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Effect of venous hydration in preventing renal impairment after injection of iodinated contrast medium u-
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[Abstract] Objective: To investigate IVIM-DWI on evaluation of the effect of venous hydration
before and after the injection of iodinated contrast medium in preventing renal impairment. Methods: 36
healthy male rabbits were randomly and equally divided into four groups (n=9 each). Rabbits in group
A were injected with equal amount of saline. Rabbits in group B were hydrated 3 hours before injecting
iodinated contrast medium. Rabbits in group C were hydrated 3 hours after injecting iodinated contrast
medium. Rabbits in group D were injected with equal amount of iodinated contrast medium without hy-
dration before or after. MRI IVIM-DWI was performed on the rabbit kidneys 3 hours, 24 hours and 72
hours after the injection of iodinated contrast mediumat a dose of 1g I/kg. Upon the completion of each
corresponding scan,3 rabbits in each group were randomly killed and their right kidneys were harves-
ted and made into specimen. Results: The D value,D” value and f value of renal cortex in the renal cor-
tex decreased 3h after the injection of contrast agent,and the D value (5.9140.66) X 10 "mm?/s and

medulla D value (5.35+0.82)X10 "mm?/s of the B group and the corresponding C group. Cortical D
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value (4.90=£0.93) X10 *mm?*/s and medullary D value (4.2940.73) X 10 *mm?®/s were statistically
different (P<C0.05),at 24h,renal cortex D value,D” value,f value decreased to the lowest, group B
cortical D value (5.62=+0.65) X10 *mm?*/s,D"* value (7. 86+0.48) X10 *mm?*/s,f value (40. 20+
4.47)% and group C cortical D value (4. 55+ 0. 68) X 10 ° mm?®/s, D* value (6. 82+ 0. 40) X
10 °mm?/s,f value (30.30+4.34)%. There was a statistical difference (P<C0. 05),72h, renal cortex
D value,D* value,f showed a rising trend, medulla D value,D” value,f value decreased to the lowest,
group B medulla D value (5.09=40.21) X 10 *mm?*/s,D* value (7.37=£0.77) X 10 *mm?*/s,{ value
(34.10+5. 14) % and group C medullary D value (4. 01=40.58) X 10 *mm?/s,D* value (6. 27 £+
0.47) X 10 *mm?*/s,f value (25.70=£3.35)% value statistics Learning differences (P<C0. 05). Differ-
ent pathological changes were revealed by microscopy in each group,such as muddy,swelling,and de-
generation in glomerulus and renal tubules with cast in collection tubes and interstitial hyperemia, with
the most serious damage in group D and the minimal in group B. Membrane staining of APQ1 could be
identified with immunohistochemistry,with the highest expression in group D and the lowest expres-
sion in group B. Conclusion; IVIM-DWI can effectively evaluate the protective effect of hydration be-

fore and after injection of contrast mediumon rabbit kidneys from injury induced by iodinated contrast

agent, Venous hydration before injection has the best effect.

[Key words]

Bt B AATTXE T BT B 700 X5 1B U 0 %) B E— 2k
P WO TR T S R 3 R 2P B 45 1 (post-contrast
acute kidney injury, PC-AKID) 3% — 37 #F & 9% 42 Y,
H AT X o) 22 42 22 5% 25 B 0 Be 5 e P i e O B g
PC-AKT J2& 5 # bk i3 55 BT F R J5 2~ 3 d i v LT
IRV B P ) T o O S R (AR 1. 5 A B X
fE 30 0. 3 mg/dL(26. 5 pmol/I)"™, 1ij Z | % b 51
LA DSB8 R B A543 R SRy DK T SR X L )
JG 2~3 d, IFHERR A BB R ER L 0 LR AP
BTV ) T v 5 A A 5 k(R Y 25 V0 B4 X R 3
0.5 mg/dL (44, 2 pmol/ID") [ Px il 36 42 BR B JE 5
G4 H ATt R A T PC-AKI A2 B T4 %Xt
F3R) B A 0 A e A O i L B 8 i 0. 3 mg/dL
(26. 5 umol /L) % # i JJLIF A8 1 3£ 28 K F 9 1. 5~
1.9 RT3k — 7 S 4 R U e £ S5 B 48 7 LA
YU HEAE . AR BILRS G BT B 70 463495 1) e X M iz
W AR AN [] AN HC L 0 B A2 I YR T O R
RUERITAL . PC-AKT #5218 [ PR 2% 2 18 1 I
oL O (105 =8 = 1 S 1 O A o
ER P . B0 BT HE AR B A 0 O O R AT S B IR ST
T B W KOK A & i PR - i A BUB) 7 v o (HL G T K
P72 IR A AR I R TR — AR UES Y . IR
TSR JH KK AR A IR K A 7 iy 3 AR A S T Tk S
PR R IR FUIRKARRICR A R BAR i koK AL WA
B EIK . DIRERE IR IR (IMRD 2 — F i 2L
ToON R & AR /] 205 6 UG A R AF R A 255
By BRTH Z A TR R AT . T ERERAAR
T2 3} (intravoxel incoherent motion, IVIM) ] §~

Intravoxel incoherent motion; Hydration therapy; lodinated contrast agent; Rabbits

B A% 1% (diffusion-weighted imaging, DW1) 7]
TR N B PRI E 3 B3 . B2k 2 537 B
VB A i A% v A B e U 1 K 3 B i TR
R OL, X T R S S WA R
ST K G A B CAPQ) A T AN AR L L
FERIAK S F 15 is AL B HE AN P APQL Rk
7K G W SR DRI e A O L AR GBI 5 R W
FBEEWREAER T AN APQL fEHE FM I A B
VEFIR 10) 20 M0 % 2l o5 S 40 M B APQL 3% 3k 1%
TN A S Y IO B 350 TR KOS I 3K
7 A APQL KB N . AR bR 2 TR B
LA PR TS B IR S 2 DL APQL S A .
P APQL B R8sl 1 B il 475 19 B HE . A S 56 R
FI TVIM-DWI SR i i fik /K A6 8 Bx e 70 BIr 855 f
B DI RE 5473 A TIUT A T S O R AT BRI

MRETE

L 5L shyy)

S S 568 10 R G ey v T R R 2 Bl R i A O
SACHVFR] . 36 FUBBRIENE R T sy T 1B W R SR A 1F
B AT 2. 5~3. 0 kg JIT A SE 50 VR 200~y b [ DR Y
K gyl AR RLE

2. LRI AH

36 AZ MBI 4 A 9 FD . A4S
S5 A PR K B2 L TE S 8OO LRI ET 3 h i Bkok 4k C
A E ST R Sh koK AL s D 21 2 oo
LA

3. WHIE s ik



TSz 2019 45 3 A% 34 %45 3 ] Radiol Practice, Mar 2019, Vol 34, No. 3

261

*H GE Twin Speed 3. 0T ff L3R AL £% .8 i
RS AL, T 4 h 2K .12 h 25 AR R
WU 4 3% B B b 2 4 (1 mL/kg) Jo ¥ MR B
(0.1 mL/kg) PEA7 BRI . K ALJ7 20 28 5% 4 B 4 ik
T AE B ER UK (0. 9% NaCl, BF ]k 3 h, 3 %k
4 mL/kg/h A 5256 B FH B 700 o B 350 4 Xt
FeF FEAE IR A B AT A E 37°C L 4 B 1 g 1/kgt™
SR REGH DTS RN 4~4.5 mL/s, 1E
SEROW EERIJS 3 ho24 h.72 hole 58 G 0 M 3k 58 95 ik
BTACE M sh ) £ 8 b gE 47 B IE TVIM-DWI 45 4,
HUZe B o 2% B W45 4 10 R ) B UG B (.
S B0 R FH BB B 10 7 B3O ASCF- T T 38
%, b {8 K 10, 20, 50, 100, 200, 400, 600, 800,
1200 s/mm’ 47 56 4R T 49 4, )2 80 5 )2, P 16 cm X
16 cm, /Z2E 2. 4 mm, TR 4050 ms, TE 96. 3 ms., % Jil
UWHL 2, FHHE Ry 6 43 41 7P,

4. MR bR

B H e 48 IVIM-DWI B £ 14 & GE-ADW4. 4
AR Sl 8 BUA Y S AR T T R B R ) 2 T T 2%
X (ROD,ROI [f #1 =20 mm®, i & 5% J& [B K i 3
KR (B 1), 3K IVIM-DWI 2% (D.D* . D &
TR B . ARSI ) 45 i 25 )5 - 5 4 40 ) Bl AL Ak
BE 3 G A BUA BTN 4 0 FF S R L A L R AR
1T HE Jefa o APQI sz 41k K 2 . 434 B W 7 9 2
AL

5. Giit2 ¥ Hr

JIE AT B0 35 R ) SPSS 22. 0 B HE A7 Ga 3] 2% 4%
BT s LAY B bR 25 7R X REAR B B0 AT IR A5 0 Iy
ZEFTHER R FF A RS 0 A5 7 22 7 MR B 2y

E1

HABRAETEH,

ZHT P EL R LSD g7k X HE IE A A A
K Kruskal-Wallis #:56 , UL P<0. 05 h 22 R H 4 it

4k

=]

R

1. IVIM 94 45 2 50000 5 25 1

5 A QML .B.C.D =417 %F el 3 h B
K BER DEBE TM.D E EURE TR, B4
H5DAmE.CHEDAM. BAE C4ln DEERE
Gt L (P<<0.05) . D" . I 2% % LG =
N (P>0.05(F1.2), 24h.72h B B4 5 D 4ia.C
M5 DM .BAY CAlm e D E. D {E.f
825 F 3 BA G it 5 L (P<<0.05) (3 3~6)., FIF
K DAE D H I EH FESA I AE 3h FRE.24 h
FERRAK.72 h 2R % 48k DD H. T
ShIFMAZE 72 h $r 4L TRk,

K1 EAARABEIhERLRDED HE.JH
P =4 A4 B ca D F P
D(X10 ' mm?/s) 6.81+£0.59 5.914+0.66"% 4.9020.9° % 3.93+0.45 30.278 <0.01
D* (X10 *mm?*/s) 8.89+1.31 8.65=+0. 60 8.49+1.03 8.37+0.84 0.467 0.708
(%) 48.504+4.71  45.30+5.93  44.10+6.74  43.10+6.28 1. 387 0.264
E: 5 DAMREFALTFEL. T CamMLEFALTFEEL,
2 EAMRAFEIhERERDED EH.AE
BE A B4 Ca D& F/K-W P
D(X10 " mm?/s) 6.50+£0.98 5.354+0.82"% 4.2940.73" 3.40+0. 62 25.499 <0.05
D* (X10 *mm?*/s) 8.62+0.98 8.32=+1.00 8.28+0.73 8.01=£0. 84 1.025 0.599
(%) 43.0045.84  40.70+6.27  39.30+4.84  38.10+3.65 0.914 0.633
OB DAMLEFAATFEL. TS CAMREFARTFEL, D' MEA [{EHEESHH R A Kruskal Wallis # %,
k3 EHAMWAFE2UhERELRDED E A
S A Ba (o} Da F P
D(X10 'mm?/s) 6.79+£0.85 5.624+0.65"% 4.55740.68" 3.60+0.49 24. 644 <0.05
D* (X10 *mm?*/s) 8.97+1.16 7.86+0.48" % 6.82£0.40" 5.96+0.45 21.078 <0.05
{((%) 49.7042.93 40.20=4.47*% 30.3044.34* 21.10+2.76 34.812 <20. 05

A5 DAL EF AL FEL. TS CaMrEFALTEEL,



262

T #5218k 2019 4E 3 HA 34 %% 3 8] Radiol Practice, Mar 2019, Vol 34,No. 3

R4 ESARAE4hEREERDED EIE

A Am Ba Cu D F P
D(X10 'mm?/s) 6.41+£0.79 5.2240.63"% 4.16=40.40" 3.15+0. 46 30. 484 <0.05
D* (X10"*mm?*/s) 8.5540.84 7.58+0.93"% 6.42+0.70" 5.49+0.55 18. 205 <0. 05
(%) 44.2044.51 36.20£7.49*% 27.8045.79* 18.60+3.27 24.188 <0.05
EEDAMREFALITFEL. "5 CAMREFALTFEL.
5 AHAWAEThEREADED #.1H
X A4 B4 Cu D4 F P
D(X10 'mm?/s) 6.83+£0.44 5.764+0.34"% 4.87240.29" 3.78+0. 82 50. 898 <0.01
D* (X10 *mm?*/s) 8.98+0.17 8.02+0.30"% 6.99+0.59" 6.08+0. 14 38. 890 <0. 05
(%) 49.1042.78 40.80+E3.62*% 32.6044.66% 23.30+2.22 30. 762 <0.05
E: B DAMREFALITFEL. "5 CAMREFALTFEL.
%6 AHAWAEThERERADED #.1H
X A4 B4 Cu D4 F P
D(X10 'mm?/s) 6.4940.52 5.09+0.21°% 4.01£0.58" 2.9840.27 30.178 <0. 05
D* (X10"*mm?*/s) 8.60+£0.37 7.37+0.77"% 6.27+0.47" 5.1940.31 24.721 <0. 05
(%) 43.7041.93 34.10£5.14*% 25.704+3.35* 16.50+1.19 30. 762 <0.05

E: B DAMREFALTFEL. "5 CAMREFALTFEL.

2. IVIM H## 3R B # &

24 h iy T, WILLD{H.D" {8 K T EhZE (K 2).
S DD N CHAER — &9 &W A~ A 450
B2 ot B D E D H & f % B B e ek
A, Ut B I B DR ZEL 2 P L Y TG K T RORD B O
HWETAZBR B4 .C 4. D415 I i 86k D .D”
1B B BN 18] 2 32 7 8 €0 ) 5028 136 B 9 12 PR i
N EE 5 D 2H ¥ €8 8 2l 28 fe W S L 16 B I B sz PR A
e,

3. R IR AE ST 2

24 h 1) HE Je 8 Je APQI Sz 41 fugh A, sl 3.
A LB /NERGE R TE R R DL 3 NS B R R L
WL ALK LT YL [ ST BT AL - B A0 43 A IE R 5 20 M
REEHA, BAE/NERE MK TN B
W =E B S AN BORLIR L R UL IR B B AR L B A 0
TE B s 18] 0T A UL B S el s s A 5 s A i, C
YL /NERSE R AN UG b ik B G /NS b R AR B
R A5 WA VE R R A G R DLAS Y () ot % 2 £ 2
b, FB 4y B 40 L ok P S I A M RE R A B 4 .
D 4B /RS ZE 4 il /N b ROk IS A AR M AR
A8 N AT LA Y 8] 4T AE Ak R I s 20 AR R % € B
JPELAPQL Rk £

ot

I PR T A s XF bl 3 58 CT ks 25 F 3 i e 9 75 4t
Hh0.3~0.7 g I/kg (R, ¥ I8N 5 e 14 3% i B G A
(1 + 3RS, FMUGT HG R0 A9 0 S R 4 7 0. 9~2.1 g T/kg
PREN, ARSI AF R 1 g Uke, X 5 3CHk 0 B
A B R AR R — B . M S 9 3R W kLY L

RS SRR A R TR DR B B g OE R AE
Fe 2O R B K AR 97 1 B IR A AL . A% B L iR
DWI I T4 06 AR 4L UK 70 79 12 3l H R 1
Z$ Capparent diffusion coeficient, ADC) [ ££ 7 52 14
E R €I RN IRTRE RO EA TN =i S =)l 7 i 7
HOZ3h Y. Le Bihan S5 32 IR R N A M T35 3
PHOMBUE % (IVIM-DWD , Z% 3 AR i3 £ 4 A F b
EAAA 35 DWIAE S, F X8 B 7Y 547 9005 () i
AT AR NP HOMFETEAF R R K 4 T B
PR AR R AR Y B B IR PR R W
IVIM-DWT R % J i 4= T B 52 0 B J0E 9 38 15 85
AL A B 3k TVIM-DWI B &4 W i 5% A i ik 1
SR LG AR IS B ) 3 2SR A

TESSR LR AR i ) & DA DY HE T
R b DB 27 B B S 4l K 73 7 /9 47 HK
ARZS DA/ BEW K 3 797 sz BR L 5 o be 575
I AE AN A L A0 i K 8] B 2T 4E AR B N
PN MR I Sl BEL 3 3 A O s D A Ay I 98 A G 3
HRE NS WAE AR T2 5. D EEN . 5
BBORS B 50 B 00 I A W A A O s A R B R 0 B I
DL TR AR YR B Fe R RN B
6 PR T PR ARC 5 BT RG] I B0 B /N R AL B N
FR I REREAR A X X RS 3 h B D
EHTRE N RE. D E HMRE TR XS D
EHURFERE S A C . TETES X RIS 72 h it D fA .
D 2RI B mifEs DA, D A {Efrgk
TR UL B PR SRR BN . X R 2R R S R
AE A PR TR BE B J I R e B A SO R
BETUE AR 0/ LS 2%, 9 HLBE BT el T B /N Y B



ATz 2019 45 3 A% 34 45 3 ] Radiol Practice, Mar 2019, Vol 34,No. 3 263

A

B2

CA

DZH

2 IVIM zsth#H. T,WIL.D/EL.D" 14 [ 14,

WC T Ak 25 ey P A R JE L K o A R A ) DR AR
U B2 B 5T 1 6 AN [R] £ 46000 T PR R 2 R R
7] Pk 22 ke T RS LU 70 o B2 Jo 39 A QA i T R A o 5
YR PR g B X 70 A TR A T i A 9 5 R AR
2B /NERR IR BNV L 22 IR B R L A
D 3 ECEALAST FF [R] PRy R DS L AR O — 2
WD 5 die Je R EE TR 22 IR B /N b R A AR A 5
SR T JIRBE L e D ZL A0 O Ak S LU 5 i Ok K AR
TE S BRGS0 7 R RN AR TR R .
S ALK YR X 8 5 1 45 15 T B

S S L 7R 7K P 2EL 5 B Al B o L 7R 2 REAE —
FEREEE B R, X — 45 RS HE Bt K&
APQI e AL AE RAH— 2. X Al g P o K AL g i i
e AR AU X EE 7009 28 s a2 98 2 R AR DR 328 T A 28020
APQL BRIE A K. HIKIBRES TR HLHI A L.
BB ARG E T B v M O 6 BT R
SKER ZR G A0 LA 0 3R 23 00 S U IR
i T 0T T R I A A A Jo A0 o A B A AT
B /I RO B BE S 6 DR R e T L TR S [ AR

X BRI B /N 1 £ B I T DR N L B AR I Y
TEPEAR 7 5 Faf AV PR VB A% R i 52 338 o i 98 K 5 Lk
N R 2 R A Y B, S A WO i L A X
FE IR0 i K A SSRGS X EE 3R e K A L 2 3 HE
T S RS L TR0 AT /KA 1 5 BE A T ST i AR B 7K 5 G o
Xt FE TR A AN A R AR 28 /DN Bk R e s DR 20 )
R I [] PN HEBR AR Sb T koK A i i Qs &8
BRI B 1~ 3 by [RS8 X O TR i K Ak fiE S I 4
i B I AL SR B R R I v R S B R R T RE
PRAUIE T GF 7 -5 PR VR[] BsF A o AR RS 3 5 % BE R
Je KA B I 8] P9 s B I o £ . R TS LT
2 R A1 S O LR AT OE B 2T UK AL R HL
g8 TR HEARI I AL T KR ZS  EX RS AL T 4 T
TE ST HE RS K AR T A A b 2

AR EREE R A S B — IS T IVIM-DWI
TR T R0 BOuH B R B 80 G A 2 R S R
HoPPAN K OK AR B R T . 3 3 BOGE R RS 45 7
KoK AR A — %E T2 L L BB A% TR 464473 » EL3E S X e
VKA BRI T3 0 LR e KA o W PR vp 1 25



264 AT 2FS2 M 2019 4F 3 A% 34 %45 3 ] Radiol Practice, Mar 2019, Vol 34,No. 3

® 3 HE # & % APQIL % & 48 84 5 47 & ik K F (X 200),

B BB DLHEAT AN PRAL RO 0 T i o0
A5 i 2 BRI A R A 1) SR LG S 1 A A A X
LT AT AL + 10X T 4 5K 4% 18 5 R REAT 1 S A X 1L 551
R 7K A B 8 R A T S X B R S kA

i TVIM-DWT £ ARG A7 A1E — TE 1Y BRFE - 15 1
HE 53 3% W W% 3 Bl S AR P9 AR T I8 3% 07 8 B i 1 9l
R R AN 5 2 il B 4 IR S O [ A IR S 22 S i 2
FECIVIM-DWI 280158 57t L 3 46 472 52 i P45 o 9
WE . A AR SLRAEA RN, 18 T/AMEA R R
PEBETE  RAT TR IFEAS Bt — 2B IR AR T

SE 3k

[1] wvan der Molen AJ, Reimer P, Dekkers IA, et al. Post-contrast a-
cute kidney injury-Part 1: definition, clinical features, incidence,
role of contrast medium and risk factors: Recommendations for
updated ESUR Contrast Medium SafetyCommittee guidelines[ ] ].
Eur Radiol,2018,28(7) :2845-2855.

[2] Stacul F,van der Molen AJ,Reimer P, et al. Contrast induced ne-
phropathy: updated ESUR Contrast Media Safety Committee
guidelines[J]. Eur Radiol,2011,21(12) :2527-2541,

[3] wvan der Molen AJ, Reimer P, Dekkers IA, et al. Post-contrast a-
cute kidney injury. Part 2. risk stratification,role of hydration and
other prophylactic measures, patients taking metformin and chro-
nic dialysis patients: Recommendations for updated ESUR Con-
trast Medium Safety Committee guidelines[ ]J]. Eur Radiol, 2018,
28(7) :2856-2869.

[4] F? hling M, Seeliger E, Patzak A, et al. Understanding and pre-

venting contrast-induced acute kidney injury[J]. Nat Rev Neph-

rol,2017,3(3):169-180.

(5] k&, £ AF 7. BN L) 0 s i A 00 05 0 L0 ). RO 2% SE R
2017,32(6) :643-649.

[6] Hueper K, Hartung D, Gutberlet M, et al. Assessment of impaired
vascular reactivity in a rat model of diabetic nephropathy:effect of
nitric oxide synthesis inhibition on intrarenal diffusion and oxy-
genation measured by magnetic resonance imaging[ ] ]. Am ] Phys-
iol Renal Physiol,2013,305(10) : F1428- F1435.

[7] Liang L,Chen WB, Chan KW, et al. Using intravoxel incoherent
motion MR imaging to study the renal pathophysiological process
of contrast-induced acute kidney injury in rats: Comparison with
conventional DWI and arterial spin labelling[ J]. Eur Radiol,2016,
26(6):1597-1605.

[8] 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.

[9] Le Bihan D, Breton E, Lallemand D, et al. Separation of diffusion
and perfusion in intravoxel incoherent motion MR imaging[]].
Radiology,1988,168(2) :497-505.

[10] Jerome NP, Orton MR, d"Arcy JA. et al. Comparison of free-
breathing with navigator-controlled acquisition regimes in ab-
dominal diffusion-weighted magnetic resonance images: effect on
ADC and IVIM statistics[ ] ]. ] Magn Reson Imaging, 2014, 39
(1):235-240.

[11] Joyner J,Neves LA,Stovall K,et al. Angiotensin-(1-7) serves as
an aquaretic by increasing water intake and diuresis in associa-
tion with down regulation of aquaporin-1 during pregnancy in

rats[ J ]. Am ] Physiol Regul Integr Comp Physiol, 2008, 294



B 2SR 2019 4F 3 H Y 34 B4

3 M Radiol Practice,Mar 2019, Vol 34,No. 3

(12]

[13]

[14]

[16]

[17]

(3):R1073- R1080.

Sakurada T, Kuboshima S, Ogimoto G, et al. Aquaporin-1 is re-
cruited to the plasma membrane by hyperosmotic stimuli via a
protein kinase A-dependent pathway in rat peritoneal mesotheli-
al cells[J]. Adv Perit Dial,2004,20:37-42.

Lenhard DC, Frisk AL, Lengsfeld P, et al. The effect of iodinated
contrast agent properties on renal kinetics and oxygenation[]].
Invest Radiol,2013,48(4):175-182.

Bhargava AS, Hofmeister R, Siegmund F, et al. Effect of three
non-ionic contrast media on rats and rabbits with regard to renal
changes. Interspecies comparison [ J ]. Arzneimittelforschung,
1990,40(7) .822-829.

Wang JH,Ren K,Sun WG, et al. Effects of iodinated contrast a-
gents on renal oxygenation level determined by blood oxygena-
tion level dependent magnetic resonance imaging in rabbit mod-
els of type 1 and type 2 diabetic nephropathy[ ] ]. BMC Nephrol,
2014,15:140.

Tsamouri MM, Rapti M,Kouka P, et al. Histopathological evalu-
ation and redox assessment in blood and kidney tissues in a rab-
bit contrast-induced nephrotoxicity model[ J]. Food Chem Toxi-
col,2017,108(Pt A) :186-193.

Le B D, Breton E, Lallemand D, et al. MR imaging of intravoxel
incoherent motions:application to diffusion and perfusion in neu-

rologic disorders[ ] ]. Radiology,1986,161(2) :401.

(18]

[19]

[20]

[21]

[22]

[23]

[24]

265

Iima M, Le Bihan D. Clinical intravoxel incoherent motion and
diffusion MR imaging: past, present, and future[ J]. Radiology,
2016,278(1) :13-32.

Caiazza A,Russo L, Sabbatini M, et al. Hemodynamic and tubu-
lar changes induced by contrast medial J]. Biomed Res Int,2014;
578974. DOI:10. 1155/2014/578974.

Aurelio A,Durante A. Contrast-induced nephropathy in percuta-
neous coronary interventions; pathogenesis, risk factors, out-
come, prevention and treatment[ J ]. Cardiology, 2014,128(1):
62-72.

Li LP,Thacker J,Lu J,et al. Efficacy of preventive interventions
for iodinated contrast-induced acute kidney injury evaluated by
intrarenal oxygenation as an early marker[ J]. Invest Radiol,
2014,49(10) :647-652.

Sholy H,Zukermann R,Soni A,et al. Contrast induced nephrop-
athy: an update on diagnosis, predictors, implications and pre-
ventive strategies[ J ]. Minerva Med,2012,103(6) :465-486.
Andreucci M,Faga T,Pisani A,et al. Acute kidney injury by ra-
diographic contrast media: pathogenesis and prevention[]]. Bi-
omed Res Int,2014.:362725. DOI.10. 1155/2014/362725.

Ellis JH, Cohan RH. Prevention of contrast-induced nephropa-
thy:an overview[ ] ]. Radiol Clin North Am, 2009,47(5);:801-
811.

(e H 19 :2018-06-20 &8I H #:2018-10-18)

RHMLALHBG L2 EARBNEA

AFH

YEH AT LR R EARS LR Bede T .
HAFTR > & MHERB > R TEMCE
L, VAR A 10 A A R
@—»
“RaE LRI F THATT —F TN, XLF
PAFRAL R F >R e S E R
ANF R,

W 3b 5 n RS AL R R S TR 1&%5‘39

&F 2008 43 A 15 EX il
iR (RS %
5oLt RGR T EHAE MAAZ LRI SAER P& fe
) > RHEMGA P LA FmEF > S EEERB®
LR CREBRAT > R "*if%»u%suﬂk(m WX B EEEE@RG LA 4, R AGRT
Ak WORD #& X, L4, B AR A LF F)>FK AL
”El”]-mﬁk’fxﬁmo ¥AS G iE R F FA K (100 T/ B

FNAL A
Z % )M 35 Chttp://www. {sxsj. net) & &

AR ERER

) VAAE 4G AR ik 33

EBERBLARTREZRERAT M EE AR LRBE L, R LT B RL A EH), LIRS
e T REMIGRA P LRERER > SEMEEERRARGTE RG> & LN %ﬂm#’“;}iéﬁféx
B —>“7F%4‘F>Hié%”fuﬂ?ﬁ%#&tﬁi‘ﬁ“*é%“7\—!7‘7%”»

$AE P8 BARAZ A,
AW HA A B A KA

A B 4o IR ER
T EINRAT A BHELS
BERATIMIERTE, 4o R BT IR H

R G R

% Ord %) 6913
ﬁéﬁLA$%%Lﬁﬁﬂ%ﬁo

K6 Ao R By A4S (R M L34S T B AT AR
KA, X 4 &m%%#%ﬁ&kﬁlﬁ RERRBE, RTIEES
RO B FEAG, AT &

B fm 1R

GBCLNIEET R AL E AR
B AE B I T A E AT AE

CESRIE I PRy
FR B B RIS AR T KRB K

Wi P EEA,

TSR SRR 250 R R, W 3k R R AR S M AL FE %%%‘ﬁ&é\ﬁﬁ—‘%&,ﬁﬁuxiz%,7;;;_7‘;35‘}

EHRRARERH, EREFTENL, TREE
do R A BAG P BB 4
KAAN. G AR

M@ﬁ%ﬁ$%%&@%ﬁ%%%%%%aﬁﬁw&%ﬁma
T % W 7£,027—69378385

15926283035



