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[Abstract] Objective: The aim was to investigate the feasibility of intravoxel incoherent motion
(IVIM) model of diffusion weighted imaging (DWI) on evaluating single kidney renal function in chil-
dren with congenital abnormalities of the kidney and urinary tract (CAKUT).Methods:34 children pa-
tients with CAKUT (74 kidneys) who underwent " TC-DTPA renal dynamic scintigraphy and renal
DWI were retrospective analyzed. According to isotope renographic single-nephron glomerular fltration
rate (SNGFR),the patients were divided into three groups:normal renal function group (Group 1,34
cases) ,mild reduction group (Group 2,25 cases),and moderate-to-severe reduction group (Group 3,
15 cases).DWI images were analyzed by IVIM model to obtain true diffusion coefficient (D), pseudo
diffusion coefficient (D" ), and perfusion fraction (f) of each renal cortex.Between different groups
were compared statistically by using one-way analysis of variance (ANOVA).And bonferroni test was
used for further group difference comparisons. The correlative relationship between these parameters
and SNGFR was examined by correlation test.Results; The D,D" ,and { values of the Group 1 were
(1.64£0.82) X10 *mm?*/s,(2.3840.96) X 10 *mm?*/s and (33.71£7.11) %, respectively. The D,D"
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and f values of the Group 2 were (1.234+0.53) X10 *mm?/s, (1.66+1.43) X10 *mm?/s and (30.48+
8.26) % ,respectively. The D,D" and { values of the Group 3 were (1.2340.3) X10 *mm?/s, (0.75+
0.36) X10 *mm?*/s and (17.1£5.4) %, respectively. The D, D" ,and f values decreased with the de-
crease of SNGFR, and the differences were statistically significant (P values were all <{0.05). The
Bonferroni test showed that comparisons between Group 1 and 2,Group 1 and 3,and Group 2 and 3.In
the D, there was no significant difference among the three groups (P values were 0.064,0.137 and >
0.999,respectively).In the D" , there were statistically significant differences between specific group
pairs (P values were 0.036,<C0.001 and 0.034, respectively). About f value, there was significant
difference between Group 1 and 3,Group 2 and 3 (P values all <<0.001).There were positive correla-
tions between SNGFR and D (»=0.350,P =0.002),D" (»=0.687,P<(0.001),and f (»=0.706,P <<
0.001) ,respectively.Conclusion: IVIM-DWI model can be applied in evaluating renal function in chil-
dren with CAKUT.The D* and {f was promising to accurately evaluate single kidney renal function of
children with CAKUT early.

[Key word] Diffusion weighted imaging; Intravoxel incoherent motion; Child; Glomerular fl-

229

tration rate; Urogenital abnormalities

BB AL A% 1% (diffusion weighted imaging,
DW I J2 Ml — BE Ao il 1% 442 41 21 N 7K 43 11 W42 3h 1
BIPET LN S B E I Bt N BT A I A Y
O AR HES Sy DWI A6 2 S g 7 S5 A SR mb . B E
K> FHETARR MBS 302 & m S RR N
NAHHF 32 35 (intravoxel incoherent motion, IVIM) £
RUWE R DWT BRI G AL B 7 i 2 — Al i Aok 73 19
ORI G B T o A2 TV O ) BB R B2 415 O v
LB A B A0 B9 T3
AL FLPP e JLE 43 B 2 B 19 W] AT P AN WA
ST AT B R B TVIM-DWI #2725 2
BoAE 5 KA B E RN R 8 %5 7 (congenital abnormalities
of the kidney and urinary tract, CAKUT) & JL4r 5 2]
RE VAl A i 1

mRETE

1. — Rt

Il Jagt P 3 B rh Rk K 2 [ B 5 2 e [ T s L
W 2017 4 12 A — 2018 4 12 AWwE ML A
CAKUT, HA7""Te-DTPA 5 3h & 2 1% Al IVIM-DWI
oA i 34 ] 8L (74 A B E, & 6 ] B AT R
JIO AR, 34 BB IL, 55 23 6, %0 11 #, 4F
W 0.1~9.1 %, FI4EW 2.5 % bR 4ER 1.2 255
ki PR A AERE o ] EE 2 RN /s R R R 6
il T e PR R 8 Bl ELHR IR 3 B EAE AR
2 BB R BAREIFRE N IR R 2 BB e i A
K1 DL R AN B R R RRUK 3 i, A A A o D AR i
4 E~18 % ; @17 Te-DTPA B 31 & B AL A IVIM-
DWI ##5; O 12 5 CAKUT. HEK:H5 . @ & 3 H
b5 W) B T B 0 0 . B UE kR L A L A

B Bl Ik B 7 A5 B U T A L O AL 5 PN A DA AR I R
I B AEAE 3 — Bl g B 2 30 4E s O FFE MRI kA
KR SE s O MRI EUE Db 52 T 4™ &, BIR R & 2.
i Z A HEMET MRIKERHC SR ERAE B
Lo A wif B s 4 TAE PR KB M R & 5. ™
TUAG A (] B I ) Sk 1~3 K,

2. KA Ik

Ko A5 £ TR A5 A 4 h ¥25 8 K MRI AR
ESGIITA S VAN N o it = E U B PO = o
IV T AR S X T AR 4 s AR PR A 25 1 R L
FHU10 % K& A BB ER (0.3~0.5 mL/kg) ; XF TH M
PER AT 1 F8OL W LR 5 1) 2 I &) P L L 2D R
B BN B e R BT i

" Te-DTPA W 3l A5 il i J& Bl ik 58 o7
K E G Te-DTPA , B J5 1T B IR Sh B R R 4.
TEEHLA A7 A B 3h R R - 2R O
D L JF M8 By A A5 A D X B e HEAT R OE L Bif
JERFHALES A4 Gate’s . THEA T BVE B /N BR 8 0o
(glomerular fltration rate, GFR) #1430 GFR, &%
SCHRY I 7 AR B GER BT A B 3 4l .
B I RE TF H 41 (1 40, GFR =40 mL/min, 34 N5 F) .
B e EZ M AH (2 4,20 mL/min << GFR <
40 mL/min, 25 B WE) . 1§ Yy 6e 5 B A2 41 (3 41,
GFR<C20 mL/min,15 B BE) .

MR ¥4 : % i 35 [ GE Discovery MR 750 3.0T
FA 8 3l E O BE A B R R 5 5. BRIEFSE SR
B A R PR R 4 R ALY, I T AR IR B AR B
U HOAHIE AR SR PR T A AR . IS X 4
EML, BRI RFEFHETEIEZ b DWI £
i V-4 SR R il PR [1 3 (FSED T, WL i



230 T2 S2 B 2020 4F 2 A% 35 545 2 8] Radiol Practice,Feb 2020, Vol 35,No.2

P T, WL 58 tR 10 5 R 8 & P B e 11 9% (SSFSE)
T, WI F1 # 3% 38 W JR & /K i 1% (MR urography,
MRU) . DWI 4 >R H A% Sl i 53 Y 380 [l 38~ T ok
1% (single shot echo planner imaging, SS-EPD) J¥ 41,
b {HHL 0,40,80,100, 200,400,800 Hl 2000 s/mm”,
HAlZ%0: TR 3000 ms, TE 71.4 ms. % [ 128 X 128,
BERE 4 mm,ZEEE 1 mm, EERECH 2, F#7E B 4
FE0U R K AR

3. EMG AL 3 K 5y Hr

1 GE ADW 4.6 J5 b B T 43 . b A Functool T.
BAd 1y MADC #4xt 2 b {H DWI E{R #17 J5 4k
B, AR b B B b &8 52 B T 0 S e A P AR DS 3T
W GFRY™, g R 0T g s e 18 1 18 A B 52 FLA [
2B S T AW AR B NE 0 2 T )
ROI, PA b=0 s/mm’ K& H & (1%, 75 ik TF 5 52 5
NG X Ak 5 B iz 6 5 38 B DX A 2 T, S E A )

% N T /8) 5 5 X RO, ROT AT AE 40 32 4 3 5 1
B AR AR A R G I BB S W R W HEBR AE
Ah RO E 2 L 4~6 4~ ROT X . ROT A4 B K& K
NCT~T11T mm®) R AT RE— B 1) A 4P 5 R 5L
DB HARE D" A E B IR H A,
4. BeiteEorik
K FH SPSS 22.0 # Ak k47

Guiteg b, M EE

B 1 B IVIM-DWI A & & #% ROT B,

HEBAB; o DMEHFEE; O (EHHE, B3
B EMEHRET, EMNESPEEZR,

a) DAAAFEE; b) D' EHHEHE; o [EHKEER, B2
L, BT AR 14 R, 28 pe b g RO TR, A B o sk 42

PP EArE2ERoR . X DDA f AT IESHE
O3 AR KT 22 SRR G . R BRI R T 22 43 BT CANO-
VA) BN R 5 6] % S 8B Gt 22 = A gt
22 5 Pl Bonferroni 4T 241 [B) 9 9 L AE . B4 4
GIESYES DD M [ {H5 50 GFR 40 ¢ v i
1R B Pearson A GRS s A AT 5 £S04,
KA W AE H Spearman AH P4, P <<0.05 1A 2%
SAAGEITFE XL,

R

SWBILIEG A 74 S FHEAE B, i DWI EIZ
B AR Wi bn v . K DWT EE A GLHE $ioiss Ay
RN R (FE 2.3), 3 HBRILAATE GFR,E 5
D.D" Fl { HUNFR 1 FrR , 4 43 ' T BE 43 401 Ol an 5% 2
Fiis

TEZS R4 K 56 45 R R DA R 2 IE S
A (P <C0.05), 1 D Fl { {83 & IE S0P >
0.05) 207 22 MR 6, D {6 AW 2 07 22 55 (P <
0.05) .1 D" Fl f {H# & (P =0.154, P =0.186).,
ANOVA Z55R R, 3 A% D.D* 1 { {535 & 55 5
GFR W T REMREAL, H2E R HAS 2= L (KD,
Bonferroni 3541 [6] B P EL 358 45 R W7 . D {ﬁf 1452
M5 34245 3 AWM LR P Y TG T4 2=

& @

EZ2H . EMEHRET, a) T424; b) DL

BIL,B .6 %, EMELF KRR, M BT R
a) AL b) DAEAEHE; o DA E; ) (EHFEH,



FT 2528 2020 4F 2 A5E 35 %% 2 ] Radiol Practice.Feb 2020, Vol 35,No.2 231

%1 34WAYGFRAERELR DD [

N 4% GFR D D*
Z M3 )
2 RS (mL/mm) (X10 *mm?*/s) (X10 *mm?*/s) (%)
EFE M) 34 48.62+6.22 1.64=+0.82 2.3840.96 33.7147.11
BE IR W) 25 31.33+6.3 1.23£0.53 1.66+1.43 30.48+8.26
E R (3 ) 15 10.49+5.67 1.23£0.3 0.7540.36 17.1£5.4

%2 4G CAKUT B LW EAEE R B HAARN

o & - £ A 48 5 ) 28 %
EE 3l @) e <£211J/T41> T ram
1 3 0.2 E #r B & (M) 1 1
2 3 0.6 E #r B & (M) 2 1
3 b 0.3 E #r jk & (£ M) 2 1
4 * 1.1 W e e Bk A RO (A [V 28) 1 2
5 * 1.3 o By Jk 8 RO (A A I 480 1 2
6 % 3.7 B B R BUAR (A VR, A T 40 1 2
7 5 1 B W s JkE B (A T &, A IV 48) 1 2
8 % 0.7 J& Bk o Bk A RO (AR T 480 2 1
9 % 2.2 T B AR 8 B (A I 480 3 1
10 * 3.3 W e dar Bk RO (A V 2R 3 3
11 * 9.1 W et Bk BOR (A V ) 3 3
12 % 5.8 B-EFRRECEM 1 3
13 5 6 WA H R R CEMD B e & E B (el I ) 1 3
14 3 2 BEF AR CEM) B &SRR CEM T2 3 1
15 * 4.3 BEMAE AR M) 1 1
16 5 1 Bk R B () 2 2
17 3 3.4 AR B R R AR KGR 1 2
18 3 0.4 AR B R R ARKCEMD 1 2
19 3 0.2 AR BB R ARKCEM) 2 1
20 % 0.5 BB R R A CE ) 1 2
21 % 0.1 BT R R AEM) 2 1
22 5 0.2 WIS L AM) 2 2
23 5 0.3 BRIk R B CEM) 2 2
24 5 1 BT R R CEM) 1 1
25 3 3.1 B R A A (A ) 2 1
26 3 5.3 B R R E A CAEM) 1 1
27 * 5.6 BR R E SR AM) 1 1
28 3 7.3 B R R SR LAM) 3 1
29 3 1 T H K CEM 1 3/3
30 % 4 T E B CEM) 2/2 2
31 3 0.2 THER TR ARE (EM) 1 3/3
32 % 0.6 THERERWMARE BN 1 3/1
33 % 0.8 ETHEREL M RE EM) 2 2/2
34 S 3 THERE AL EECEM) 1 3/1

CIUREBAREFAEC2REAG I RBEEZRA
F(P=0.064,P=0.137,P>>0.999); D" {H#F 3 41[d)
P LB B Gt 22 22 5 (P =0.036, P <{0.001,

P=0.030);{HE 1 HE3H 2HE 3 HATME R

HA G5 (P ¥<<0.00D) .76 1 HY5 2 HlH 27
TG L (P=0.284), MWAS & Spearman FH &M

S EE R B R, GFR 5 D.D* Hl [ {4352 22 M4 6
(D,

%3 348 DD fE ANOVA &

D D’ i
F & 3.577 12.517 27.940
P 1a 0.033 <£0.001 <£0.001

SSTRAK o b R AR

%4 DD {52 F GFR iy M % ¥
2% GFR
r P {4
D 0.350 0.002
D 0.687 <0.001
f 0.706 <0.001

Wit
JLEE N % B BE % (chronic kidney disease, CKD)
A5 T REAS AT T R Y — 28 B i L R L
& CAKUTY™ , CAKUT &% 72 F 5L #E
LR E ESR (end stage renal disease, ESRD) K %
EAM EEREE, R, e AR 0% ~50% 1 JLE
ESRD #f [ IH A F CAKUT™" ., CAKUT 248 & H W



232 T F 52 B 2020 4E 2 A4 35 %45 2 ] Radiol Practice,Feb 2020, Vol 35,No.2

PR 2 G A 3 5 0 — FR G0 1T R AR T BRI s bR
At a] B ROBU T SN B Ty B A7 5 R R O N X AR
WG S PP Ak XA B 2y R 6T I IR e 3 28 G L

ARG A N 34 4] CAKUT L, 4F 1% 3 Bl e p
ALAFE W8 4 i /)N 40 AT R 5 77 B2 W R B B DA
Xof {5 ) R o ) B AL BORE A AR I R AT A 6. ABL
HORe i F L SR AERA - EXR . BLEA
RCEE B IR 0 AN B DL R T S L L O i R A I
T DB E K HR LA B, B T BE R R
#EZ I IF b B0 I 2 fig 2R AR A

DWI-IVIM £ R 3FAf 5 0 ' D) 6 32 $d 1% 0 2B A 1R
U AT S . FE AR AL b {H (=200 s/mm*)
FE WK Gy F BTG AR b (<200 s/mm*) E
TR W U T R, D (A b MR K4 b
BT R 2s B D A b/ o 3 e 00 A B b
B, ANBEAR G L R W ThRE (s 8 . BT . &5iEM b
EHMA R XEZE, HIWZ R 6~12 1 bEHAXZSY
BAMA  CAEPISHR B2 AN b 7S, B R
MAIAEFRNMRbMES 145 b AR TS A
PHIC, X R B B W S 400 SR AR 15 [, A R i s AR 2 )
A BURAESY . AR WFFE T, b HHL 0,40,80,100, 200,
400,800 F1 2000 s/mm? 8 4~ b i , 76 F i 4™ A HE 1
5 R BRI AR b (A BB B AF s A T RE AR .

AL R R, D HAE S YIRE EH 4 R 7
it 4 RN o B R A7 A AL AL R R B A Y B Ge it A 2
St L EBE X 242 BE 7 i 41 A op B R 2 45 4L L D R
w2 R rp R A A AL 2 ) 25 5L T D 7E 41 8] 7
e 2 S gt 2# B S M RE S b H R/,
ANFORECE I B 1R 25 45 06 R oK 4 F i i i 32 283
it D E RSB, WA SURE T R DO A et
ARBEFER b E A E O TASEER R, FH
R g & B, AN TR TR CKD 83 1 B R
D" BEFE D (E I FF7E 35 P25 55 1R R IRZH 1 Bz T
D" i .80 D" {H ¥ 2 KT CKD % B it 3% 4 fnrp
HEREH, RAPREGR G ZEM, D 2 U
()38 b » 35t ik 11 2 2R B0 S (R A 98 A A W L AR 1% b (.
W,

AR H Spearman AH &M 4 B 45 - s, GFR
5 D.D" I (EIFEAEIE A G, o £ A A9 AH O 1 B
% (r=0.706), 1M D {8 AR/ (r=0.3500, %
535 Mao B L& BB A AR A AT 0 25 5 s Ak
B GFR(eGFR) 5 Dl (r=0.466) .f { (r =0.713) Fil
D" {H (r=0.2335) ¥ E{E EACHE.H DE. D HY
FHCPESAN K, B D™ 19 A OGP S /0N, 28 35 #E 0 W] e
ST b A R C . Mao 481 £ A
¢ CKD Wi B £F 4k 4k, J5 35 5K 4y 79 iz gh i A

RVETE Sy W3 s 3 A o T U S AT A Ak Al AT
B8 A b 4% A 0.25,50, 80, 150, 300, 500,
800 s/mm” , b A 1) 15 & % VE 7 B4 AP #8043 1 K
FAA 2 WA S HO R E . R A SE B
b A& LUK b H & K (0.10,30.50,80,100,
150,200,600.800 s/mm*) , J5L Wl I~ i S5z B H B 22 114 33
WS B BT 45 3 WoR D B #UK (- =0.628),D°
r=0.57DF1 { {5 (- =0.619) By A S AL, HiEI AT
AES W9 X 42 (CKD H#) # B IE B0 45 4 4k FR i 7k
G FIYECR R,

CAKUT BILENER BT D F1 { {HBEE GFR #Y [
AR T A f 5 DR nT 3 ek e T AR T AR ROk M R L R
Mg B 0 & B /DR T g 7, BERKE
38 305 A ZUB B A R AR R RN B AR B S
JO A A o o8 OO A I 2 e LA R A O A I 3 2
TR MR R A BT EORIE T T RE . 7 T Re AR R R
197, 5 JUE B A A A YA R Y RSB A R
AIXF AR E s GFR 4k 35 4 1E 8 /K V. {8 Bl 5 5 A8
JE& B S BT A 40 B i v 9D, #E TVIM-DWI |
FKH N D HEM; GFR T, SFEUKS> T 138 H o)
FE DA RN 8] 5T £F 24k, K 4 4 HesZ BN BR 1, 78 TVIM-
DWI [ R R D EREAR. B B 0T A i 8 Aok
e Tl o o R VAR W€ = N =8 T
T RAIE ST A R X R IR AT R R D (E
5 GFR MM AR R

A FEAFAE— 72 W SR BR A . O oK 158 B 1E # B Xt
B, m] BEARAS XF B T BE 9 PE M s @ R 1 B IF I T 4%
AR AR L B H PR R 3 [ S 35 P15 7 AR Al A
DX 5] s 3 AR 0 o R 25 5 @ SR BN T 4] ) ROT, Jo ik
PRIESE 1 6B LR RO S22 B FAF A &, ol e XI5
Ab RS R s D @ O B S  FEAS A 2D, L
SELAE % 22 4 v A5 2 I T, AT BE S e 8 P, fn 2R
REHE— 209 R A AR IS )2 AR AS 1, U fig 4R 45 0 in v 4
ke

IVIM-DWI A ¥ #r CAKUT & JL 18 4 B 2 fig .
D" Al X 43 LA [ ' ) fi d fsk , J0 G2 W T g OE &
FVES B2 AZ 450 00 % ) AT T B0 ) B Az B TTA £
H5 57 B GFR AH G PE R 0 35, T S 416 5 o0 o S 19 5
TR s B, B BB DA {45 & 50, iT Rk
B T Be sz 40, 0F 48 = B D e vEAL B MERR . XL E
BFM S - MRI JE JE 5] AN H 5] TG 48 5 5 6 ) 1
K Ar B e B I D BE AR B Y [R] i, L RE VT 15 4 21
L5 o] AR 0T 5 40 1 06 AR, 1A R G 0% 1 i S
REFEWF9E 2 B ITVIM-DWI A 45 25 5 5 b {H 0 28 8 %
REY), F— 2 A 908 o AW JH B b {5 1A B0
0 RS B 7 2 i — LR UE A O SR IT



TSR 2020 4E 2 A4 35 %45 2 ] Radiol Practice,Feb 2020, Vol 35,No.2

it ' T e HH A 1 1L
SE

(1]

(2]
(3]

[4]

(6]

(7]

(8]

9]

[10]

[11]

[12]

Mannelli L., Nougaret S, Vargas HA. Advances in diffusion-weigh-
ted imaging[ J].Radiol Clin North Am,2015,53(3) :569-581.
ERE R 2558 3 MM b at . AR TUAE A, 2000:1-27,
Hu G, Yang Z, Liang W, et al.Intravoxel incoherent motion and
arterial spin labeling MRI analysis of reversible unilateral ureteral
obstruction in rats[J].] Magn Reson Imaging, 2018,50(1) ; 288-
296.
Woo S,Cho JY,Kim SY.et al.Intravoxel incoherent motion MRI-
derived parameters and Ty * relaxation time for noninvasive as-
sessment of renal fibrosis:an experimental study in a rabbit model
of unilateral ureter obstruction[]]. Magn Reson Imaging. 2018,
51:104-112.
Yan YY,Hartono S, Hennedige T,et al.Intravoxel incoherent mo-
tion and diffusion tensor imaging of early renal fibrosis induced in
a murine model of streptozotocin induced diabetes[ ] ].Magn Reson
Imaging,2017,38:71-76.
Cai XR,Yu J,Zhou QC,et al.Use of intravoxel incoherent motion
MRI to assess renal fibrosis in a rat model of unilateral ureteral
obstruction[ J].] Magn Reson Imaging,2016,44(3) :698-706.
Zhang B, Dong Y, Guo B, et al. Application of noninvasive func-
tional imaging to monitor the progressive changes in kidney diffu-
sion and perfusion in contrast-induced acute kidney injury rats at
3.0T[J].Abdom Radiol(NY),2018,43(3) :655-662.
Mao W, Zhou J,Zeng M, et al.Chronic kidney disease: pathological
and functional evaluation with intravoxel incoherent motion diffu-
sion-weighted imaging[ ] ].] Magn Reson Imaging.2018,47(5):
1251-1259.

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[ ] ]. Magn Reson Imaging.
2016,34(7):908-914.

SERKAE  RIR AT AR T, 45 R 2N AH T 12 31 MR U TI00 B ARUK
B Ty RE T S B IF LT 1O 2 521 . 2017.32(5) : 509514,
Sulkowska K, Palczewski P, Wojcik D, et al.Intravoxel incoherent
motion imaging in monitoring the function of kidney allograft
[JJ.Acta Radiol,2019,60(7) ;:925-932.

Yamada K, Shinmoto H, Oshio K, et al. Diffusion-weighted MR

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

233

imaging for the assessment of renal function:analysis using sta-
tistical models based on truncated gaussian and gamma distribu-
tions[J ].Magn Reson Med Sci,2016,15(2) :237-245.

Schneider MJ, Dietrich O, Ingrisch M, et al.Intravoxel Incoherent
motion magnetic resonance imaging in partially nephrectomized
Kidneys[ J].Invest Radiol,2016,51(5) ;323-330.

VL& A INR L. 45.3.0T MR IEH B HEEIE SR DWI Hill .
ADC {H J TVIM 2 BB 16 ] 5 4%k 20 A7 (1] 50 2% 92 1%, 2018,
33(8):806-810.

Li Q,Wu X,Qiu L,et al.Diffusion-weighted MRI in the assess-
ment of split renal function: comparison of navigator-triggered
prospective acquisition correction and breath-hold acquisition[ J].
Am ] Roentgenol,2013,200(1) :113-119.

Choi JS, Kim M]J, Chung YE, et al. Comparison of breathhold,
navigator-triggered, and free-breathing diffusion-weighted MRI
for focal hepatic lesions[ J].] Magn Reson Imaging,2013,38(1):
109-118.

Fukuda Y, Ohashi I, Hanafusa K, et al. Anisotropic diffusion in
kidney: apparent diffusion coefficient measurements for clinical
use[ J].] Magn Reson Imaging.2000,11(2):156-160.

Kari JA, Sharief SN, El Desoky SM, et al. Etiology, ethics, and
outcomes of chronic kidney disease in neonates[ J].Saudi Med J .
2018,39(4):361-367.

Caruana G, Bertram JF.Congenital anomalies of the kidney and
urinary tract genetics in mice and men[ J]. Nephrology (Carl-
ton),2015,20(5) :309-311.
Federau C,O’Brien K, Meuli R, et al. Measuring brain perfusion
with intravoxel incoherent motion (IVIM) :initial clinical experi-
ence[ J].J Magn Reson Imaging,2014,39(3) ;624-632.

Tt L S WE TVIM-DW N 3 17 ) B L3k Je ) ). il 4 R A%
2016,7(7) :546-550.

AP TR IR PN SR L A5 O ARG XA BRI 42
U 4 200 2 W S LT M PR B S 27 2 8 2012, 31(7) 1 970-974.
KA w6 T IE TVIM-DWI £ 48 2 B IE s ' o
PEAG 8 025 B 5 LT )0 RS 27 A . 2017, 36 (8) : 1145~
1149.

Zhang JL..Functional magnetic resonance imaging of the Kidneys-
with and without gadolinium-based contrast[J]. Adv Chronic
Kidney Dis,2017,24(3):162-168.

QR H 39 .2019-03-23 & [8] H . 2019-06-06)



