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Preliminary Evaluation of the Apparent
Diffusion Coefficient of the Kidney with
a Spiral IVIM Sequence

Kyo Tsuda', Takamichi Murakami,
Kousuke Sakurai?’, Koushi Harada®,
Tonsok Kim", Satoru Takahashi'’,
Kaname Tomoda', Yoshifumi Narumi'’,
Hironobu Nakamura®, Masaaki Izumi*,
and Tetsuji Tsukamoto®

We examined the usefulness of the spiral intravoxel in-
coherent motion (IVIM)sequence in measuring the apparent
diffusion coefficient (ADC)of the kidneys. Five volunteers
and five patients with chronic renal failure underwent dif-
fusion-sensitive magnetic resonance imaging of the kid-
neys with the spiral IVIM sequence. The ADC values in
patients with chronic renal failure were significantly lower
than those in the renal cortex of volunteers. The mean value
of ADC in patients with chronic renal failure was lower
than that in volunteers, although there was no statistically
significant difference. In volunteers, the ADC of the re-
nal cortex was significantly higher than that of the renal
medulla. The phantom study indicated that the accuracy
of ADC depended on the signal to noise ratio. A spiral IVIM
sequence with a high enough signal to noise ratio may be
useful in evaluating renal function, especially that of the

cortex.
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MRIESZ 70 b 8, T1, TSRS
DGFES), TabLILHDORELZTLIEFMSNT
W5, BRVERHES (LEdR I RS 2 B &,
Mck s 37 0L onF0Es) (77 7 »HEsh) b7
O k> ONMAPEL, EE5WETT 5. MlkPAST0
PO, COEFOETOREYHETAIEICE
DATREE % %, PLEORIHGERRES OB L RTIBIEL L
T, b-factordIHWHNLE DS, 2 OEAMO0~500 sec/mmLL
Lilaz &, MBROULEOREDH S PIZWEOF 512K
Mz LRy, 29 LAm@IEn s & g
N5, BEED ) PIEOFMR, FkEE 7 T
TBDHEFIEWT £ DEFRA HESRE S TwaYY, —
73, b-factorDEZEEAZE R TS L, % DIEEHEDH
PO e, b-factor ZAEN & L 7oA, T OME S 3ILEL
RHEERL, K77 2 b LOBHEEROKDILER L
—#T A, LdL, E=EOEE, MRS EREIZ X5
IR & 5 TR L2 D, TR P oo i (R e,
perfusion) 2SYLEEL L FHMA L 72Bh 2 2R L, EBOHHEL D D
KREBRMERLAZNDT S, £oT, TLOEKRNTEZ £
VNTlE 2 BYEEeHEER 2 &0 3 7 0 L Lo ARHHI
7211} % intravoxel incoherent motions (IVIM) & #8F5: LY,
CNOIEETd 5 £ TOEL RIS B9 7 350 T oI
HUREL L XH4 % 728, ADC (apparent diffusion coefficient)
EWHENSY. ADCERMIET 236, i, Hidigie b 3
7aLNVOBETH L7720, EEOMOF) & AK S 2
ELRD, TRNEMZ L0, LEREY LIRIGEAL O
TI?F*# REENSLIETH DY, ERDAY YT a—F%FIH

o T LR (S R 1 ﬁ*l\tb‘f_ , AR OIS
fﬂkiaﬁﬁ%ﬂfb‘f SN HELI—-T T F—Er WA E
12X =T, JEEMERRDADCIIENHALNDL L )12k DY,
BFERE ART 7 4 TIZBWT, BiEDADCH, ﬁ?)ﬁ
DRGSR, FRig, AOAHFLHBEDHL I LIRENTY
L9000 UL, WEZSBREOFHEIC, ADCHIEDA

HRE LB IR RV, £, To—-T 55—k
(EPI) 1356\ BRI & ZF ORHEY ) B2 PRk Eh 5
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20 Spiral scan % i\ 7=l D ADC DA

o, INLOEELGIT N P2 THBEELRY,
ROBIETIMERTE R, —F, AL TNVAF Y i,
JE O 18) & ALAR T M D MEFHEE M EE % RIS, IERZIRIC
LS RAHFLHEAITEE L RO TV I EIZL Y, k-space
OHLDL, HRARICT—F —UEZITH T LIZL o T,
b Mo 74Rkf§H:TH A, AL TV AF ¥ iR
WSO QB ARReM R fo8, JHE OMRIZER THIEAH
RETH 1219, eI O Rfunctional imaginglZ35v> T
FOHAUSFHE SN TR,
bIONORGRTIXA Y ¥ 7 4 — FRE, GEf & D[
Wigee LT, AL FIVAF v v &ffio - E#IVIMZ SV A
S5 (spiral IVIM sequence) D fiFRIEH % SEELGEIE Tila T
%729, Spiral IVIM sequenceld 1 [B[DIHAE |- T (23010
ARG RETH O, FEE LA Ol b IS H A RE
TH5b. FRFTIE, SINEALEOHHTH—7=4 224
NVERWER, ZOERESHIHEARE—L2b. ZOE
BERARDIDD 777 F— LAEBRETo 7. BIRHFITIE
T2EALERIR <, ADCHIEDES & BhNn 55l Ispiral
IVIM sequence % ICH L, #OHMMEICOWTHE L7,

X EFHE

Fl v 72 B 1% %€ 1 13 Signa Advantage version 5.4 (GE-
Yokogawa Medical, Tokyo) , H—7 x4 A3 4 JVIIFERIZ
BEMITLIATTHHGP7 Ly 7 AL VEMEH L.
Spiral IVIM sequence®/%7 A —# —{Z, TRIZ2000mm/sec,
TEIZ100mm/sec, FOV35cm, A7 A AEIZ10mmE L7z b
b LD v 7zspiral IVIM sequenceldk-space % 164~ Dspiral
trajectories T7 /73— binterleaved spiral scanTdh ), 1 AN
spiral trajectory @72 V) O 2 7)) » FEI32,048 TH B, 4
AEE LTIAIET 256 x 19212 T 5. #17 em®DK 7 7 >~ b
—LIZGP7 Ly 7 A4 VEEEL, AiiDspiral IVIM se-
quence % IV T, Ji AR GRS (I mICED L, 58
7% 9 ->MDb-factor'T, [A—WTH % #if% 7. b-factor®Ft4i
Ky G T2 (A-T/3) (pid 70 b OER MG, GIRILEE
RS O TREE, AP I E RS D kS, Ti3
PR RS O ENINEE ) & 7z, st R
T IR TR L, £ D5fEE130.05~0.72 gauss/cm, Ell
TNEEREIE35 2 ) FV T, b-factor®fitild, 0.757*5155 sec/mm?
T CTOER0.75, 12, 48, 108, 115, 127, 134, 147, 155)
L7 BoNgERrS, GP7Ly 7 234 Vb Ok
A5, 10, 15, 19cmDFEIZBVTROIE #%E L TR
ZHISE L, fE55EED B RSE A El, b-factor % Al |2 HY
Y, EHEYESATIC TIER R I L7, EAEIC BT 5
MRESIER AT 2717 5 % CPO4ERR), BEEARL
B S5 5 CHERI6RE) TH Y, BHEEAE0EHERIE
PEE 4 3 4, BERBEUEEE 1 &, BEARH1 8THhb, 2
NOBUBEREBEDO I LTFo 20T 7Y AIRFY
11.7ml/minutes (1.1~31.2) ThH 5.

[ PR C H v Zzspiral IVIM sequenceldG-P7 Ly 7 A 0
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A, KEIRERMEZHEHL, 87 A= —L LTI, TR
{3R-REFED | 2 W7 DSHE 7 7 7 b — ASEBCTHW
bOLFEFRTHAD. k7, spiral IVIM sequence & 17 9 BRI
[ & % % off-resonance effect & #EH 9 5 /28 [ spectral-
spatial RF 7 V)V 2 & IV 7l 2 R L7z, 1 m ok
{REERIZ10~25secTH Y, Bl 9% 3 5 1T 1S % 101
IETFICHRE L2, 77 > b— AR [FRRD 9 D Db-factor
TH—MrEERE L2, SEIERT 885 WCHEE % 5H
L, RE)NZE D7 —F7 77 bALNINE, Bifier
frofz. 1BICT, EEHIHEEI OIS IEIZ X B9 57 % #F
Arztzd, HEOAOPLIZHA o 72A5, Mo 9 Bl E
OlEEIT- 72,

LD ED1061198 D, BafiBL#EsROD ZREL, &
FEERME L. E512, EEFRI T4 72T, K
HLpigehehiibeg, g, 44, WMo 3 A7
TEFMELNE LT, BASEMICBYTIE, wiho
PIEAINTD, HEMHOBRIAHEEE 720, Fafk
DEFHEORIZE L7, FhEFhoMEElzBWTADCE
BL7.

WMATFEN A BEREE, IWERT 71 TR BITS
BHEH L BB OMIZESEED RO 6T, WelchDME %
iz, oA ELE(ERRT V74 7 OEek —18
PEEAEM, EHFT v 74 7 OFEE — 1BHEA LM,
EHEZ Y71 7 OEWE — BHEEAEM) BV TidE
SELEASED Bz 7z@, unpaired t BiE E Wz,

#w R

K77 b= AOPEEREIIGP T L v 7 A2 4 2w
&b, 26x10%, 22x107%, 2.0x 107 1.9x 10°mm¥
secE ), GP7L w72 224V ENWEENSITE, LR
DPEMBAMET 3 B @A AR S i,

FRARBIIC BT 5 1 Wi OMmEIFEIZ10~258TH Y, 4
Gl CIPRAE L TS TR RETH o 72, EHKEIT T4 7
EFITIE, WTiLdb-factor T EHIZ R THIE DOE 55
BEIARMEFZ & - 72 (Fig.1).

EHET 74 T7DELEDADCOFHHEIZ4.2 x 103
mm?secTH 1, (BHEFAEFNL3.6 x10° mm?/sec TH o7z
(Table 1). *FEEIXIEEEA2BIOHHENMETIZH - 72
A, MEICHEEIFDON L -72(p=0.126). EFHK
FrT 4T OEREDADC (F15.1 x10° mm?/sec) & 1@
BRI DFEEDOADCOMICIFFEE A LN (p<
0.01) (Table 1). FEHET > 7 1 THOFEDADC (FF43.2
x 103 mm¥sec) 1%, ERBPIOFRYE L LT, HEIZADC
IHMED 572 (p<0.01) (Table 1). 7z, BHEALHOEE
RDADCE B b, FHHEIEWEE R L7005, FHEE
D SNl o 72 (p=0.127) (Table 1),

Anisotropy DD EEE H 5 72012, BREHLWHENLT
UZB T, B L EEMOADCE ik L7235, 4MI &
HH O TADCIZH EZIZFED H L B> o 72 (Table 2).

HABERSRE 8578 #1175
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Fig.1 Spiral IVIM images of a normal volunteer in a 26-year-old man (upper left to lower
right, b-factors are 0.75, 11.98, 47.92, 107.83, 115.14, 126.55, 134.46, 146.77, 155.28 sec/mm?)
As b-factor increases, signal intensity of kidney decreases. With any b-factor, intensity of
renal medulla is lower than that of renal cortex.

z =

PHORAEE 2 G T A 701213 b TR E) X L HE s
BB, ABETHW 2B #ER{% T Sspiral IVIM
sequence!d 1 [ OHEEEMAT10~25FTH Y, T
T, BROWLHCRGE 2 WIS T 5 LT TH o7, =
2Dz, $l D 9 DOb-factor CTOHEAT, 1 [ OHAE
HMAN T TH 7. A T a—Cl | [
FHEDWIRIZT~ 105D % 728, WAL T OF(EIEARTT
RETHD, F721 BOBETHE NS {b-factor ¥ 2 TH
BTAZLOHETH S,

—fZIZIKT 7 F—LAD
I H AR $AT2.0-2.5 x 1073

3% o4 21

Th w101 KAFFEIZ BT 5 ADC
DliEROEEICLVEEERL
bonsBbihs,
BHEELLEOELEDADCIXIER
IO B DADC & ) FEIK L,
T IEFBFIOFEHEDADCIZIAE
BT A, EWEmERL 2.
Zhix, BEEALETIE, FT7or
DERETRHFREOBIRIZL Y,
AR A, PRANEE, B
TRMET T A7:bEELLND,
EwAET 77 1 TIERTIEERE
DADCHEMEDADCIZHART, &
BIZED o /255, Muller 5%, EPI%
HWTRES L 7o TIREEEDADC
DFH, WELD HENESATWY
29, ZOEHITF—F =MLz
R E L CldMAER D%, 55
¥ It (signal-noise ratio, SNR) @ [ f#
EwI) 220FERAPEZ LN,
Muller & @ > 7zb-factor @ fiz /& fif
%, 395 sec/mm?iE DKL, AAFIE
TIIEEDHET, 155.3 sec/mm*E T
L T & e o7z, b-factordh
Sk, FHERER O AYIZ
M A EPFMOENTWA. Le
Bihan & 13 —f5% Y 22 41 T ldb-factor
23100 sec/mm* TADCIZAFER 2325 57 5 Bl & 1325 B FERE
ThoHEBRTVEY, LaL, HRIBORE T
Tk d 72 ) OMIBIERAE <, ADCIZ L D 5d < HARHER D5
BrZrsbnLEbh, BETHEOIHREY KD S
D213 & Y K E Lb-factord®h B & Bbivd, R 7T
SNADNEE & HWICHE T, OdEREE Ko
BTz, 351 ~941 sec/mm2Db-factor ® FV: T A9,
b L@ v fzb-factorld 12~155 sec/mm* QA TH 1,
IHB LM T5 L EEOS,hSHMEETH -7z, Mk
EROEE I, EWEHESI NS, HliEROLEE
ZiFA L, BOYFH TSNS L) EFINEET 5.

Table 1 ADC in healty volunteer and patients with chronic renal failure

mm?/sec & ENTWVWEHDI|Z
X, b MEBOADCHIX
3.54 £ 0.47 x 10 mm?¥sec &
I EWEFREshTE
DY, AHETHITITFERE
DEDE SN/, BiEIEH
WEROBE L IKEFTH
D, BEDOADCIIAGE
DEEICREEEIMD

Healthy Volunteers (N =10)

Renal cortex in healthy volunteers (N =10)

Renal medulla in healthy volunteers (N =10)

Patients with chronic renal failure (N=9)

421+08

jp<z0.01 p=0.126
p<0.01

CENBWERTHE SN

R o4 1 25 H

x 10*mm?/sec (mean :t standard deviation)
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22 Spiral scan & fl W 7= 15O ADC O

Table 2 Comparison of regional ADC in healthy volunteers

Lateral Cortex 55+26
Dorsal Cotex 57+1.2
Lateral Medulla 3.4+09
Dorsal Megadulla 28+1.4

% 10"mm?/sec (mean + standard deviation)

ARREROBE I OB HFHME L W 510, ZobHbhh
b 2b-factor CIEEEDEFDET @ﬁ]ﬁvﬁ*ﬁjﬁ*’*
Db KR&EL, FEDADCOSHE LD HKEL
ol REMSEZ NS,

b9 1 DIITRZ 1AACERE LI EI2L ), TRANGE
1500 I VFLITIZ AR B 728, THERIOREDHL Y,
THEDRWEIHOSNRATZE L ) L A2, Thicd s
ADCHIFEDIFEDERTOWEEMELE 2 b b, EROMEE
THMRIIERLVEESZRL, FALEEBMEDOADCH
BEARSEFHAOBEEFEDADCE NV 00 5# 2T, SNR
DHEBOFNREYREVLHIZEDNL, AKFHTITo 7
K772 b—=LFEBRIIBWT, =724 A3 4 IVITEN
T RETHEEDE LN T WA EHTCIZIZITICH s <
NTWV SOOI RUR AR S NzH, =T 1 A4
Vi GEENTAS B IREEDS L D KW EFT T, ERED MR

THaEMERLAZZEDS D, SNROFELERT LS
EIZEELEDNS,

Anisotropy | IAFALHNZ B W TR S N5 LD TH 575,
BRI B R EMIEATE PR ) &9 12Eey)
LTHBY, 1XEffo LRI THREROKEE DD 5b-
factor|= T RO SN & -C, BAIDADCHRL S &
THHENREND . SRV F-iEd i a0
A A D 1 HEDATH Y, anisotropy % #Hili 45 1213
At TH LY, BMEIMITADCIZES RO LT, ©
MEREEIC TR, BT & b anisotropy 1SA LA &35 LU
DFHE O LIIBRL DR E B> THUIFEOSNRDE

Z &SRR O 728, anisotropy DI ASHEIEE & 2
ofwéﬁmkﬁbn,;Uk%&bmmmuxé%ﬁ$§
Tl h & OIEEAREH FHERBES DA EEE X Sh,
anisotropy DFFlil 1L & & 2 AR AL L Bhbil s,

PR ASE IR T CRf% 9 5 Z & I3NEE3E 23817 5 ADCllE

2o TIRHATH Y, L7-HHFHICE < DR Db-factor
TG TH L Z LI, EMRADCHIE:T %9 2 TH
iz < LBbhs, LiL, 4EIZTREE{ TE Lo
7z 2 & Rb-factordVHhEH o f ZEhEDL, BEOHD
i % ST HADC & OEIZIZ R R & iRz U
Bbhs., ZoO7zddiffusion anisotropy DRI B 2ok
RBBONLD o7z, $7:, HELHEHOADCHIZEIZEL
Th, £hKELb-factor & 7 fEske D & 1300 D55
wELh, L L, BAEBE BT 2ADCHIEDIER
Pl & BT FEMICEE L ERO SN2 L2 Y, FiEIC
BOWTEREOREFMATETHL I LAREINDS,
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