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Value of BOLD and DWI Technology in
Transplanted Renals with Early Acute
Rejection: A Perspective Experience on

Human*
HUANG Gui—xiong, HUANG Hai—bo, LI Da—chuang, et al., Department of Imaging,
The People's Liberation Army 303 Hospital, Nanning 530021, Guangxi Province, China

[Abstract] Objective To perspectively investigate the value of BOLD_R." and DWI_
ADC in monitoring human renals with early acute rejection. Methods 33 cases of healthy
kidneys in situ (group A), 34 cases of normal renal allograft (group B) and 15 cases of
renals with acute rejection (group C) who underwent BOLD and DWI procedure at
3.0T were selected as the research objects. The datas were transfered into the workstation
for processing after MRI. The measurements of R." and ADCi-i0, ADCo-s standardized
with muscle on renal cortex, medulla were obtained among the three groups, P<0.05 was
difference significant. According to the pathological biopsy, the values of BOLD_R." and
DWI_ADC standardized to differencitae the kidneys with acute rejection were assessed
by ROC curve. Results There were statistic significance for R." on renal medulla among
the three groups(P<0.05), however no statistic significances were found for medullary R>"
between group A and B; While no statistic significances were found for cortical R." among
the three groups(P>0.05). With an area under the ROC curve of R,’=22.7hz as diagnose
critical points, the sensibility was 93.3%, the specificity was 100%, and the accuracy
was 0.981 in the prediction of the kidneys with acute rejection. There were statistic
significance for cortical standardized ADC-10, ADCo-sw within groups(P<0.05), however
no statistic significances were found for cortical standardized ADCo-10, ADCi-sn between
group A and B; while no statistic significances were found for medullary standardized
ADCi-1n, ADCi-sw among three groups(P=0.05). With an area under the ROC curve of
ADCi-10=1.249, ADCi-s0w=1.122 as diagnose critical points, the sensibility was 83.3% and
86.7%, the specificity was 91.1% and 92.3%, and the accuracy was 0.947 and 0.978 in the
prediction of the transplanted renals with acute rejection, respectively. Conclusion BOLD
and DWTI is of important value in the early diagnosis of renal acute rejection, which can
provide reliable imaging evidence for later treatment.

[Key words] Transplanted Kidneys; Acute Rejection; BOLD; DWI

TR 2 HE e 5 L 5 4 10 A R O 3 AR 1 52 4k P R 2
S8 SR, A S A MR R I R e WY, W R A T ARG 4
RZE2JH, 55 L L DL R B AT I O 0 R 90 A, T S
Erh R ZHOR ) AT IR S BOR S BRI RE
R MRS Shak k. R E A EER R, FHik R
Ak HE R P R EE SR . H DSRS0 RS AT
Wi ke, EERERAEOIERE, AAAET B, Eg.
T 52 A E S R A . T I PR AR S AL UL KT M o
S LA L AR ST i, DR I UL 7 B A SR A T
w L BT HICIR, R S A — B SR B — o e U
SR, LS AVEHE R RS . AR S 8@ BOLD 5DWI T
B E AL . B IE W SR A R R RS =488, S AROCH
2%, R AT SR A LA RR AL ADCAE X R B 2t HE T 0 5 Ay
fi. PEREWT,




1 #EHMEFHE

L1 —BES Rk
2012¢1H 2014412 H i 5 i
PG EE824], M EH JE AL

B 3351 AL (1961, L 1441) ,
HF21~55%, F3(37.244.5)

%, FAHIEH B 34461 B4 (5520
. Zc14fpl) , Fks22~57%, F
¥1(37.0+4.5) % SMEHEF#E
"X151ﬁlj3c£ﬁ<9'%101ﬁl 7541)

EW25~53%, F1(35.5+5.6)
Lo MANSHBRRME: AH NG
PRTEREIR, S = M ALEF . JR &
A~ MIGKREAEKRIES; BA
HREERMEELH~54F, L=
M ALEF<186. 0 wmoL/L. Z8{k I
FE<20%. JREIEW; CH NS

HRHEARELI~44, llk)iﬂ&#h
& B ANIE S R B AT R

JILEF>186. 0 umoL /L. E&%%%Q
7. 14mmoL/L, H. % #il v £ 975 B AL
SRR . HERR O R
18 PR B S R ZE oK . KR SR AE

CHINESE JOURNAL OF CT AND MRIFEB.2016, Vol.14, No.2 Total No.76

BB E .

1.2 WEHAR RiAPhilips
Achieva 3.0T TX49##1X S SENSE
XL TORSO 16 coilsfic & wem 7]
I DAY EN 1 S 3 4 4 E bR
A0, F55 768 Bt % e IR A PR R T LW
TREFIIES K b A BOLD 7 41 . H
S N I ik % T2W-TSEAISE-EPT-
DWI (b=0, 100, 800s/mm’, =AM IEAZ
J5 N SRS ), TR
SRR L.

1.3 B&H#Hr  KDWIKLBOLD
AL BEWSv2. 6. 3 TAEuE 8L & H
A, Tk T 6 Bl B bk AU 1 B
5, Ro W i R A8 BT e IR A
¥45-10/ROT (10~20mm”) 43 51l 7k
BFTWIR 46 B S (D s Ak
Je) T R HE R, B = &= T 1
B WRFE'E TR EIADCIE 1 B
3-5/NROT (20~ 30mm®) 3575 57 i 5
ADCo-100~ ADCo-s00, =K E T3
H S NURERR I i e 45 R

1.4 &i-e®E NH
SPSS16. 0%k A, s, Mm% R

ADCO-800LA ( x ) F7%, 4l
Pec A H 5 K 2% 7 Z (One_way
ANOVA) #:56,  2H [\) 22 57 ¥ 3% U 3
—BWW L, P<<0. 05 WA 4t
FER. XN aMHEFREY,
DLV R HZ 22 N G b, BEFHROC
Hi 28 Y4 BOLD A2 DW T2 T RU At

2 &5 R

2.1 P &R 58 i
AN T, —HAFER . MR
gt = L (FHE7=0. 562,
X MEW=1.325, PMERI/ER
=0. 726/0. 734) .

2.2 =Y EREEFR VR
MAE W2, 1EHAMRR WE
KFREFR. =HIAFERER A S
it ZE R (P<0.05), MM
BRCHA, CHBE S F %R (P
<0.05), ASBIA LS % R (P
>0.05); JZFRSAHIAI LG
X (P>0.05) . CUREAFRAE, 8
JiiR:"=22. 68hz N FE, BOLD R.'1&

BAEZE R AEK4-8he WFFESRIGIR  RMZIBRRETT Z 0 8. B RHE WS HE R A B ROCHE 26 i AR
WA B & R fibiE, SIEAE R IR S AR HEAL BZBERADCO-100,  050. 981, SeMlISps)3il 493, 3%,
A1 A5 Sk
Protocols TR(ms) TE(ms) FA(° ) Sense BW(hz) Nex Rec. voxel (mm) Scantime Slice  Gap
T1-TFE cor/axis 10 2.3 15 2 430.3 2 1.0x1.0x5.0 90s 20 10%
T2-TSE axis 3976 120 120 2 270.5 2 L.Ix1.1x50 192s 20 10%
DWI axis 1762 44 90 2 51. 6 4 2.0x2.0%x5.0 244s 20 10%
R cor/axis 200 1.1-56.1 30 1.6 31.3 1 2.0%2.0x5.0 12s-14s 20 10%

iE: “FA,BW,Nex, Gap” 4 Al RT&8EA . REFE. MAIRBAEN R
A2 ZLARRAHE K BMFADCow. ADComB R4l ($45: Hz) Podk

Groups n Renal cortex Renal medulla

R ADC 00 ADCo.in0 R ADCo.s00 ADCy 10
A 33 17.6+0.9 1.19+0. 06 1.96 0. 08 29.0+3.1 1.05%0. 05 1.10+0.08
B 34 18.0+1.1 1.18 0. 04 1.93+£0.11 29.6+2.9 1.05+0.03 1.11+0. 05
C 15 17.6 1.1 0.99+0.10 1.18 0. 06 18.2+2.8 0.93+0.06 0.96+0.11
F 1.234 61.411 202. 062 84.967 1.131 2.462
P 0.297 0.000 0.000 0.000 0. 362 0.251
PC_A 0.989 0.000 0.000 0.000 0.179 0.148
PC_B 0.499 0.000 0.000 0.000 0. 456 0.217
PA_B 0.518 0. 801 0. 343 0.403 0.939 0. 651

E: nAGIE, Ry AHTRERE

- 85



SPECTFOMRIZE

20164F2F 14 21 BT6i

100%, WE1-2, 4, 5.

2.3 Z#HFRHEAADCo 100~
ADCo-soofE EEEE = ZHII bRtk fL
B BB B ADCAE I & 1E 40 WL 3K
2, FRUEALE B FIADCo 100« ADCo-
sooffl 4H W) 22 ¢ A Ge it 5 & X (P
<0.05), WM LLEERCH5A. C
5B Gt % 5 (P<0.05),
HAEBIETE 4 it 5% % 7 (P>
0.05), IE& HFRAEWADC K 5T &
TR AR ER ¥ E
w7 (P>0.05), {HR%4E&/NTIE
WA DUREE AARME, HUL. 249,
1. 1229 5B, FRiEAL R FEADCo-
100~ ADCo-soo X FICZH 5 A, BZHROC
28 N AR N0, 947, 0. 978,
Se. Sp4r il A83.3%. 86. 7%,
91. 1% 92. 3% (3, 6) .

3 W

T 3R 1y g 45 i S K P
M (BOLD) HIDW I ZE {g i & A1l 5t
WO R b B AN
F P BOLD-FMRT ™ 2 1) i ML P4 Y8
ER N Bl = W11 A N g = BN X IR A

T2*=55.50ms«

b A .:"!y:‘_:. ."
ROC Curve

D8 A2 P 4R = 1Y) — b I e
1§, AT W s B 2 2UAR 3T
i A BRES K TR A . JREER
I 2 [ T 4 A 3R AR o 7
SR BT, (R=1/T2") , R3ZIfi
fhE LA A R s, BE
SEAE N AN J =P G o =N
A JEK. BOLD fMRIES 5%
A ok Rl 28 I A BUBOk
CFEREF A BESE . W
4 B TR E A & A 4K 5 T A
BlIZ B I ME—HR, @il A B
b AE A AT EADC LA S ik ifi
Ab IR A GIAE A A K 53 B
KA.

TR DABE B R P
B2l B EMAN=H, M
BOLD R"BHAMER, RF1EE
4B R ERELEI T,
JAR2"=(18. 242, 8) hzim (& T JA
AL (29.0+3. 1 hz 5B IEH
B (29.6+2.9)hz, 1fjiEH HIE
B8 S = 210 [ R B G it %
7 (P>0.05), UiEHH B2 HE
JF 5 A R B R AT S BE T
L RS FARES B

T2#=59.92ms«

Park2s TR 5% & IR B A
JF 4LBE R B AR T Ih Ag

WA, WHEBBRASENNE
%, SadowskiZ"szisit—4
R 2 PEHE R B BB R KT 5 B
Jo LI B Y BEAR, $ o il A AR
VORI BERE TN, 43 A 5 PR AT RE A
SR R I A % 1 A A B
B A M AR 2N B A R A 2
B, 6 R SE RN D L i T R
Bee 2 5 B R, AT A R T 2 R
AT 2 A SOk BER—J7
WA, BARE I &2 O
B 1/4, (B R o0 RS o i g At
N EE A5 25 9 90% AT 10%, T B S R
fift e iE FEAR R IROK, I R T
o TARME R AR,
iR, AR Y R A BE
Jii 5 3 Jk (Pa02) 43 7 £ 4 50mmHg
F10~20mmHg, #5752 HM
AF ) B 4 5] i 2 46 if 41 B (VR
RKAEM, {HEJFiPa02>50mmHg
RS TS, MAE AAT 7 5 il
& EB, HASERMENAS
DA 53 AH AL RE 5% I 25 4 1M 41 2
A, RSB R R

ROC Curve 6

Sensitivity

i

Sensitivity

T T T
oo 0z 04 o8 0B

1 - Specificity

00 T T T T
- 00 02 04 08 038
@ 1 - Specificity @

El-4n 2 R SEE: 9, 478, BRTRE0RHEHEG G, (KR RERHD KIS U ST 2530 wmol /L. El1-243 5] ABOLD
BB SRR K L B, R BERT S S (OMD) V2%, BEBT. BRI 3R2% (1000/T2%) 43 7 A

FFE BRI 1S R BB ROT 15 B S S kb Bl 4%
18. 1hz#116. Thz, FR/REEFIR2EMAAG. i SR b .

I3 9ADCO-800 /], B 'F J AT #1052 PRS2l ) i b 4 AL ADCAE 373 90. 93671

0.883. K4 NHEAOfEHIEL, hkEANM R AELLE/NE R/ANIE R, AT FEMEHFRRMN (1) . B5N'EREFRR2FEROCHIZE: LL22. Thz &
PHER A B S W, UK R R R4 7893, 3%R1100%, HERIREOS. 1%. B6N'E 1 FibritE/LADCO-800{EROCHIZk: LAL. 1228 S MEHE R B AE
oW (R, HBUR RIS R 5 B N86. T%FI92. 3%, HERREIT. 8%.

86 -



Mo BB AN R B H 4L b R
R E KT KR, X5E
RS R R . REMLEH
HSRAEGTE" . DREA
bR, BEFR:=22. Thz N FAE, i
FIBOLD_R."i2 W 2t HE /% B ROC Hi
2 A0, 981, BURE 5K S
P43 51893, 3%F1100%, HE7-BOLD
X et HE R B2 W R R E A
o

PR [R] N DW I P 1) 45
i, 5N AR AEAL T R o A
ADCH Ak 3 H 9 7E T 5 4 12 1F
WA RS, R RIE
PEFE e 45 B 5 b #E AL ADCAH 2
E/NTIERH (P<0.05), {HIF
WL R R, = 2 BE R R Y R
Giit 2R (P>0.05) . MR
PSRN S e el AN K AR
R IR R A R R R, B
O 40 B ST I e K < 400 G 1 ] R Dk
DT E KB T B, T T 45 A AH
XFBRAS 9 OB Er K B3 n
(L 98 1) 638 53 4 4 ) 55 25 1 FH I
g, X HEMAEE T B
G o PEHE R SIS AR, F
it Sadowski ' flYang""“ B 72 $E
S HE R B B R I Y BRI
B B 43 AT B S 4 i B AR A
A SE RO A . SRR A R B,
1EH B R bR #EALADCE = T
BE . (Kb ENE LR KT &b
H, x5RDMHE—8, §
HOTRE S R R R K R
B e [ T o D RO R
Hefi . Sy B, SKER
KA K, EE TR ANKbEE
% 52 BN TG A E V5 We 1T e b B
ALY X FIE R, R AERLTVIM-
DWI. DTI'™ 455 5t ik il V532
T — i dE. H1. 249, 1.122
NBIAE , A5 HE A B JFADCo- 100
ADCo-so0iZ 7 20 M HE e 15 1 2 3 3
H0.947. 0.978, HURE 5 R
PEZ3 51983, 3% 86. 7%, 91. 1%.

CHINESE JOURNAL OF CT AND MRIFEB.2016, Vol.14, No.2 Total No.76

92. 3%, Ut B'E K ADCAE X &
e F B2 A A B S E .

S 5y T BB B B 46 4L
BRI, EIEHT R LR &
ADCE BRAGI, 1EH HTIWIE 5 BE
JiR oy FEIE T, BRI RS
BOLD JR 4G T2 WT Pl b6 TE 4E K58 i 15
SRR 5 R B R EE s i, DWI
JADCHEIRE 5 S T R s Sk
7 B BE o i ATE, BETEZEK
To W BF B 88 o 6 Bb 4f 4% R4 (B
1-2), S mT2WI B B i 2%
Al — e R S E R U R,
I AT 2 A8 5 T D00 SR FH A 7 0 4 B
5 [ TH) B R e . ADC ] S5 i i
KB, R §Z RS 80
FfESET—8% (K3 . 5&bE
bk, mbfHADCEIG HERaE. &
MELLE . B SE A, (H YR
JRXT A AT R . e, BEROIAL
B A B 53 28R RN R A] R
A e B — e R 2

AFFEAEA R (1) Y
KPR SE R,  S5RTT REA
FEAEHLE NS EARE] .
Wi g s QUNMARGLE 24
JELHE e B L3 491 250 = A 0 8D
W 9045 S 0T 6e A P fw £ S o v2:
iff I W B8 K B (0] 5 5 ) 2 PR HE R
BHE; (3) RAELE G HLML. B/NE
SVETRBE . B R 0 S R
PEERERT, A RS B R 2 W
LU ME A R — 0 S .

2 b ik, BOLDSDWIHH
A ARSI RS A S HE T R
2, SPEHEF R BOLDSDWI
FHE 5 AL T B R TR R
I PR 3. OTHEILHR N A by 22
HEFEBOLDFF 41 88 JiiR."=22. Thz 5}
DWI (b=800s. mm *) 3= i b v Ak 52 J52
ADC=1. 1221F A L Wi# 1 5 5.
et R, MBOLDHH EAEH
e R . UK. R R
I R

SE 3k
[1]Womer KL,Kaplan B. Recent
Developments in Kidney

Transplantation—-A Critical
Assessment [J].Am J
Transplant, 2009,9(6):1265-
1271.
[2]Schwarz
Hiss M,
adequacy of renal transplant
protocol biopsies[J]. Am T
Transplant, 2005,5(8):1992-
1996.
[3]Masin—Spasovska T,

A, Gwinner W,

et al. Safety and

Spasovski G,
Dzikova S, et al. Do we have to
treat subclinical rejections in
early protocol renal allograft
biopsies[J] Transplant
Proc, 2007, 39 (8): 2550-2553.

[4]Zhang JL, Rusinek H, Chandarana
H, et al. Functional MRI of
the kidneys[J]. T Magn Reson
Imaging, 2013, 37(2): 282-293.

[5]Ebrahimi B, Textor SC
LO. Renal relevant radiology

Lerman

renal functional magnetic
resonance imaging[J]. Clin J Am
Soc Nephrol, 2014, 9(2): 395-405.

[6]Zhang JL, Morrell GR, Lee VS.
Blood oxygen level-dependent
MR in renal disease: moving
toward clinical utility[J].
Radiology, 2013,268 (3): 619-621.

[7]Neugarten J. Renal BOLD-
MRI and for
renal hypoxial[l]l.Kidney
Int, 2012, 81(7): 613-614.

(81 AR & iF. 3. 0T A Ik 7k Ao A AR
(DWT) B 32 A7 (MRS) /28T 51 A %
895 B R A7 [J]. & B CTAMRI
&, 2014, (9): 55-58.

[9]Park SY, Kim CK, Park BK, et
al. Evaluation of transplanted
kidneys using blood oxygenation
level-dependent MRI at 3.0T:
a preliminary studyl[J].
AJR,2012,198(5):1108-1114

[10]Sadowski EA, Djamali A,
Wentland AL, Blood
oxygen—level -dependent and
perfusion magnetic resonance

assessment

et al.

imaging: detecting differences
in oxygen bioavailability and
blood flow in transplanted
kidneys[J]. Magn

Imaging, 2010, 28 (1): 56-64.

[11]Chou SY, Porush JG, Faubert PF

Reson

- 87



SPECTFOMRIZE

20165F2 H 55145 SE200 K576

Renal medullary circulation:
hormonal control[J].Kidney
Int, 1990, 37 (1): 1-13.

[12]Prasad PV.Functional MRI of the
kidney: tools for translational
studies of pathophysiology of
renal disease[J]. Am J Physiol
Renal Physiol, 2006,290(5):F958~
974.

(1314 % %, 0%, AkBER, 5. Kl
FUK-FARBMRI 694745 5 R [T]. %
WS L, 2012,11(2): 136-
140.

[14] 4 dh dh, B XK, KE, 5. 3. 0T#
AR BAA RS BT BT S

6 R R AR (T]. i k3%
R, 2010, 39 (2): 163-167.
[15]Abou-El-Ghar ME, E1-
Diasty TA, El-Assmy AM,
et al. Role of diffusion
-weighted MRI
of acute renal
dysfunction: a prospective
preliminary study[J]. Br J
Radiol, 2012, 85(1014):206-211.
[16]Yang D, Ye Q, Williams DS, et
al. Normal and transplanted

in diagnosis
allograft

rat kidneys:Diffusion
MR imaging at 7TI[J].
Radiology, 2004, 231 (3): 702-709.

[17] A2 A, AT 2, R4, 5. &
FoRA B OME R R BB R AR
a1l FEEF KSR
&,2012,20(4): 244-247.

[18]Blondin D, Lanzman RS
J, et al.
MRI signal of renal allografts:

Klasen
Diffusion-attenuated

comparison of two different
statistical models[J]. AJR Am
J Roentgenol, 2011, 196 (6): w701-
705.

(KRG 4 #HH54%)

[HAg 8 #7Y 2016-01-11

(E#% 74 ®)

AR, B Eh K
U T 3R A5 10 AR A R LA T
BRI, TR K.
Rk FFFSERBRALE TS W Bh Ak
P T A5 R S R IR T K
BRAGES, JF HATSE B el i
TSR, TR R R B A R AL
W%, g E R L R 2 3
RKHEFFRE, T T Bk B
FFF B 33X BE AN 1) 5 S JF 30 k3 . el
F R EHE AR MR R 2R,
FFFASE 14 T2 32 55 49 1T o JHF 30 Bk 39 1
I TR L B — S .
il 168 B AR 4 86 4 B T 3 4 i
FA AL 22 5 4 R
P A B AR AL, i
BB K40 4> Ab B . B K
A A A A T BRI Y, A
T 8 0 LA S B I PR )
TR G %

gE TR, DWITERFRE AL 12
7 43 28 v LA BT IS WA A
T AR A A4k 12 97 43 2 1 B A8 A
B T CTHE 3047 1 7T 42 75/
PSR At 2, (R B LR
W VEFD, R, BRI PR

88 -

(1, EFEE R K.

SE XM

(1148 &, R4 F, 5% . MRY #hm
AR ARG Fa CTHE I R AR 3 T AR AL 5
B 69483t [T]. 52 B 3 5 4
&,2013,29(6): 933-936, 946.

(2] By, thk, AR5, B IRY
ARG R BT 5 EIRB %
AL e A [T]. F B CTAMRI
2%,2015, (3): 83-86.

[3]Koelblinger,C.,Fruehwald-
Pallamar,J.,Kubin, K. et
al.Atypical idiopathic
inflammatory demyelinating
lesions (IIDL): Conventional
and diffusion-weighted MR
imaging (DWI) findings in 42
cases [J].European Journal of
Radiology, 2013,82(11):1996-
2004.

(41 BL, X, AR E 5. MR H Ao ALK,
Ao CT IR i RAR X BT 4F 4035 B
MALG AR [T]. P EE FHHHEK
K, 2010, 26 (2):297-300.

[S142E, HLF, 1) EF. CTH#ER
15 B A Ak 21 AR AT WA B R AR BT
SRR [I]. B EFHEIL
A, 2011, 27 (4): 710-713.

(6] MR, E IR, X B MRY AL
BRAFSE FIE & A4 A% B 8 51 5 i
WE B DA AR [T]. & B CTH=
MRIZeE, 2013, 11 (4): 58-61, 71.

(7] £ m#, 30 5, #4455 CTZ.

MRE JE AR A% 5 MR H A AR R AR 2T
B AE % b4 R T 18] 69 % R 5B A0
Mg (1], F B RE ¥ HF 4
&,2010,21(3): 175-178.

(8] & Ja, Z=ms. CTH# Z. MRIEZRMES
MR A AR A% M 2 AT B % 14 R &
BTN AR [T]. B B 5 4
&,2013,42(1): 65-67.

[9] L mi#, 363, AR 5. CTHEIZ. MR
HIE A DV AR AR 26 B ) A2 AT RE &
TSR 1] ARAEH E St
J&,2012,12(32):6298-6302.

[10] /45, & —-F, RE 5. MRy #Ahn
AR ECTI § T BT R F
ey A [T P ECTHMRI
&,2014, (7): 40-42.

[11]Tirumani, S.H.,Assiri,Y
I.,Brimo,F. et al.Diffusion-
weighted MR
mucin-rich

imaging of
mucinous
tubular and spindle cell
the kidney:
A case report[J].Clinical
imaging, 2013, 37 (4): 775-7177.
[12] &8 K, B . RVX2A & 42
A MR & K Am AR R A AR IR B
HEBEREXII]. B E %4
#7,2011, 08 (23):192-194.

carcinoma of

(Rt #: 12K)

DAz 8 49 2016-01-11





