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Short-term reproducibility of apparent diffusion coefficient and intravoxel incoherent motion parameters
in normal kidney at 3T scanner JIANG Su, JIANG Jian-qin, SUN Hao, et al. Department of MRI,

Yancheng City No. 1 People’s Hospital,Jiangsu 224001 ,China

[ Abstract] Objective: To investigate the reproducibility of magnetic resonance apparent diffusion
coefficient and intravoxel Incoherent motion (DW-IVIM) in normal kidney. Methods:; Seventeen young
healthy volunteers underwent free-breathing DWI-IVIM examination twice at a 3. 0 Tesla MR scan-
ner. Regions of interest were drawn on apparent diffusion coefficient (ADC) maps and IVIM maps to
measure values of ADC and IVIM parameters (D,D" and f) by two independent observers. All the pa-
rameters were compared between repeated measurements,different observers and repeated scans using
the paired-sample #-test (normal distribution) or Wilcoxon signed-rank test (non-normal distribu-
tion). Inter-observer agreement and inter-scanning reproducibility were assessed using interclass corre-
lation coefficient (ICC) with Bland-Altman analysis. Results: There was no significant difference be-
tween the twice measurements and the twice scans in both ADC and IVIM parameters (P >0. 05).
There was no statistically significant difference in the parameters between bilateral kidneys. ADC and
D showed good inter-observer agreement (ICC=0. 703~0. 973). The reproducibility of ADC and D
between the twice scanning was good (ICCs for ADC were 0. 756 ~0. 866,ICCs for D were 0. 779 ~
0. 876). Conclusion :In kidney IVIM-DWI, ADC and D showed good inter-observer agreement and short
term reproducibility. Improvement of IVIM scanning technology and post-processing algorithms are
needed to improve the measurement reproducibility of D* and f.

[Key words] Kidney; Magnetic resonance imaging; Apparent diffusion coefficient; Intravoxel
incoherent motion; Reproducibility
YEZ B AL :224001  YLIR, BRI 28 — A RO B i S0 PR = VLT VL, A5 SR W B, Jl A3, A5 22 49) 5 100000 bt i [ B2 2%

b2 B AL 5T P B B B B (5D

PEE B VLA (1984 —) Lo VLIR R WL BF T A 98 R, 32 22 A0 M4 1R 2 W TAE .
BIEE /52549, E-mail : fuyigang2004@163. com



AT 2F S92 2018 45 8 A% 33 #45 8 ]  Radiol Practice, Aug 2018, Vol 33,No. 8 807

APk DWI AR —Fh IS A | T 5 S Jo 7 % L)
(9 2 B8 LA O i » e e B T 8 R P i R
Bt 1% 2L PR R 1 &k S DWT L2 BT B 0 il 25 B
7 1 I PR Ry P Al H BTz . (HAE Ge i DWI S8 1
HIELZIET IR, DWI 5 538 R4 b EHK
B AR T b (B BE R BE TR R SR
B FE P 5 R B (apparent diffusion coefficient,
ADOMEAEA [A] 72 B BB A% 1 2H 200 3 1 %500 » i 4
% W A #H 2% 38 35 (intravoxel incoherent motion,
IVIMODDWI k1 £ b (E #4745 7T LUK K 4> F 1 &
PR HICS BO0E BRE T B SR R DT HL X 2 0T, AT AR A
Ay MSHDEUNEESH D A E. BREFR
SRR YL IVIM DWI AR B I8 1912 K S % 0112 W e
Fo M I PP b B B R B S 2 R AE
AR BIEFEF & S P B 22 [) B8 2F A7 A R0 HG A 5 22
IVIM DWI i Edfw 7l 58 v BV EAT 488 1y vl 8 &2
PE. BT E N T A 5 0] S B A 1 A D¢ S 8UE M
YA A v (1 T MRS TSR AR R ST
BESEIRAUT 1E % B BEAE TVIM DWI i 48 15 19 % & 45
i DA K e R A M AT T L 5 R 3. 0T #E
SEPRAL 0 I PR 0 0 H )z, I A BEEAE 3. 0T #
MR & B T, AUIERR 17X E IE TVIM DWI #
SA A0 R AT P B A T2 B Y AT A M R AT O
Hb B — AR AL T PG A N 2 A S BUE R A2 T
Y, B FEHGT TVIM DWT B 55 725 1912 i 11 .

MRETE

L. Il PR %R

AW FEARATA B A4S B 22 D3 s e BT A S I 4
FVAERIE A . A A AR E O JRBE R IR 2 1 324 0 ]
P o I T PR 3R AR LI 4 78 T T BN O A A A
78 B TC R 18 PR B A R A 5 O 3T 2 A R 45 A AT RE
iU S RE A S 25 W) s QAT EF AR s . HEBR
P - O He B G A 2% S0, B 50 I A 28 A LR
PN 4 e RE A A P 2R ARRE 55 5 O A g T 52 1T R 58 L
IVIM DWI £ % % ; @ 8 & th 52 5 52 i KR 53 1 .
2018 4F 5 H —6 B A7 G A 1F 0 17 {5 fg e 3k bt o 4
AT Hrp 55 8 ] L 9 ] s - X 4R 8 (30, 2£6. 3)
L

2. KAk

{#i Fil Siemens Magnetom Skyra 3. 0T #f 4R 394
RN 8 3 T8 A 45 PR A e 2 Bl A A IO BT Sk e
2 E A 28 20 4 O PR 1 7 8 R AT A A A S
MRI “F-45 G 4K 17 A b 0 T, WL B i i T, WD &
DWI 4. DWI 2%t . TR 4100 ms, TE 55 ms,
SR 128 X128, fLHF 248 mm X 380 mm, JZ/& 5. 0 mm,

[ BE 1. 0 mm, 2E3EH 14 4 b {8 (0,20,40.,60,80,100,
120,140,160, 200,300,500,800 I 1000 s/mm?), 3
ITREN 7 2, A HEI A 661 s, 47 4 70 ] 33 55 BUE .
FrA S FEES 1 WHMERERE 15 min, K5
FHAHTR P50 F S HEAT 55 2 I DWT 44 .

3. G A 38 ) Z B D

P b B AR AT AR Je b PR H e
DWI %t 48 hn 2% 8] ADC Analysis Algorithms # 4
CRIT B A B R AT 5D » 2B R A B s
VEAR R T 2 S R VS FE A% O A 3l 4 i ADC &,
WEAE A T 45 4 Wn TVIM DWI BB i 5t A 5¢ 2 4L
A Y P A MR R . AR S b S
% T, WI J DWI, i £ 00U &8 K 719 B 112 . 78
ADC B E T 5 B A T 3 2% ) X (region of in-
terest, ROD ,ROT M Zx B & B JIE 8 2% 2= /0 K T 2mm,
WCERE AT RS0 ADC{E, £ 4B & & 3
WHCE 1A .

HHEMRMZ b (1 DWI Es 5 A 75 = 98 5E oF
FEH 0 T & 1RG4 BRER £ (medical imaging interac-
tion tool kit, MITK) # 17 IVIM 1% 5 4b . 7£ b {H
200 s/mm? [ EMG EHBEFT I & W 2% T, W J
DWI E4 . ROT 3 B 75 ik 5 & ADC {6 1) J7 % A8 7]
M E TR AR ROLE £.D fl D {H . XUE
RIS 3 HCE 41

ME A SEE Y B 2 AL G RA 5 4 &K
3 4F MRI [ J 2 56 43 730 4y 7 547 D o R ¢

4. Gt oA

i ] MedCalce 18. 2. 1 24 F1 SPSS 22. 0 $ 4 i
BRI S . # H Kolmogorov-Smirnov %
X AR A AT IE S iR g . RS IER AR
B R RO AEAS ¢ A 39 be AN [R5 0 I o 42 4
R RGER 2 . D 2 A A — S0ME R T 41 A OC R 4L
(intra-group correlation coefficient, ICC) # 7 B #fy »
ICC>0.75 A\ —F . ffi A Bland-Altman Jy
PP R I S IS RO R AT A M. SR
XU B L LA P<<0. 05 N ZFAH G iTH%E L.

Z R

ZEFAT DU B B ADC.D.D” Je f i i
SRR LR 1, & TS BE A8 B B e 5 R] 7 2
S TG FE L (P>0.05),

P D 5 AR 55 — Ik DWI 4 815 1 2% 2 58l
B AR A TS BUE L i — S i A R
N (3 2 A7 DN 5t 38 % LA I % 3 2 300 I ik
) BA B 1) — 2 (ICC 2y 0.703~0.973) .,



808

TS Sz 2018 4F 8 A48 33 %45 8 B Radiol Practice, Aug 2018, Vol 33,No. 8

T AT AR AT ) XU 4% T2 B R L iR 22 2 0 4
AR X (P>0.05) . it Hr & R IL & 3. Bland-
Altman B R T PO 1 15 25 2 8000 (5 /9 2
Gl (B D HpEZ MR ZERNE D f{CC 7>
24 0,700 A 0. 664) , ADC Al D {H i) n] & 1k 8 47
(ICC 4351 &y 0. 866 11 0. 876)

o

et DWT i) e 5L fill 2 i A 4L 1k oy iz
S ML T 0 o A B 2 T 5 R R B i T AL
S RIbELS = LINSEZLE AU S ENUR NP NSy
A R S R R B R TR T e 4y
A 197K I3 T 9 BE g A 2 P TR R RO
IVIM-DWT ki 4k 73 #r 4 i 2 207K 53 5 19 BO B
P ML 0 T X PR B3 (9K 23§ s BIR A

IVIM-DWT A[ 445 3 A ZHCD RO R
B0 R ELSE K 3 1 BT HG D AR O SR O
PR AR BICR B S W 708 0 0 VK B I 3 5
JEE 0 B A L A LA 285 f B O T B, I AR OR
IVIM-DWT 2 B 350 i 36 4 1l A5 B0 1) F 5 45 A

FLAENT 55 Z A HEAS T 38 T2 W S JUHGE T
il B K b B AT 7K 20 3 BRI RO B0 1 R0 34 AR W
WAL . Ren S5 BF 5 & B 182 1 W 2 A IE %
I B TVIM A 52 B0 -5 fa B X B 2 18] 9 J6
WS MR AR B T e 52 58 19 B B it IVIM 2 50|
PR T oA D BE IR 4L OF B B TIVIM 280
5 /NERIE I R R IEM . AP E R B TVIM
ZRAE S BT B AT R A R R AT 48 ) O T
— 25X B A S PR AR AR

BIF 5 IE 5 B A TVIM 280042 A1 B0 vl o 5 ik
22 b 2R A A HE PR AR . R I Y 2
IVIM #5245 8 7w s IVIM n AR D AR R AR 1 A4 1 2
PRI T 2 B B AL B2 1 AR P A AR AR
HE ST ARG H L B R O P T A3 B R A LB R R
B2 Wi A0 53 9% 07 RCPPAl L TS 0 T 45 45 45 T 58
¥ F0 T BA Z A5 AT AT 0 BTG TRl X B R R
AARW HEEAIER O . 55— 0w IVIM 2804
N AR BEANE A2 A 35 ) 8 R i s 225K 2 5000 42 1Y
AE AR

£1 AE# AME—KBHHIE ADC R VIV A 88 0 £ 4 R R &
P K Py YA P&
ADC(X 10 *mm?/s) 2.1140.15 2.1540. 15 0. 069 0.946
D(X10 *mm?/s) 2.0440.15 1.924+0.16 —1.633 0.122
D* (X10 *mm®/s) 16.34+8.24  16.60£5.40  —1.049 0.310
(%) 22.9645.61 21.79+7.50  —0.857 0. 404
k2 ZE-KEENDWIAHN EEARALNEL H oy — U2
=K £
EX 3 T s = —
%t & P i ICC t A P14 ICC
ADC(X 10 *mm®/s) —0.290 0.775 0.966 —0.732 0.474 0.971
D(X10 *mm?/s) 0.596 0.562 0.951 0.438 0.667 0.973
D* (X10 *mm®/s) —1.322° 0.427 0.703 1. 154 0.265 0. 801
(%) —0. 346 0.735 0.963 0.132 0. 896 0.914
EZAALE AR EA 4,
k3 WADWIHHEEAASHEN T AT
A mEH A MEH B
” % — K %=k t/Z 14  P{& ICC % —k % =k t/Z 15 P1A ICC
ADC 2.11+0.15 2.09+0.12 0.673 0.511  0.799 2.10£0.14  2.102£0.13  0.646 0.863  0.835
D 2.0440.15 1.9620.18 2.202 0.183  0.785 2.03+0.15 1.97240.20 1.737 0.102  0.789
D* 16.348.24° 13.6743.63" 1.261% 0.225  0.700 14.76+£5.26 13.7143.25 0.879 0.393  0.532
f (%) 22.9645.61 25.64+7.61 —1.554 0.140 0.607  22.86+6.02 25.6447.57 —1.453 0.166  0.499

E:ADC.D\D* #9 #4535 4 X 10 *mm? /s H B EF EAI»HF AP LRI WS L MBAFT. L CARKMEAY A EE» A A K 47 E £ K
TT ZAL ARG EA A,

x4 AADWIBESFATSREN R R

sk W E A %% B

o % — ok %=k /715 P 1CC % — ok %=k t/Z 4 P 1CC
ADC 2.1840.15 2.08+0.14 —0.928 0.364 0. 866 2.1140.16 2.1440.13 —0.954 0.352 0.756
D 1.924+0. 16 1.97+0.13 —1.409 0.184 0.779 1.934+0. 14 2.00+0.14 —1.977 0.072 0. 876
D* 16.60+5.40 13.20+4,77 0.292 0.774 0.598 14.23+4.94 12.48+2.46 1.428 0.172 0.274
{C%) 21.79+7.50 21.8245.46 —0.014 0.989 0.575 22.07+7.47 19.34+6.14 1.431 0.178 0.664




AT 2F S92 2018 45 8 A% 33 #45 8 ]  Radiol Practice, Aug 2018, Vol 33,No. 8 809

15 10 prp— 100
+1.96 SD 4 8o +1.96 SD
10 104 S5 a0l 725
< g g
2 °f $ T 3 oF
E] % Mean ,,E
§ . Mean é <l 27 z »f P
s e H 5 9 9.4
g § £
g sl 2 o} g 201
£ 3 =
Q 1,96 SD -1.96 SD a0l
i) 92 15 139 -1.96 SD
60| 536
50 L L L L L ! L 20p ) L L L L L L 20 . .
1800 1900 2000 2100 2200 2300 2400 2500 00017 00018 00019 00020 00021 00022 00023 00024 0.00 001 0.02
Average of ADC values(mm?/s) @ Average of D values(mm2/s) Average of D" values (mm2/s) @
8o 15 20
+1.96 SD il
60 854 +1.96 SD ik 181
10 108
40
= g g 10
€ 2 g s| =
H 2 S
2 g 3
g 0 Mea o Mean z 5 Mean
s 34 g [ 08 s B2
g 2oF ] g o
§ g
& a0 & st K
a 3 8 5
-60 -1.96 SD
-1.96 SD a0l %5 ok -1.96 SD
0 LA -103
-100 1 1 150 1 L 1 1 1 150 1 L L 1 L 1 1
01 02 03 04 1800 1900 2000 2200 2300 2400 00017 00018 00019 00020 00021 00022 00023 00024
Average of f values(mm2/s) Average of ADC values(mm2/s) Average of D values(mm2/s)
N S
B 1 XEMADWI 246474
100 80
2 > o
80 +1.96 SD 601 +1.96 SD éﬁ ﬁ T'T ? i ’Ii 1’T‘ 'f{l\ é'{] Blal’ld*Alt*
60 &L W 553 .
~ s — PR 2
g z man B, B & L L kT 2 k0244
g 40t ‘g 20 R N
® = 3 v >
2l o HEBT S FHMA, 2 E R K
2 Mear s
5
g OF a1 8 20 -10.1 S 5 Ao y > N
REZME I I5UEAZRN,
S 20 £ 40
H a
s L
40 60 a);éii] ADC’fﬁ;b);éF] D’fﬁ.;C)
-1.96 SD
60 -1.96 SD 80| 756 ire . ire e
e HERF D, D) EF44; o) £K
-0 L L I -100p ! I I
0.00 001 002 003 01 02 03 04 ~ N N
Average of D* values(mmz2/s) Average of f values(mm?Z/s) ADL /fﬁ H f ) 7’;— A D ’fﬁ ;s 8 ) /i h

KSR My, AW TP AR S B
MBI FE 2 I A —5 . B DWI i IVIM-DWI 4k
1 4 TSk ADC #1D AE /Y& 2 18] v] 852 1 4%
I D F AN EATES YR E., AR TES
BB IR (S 2R bR A Y M Sigmund 255 1 BIF 5 45
HEFEAR — B, 1 = Tl A Filll S0 B 5
ZER . SEFARED T AE R ROT &7 2K 7] 5 0L 2% 7
5 22 S5 BT B0 BT T E — 25 I 5 R AIE 5

P9 K T A I A% TS B R R M T AR
F @~ ADC F1 DAE /I & ] EE M. D f A
(] B A PR A 2 L 4R DR L I R R A (5 A
PR, HEI0 AT AR B A& D A (E R B 15 e LL 3 AIK . 32
EINCERETTNIRE TR S5 A Ly NIV N € 0 A DS S
5B 5T T AR A 1 e A ) 2 B A R A A
U, TG A S AR L B A e AR
FA) ) i3 2 7 3 ¢ v 5 DR 22 bt 200 B 7E O SR 4R
i 5 % S0 IEA8E 30 14 5% w7 S 302 40 4k AR A7 AT
A 5 B S P R 2 T L AR 2 AR S A7 A X [
FE 52 WFWE O B2 B 14 52 e AN S 0 0 R E M
it

D" 1&; h) A% 44,

AWEFE G SRy BRAE - OAEAS B i 20, HL4Y g 4F 52 76
& REAF AR R o A T TR Ze IR E 23R
B LAk — 2 03 W 56 35 5 O Br A7 76 B 3 1 g i B i 4%
N B UE ) A R R S R R I RT BB T A T 5
O U B BT ROT, 2% J& BEAE WF 50 b & B 1 BT 4K
e BT 1 00 5 i A MR AT {HL G R S SR SR — AR S
@IVIM-DWT #] 5% H] E Hy B0 | W08 ] 428 45 A8 [ 1) 491
il 7 2 3k 2 R K A A] BE X A S B AR E M A ) A
PEIE R — € S J5 SR 5T oA iR A L BT I B
— il 77 % s © ADC & i 115300 I 78 52 31 45 b e e A
V-9 B 12 B S I 5 S SRR A R BB I e D R GO
PR G2 — 49348 7 90 0 2 880 ek SR B T i — 20 4
i ADC E i RS P S n] B A M

B2 AR AL T ADC.D. D™ RL K f (B 76 I
) A2 5 Ok — 2D PR Al T 2% 2 BB AE B
YAl ] Y ] B A PR K iR 2V L B S 6R7 e ADC,
D.D" Fl {8 1922 250 B/ F 110,180,742 Fil
66 20 B, T 5 18R DN 4 158 25 9 B0, AR SEBRIT AL
2% 30K -
[1] Le Bihan D, Breton E, Lallemand D, et al. MR imaging of intra-



810

(2]

[4]

(5]

L6]

(7]

(8]

(9]

[10]

[11]

TP S2 B 2018 4F 8 H 45 33 #:%5 8 B Radiol Practice, Aug 2018, Vol 33,No. 8

voxel incoherent motions;application to diffusion and perfusion in
neurologic disorders[]]. Radiology,1986,161(2) :401-407.

Filipe JP, Curvo-Semedo L, Casalta-Lopes J. et al. Diffusion-
weighted imaging of the liver:usefulness of ADC values in the dif-
ferential diagnosis of focal lesions and effect of ROI methods on
ADC measurements[ ] ]. MAGMA,2013,26(3) :303-312.

Zhao J, Wang ZJ. Liu M, et al. Assessment of renal fibrosis in
chronic kidney disease using diffusion-weighted MRI[J]. Clin Ra-
diol,2014,69(11):1117-1122.

Yang RM, Li L, Wei XH, et al. Differentiation of central lung
cancer from atelectasis: comparison of diffusion-weighted MRI
with PET/CT[J/OL]. PLoS One,2013,8(4) :e60279.

Poynton CB,Lee MM, Li Y,et al. Intravoxel incoherent motion a-
nalysis of renal allograft diffusion with clinical and histopathologi-
cal correlation in pediatric kidney transplant patients:a prelimina-
ry cross-sectional observational study [ J/OL]. Pediatr Trans-
plant.2017.21(6).

Gaing B, Sigmund EE, Huang WC,et al. Subtype differentiation of
renal tumors using voxel-based histogram analysis of intravoxel
incoherent motion parameters Invest[]J]. Radiology,2015,50(3):
144-152.

VLR HEORDT R SF. VR A A A4 ADC [/ IVIM &
BB Y I T T A L], O S S0 2017, 311D < 1141-1147.
Hh T R T R T AR R SR IR AR R N R A B B g A
IO B 7 IE B AR 0 0 25 BF S LT 1. i ) 2 52 2R L 2016, 31
(10):908-913.

AERRIK  BR/NHE B R AR BN IR B UE IR R OR A T3 3wk ik
JRAR BT FELT . S TR 24 2% 55, 2018, 19 (1) : 6-9.

Pan J, Zhang H, Man F, et al. Measurement and scan reprodu-

cibility of parameters of intravoxel incoherent motion in renal

tumor and normal renal parenchyma: a preliminary research at
3.0T MR[J]. Abdom Radiol (NY),2017,43(7):1739-1748.

De Santis S, Gabrielli A, Palombo M, et al. Non-Gaussian diffu-

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

sion imaging: a brief practical review[ ] ]. Magn Reson Imaging.
2011,29(10) :1410-1416.

Assemlal HE, Tschumperlé D, Brun L, et al. Recent advances in
diffusion MRI modeling: angular and radial reconstruction[]].
Med Image Anal,2011,15(4) :369-396.

Ren T, Wen CL,Chen LH, et al. Evaluation of renal allografts
function early after transplantation using intravoxel incoherent
motion and arterial spin labeling MRI[J]. Magn Reson Imaging,
2016,4(7):908-914.

Zhu Q.Zhu W, Ye J,et al. Value of intravoxel incoherent motion
in assessment of pathological grade of clear cell renal cell carcino-
mal[ J]. Acta Radiol,2018,59(1):121-127.

Sigmund EE, Vivier P, Sui D, et al. Intravoxel incohernt motion
and diffusion-tensor imaging in renal tissue under hydration and
furosemide flow challenges[ J]. Radiology. 2012, 263 (3): 758-
769.

Filli L, Wurnig MC, Luechinger R, et al. Whole-body intravoxel
incoherent motion imaging[ J]. Eur Radiol, 2015, 25 (7): 2049-
2058.

Spick C. Bickel H.Pinker K, et al. Diffusion-weighted MRI of
breast lesions:a prospective clinical investigation of the quantita-
tive imaging biomarker characteristics of reproducibility, repea-
tability, and diagnostic accuracy [ J . NMR Biomed, 2016, 29
(10):1445-1453.

Doganay S,Kocakoc E, Ciceke IM, et al. Ability and utility of dif-
fusion-weighted MRI with different b values in the evaluation of
benign and malignant renal lesions[J]. Clin Radiol,2011,66(4) ;
420-425.

Pedrosa I, Alsop DC, Rofsky NM. Magnetic resonance imaging as
a biomarker in renal cell carcinomal ] ]. Cancer,2009,115(12) .
2334-2345.

Cfscfe H 39 .2018-07-20 & [8l H 1 :2018-08-08)



