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Dynamic Gd-DTPA-enhanced MR Imaging in
Evaluation of the Function of
Transplanted Kidneys

Akira Furukawa', Kiyoshi Murata", Kyun Pak?
Michio Yamasaki', Nobuyuki Kawaguchi",
Hitoshi Inoue”, Tadao Tomoyoshi®, Hajime Abe?,
Hirotaka Sako”, Kouji Okino®, Masashi Kodama®,
Yoshihiro Nakane* and Rikushi Morita"

The purpose of the study was to evaluate the potential of
dynamic Gd-DTPA-enhanced MR imaging in assessing of
the function of transplanted kidneys. Dynamic MR imaging
was performed using the GRASS pulse sequence in 21 sub-
jects (56 examinations), and in each examination 30 images
were obtained after a bolus injection of Gd-DTPA. Imag-
ing findings including signal increase and/or signal drop in
cortex, signal drop in medulla, and signal drop in calyces
were utilized for the evaluation of renal function. Renal func-
tion was also evaluated using the following parameters: Ta,
time between the initial observation of signal increase in cortex
and signal drop in medulla, Tb, time between the initial
observation of signal drop in medulla and in calyces; Tc,
Ta+Tb, and Max. C/M, maximum ratio of signal intensity
between cortex and medulla among 30 images. In the group
of patients with normal graft function (Cer. = 60ml/min),
all imaging findings were observed. In the group of patients
with mild graft dysfunction (30ml/min £ Cer < 60ml/min),
all imaging findings but signal drop in cortex were observed.
The time parameters of Ta, Tb, and Tc were significantly
larger, and Max. C/M was significantly smaller than those
observed in the group with normal graft function. In the group
of patients with severe graft dysfunction (Cer < 30ml/min), al-
most none of the findings were observed. The investigation
in patients in the postoperative state revealed a close corre-
lation of the imaging findings and the values of parameters
with changes in graft function over time. The results indi-
cated the usefulness of the method in semiquantitative evalu-
ation of graft function, including that of patients in postop-
erative state. This study suggests that dynamic Gd-DTPA-
enhanced MR imaging could be a valuable method for the
management of transplanted kidneys.
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ERREREMICE 2T V5 2 B, SRR TR
fEIC»OEEFTRE LTHONLET, BIRIERITAE
WEFR D, FOBE, BHREEERZHVS Z L3HH 2T
ET, BHEBRICBWTE, BEiEY 7777 1 1oFks
Nna5Y. CTz HW/BHEEEFHhEOMmE d Roh 723,
T 23— FREZANEEEEYN D L7209, FOE
JEHIZ RIS 5. —J5, MRUICH 615 #E##]Gado-
linium diethylenetriamine penta acetic acid (Gd-DTPA) 1%, #
BRI OEHEIMAEE A TY, FEEAE L, EcB
BIREFICOENL TV A9, BT T, Gd-DTPAIZERT
5 EREEDRKREE 3% (, BTEE T GO/ BEERER
BENOBGHTRETH B EEZHLNTVAEYY. 72, MRI
13, EEIREEE VAT LICL Y, EENEERZER S HEE
HT AHEEOWRENTTETH S Z L9 5, dynamic Gd-
DTPA-enhanced MRI % Fi\ 7= BEEREaTliiE 121, BHRGE, K
ELRMFESRN, FOREROMLYEZEINS. Gd-
DTPA % H\ 27z 1EH % dynamic MRITIE, BE5#] D88 |24
I RE, THE, BMORERE)2E TR LRI X R LTl
F£EN2 (Fig. ). ZoORRMNLETELSE, IEN, &
L, SREMRRGEBEIRAE D 5 £ 88 ¢ R OB~ BT
LEFANZL > TH 6 ENE b DT, FOEFHHREELHEH
B, BMTECAIRGIEAR, FRAEREER SRt
TWEbDLEZLNL, LA T, KiEEHAWTELR
Adynamic H{E):5 1%, BOREGHROAL ST, FEEERHEHR
gAY Anlbivbiul, BEREEE
2, dynamic MRIZ J#{T L, €OFHEIZOWTHEF L-0
THET 5.
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fEEE 160, FEEREBHEEE S HITHL. BEOUINIZ,
BB, otk 6 BT, LT ~628, FHIB5THTH
b, T, EGIR, EEREFBHEE S B, REEBHES
3 Bl 8 B, #ifaiEHIn Hdynamic MRIASHEAT SAL7z.
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Fig. 1 Dynamic MR Images of a normal volunteer with a serum creati-
nine level of 0.6mg/dl. The images were taken at(1)2.5sec. (2)8.5sec.

9rnsec, Flipangle=20", NEX=1, FOV =30cm, 128 x
256 matrixes, 8mm slice thickness & L7z, 1 #O#E|{E
DR\ ZE T HEEHEIIR 5 BT, WL TIofT o 72
EWEOWSEIEE, 1-550& Lz,

" M

& 5N 7zdynamic MRI 226, PLTFDSIZoWTRE
DIFMT 21T 7z,
DRSNS B EOEH LA & XA LT
T, WIHRRIE SR BT & S,
)G & REOEFHET (LT, BREESET)HS
BIETE L.
3MEIEFETOT, HEEFET)IHETEL
.
4)BMRIEFET (UT, BWREFET)BEETEs
.
7z, W, BICESIET AR S NERICDWT
ERIZRT T A= 7 —DEZIT- 7.
Ta ! R EEDEFT LAVBREI N THLHEES

(3)14.5sec.(4)36.5sec. (5) 50.5sec. (6)58.5sec. (7)66.5sec. (8)90.5sec.

(9)202.5sec. after the administration of Gd-DTPA, respectively. Alter-
ations in the MR signal intensity within the different anatomic regions

are clearly demonstrated.

0 LAEBHEE, &6, #ifk, SMRaE
B RAE L72AS, 1 BleBR&MBEL. RY D 16
i, SMRMEIREIEIZE] & T, BrkmEEIEEZ
FERE L, Mifk65H HICEMm & 217, EAEShE
WEZT72 5 Plid, BIFRMNHERERE & o7 BT
ORREREMIE, 7L T7F=0 )77 AMELEEL
L, %% 2L 7= 275 » AfiH60ml/minLk
FOERERLFEE, 60ml/minKiil, 30ml/minlh b DELEE
FEREREERE, B L UB0mI/minskiili T - 725 BEkfEkE
EFOIBICHUME L, 7, KOG LT
F = EDS, BERE FIFEECIX1.5me/dIAd, BEERERE
BEERE TIE1.5me/dIBL E, 2.5mg/dIskils, w&REEMRERE
EFETIE2.5mg/dILL EOEE X 7R L7272, MR
W T 252 LT F=0 20T 5 AMEDREITTH
Nidroiz s BEIZOWTRILEZ L 7 F= o Eh S
PRIE R % e L7,

&

fEH L7226 1E, GEAIISIGNA 1.5TTH 5. Rect-
angular Surface coil Z{# [ L, #@% DOSEE TRIEEO
TEEARBTET 1583712 (TR = 500msec, TE = 20msec) % #%
B L7z, IEHRRERITTEIC T, dynamic MRI% FifT L
7z. dynamic MRITIZ, GRASS## vy, 0.2mmol/kg
DGA-DTPA % [ H#HiR 2 & SudiE L, FDEED 530
HMOWREZNRE L7, H85H1E, TR =35msec, TE=

ETHERE SIS T TORM.

Tb : WEHEFETHBRE SN T SBEMESETHE
BEND T TORR.

Tc . RAIZEEDET LAVBRE SN T2 L BEWES

Fig. 2 Dynamic MR Images of a patient with normal graft furction(Ccr
=65.0ml/min.). The images were taken at(1)2.5sec. (2)8.5sec. (3)22.5sec.
(4)36.5sec.(5)50.55ec. (6)58.5sec. (7)82.5sec. (8)106.5sec. (9)
130.5sec. after the administration of Gd-DTPA, respectively. Initially, signal
increase in cortex was seen (#2), and followed by signal drop (#3). After
the signal intensity in cortex returned to same as in medulla, a dark band
appeared at the corticomedullary junction and it spread centrally toward
the inner medulla (#5,6 ). After the dark band reached the inner medulla,
dark spots appeared in the calyces and they became larger (#7,8,9). These
findings were similar to those observed in the normal volunteer (Fig. 1).
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HIL, WEMEE L &I AT 5 (Fig.2(7), (8),
9)).
EF 2 . 2 VT F= 2T T A#EA5.2ml/min (L%
7 L7 F = 2. 3mg/dl) OFEREBEREREEREICE L 75
ffl>dynamaic MRI % Fig 312759, ZE, #E, B0
FREFAE SR I, SR L ICEMT 2%, REOES
BTFPFREIIT, SIHOESETIIRCAHEE TH
b, T, BE, BWESET OWBIEZH, FEH 1
ICHA~EBIEL TW5
FEFI3 . 7 LT F= xf? ) 77 ¥ ZE10. Iml/min (I
7 V7 F = E3.5mg/d]) T o 72 E R EEREERE D iE
517> dynamic MRI % Fig. 412757, {55 0O&FRZ(LI,
RE, BYE, BMoORINIEETE T, Befdm—
HEmE LT, RBIGBFLEAZRT

FREZBIT B Bidids X UMdynamic MRI OfffT#E 5%
Table 135 X FTable 212777,
HRERIFH 2410 —

- i HHMMRIOTIEFZIZBT HACMDIZ, 95.8% (23/24)

Fig.3 Dynamic MR Images of a patient with mrld graft dysfunction (Cer \ZE8 5172, dynamic MRITCH, BE(ERET1279.2

=45.0 ml/min.). The images were taken at (1)2.5sec. (2)8.5sec. (3)22.5sec. - G e
(4)66.5sec. (5)74.5sec. (6)82.5sec. (7)114.5sec. (8)162.5sec. (9)222.5sec. %6 (19/24)12, WMRREGETIXR, WMEETET, BH

after the administration of Gd-DTPA, respectively. Although the pattern FEEFETIE, Wb efl100%IcEs . /85 4
of the MR signal alteration is similar to that of a normal subject, the sig-

nal contrast among different anatomic regions is not clearly demonstrated. — % —Dfild, Ta=39.9+87sec., Tb=57.0+219sec.,
Te=97.0 & 25.6sec., Max C/M =1.07+0.04Td - 7.
BETHEESNS F TORFE (Ta+ Tb). BEEEEEEE 148 —
Max C/M : BEAE 5K T RO JE B(E 5 . HAMMRIDT 152351 HCMDI78.6% (11/14) TRED
HM7z. dynamic MRITIE, @R E6MESXR], HHEE S
i 5 B T, BMESETORFRIE, FAFh, 92.6%(13/14),

RR DTRERE S £12, BTD 2 HIZ2owTRE
L7, F7, £ &N TCMD (cortico-medullary
differentiation) # &5 & L 735520 T156H7% & dynamic
MRIFTR DB =T - 72,

1) %56 & dynamic MRIFTRL | BHEfEZ b L1238/
3 BEIZ BT Adynamic MRI BT R % HL#Eist L 72,

2) BRI RIEE 12 BT A dynamic MRIFTR, | #iff4 5
#A7% 5dynamic MRIDSHEAT S M7z 8 FEFIIZ DV TR
7z

= R

. BHEEE & dynamic MRIFFR
ﬁ%ﬂtsft:‘z‘%ﬁ ERRT 5.
G . 2 LT 5= 207 7 2 AE65ml/min (i 2
L7 F = U {1.4mg/dl) THERE RAFREICE L 2RI O
dynamic MR1ZFig.2I1Z7R"% . Wi, HEDES LA
DREE & [XH) L CTigE s (Fig.2(2), 5l &HWTHRE
DEFETIEBEZEINS (Fig.2(3)). kic—H, Bak

/ Fig.4 Dynamic MR Images of a patient with severe graft dysfunction (Ccr
PHBHY — 2 E5HMEs 2 L%, RMsREs = 10.1ml/min.). The images were taken at(1)2.5sec.(2)14.5sec.(3)
12, BURDEESEEAHE L, REBICBERIE 28.5sec. (4)42.5sec. (5)58.5sec. (6)82.5sec. (7)146.5sec. (8)202.5sec. (9)

c ﬁ;_l Eff ?,F A :E' S Ezk%f ?’fﬁ‘%ffn - 242.5sec. after the administration of Gd-DTPA, respectively. Signal dif-
7% (Fig.2(5), (6)). Z0%k, BEHIRIROEESH® ference among different anatomical regions is not observed.
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Table 1 Detectabilities of MR findings
Group of good renal Group of renal Group of severe
function dysfunction renal dysfunction
CMD in plain MRI 23/24 (95.8%) 11/14 (78.6%) 10118 (55.6%)
CMD in early phase 24/24 (100%) 13114 (92.6%) 12118 (66.7%
Signal drop in cortex 19/24 (79.2%) 3/14 (21.4%) 0/18 (0%)
Signal drop in medulla 24/24 (100%) 12/14 (85.7%) 0/18 (0%)

Signal drop in calyces

24/24 (100%)

12/14 (85.7%)

3/18 (16.7%)

Table 2 Values of parameters

fEx 2 L7 ERl6~8I, FEMAE
BHLOEGICH B, Wb MR
AT b NIRRT, R
DOEWT T ERE X OBEER 825
AMRMEERTH L. EHER
MRITIZ, fER 7 CREEDERRH
TRETH o 7228, fbod 2 B TI13E
ZNEETH o7z, dynamic MRI T
132 THIRA R Bh(E 5 X B 12 e
SNFhs, BE, BHE, BHROE

Group of good renal Group of renal FETIE, BIEshidr o7
fincton dysfunction P Ble BLUSIE, ZOREIEL,
Ta (cortex-medulla) 39.9+87 57.7+21.6 0.05 FIRATD < Bl 3 40 A2 2dy-
Tb (medulla-calyces) 57.0+21.9 87.1+426 0.05 namic MRI Ff RICZEIE R S 1,
Tc (cortex-calyces) 97.0+25.6 144.8 +55.7 0.01 HE, BMoEFRTHEES N
Max C/M 1.07 £ 0.04 1.03 +0.02 0.01 LIk od., —K, EHT

85.7%(12/14), 85.7%(12/14)I12gE &7z, Lo L, BE
BHETIBEBINLDI, 21.4%(B/14) Th-7:. BEFYE
FERTVRBOON Do/ 2 L, BMESIET 550
SNLholz 2 MEIX—E L Tz 285 2— & —0fid,
Ta=157.7+21.6sec., Tb=87.1 +42.6sec., Tc = 144.8 +
55.7sec. &, HEHERAFREDMEICH L CHEE T A MHAINSED &
i, MEDEIZ, Ta, ToIZOWTIRERES %, Tc (oD
WTIE, fEbREE 1 % THEEEDRD 57z, Max C/MIL,
1.03 £ 0.02 & R RIFHEOEIC KV EZ R L, WZ O
IZfEPRER 1 % THEESED SN,
ST — 18R E -

(&, R e PR B (2 SR AR
AL, ERMEMR L ) BMMEEEEE BTSN, £
DHFIRFEIZ AT, #ifk65 B B ICBHB O M HSHfT
Shic., FAHE 4 H, $36H, %565 HIZHAT & N7z [FHE
BlDdynamic MRI1Z Fig. SIZR$ %, MikiE@icfEyy, mE
MY 5 L b A BRI ED, ISR IZB W
TEHLETL, FRICEOH BRI Ak 1 RIE L
Too T, WREICHOMED G, BoMGEs, Bk
ORGSR AL L 72,

Table 3 Values of parameters in patients of postoperative state

HMMRIDOTIRME BT 2 :
CMDU, 55.6% (10/18) TligEmT Sate (cays) | T (see) | To(see) | To(sec) | Maxcm
RET# o72. dynamic MRITIZ, Case 1 7 40 40 80 1.05
AR RAE 5 IX 1%, 66.7% (12/ Case 2 13 28 54 82 1.04
18) TRE SN, REEFE Case 3 13 42 56 98 1.07
T, BAEFETI, 18REeT Case 4 6 36 40 76 1.08
KBWTHES MR o7 BT Case 5 4 42 48 90 108
EFETIE, 16.7% (3/18) I272% Case 6 5 - - B 300
bz, EEMAERENTIE, Case 7 4 - - - 100
RESETABES N o1t Coco 8 . - - - o

&, N5 A —F —OFIIREET
Hot.

EAMDARmea s oM on T [SATalnereae) Snalre | Sigrl | Sl oo
namic B

ﬁ‘;ﬁﬁ%ﬁﬁfﬁ, B R Case 1 Yes Yes Yes Yes Yes
MRIFRAL % 4T L1437 8 otz Case 2 Yes Yes Yes Yes Yes
F% Table 3, 415K, R~ Gses Yes Yes Yes Yes Yes
50, R RIFREEAE & o7k Case 4 Yes Yes Yes Yes Yes
HEBIESTHEH. ZO5HT Case 5 Yes Yes Yes Yes Yes
12, Ak Ddynamic MRID &R, Case 6 Yes Yes No No No
PEFICEBE RN, g f L% Case7 No Yes No No No
T A— & —{EB X U\ "Max C/M Case 8 Yes Yes No ‘ No No

Table 4 Detectabilities of MR findings in patients of postoperative state
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Fig.5 Follow up dynamic MR studies of a case No.7 with acute vascular
rejection. Studies were performed(A)4 days, (B)36 days, (C)65 days af-
ter the operation of renal transplantation, respectively. The images were
taken at(1)2.5sec.(2)8.5sec. (3)14.5sec.(4)50.5sec.(5) 146.5sec. (6)
242 5sec. after the administration of Gd-DTPA, respectively. In the follow
up studies, the appearance of renal enhancement was delayed gradually,
and the degree of the renal enhancement was decreased less and less,
especially in medulla. In the study of 36th day after the operation, the wedge-
shaped unenhanced area became apparent(arrow head)
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EDFEEEEA,»SRD LN, HEESET, BHK
EH T oM Aok, L0 iSEOBRIEREE %
HTHPN ORI S NDAHMD D -7z, AL FEES
KBiiE, mEEERERICBOTY, PERICEES
n, HE Lo, FICR80RWEEOREEREER
IZBRHN Tz, FHRRES X 0K, WED
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Ffdynamic MRID 58 m I EHEgE R & L TOHE
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BRAH ORI S IHE, RESHECH
i, SRS EEIE, EHIRE 2 & & v o 2R HER TR
TENTFEL, %W@W ZETILT LOAES TR, [l
Rk, ME&FE, REBSHHEICH L TIREE
H,ﬂlMN,M%tﬁaE@@@ﬁ%Eﬁﬁw%ﬂ
A0 — 0 A, SVERHEEEE, EARIEE IS
LT, #7774 @8, MRITIS®HEEEH
WSRO WMEDR SN A DN RERATRICZ
LnwZ &R, BRENAH L THETIHENHEZ
Eipt, FEELHKEOIMBIIIEREVEETLIE
A v, LarL, HEROKRE X 2%881%
FATH 2 EIZE D, WEOEN B I EE R ERET S
5 ZEITRET, HEBRICBVWTIIEN R FETH
AR OFEAEHT A B OMF T, dynamic MRI,
SV OB R L IR IC L (ML TR EEL
fo. Eio, FPTRAASMEAECFBRERIRREDER L Rl
n, EFRAE, »2VIEEREEFORTFEREOEEY
ZURWHBERRTHLILE2EIZAbYE L L, RKEOE
HEMARE B B AR A HEIE b D LEER D, —
i, AR, SrEmEMEE T BAE L ES 7 0
dynamic MRITTIZ, fHOEFIEBHOAICRLRY, FBEHZC
BOWTEOMBERICHYT 2 L EDN2BHOBER, 1
WCEVE ORI RAETHICET L, FRBERIOMEEY
EhbEsBLROARRFIHO L B, WO b F
FHENIIBTHRCIGEREE L XS 20 LR S,
EMmAEHHEEOREIA IR T, T08RREEIZOWT
JEBI R BRLREPLETH L EEbNS.
TEESRT, TIRFHIZIC BT ACMDIE, FHEREIREEX RI18
BO—2ThbEEINTWVA, CMDIE, RFETIIEES
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55, WEERTETIE, BREOKTEHEOEINRH
MALDLDIZHEKTE2ODLEZ SN TV AR 4D
bIbNOMEBITIZ, CMDIZ, Table IR &1, #
REM RIFREIZ BV T4 2314, BREEHREERERIC B
WTIARERIIRE, SEBERERICB W TI8HED10
BREICHE SN, Lh>T, BEBERED |+ 2y
(HRTR) & L7856 DI Osensitivity,  specificity X% 1
EN34.4%, 95.8%, BEMFEMIED A% R L LI2GE
&, EhENn44.4%, 89.5% L HIH s, HHTIHRRABGO
CMD #45FR & L 7= B HERERFEME 213, sensitivity D12 B
TRIEA S HAER L1570, EMERBREOITEIZIE, B
DFTRN? S, FERAFFEO T EYEATR & L 7-dynamic Gd-
DTPA enhanced MRIZAT) Z EAEF Lk &z L,

= &

1)Gd-DTPA dynamic MRI% i\ 7= FE Al AR SR o)

o7z,

2)EHRER b LIS L o RREE BATEE, BUEHAERE R
DR RERIERED 3 BEIC BT A dynamic MRIDF 5124l
HHER S h, REOLERIOBEREREE L L TOWEY
ARSIz,

3)WEFERORETIZ B\ Tdynamic MRIIE 2RI OB HEHE
B2 LR, BREMBRERICBIA2EREIRB S
foo F7o, BB BE L —ERTIE, ok
REREE R & 7 2 WHERT AATBIR SN, 2 ORRRME - Bk
IR AT (I

4) TERZRI DT 1 SRR OCMD % 512 & L 72 B g sf ik i
sensitivity D FIZBWTHEEN D Y, IR B0 IoiRIC
1£Gd-DTPA % Fiv>7zdynamic MRIZ479 Z L ATEF L\ &
Zibhi:,

AHZEL, CREREENIZE, JERIFZEA GREH503857132) D
BhRE % 23T o 72,
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