADC, fast-
ADC and f;,, for differentiating between TR
and NR on both days 7 and 14.

CONCLUSION: The parameter values of
mono-exponential model and bi-exponential
model, especially slow-ADC, reflect perfusion
of microcirculation and diffusion of water
molecules, thus having value for the diagnosis
of small hepatic tumors.

© 2015 Baishideng Publishing Group Inc. All rights
reserved.
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BH: KT EbE T Hm AR (diffusion-
weighted imaging, DWI)3 35 2B A Fo L
F 4k & A RA8Fi2 3 (intravoxel incoherent
motion, IVIM)# 45 % bADWIX 35 H AL A
xR VX2 (B A2 <3 cm) 8935 B A

Fik: BV X2AT S 09 47 /8 2 X & %50
R, THAMEFH TR A F 14K 2 A AT £ blh
(042800 s/mm*)#= £ bii(0. 20, 50. 100.

200. 400. 600. 800F=1200 S/mmZ)DWI. Bl
= JF 'R 8 2 % X (the rim of tumor, TR)
Fo SE 5 BT 2843 (the normal region, NR)#) &
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LY H# % 4k (apparent diffusion coefficient,
ADC). Slow-ADC. Fast-ADCHsf, fh. i
%R A4 o & (receiver operating
characteristic, ROC)# 2 ADC. Slow-ADC.
Fast-ADCAnf,, 89 S fE BMA, FF LB DWIE 5
HOBE A Fo IR 45 FOBE A KA B 0935 B 2Rk

ZGR- AF TR A% 14K, TRYADC. Slow-
ADCH# 2 % TNR(P<0.05). % 14K, NR#
Fast-ADC#of,, & T TR(P<0.05). TREF7
KA B 14K E, T T Slow-ADCEAK VA SF,
ADC. Fast-ADC#Hef,, 2 3 R4t 5 &L
(P>0.05). WREAKEFTRAFH 14X 0
ROCW £, Slow-ADC %} T % %) TRA=NR #4 4%
R Fo b S IR 5.

if: . RISHAEADWIAKEK A LR
B 20 R AAE IR B ERK T I8, AT XA
BVX2F L EFAFas A — 2%, &
P L Slow-ADCH % B 2 AL 32 5.
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BORR: ¥ 3O B (diffusion-weighted
imaging) 38 HAE R RALELIERGFF#, L&
FEMABIR A, 7T B B 220 4% ) K F FEAL
BB (AR ) Ao Bt W P iR R B (O
B )R ROF AR, FRB A R R A KT
T B30 R4 7 ik, R IRGL W A5 5]
W7 P EL A e AR S ) AL

B, Sk, BER R, EFR, &Y, ', £
VBV AR BISEUR BURIIUISEUR BN eV X2/ )\ IHEEN2
WTNE. HFRENBIZE 2015; 23(36): 5760-5767 URL:
http://www.wjgnet.com/1009-3079/23/5760.asp DOI:
http://dx.doi.org/10.11569/wcjd.v23.i36.5760

0 31

19864, Le Bihan® 2 i T AR N A T8
#fj(intravoxel incoherent motion, IVIM) AL,
B e o XU A% B R 23 ) S B 4H 434 HORn
TUIBH B 20 M55 BE T N K B4, ol A
) BIE B R4 AL IR VA A IR,
Fiti 25 i 9% Bl A% (magnetic resonance imaging,
MRI): ZHi3 AR (nuclear magnetic resonance,
MR)AEAE B A 50 2% B AN W R 4K, 2 0fH
(1) 22 F8 BB (1) SR CEAN B (1) F g AUFR #i0
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IR MY B R B (apparent diffusion coefficient,
ADC)EXiEHEHA LRI H “th” (Fast-
ADC)FI “18” (Slow-ADC)FiFh, 7354
FEL AN 040 L K o T I Bz B R AP G
VX2 A5 A 52 FH T e S 36 7T 1) R AL B
YRR, AR SIS GRS b X Z bEDWIH T,
TRUT . DR B AL SV X2 e 5 IR
S S 2 K 7 T ) AN E.

1 RRSE

L1 AR EECHTE 22 K F 50 R, EREANIR, 44
JEE2000-3000 g. 256 G H1 VAT G 44 PR 2250
SRR A IR 1L G5 M L3 2
it A7 BR 2 w1 ) T R AT B s i 4 (L v [ A =9
bl PR A w]); A2 R R QL 22 e 2 AR 14
ABRAT]); PR 8 F IS 7h 2 BE i 254
BRAT); CTHHB % EE PG5 XWHFlash
CT(Siemens Definition Flash CT); X f& & K%
2% StellentX 5 =1 Hey3- 4 #(3 ElMedrad A /),
CTHEBENT EETT: BB B A VL, JA 320 mgl/mL(YT.
iR 2 B A R A F]); BB (24 G)(TF
I BT AT PR A D) SR KT
(transforming growth factor, TGF)-o. Elisaif ]
B(EHEHFIEE A ARA R A A); BEPRL
(450 nm)(3& [EMolecular DevicesA &)).

1.2 ik

1.2.1 VX2 2 ik & VX2 S8 S ) M
il RE2BE 2 sl h W E. 3 wkii A,
5 380 1 YR G K TR A A 988 45 75 A k. VIR
A, DIV RE 0 S AR IR AL 2R, R R A
BT HLAARZ92.0 mm IR B, KR BuR 78
4 CHRER KR H.

1.2.2 VX2 R AR 64 ) 40 IR AT I 70,
NPT AR 12 h, 57K4 h. RALE R AR
II 0.2 mL/kghil, MMEMZFE BT ARG B H
&R R, i, A RERER. T8
RT#&RIFHEMETEE #Hh. WO T IE
YN, BRSOk R NAE &
N, B e, SR A 9, FE R I T A
25292 cmib ] 70 WA BERIE S BUE iC— BT
ANYIE, SR X212 mm? 1 B R 4 H 28 N
DI EHES, DLHIE H2H 23005 1k 1, SR 5 I
2 mm’ R AL S N iZ Y] O, B R RN
293 mm’ ({4 ER, BT 1 DAR 1k R Bk
Jid th. S R R A9 N R AR OB R %
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PIE. % T RORE 347 FRAL IR IS,
FHAEARJE3 AP SR K EE R8T HAL.
1.2.3 DWW & & & A& A J: SLI6 f 53 ) T F
MG T RAEE 14 RATDWIEH. HfnT%E
12 h, BN A Hl Gtk b, DY e sCE T
MRFHIR . # 3£ EGE Flash CT(Siemens
Definition Flash CT), 17 X g 38 o414, K H
Discovery MR 750 3.0 T MRS e+
YRR . AR F & B N 4.
AFECLR A (1) R B A IR UK FSE
T2WI: TE 67.0 ms, B & [ [d](repetition time,
TR) 1800 ms, 44288 X 288. #1 % (field of view,
FOV) 36 cm X 36 cm-40 cm X 40 cm, /257 mm,
JZIABE 1 mm; (2)4 i i AS D7 F I T2WL: TR
9230.8 ms, [AJ 5 [A](echo time, TE) 8.8 ms, 4H
F£320X320. FOV. J2EFZEFEFFF(1);
(3) B B THD B 38K 1 e P T [l D W LT 41,
TE 57.9 ms, TR 6000 ms, #5128 X160, FOV
36 cm X 36 cm-40 cm X 40 cm, JZ/E5 mm, JZ 7]
PEl mm. 26472 bfE(b = 0. 800 s/mm’)DWI
4, SRIEFAT9NbIE(b = 0. 20, 50, 100
200. 400. 600. 800. 1200 s/mm’*)DWIFI#.
1.2.4 BG4 2 A5 HEEIMDWIEZODb =
0. 800 s/mm )MLIXFIAW 4.5 TA/Euk, BHH
Function-ADCH# {4 Ab PR EE 1S BIADCH, #% %
RO HIREB M S HADCHH; £bEDWI
K14 5 Bl Function-M A D C# 1 4b 7 [ 4545
P18 HE LMY B R K (slow apparent diffusion
coefficient, Slow-ADC)E. RERIWY HL
ZH(fast apparent diffusion coefficient, Fast-
ADC) BRI 8 s 7 BT o LL il (fraction of
fast apparent diffusion coefficient, f,)&. Wl &
KA ADCHE . Slow-ADC. Fast-ADCAHIf,,,
fH. ROIMIERL A HMTIWL, T2WIFIDWI,
1% U A R B R 2 T, R O LE T A 52
HRAL, BEFFHM . RBE. BEARIX, W3 UKECT
BIfE.

et 4038 ff HISPSS19.048 H # it 40 1k
ATAREE. %R Flmean &= SDE R, KL
AR LR IR X . IEH T4 ZLADCH
Slow-ADC. Fast-ADCAHIf,, 8 8] % 5. 24
ROCHI 2 & &S Hum 2 Wil e, JFisid
Eb 85 28 R T #H (area under curve, AUC)KLL
¥ ADC. Slow-ADC. Fast-ADCHIf,, [t []i&
Wi R RE. P<0.050 2 7 Guit 2% L.
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B
TERAHN, BZIGRALHE x 400); D: A N, RVXAFRAitE 84K 5370 (HE x 100).

R 1 DWIBRSHAR7 RN BIARAILR

RVX2FFEOVRIERIL. A: VXN KAITA: B: RVXFI KA YIE; C: &5 T, fvxefmala

mel % g %

BT ERERY
# 49 ADCAE B ik
T A A sitmie
P 1 A BB ),
5T VA SR A B %
REWIZE, &
%354 5 R T A
TR .
I HG B A
VAR E
ARLLLR VT M
“He” (Fast)#fe
“12” (Slow)®
FrADCAE, 2 3
AR & m B S e 2
AR KRS T RE
WP BOR .

ADC FIEHUEE
548 B8] G, Slow-ADC Fast-ADC
IR i/ (x102 mm%s)  (x 107 mm%/s) fas
TR  E7X 0.31+0.05 0.22 +0.50 25.54+12.16 0.30+0.09
14K 0.27 +0.05 0.17 +0.05" 27.48+12.16 0.33+0.10
NR 7K 0.36+0.07° 0.31+0.07° 19.40 +6.55 0.24+0.07
EJVES 0.33+0.07° 0.30+0.08" 17.42 +6.51° 0.22 +0.07°

°P<0.05, °P<0.01 vs TRET7X; P<0.01 vs TRE14K. TR: IIBBNEX; NR: [EEFFELR; ADC: XX

IBEERBTIY BAREL DWI i BV

2 R

2.1 SRVX2AT & 6 9 FL 4 5L RAARTL iy 225 ]
T, KA, A e, Y mRy, &
Syt ] WAL IR BE X . ARAS 5T T IR 40 i 2 5L
AR A1, Begg ()53 4 I3 =&, LK & 41
e S E . RN MR A R R K, 2 IR
TEEA KT, M asb, gy, AR
ST, oy 28 2 IL(E.

2.2 VX2 I DWIRME LR VX ELE
TIWILERICAE S S, T2WINEES. fRid
FhiEw, DWIEME B R EM &GS, 5EE
IEH RS b, 2 “ITAE” . R oo
IRAIRBE X 23 3l B ATIWHIRAS 5, T2WI
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e 5 (E2).

EFTRME14K, TRIPADC. Slow-
ADCHI & & TNR(P<0.05)(#1), Kk, 40357
78, TRISADCIE K Slow-ADC I H LA
M EAEREIE, 814K, NRIFFast-ADC
At @ T TR(P<0.05), KL TRV Fast-ADCH]
I ) 2R R A LA € R €5 = IR B R
TRIEZB TR 14K LEL, B T Slow-ADCREIE
LAAk, ADC. Fast-ADCHIf,, 2 S L4112 =
X (P>0.05).

ROCHIZ IR, &S HAEHTRAE 14K
LA, Slow-ADCKT T %5 A TRAINR ) U Al
R Mg = (3R 2).
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2 RVX2FFEHIMRIE. A: fEVX2FRETIWIE; B: %
VXFET2WIE]; C: AVX2FEEbEDWIE. MRI: #%
IR % DWIL I Bk k4

3 e

TV X2 R 1R 515 225 8L 2 i Shopeli R 7
G 2 TR 5 % B DR 4T R 0 72 U AR AR T 2 ST
R Ve A B bk, DART Bk At i A =7, b
FE e 565 1B bR v Ak T O AR RT3, R S
F2-3JF A, R A A HE BT A, B R o
BT RN, T ST ARSI, 7E RS wk
J&, IRARRAI] SR, Tt By IR BE, it
S g if A AR B, AT A STt e A TR Sl AR
. P 5 28-35 d, R AR E— B 1K, RAE
W2, ¥z, SN g bR i s R AL, WA
7 U PR Sh A AR,

TERZIP), DW D@ I A4 2H 2K
Y BUS B 2 BRI 7 AR B (S R, (A
B2 I WA SO 45 K O AS Ak, RT3 2%
f B PR AL M A e BAR S, B A H
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{HADCAE [ &4 T b ik 35, FRbIE
TDWI, 76— @ REME b T R e L s
PR MFEEG O, (H 2 Bl f3 B ADCAEFa e P
17, H 52 H A A B sh s, AR 2ot
ST I S HUZ 3. 1M FH mb{E A TDWI,
Tl 75 1) A D CAE 52 L 70 83 4 5 M0 K 6T 2>,
BB I T S R AL P K o T g st

i FIXOUE B Z AN TR T IADC
ERTE S, JF HE Do, rlE A EE
R RIZ W, AT e A AR B e
G, R L B AR R VT Al A 2R T e
19994F, YamadaZs:"™ ' YO TVIMEE N T
JIGRR, FH VP JE 350 25 A0 PR 95 A2 0 9 R
By, 255 S IE I U 2 AR A2 1 ADC
14 W1 = T AR Slow-ADCHIFast-ADCAH, 1t
W HEVE N 23 RN B S VE I 3 I AD CAE. AR
WL, HTRNRIJADCIE P i = T TR. 257
RANEE VAR AL BIE 5 51 80.31 X 107 mm’/s
H10.29 X 107 mm?/s. 557 R AN 14K [ U
B1H80%, 1t 43 N 53.3%H173.3%. X%
A TR It A 793350 1= T-NR.

AR KB, NRIJADCHAMSlow-ADC
T TR, HJEF LT M S LA
[Fi) ) e 4 R FL RS, 00 PR /0N T % 4R, 24 R 71 ) R
B R D, BRAZ KT BT /D, AN E B
VN SR s 1 6 S R NI Ve
BN I Slow-ADCRF. TVIMAR A FR 3 B R 5
Slow-ADCHUR TR &2, JF H ik 1
YRR . Ko 1 R0 2T 4 ik f X 20 i 4 #h E ER
IKG> T4 HOSZ BRI 0, PR 47 B e 2 3 22
KR T 40 1) 25 FE RO /NGE B . RBE . Y4
B2 ) R 3 22 1 4 o (e o R iR
EEE)!

IVIMZ 1 Fast-ADCIE Flf,, fE R 152
BN M E GBI 500, Fast-ADCHUGR T
LA )~ 47 L V7 3 P2 A 4 I 7B B ) K
£ ARFER HEE IS 5500y, B, AT AU
Y i =, A0S I Fast-ADC{E L
I, IR A A I A A, B2 LA T R
H AR MR A B, i AR I i A A d i
(G ODATIE | = ey O g oml Bl ML BB STRa X
MAEE RN/ BB R, B4 i
PN EL R B, Mo Eh 1) b, 3 EUHA
PR 8 (TP A2, ARAF 52 R, TRI¥IFast-ADC
EARTNR. X 15 B R AR L S5 0 35 8L %
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B 3 SRV 2FFENZSLEDWISEE. A: fVX2HFEDWIFJADCHE; B: faVX2HFEDWIfSlow—ADCIE]; C: faVX2iHE
DWIHJFast—ADCIA]; D: fa V2D WIRIE . DWI 7 Fok s (%; ADC: ISR RN AREL

® 2 DWIBSSHERMEDEXFERFARNERRE, RRENRERE

B78) SH RE AUC BREMEN(%)  FERMEN(%)

FEIR ADC(x 107 mm?s) 0.31 0.72 80(40.0) 28(53.3)
Slow—-ADC(x 107° mm?/s) 0.21 0.86 47(93.3) 37(73.3)
Fast—ADC(x 107> mm?/s) 22.50 0.52 28(53.3) 17(33.3)
fro 0.24 0.55 40(80.0) 23(46.7)

14K ADC(x 10 mm?/s) 0.29 0.69 40(80.0) 37(73.7)
Slow—-ADC(x 107 mm?/s) 0.18 0.94 50(100.0)  37(73.7)
Fast—ADC(x 107> mm?s) 26.15 0.56 23(46.7) 40(80.0)
fro 0.23 0.56 47(93.3) 33(66.7)

ADC: SUSHE R BIERE; DWI: FE ik (%; AUC: B2 .

KN, ST HFast-ADCIH [ %1%, Fast-ADC
HE ST T 20 L B HE 5210, Fast-
ADCTEMYRLA T FEAG G UL 1 EMR AR
KA AR, A1 BEE B A L 1 AR k.

B T 5 40 g L AR R RS, BT
KFast-ADCAE M, fHETRFINRIA Z 7 L4t
THEE R . TEBYH I TR R, RIMEE 7 R 2
SEVARIYE], BT A 1M A AR I 1 i 41 i 52 2]
LA R IEEm, BT AR S AR
& HAFE RPN FH i, TRIGADC. Fast-ADC
At (EEBTRSE 4R ZALE, 2R L8t
23 EHROCHZ M Z I, Slow-ADC
E7E 2 5 TRFAINRES 1 5 = 12 W 2R, 78
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BT RAEE 14K 1) it 28R A1 43 J3 25 0.86 1
0.94, TN 73 51893 .3%A1100%, 575N
73.3%. Fast-ADCHIf,, S T 4 HITRANRA
W 2k e s . HER A AT RE 5 Slow-AD CE R 4H
ZIh gl o T B R EL, e I AR 2N
PN HLSL 7K A T B 3, T Fast-ADCHIf,,
1B S AN [F) i LB R i 7 PR 52 M0 K

B2, B SRR RID WIS B B 5L
S W 2H AT A RE R SR o T B, 6 T4
BV X2 5 IEF R B — w3, Hrp
PASlow-ADCIiZ Wi i s . 498, AW 5T
WAFIEE Z A R 2 b, Wt 8 i S+
P B H I BRI I 52 117 56 C T 25 ik e R 500

5765

mLaAnH
hE AT E
BN W
(IVIM-MRI): i
3R AR K
B4 7 R 40 4R
¥ Ao AR L
o e B VR R
WA, TR T
o R FACK & 49
F B R A=
SR E R
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E, FRABRA
TR,
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