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(BE] B HWITERZANASHE T3 (mtravoxel incoherent motion, IVIM) . Z 1] 5t ¥ I} 5] 2 8 8015 (T1
mapping) A8 i) 5t P4 ) e AR (T2 mapplng) EDNRER IR G F ARG BN K HIRZE  (intrauterine growth
restriction, [UGR) 1?5&!3{]I%%fﬁyuéﬁ*@&{é{fﬂﬁlﬁrﬁ/ﬂ/\ﬁ FiE EA AR KA ST TUGR A BB
AR VR 22 BT A BBERL S 7 TUGR 8 A4 . TUGR 12 84, IEF IR &2 SO A1 BUBEHL T M 1EF 8 R4 E
W2 MAL, S n=8, R ASAUT RIS T, BE R MVRELREL (apparent diffusion coefficient, ADC) | H.5E
PHEEE (D). P ECRE (D) WEEEC (D TUE . T200, MUmMEF . mIREEKF. %58 IUGR 12
JEI B WERE BT D (B T IUGR 8 4L, TUGR 12 J& 215 ME#E Bt D™ (ELAIC T1E 4 12 J 45 TUGR 8 A4 (P<0.05) ;
TUGR 8 Jil 215 BT T1 (B T RZ B, TUGR 12 JAZH B INERENT T1 {5 T IUGR 8 JAIZH S1EH 12J82H, TUGR 12424
B 5T T i TIEH 12 FI2H (P<0.05) 5 A2 B RGBT T2 (E X8 TR BT (P<0.05) , 42 1) IR 1 J5 e i ot
(9 T2 He A 22 S RG24 RS (P>0.05) o 2% 4L LI B i bR 38 607 it LA 22 S R e i 3 (P>0.05) ¢
IUGR 8 JAI LA U JUE AT UL P /D BRI ARG, R DU 2R ALk 5 TUGR 12 JRI LA U FUEmT UL /D ER 2 4,
JEReZE I AR VEAR IR M AP AL . S5 TVIMBEHARBUR TFH T VAl K a5 W8 TUGR AT BB FIE GO s
Fa) R ER TG, T1 mapping B4 9% A% 7T T 3PA% IUGRAT BUE IE5, T1 mapping BEA T2 mapping B % 115
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Functional MRI assessment of microstructural and perfusion changes in the kidneys
of rats with intrauterine growth restriction

LIANG Can, LI Ying, HE Xiao-Ri. Department of Neonatology, Second Xiangya Hospital, Central South University,
Changsha 410011, China (He X-R, Email: hexiaori@yeah.net)

Abstract: Objective To explore the value of functional magnetic resonance imaging (MRI) techniques, including
intravoxel incoherent motion (IVIM), T1 mapping, and T2 mapping, in assessing the microstructural and perfusion
changes in the kidneys of rats with intrauterine growth restriction (IUGR). Methods An IUGR rat model was
established through a low-protein diet during pregnancy. Offspring from pregnant rats on a low-protein diet were
randomly divided into an IUGR 8-week group and an [UGR 12-week group, while offspring from pregnant rats on a
normal diet were divided into a normal 8-week group and a normal 12-week group (n=8 for each group). The apparent
diffusion coefficient (ADC), true diffusion coefficient (D,), pseudo-diffusion coefficient (D), perfusion fraction (f), T1
value, and T2 value of the renal cortex and medulla were compared, along with serum creatinine and blood urea nitrogen
levels among the groups. Results The D, value in the renal medulla was higher in the IUGR 12-week group than in the
TUGR 8-week group, and the D" value in the renal medulla was lower in the IUGR 12-week group than in both the
normal 12-week group and the IUGR 8-week group (P<0.05). The T1 value in the renal medulla was higher than in the
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cortex in the IUGR 8-week group, and the T1 value in the renal medulla was higher in the IUGR 12-week group than in
both the IUGR 8-week group and the normal 12-week group, with the cortical T1 value in the IUGR 12-week group also
being higher than that in the normal 12-week group (P<0.05). The T2 values in the renal medulla were higher than those
in the cortex across all groups (P<0.05). There were no significant differences in the T2 values of either the cortex or
medulla among the groups (P>0.05). There were no significant differences in serum creatinine and blood urea nitrogen
levels among the groups (P>0.05). Glomerular hyperplasia and hypertrophy without significant fibrotic changes were
observed in the IUGR 8-week group, whereas glomerular atrophy, cystic stenosis, and interstitial inflammatory
IVIM MRI can be used to assess and
dynamically observe the microstructural and perfusion damage in the kidneys of IUGR rats. MRI T1 mapping can be

infiltration and fibrosis were seen in the IUGR 12-week group. Conclusions

used to evaluate kidney damage in IUGR rats, and the combination of MRI T1 mapping and T2 mapping can further
[Chinese Journal of Contemporary Pediatrics, 2024, 26(3): 289-296]
Key words: Intrauterine growth restriction; Kidney; Intravoxel incoherent motion; T1 mapping; T2 mapping;

differentiate renal fibrosis in IUGR rats.

Functional magnetic resonance imaging; Rat
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fMRD) HATHUE. Ei ., LRIMRA, HilhA 2
B AR BN T 5 A A3 S SO AR 2245 O R DAl
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R R 2H U S5 F GG P15 2 53T, i i
ALK 53 1 FLAE D BOR B 48 1l A8 B B /N DY TR AR
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ATz 3 (intravoxel incoherent motion, IVIM) #
AR D S UMK 3T R BGE ARG, S
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A SIS ) (T1) AR A s ) (T2)
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Al #4512 H Sprague-Dawley (SD) 22§, FEHLIN
R O BT IR 7 8 A B iR 10% R IR
HRDRIIE SR ) FIXtIEdl (IEH SR, (AR AEE
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IEH 8 IEH 1284, a4 8 K, WhERLRE
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1.3 MRIF#F5I

fd A MR 7550 8 = b A5 R eER 7 B
W OE BE F P (T2WD) ¥ 8, P [ B [
(TIWD) J¥31, IVIMJFF], %4107 T1 mapping )7
F, P [ OREEYE (TIWD) 40, K il {7 T2
mapping /741, P ABERIEE (T2WD) JF51.,
1.4 MRIEHENER S

15 TVIM J T2 mapping [ MRTH$5 & R B2
IS A 38 T Ay, T FHAH I A 1 0T G 2k A 7 4k
PSRl A= B IVIM & 5 K T2 mapping 1%, T1
mapping EUETE MRIFA 58 Um A 3h A, B ICE
JIPE A A T T R R K 1) 2 D M LT S 4% 22 T, 7E
B X A 2 (BRI R o S B R i) N R
I 5 NG EE N YRR R X J8] (region of interest,
ROI), BEIFRSE R Xk, WL 1, AN 2wk
13O MRIZ 50U 5 42 I8l e, BOLs:
REBCA A SHL
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(ADC) ., #EFA% () fH; B: T1 mapping MRIZEX &, A[43F]T1{&; C: T2 mapping MRIFEX [, w135 T2(4,
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1.5 LWEKE
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60°CIEAIEYI R 12 h; B)IZEK, THRANGIHEITH
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A: IVIM MRIGEIX [, Al i) By iR (D), DAY RS (D), FRUWIRIAR L
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Masson 446, : 60°CIEAEEY R4 hy ) i
K (FHERE) FREVAR LK, TlEaEzg
Wi LAY R 8, Yt 3~5 ming T H kKM
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N, ZA R ECR R D 2200, d 1R R
FLAR FH SNK-q R334 20 P9 B I Bz Jo R o () 3
HTORHY FL SR I REAS K056 . AR IEAS T
PORER A (Mo gkaliE) (M (P, Py) ]
Fon, ZAI] LR H Kruskal-Wallis H /5%, 21
(B P 79 1L 55 R Dunn's #5655 45 2H P9 BRI R Jo
T )3 R FE 3R F Mann-Whitney UGS
P<0.05 h 2 RA G L

2 #R

2.1 IUGRzh¥ptEsy
1EH RSP AR E N (6.8+£0.6) g, Ik
HEAHAFEHEAEE SR (5.0+0.6) g, WAHZEFE
B E X (1=-15914, P<0.001), TUGR 41
FUIUGR RAER B E & TIEHY (0% vs 84%; P
BNk (HE62)

Glomeruli (hematoxylin-
eosin staining)

EH 8 JH 4

Nomal 8-week group

IUGR 8 JH41 §
TUGR 8-week group :

EH 12 R4

Nomal 12-week group -

TUGR 12 JH4
TUGR 12-week group

L,. A -

F2 KAFRENK, B/NEHE, MassonEE OLHE, x400)

<0.05) . DMFRIE= 84 )5 24 h NAET 3 O L=
WIFET, PLAT BLE ™ BN PE 28 22 S o ge 20
X (5% vs 8%; x*=0.630, P=0.427).
22 HEFTRBHEARRERESER

HE Qe85 oR, IEH 84 . 1IEW 1284
A7 BB IR R 5 B /N ask b ) L ) S 45 A4 T 4, 4 i
TEA R, B /INER S B i i 4 2 /R oA
UL AR VE A I 5 8 5T AT DL B /N S T
B/NE B AR L SR % . IUGR 8 441
B U R S5 s AR B /N ER R Bk, TR BT AT L
RN 5 BEFTE AT UL /NS b K 20 43 5
TUGR 12 JEJ AT BRI e Joa vl DR 4 /N sk 22 4 5 2=
B, B, SRR fE 5T T WS4
B/NE R A, RRG M, AR N
B ok, BN AT DL R IRBE I v i, T
Al WLEF4Efk. DLIE 2.

F/MVE (HEGe)
Renal tubule (hematoxylin-
eosin staining)

B/NER (Massoneft)  B/MVE (Masson Je®,)
Glomeruli (Masson staining) Renal tubule (Masson staining)
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HEJZE R WoR, 5% 8 F4l. 1EF 12

JAZH X TUGR 8 A £ nf WL /NERIEIR SE 3, B /INEEVS T, TUGR 12 JSI 4L n] WL /NBRZESR, B /INEETN O, ki B/ hBRGE M 5 1
WAL, IEH 1241 M IUGR 8 4L n] VLB /INE LS IR, WIRZGEMT, TUGR 12 JH4Ln] W /IMELEMZETL, WIRG B, &
Ay DL INE AR, AR R B NVERPIR S, . Masson Y@ AR R, TEH 8 AL, IEH 12 B4 % IUGR 8 A4 n] UL'E /1N
BOVARSERE, /NS TUGR 12 W4T n] WS /NERZESR, /NN, IR 3 I B, PRORET AR bistas , ik i/l
BREGH . 1B 8L, IEH 12 41 TUGR 8 JAIA1 ] UL /INE LS IE R, RILARZRIGIT, R UL A4l ; TUGR 12 J841a] L
B/INELEHETL, BRGS0 AR, YRR S, SREFAEb s, #7335 R BNV RIIRZ o
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Masson Je {25 R W7~ , IEH S 4. 1IE%H 12
JA 4 K TUGR 8 J& 414 B Ik R DL 2F 4k 1k g 2%
IUGR 12 JA 4147 BT UL'E /NBRIRBE . 8] B4 4 Ak
s, L 2,
2.3 HHEEBREMRIZER

A 2H N B I B2 s A 5 (6] ADC B ) fF{E 25 550
Gt X, A L) B Rz o AN 5T (] ADC A B £
H2ER LG %3 X (P>0.05). TUGR 12 JH 45

FIERET DAE R T TUGR 8 B4 (P<0.05), #%4H6])'E
JUE Kz 5 DB b s B 4% 28 P9 B IO Rz SO A Jo (1] D, {EL
2R TG E L (P>0.05), TUGR 12 JH4
B RS B DEAR T 1E % 12 8140 5 TUGR 8 B4 (P<
0.05), #52H[8]'B A {7 Ji DA oA S 4541 9 B Rz
RN R] D(E L 22 RG24 L (P>0.05)
W1,

1 ZBEASHEMRIGELEE (1=8)

” ADC (% % 5, x 107 mms) D, [M (P,s, P,)), x 10° mm?s)] D' (% £ 5, x 10° mm?s) £ (% + 5, %)
B SR BER o PMH J2 )5 B 5T vZfE PE R BER o P R BRSO oH PE
E% 175+ 186+ 1.49 1.54 112+ 090+
~0.934 0.366 ~0.262 0.798 1316 0209 3046 29+5 0365 0.720
8JEA 028 021 (137,1.72) (1.43,1.84) 045 021 * *
IUGR 193+ 183+ 1.60 1.60 123+ 095+
A 0.744 0.469 0.777 0.45 1274 0237 27+7 25+10 0.465 0.649
8JE4 022 031 (1.48,1.69) (1.38,1.71) 059  0.18
205+ 208+ 1.67 1.68 106+ 092+
L% * * 20262 0.797 0445 0.663 = T 1848 0086 30£5 27+6 121 0246
12084 021 020 (159, 1.53) (1.61,2.08) 0.14  0.15
IUGR 204+ 208+ 1.66 1.70 091+ 077+
~0.471 0.645 ~1.528 0.149 " 1863 0.100 323 28x7 1542 0.156
1284 016 0.14 (1.58,1.82) (1.64, 1.79)" 020  0.05"
FHIE 1906 2918 1.075 3.152 0904 2983 0815 0742
P 0152 0052 0376 0.042 0451 0.048 0497  0.704

. a5 IUGR 8 JHIA A, P<0.05; brs51E% 128 ILES, P<0.05. [ADC] WAL [D] By iz, (D] thiriz

e (6] WETE R

2.4 KAEPETI mapping, T2 mapping &5 58
TUGR 8 J& 41 ' WE 6 o T1 i = T 5 i, TUGR

12 JE 41 "B WEE T T1 {8 7 T TUGR 8 JH 4 5 1E % 12

JAZH, TUGR 12 J&J 45 e A 5T T1 (B i TR H 12 5]

20 (P<0.05) . 452 /N B IR &6 T T2 (B3 & T )2 o
(P<0.05) ; #4520 "B W fz o FIE o 1) T2 {H e 2 5%
TG FE X (P>0.05), W2,

*F2 BAGETI, T2EEE (G+s, n=8)
20531 T 12
B T PfE 25 T tfH PfH

1B 8 1694 =153 1 880 + 254 -1272 0.224 67+4 816 -5.291 <0.001
TUGR 8 JEl4H 1 648 + 174 1847 + 94 -2.836 0.013 68+5 82+8 —4.233 0.001
TEH 12 JR4 1410 =264 1561 =340 -0.992 0.338 66+5 85+7 -6.033 <0.001
IUGR 12 J&41 1740 + 385" 1928 +313* -1.075 0.301 67+2 85+4 -11.158 <0.001

Ff 2.988 3.055 0.399 0.888

PfH 0.047 0.045 0.755 0.459

W azs 5 TUGR 8 JRI4LILEL, P<0.05; brs51EH 12 JHZHILE, P<0.05,

25 RKAMANEKMKREZRSELLE
WEH 84 . TUGR 8 40 . 1E® 12 4 K&

TUGR 12 JAI4H il LI S il PR 3R R 1 25 R T4t 127
B (P>0.05), W3,
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®3 HHEMANHRMRZERSELLR

(x+s, n=8)

20 51 IMLIUEF (wmol/L)  IMLFRER AL (mmol/L)
1EH 84 28+8 84+1.8
IUGR 8 J&4H 31+7 10.0+1.3
T 12 )84 33+4 8.0+0.9
IUGR 12 J&14 35+ 11 9.4+3.1

FiH 1.237 1.584

P 0.319 0.220

3 g

ARG R M B2 30 4 R AR AR )
SETUGR AT RRUSERL . 76 B s #AG T TUGR 8 JH 41
B NERACH IR, 1 TUGR 12 JE2H B /NER H I 28
a5 . AL, B/NVE BT, B R A
J 3 T 28 B AR Ak, H o 2R 2 Ak S FE Masson
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1, B PR A el D A5 e A N ER Hh ERAR AP A
KB E e, e B E R S R R TH AR AE OC1
R (0 L EURE SR T, R 2 3 T L A 1) B /N ER
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FRER AR Y AR R BRSE R L REF Y — 3K,
HA AR AT 13 F ITUGR B 455 0BT . i IfiL
JUURF 55 1 PR 28 S04 1) BRSO F JE B B 22 5%, X ml g
W TXWNER S ZKE . . &, LA
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ZHFRE N ADCAE . (. DK D fE7E
WEEFEE . KO TFP BOGERA E BhE R, A
SR BRI DL H . BRI 22 ST IE R P, AHE
89, TUGR 8 JAI 415 1E % 8 JAI 4L 7E IVIM K% 3k
FHADCIE . {6 . D{E X D HZES G ¥ &
X, $E/R IUGRAT BUE J5 A0, B s B e 4 vl g
1A B /NERECH WD, 1B /NBR TR TR A 3
AT 25 IE % B UhAE . TUGR 12 JE 4086 i D (E
BOEH 12 R REAR,  FL A A 45 SR 48R B
BB, Hoh 4K i SAE 4N IR I
KB £ A S ] B A . AN
S TUGR Y v B 28— 1l A S5k R R G0 el As 530
DH 205 2 AR Y R O 0o it A A
SRR, BCDE AU R R AEAERE . 0 ADC
185 BN g 5 Ry U DR R ek 2, Wl fiE 2
F T 5 /INBR B LN 45 A e 4 -5 5 /DN o) e
A S BOCH B AR A S B AR A, DT R A ek AR
HRIH

b3 TUGR 41 %5 8 JAl 5 56 12 JA 45 - k3L,

TUGR 8 J&l 41 ' L6 5t DB = T IUGR 12 A4, i
D HAE T IUGR 12 84 . D EANEKESK T3 8
K, FERIATUGR Z 2 1 B /Nek nl 3 i 6 4% 1 /N
BREVE VAT A0S, i W OUR B B NER g — 2
WA FE D] S EOR A B /NER AT AR SN e, 12
P 2GR, KT Rk SRR, D (E
Bt (1] & T =7 T DR T B

B RS R AA B S KR, IR A
B B TR AR T8, AP 45 55 Z AT
FA N R, BT R] T1E 2% 57U AE TUGR 8 JE 2414
Geitep s X, TiAE IUGR 12 J& N 2] N 22 A A
Gritaf i o B /INER I v 07 7 S 52 LK i
ST AP B Rz 5T /INER 3 AT 4
b, BREEAREAFEENSKES, ¥ FEH
TUGR 12 JH£H B e K2 J T T B TUGR 12 J54H
BEJR T1E & T IEH 12 415 IUGR 8 A4, #m
TUGR A B 12 J isf LB i 2 ) B0 T 0t 2 1) 9 00 Sz g
[0 N1 BTN 4 R Al g A Y v € 5t N e
SR PR AR SO X LV T O % ST R I AR A A
B, WCIUGR B i Je R A Aesi i =, X S AT
FEFTILEE B T AR K A e B A AE, RIS, 78
TVIM -t W 204 QM TR 1 D (EAE B I B A
N ATHEENIE . DA B3R T1 mapping MRIA] H
Tl TUGR AT BUE E SO 28546 B 1 3 4%

AW5E RN, IUGRAT R 12 AR H B RS
IEH 12 FF R DL TIHEER A GiTE L,
7 1P s It AL B bR 28 R TG S R sk st 55 U ) 463473
X T W %5 B 25 750 TVIM % T1 mapping MRI S
i I8 TC 43 W . 7 28508 IR B s vh T
K T2 (E Y] AR AR S , (FAE B &1 4k rp I
WU WA 25 25 57 0 e T i M Stk RORE RN
CEP 40 S B K i SRAEAEIIRIE) RO T,
TUES T2 BT, fE B 4efbnd T2 {50 2
EOURATL BT R Y TR, —f
M5, B RS T2 TR o B Ao M 5|
TUGR 12 J&I 41 15 JIE B 4T A e A8, )ik HE T {1
BOER 12 4 m, 25247 BV DERE T T2 (E 1w T
B, FART2EIEZR LRI FE L, X5
HCHTAIBFEARAT o DL E#E7R, T1 mapping KA T2
mapping MRI F] ##51 H TUGR A1 FRU B HELF 4R AL el 2

IVIM MRIJ&PFAl S 2 A ML TUGR A1 BUE Ak
N2 ¥4 S RE E B BBURR A 77 . T1 mapping MRI 7]
T IFAS TUGR A7 BB IS5 ;5 T1 mapping B4 T2
mapping MRI 7] i#f — L 73 #¥ TUGR A1 B 1 ' JUE 21
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