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[Abstract]

A phantom featuring essential perfusion regions crucial for the technical validation of both static and dynamic con-
trast-enhanced magnetic resonance imaging (MRI) was developed using cation exchange resin. In this study, we system-
atically evaluated the suitability of this phantom for verifying contrast imaging and timing. The physical properties of the
resin varied with ion types (Na, Ca, Mg), resulting in a diverse range of longitudinal relaxation times (T1) observed in the
mixed regions of solutions and resin, closely resembling those found in biological tissues. The reciprocal of the T: time,
represented by the R value in the resin region, was linearly correlated with contrast agent concentration. Time-intensity
curves obtained from dynamic imaging using a column filled with Mg-type resin and a contrast agent auto-injector exhib-
ited good reproducibility within and between sessions.

[# 8]

B AV RIBEIEZRNT, BHE KUBNEEMRIORMIRECAAIR/IGERBERZB I 27 7Y bAZRFEL. AART
F, COT7YRLADBEAAR—IVITETAI VT DRINDBEEHERENICTME L. BEOYEZEN AV DOEHE (Na, Ca,
Mg) [C&ko>TEILESE, ZOER, BREBEORASHEITIE, EEEBIOEVSRAHHENRRE (T) MERESNL. BERROD
RETERSNDT REIDHEHIE, EEARECREBENG /. MogRBIEZREBELANS AEERFBIEAZRBERWNLY T
FEIVIAR=—IVITHOBONLHE-BEMRE, EvYavABLOty Y a vETRIFGBREEZRLUL.

NI TORIETIE, 7 7 b o™ RiEHA

&

ifl]

HEEASCER S NIcF o —T M7 70 b o™ 3
Magnetic Resonance Imaging (MRI) (&35 FIHENTER. Ly, 26Dty M7 v I T,
TERLMBEa Y P AP ENHTS, AN =724 BRI GHIRBROMBE Y P IR P BLOAF o &

(Gd) A DRI & - T 2D { #etEin’
RO s, BUEERL GAERANIMINEA 22 A3 Y,
Z ORI IS U THRBROMERA (T1) K & O

A3V 7%E—7 7 PLANTIHMETE TRV, &
RN TIay b A MBS T —F 7727 MICH
LT, 3av— 3y PROICRERES 25

RERRAN (T2) W 2 S840 S 2 5. WERANEA LAA
D EN 2% 3KIE (3D) dynamic contrast enhanced
(DCE)-MRI 4, n@r%fthﬁﬁ:ybazbw
B L2 A 5 2 L2k ), O L i
ﬁTéﬁ@iﬁm§ﬂ,ﬁﬁT@X$VV%%LmT
IO T RPAMPTRMEN T2, L v
BEPRMET 23 P IR MRT =LA I
BEMliT 2 2 Lk, A% v CEBERENE T 5 L TAN
RECHY, 7722l BaEi B 5E
PHS TV 5.

HATAKEYAMA Norishige"*, ISHIZAKA Kouta",
KOBAYASHI Shunichi, Ph.D.?

1) Nagano Chuo Hospital

2) Shinshu University Graduate School of Medi-
cine, Science and Technology

% E-mail : n-hatakeyama@healthcoop-nagano.or.jp

Received January 29, 2024; accepted April 28, 2025

14 (1166) & HABHBUNMHI&E 2025, vol.72 no.877

LW, INLOMENT 7 v P 2FEREFESNTY
50— AERENTH .

FERCAHICC IR e R L LT, R T 7 b A
DIEMH% 65 M 5. Kamphuis 5 O 12k 5
L, BEORER T 7~ F L2WFZETI, #ERTPLILE-
ek - MRBEHID3O>D X4 FiopHeans 13y
NP AV PETFAUDERTH T, LIUERI TR
SNAMBETHEM E LT, AKYY - = rmE—
2 WM ERRF NG, LaL, o 0N
PEES AT 2 BB TR E SN TH Y, 22—
F—DEHH AR~ A XTHIEIRNETH - 7C.
& GIETe 2 FEERGA T OMGERH 12 75 FEBR 24T 9 B
X, MRERTERET 2 LESDH Y, B T ORI
PECRED D 5 72

DCE-MRIXHBDERERZMAGDE D~ VT
28 A MY w7 MRIOKGEC W, FEREEH o ]
BEICERAIRE TRHBTI 2 77 v P adkw o



5. Lo L, PRI EGES O AR T ORE IR
RELTHEL LTV, 22 Thhvbiug, R
7 7 v b S OMBEFCI (IRERER A A S 2
s 2 ECERHLI. ZOBIRE, A4 4 o ROZH S
& o THIIRONEREE 2L T 5 700, ZHUcPhogk
FIRER (Tiflids & OO Toil) B OILHERE (ADC
i) HZLT 5 2 EATRIBENS.

AIFZED HiWik, DCE-MRI DHAMMGEE 2 2
LRAGEL, #ERET 7 b A OMBRFEH L LT O
FEPERG A A o RO 2 3l 2 2 L TH 5.

1. 73 &

1.1 (EFAtER

AWFZETIX, 3.0T MRI%E (Magnetom Skyra,
Siemens Healthineers, Erlangen, Germany) #fifi
H L, 18 element® body array % & (F32 element
D spine array 24 v RV F A HEIEA
r(Y=v2ryavy b GX BASKE, H50), 20 mL
BIO0mL> ) v, sgA L v b (RS
FRdg) BAEHL 7. BRI, Bk 2 A s v a6k
My (ARG =Y v 2, K, Hthrve s (B3
i, BR), BHK, 7= —H BEREXR (A
ThZ vy 7, »ATAEE, kR, RY), LU
HEFNEAZ VI v (GA-DOTA) #EHH (=27 %
AA—=F FX - Teosy B BRHL
AIFFEDOX LR L 72 5, SRERTER A A > 2l
& (Fr= 4Ly, BEAR) Tha. ok, 2AFL
VeI ARy R IREGRD 6 5 VIR T H
D, SHIEE LT ANVK U IRIER AT 5. JUGEEIXH 8%
Th Y, JMHRREOEHOKIRTH 2. RENTHEREE
NaBiT#1080 g/LTH Y, FEHMIL0.3-1.2mm
ThHs. FINalOEKFIL40-50%, HBAHRE R
20eq/LTdHs. WrcHIENaIThH-7c.

1.2 SEESMERST A Sifutitng 1

SRERTERS A A~ RHBHIRO B 2 b s, AR
EWLPE LT, KEKOPAKBEP T NG, JH
KbhdHanveafty (Ca*') =T AT a4
¥ (Mg™") ZBHRHOF Y a4ty (Nab) &
L, REPWALT 5. 2 REHSE T, ARIMEREL
oML A ) v aL Aty (KY) #BRETIIEODD
Zana—tLTHFIHEN TV 5.

FRID A F S BRI, K2R L T L
BHRAIPNC 3KTTD A v & 2 Wi R IR T 5. 2 O

X, BIRRTNORY ~—8IaE L TALI O
T, Y= wxXr ¥y (DVB) »ZEHI L LTrRr A
V7 E3NTe S, BB A A4 R A F L
Y EDVBEHMAEDETERS N, BN AV
AU (-SOsH) OEREEVPHFIEL TV5. DAV
R UERILIIEHET CTRHEEA A~ (-SO3) kXA A~
(H") /8L, S O A A Ry RE L 72 5.

A F VSRR, — AT DO K & v A A 13
E, 3RABELETHOHNEIRTHESFORE A A 13
ERERIGICHEAT T 2. Bt THRERMERS A 4 > Bt i
DOFRMEGH <Na'<Mg*' <Ca* " OlEE 2. 7
¥, WATMED A A 3 IEFE L O b iR OK
B D,

— el 7 A RLERAN A S 40 SRIERYERS £ A 55 H
BlRX, DVBEAR (GUEE) »H8% T, i)k
BEASHIOES AT LI WERE R . g
3#2.0eq/LTHY, MFEEIX T00CHE S TREL
TV, 77 v b MEHRERET I SCHRERD
ZILEROALw. 22T, eqldequivalent DT,
W, ARG 7Y O A 4 v O % 44 (eq/L)
THT.

B 2 AXBRERIERS £ A o 2SI IR Na 8 C 38 #agymn’
2.0 eq/LOYf, Bim1 L3 2€v (mol) D Na*
NeEins, ZOBIEP Caftlicd 51213, 1mold
Ca> " WLBEL 12 5. > TA F »55#12 1 mol/L Dk
e vy s (CaCly) KIERERHHT 2546, b5 5
E1LOKEEASLELLY, ZOKERICIZTII11g
D CaCl2(40.1+2x35.5) EHL TV 2 E LR 5.

1.3 1AM

A F RHE ANy FEE A T AEO MDD
. Ny FHEIGRAEER EBIRPIRA L, — @R
fll& 22 FHETHL. ZOHEIBIELHEETI A b
DR E VIR H ST, WHRIZHF»DH Y,
JLBRRERI SR 72 2 A D 5. —T5, H T LA
ROBEA & WSR2 AL, B @l S ¢
2L TR 2D 2 T TH D, ZOHERR
T A & D FETH 5 F, WAEFROHGS
SRR OB b L TV 225, #7474 EOHH
M PV 85, AWIZETIE, 7 7> P&k
Ny FEl, BT 72 P23 T R ERERALL.

EbODOFETH, A 4 5 3K~ DBEHE,
Weige - A A4 2 5KHe - FRGFOFIEPVLETH L. 12
RO A A v 2R T 2 YA, RIS X 5K
M OBREN KD SN DD, ARTE 77 ot

¥l ¢ 15 (1167)

06



$ ﬂﬁ' Arts and Sciences

LTEE2MMT2 2 L2HELTHY, TS
MR (B3 - b v v n ik 2 A e v - S
7 =2 —H) (TR OZAM 7 B T —E O & &
Lrow, R X 2 BHIROFA XA LT

AWFZEIZ 31 207 7 > 2O A A V2SR
PNaBlr b CaMER#6l L LTRT (Fig.1). 2h
5 OTMAE— e 7 s deo TR L 72,

FRTHESG & LT, MR R 28K IR (SIERTAR
) BB L 7ot AWK E SCH L 7 23 O R S 2
LIS ROV R X X S RSP

A F r2giicix, 100 mmol/LoE b vy 7 &
(CaCly) KIEW 2 MR L, s SRR A 4 v 58
BRR OSSR (2.0 eq/L) RIRT 2 BERIG LT
BO2RGE LTe, A A v S SO A I ) 3 SO
T, H2HTTHRIRENEHLTLE I en ', B
FOSEASRESD T B 0, WO Cat B2 4
RO ZERHNE LICBMETH 5.

A F VWA TIX, AR —F—75 E OB 7
X ABIIROM) A2 ZRIEET A0, ©—h—
T Wby - FEMEIE 217 - 70

A F USSR 12050 LR Lo, —fkls, BHR
A A a5 X D605 T ET 5 Ll
HENTHY Y, 2 OB TRAIFFI O 2R
LEEZOND. AWETIE, FHPREDEK 2 iEdk
T2 Tcw, BIERED 245 £ 7 A AR 2 g L Tc.
A F R OB AR K Toes L 7.

BE, BT 7D T AP B A F R
CBIL T faik 4 5.

1.4 77V RLDEY TV
BIROBREEA A B X 5 TRATH 2 kit
PRI TR 1.2065) LT 2 WP H 5. 707
B OMBIC & > THRFEZALP AL 2 2 E s s i
Twa W, Lal, RUFZETHCICATORE &2
K, GAIEEAKER (Gdi), 277 = 2 —HKEH
(B DRLAA DRI\ T, FETCF M L 7oA
FEDORER, 7 7 v F 2RO RK T 0.4%
L ERD LIS NI ZOREPS, N4 T
WA RDVERS T THIUE, 77 vt 2ORR
mEH—ZZAZ B I ENMEETH S LML

1.41 BT 7Y L (BE - RIFRET 7V R A)

W7 72 b LT, KA 4 HIBHR 2 E %
18 mm DB A P vIcH AL, KW EADE
TR L. R P vOIMINEHERE = » &7 v KT Tl

16 (1168) & HABBBEHWHLI 2 2025, vol.72 no.877

(A) (B)

immersion in distilled water
(8 hours)

U

’ drainage of distilled water ‘

ion exchange @

pouring of ion exchange solution

o ——

agitation (2 hours) (©)
O ; HO- 503 Na* KO- 503 Na*
=
’ drainage of ion exchange solutions g @ 503 Na* » m 503 \Caz"
L 2 HO-s03 Na* KO-s0; -

=
S

= SO3 Na* SO3 Na*
HO-s0; KO- s03

’ washing with distilled water ‘

Fig.1 Phantom preparation procedure

(A) operation steps. (B) manual stirring of resin in aqueous
solution. Manual stirring was performed intermittently to
the extent that the resin floated. (C) Transition from Na-
type to Ca-type.
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Fig.2 Static phantom scan
(A) arrangement as viewed from the foot side of the gantry. (B) imaging cross section.
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Fig.3 Flow phantom with a one-way inlet/outlet connected
to an automatic contrast agent injection system and
experimental procedure

This perfusion phantom was used to evaluate the reproducibility of the

time-intensity curve, followed by DCE-MRI contrast timing evaluation.

(A) Flow phantom. (B) Layout of experimental system. (C) Experimental

procedure.
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HAZImmO M O B L Table 1 List of parameters for the sequences used in each experiment
. (ROI) %3 L7, MRI SE TSE RESOLVE  turbo FLASH
B 350 A RSO field of view [mm] 128 X256 128 x256 128 x256 256 X 256
o matrix 128 X256 128 X 256 64 x128 256 X 256
WfRMEE L 7 4 v T 4 v number of slice 1 1 1 1
¥ Image] 1.52a (National slice thickness ~ [mm] 5 5 5 5
Institute of Health, TR (echo space) [ms] 10000 5000 4000 1000 (4)
) e TE [ms] 13.3 multiple 48 1.47
B_ethebda' MD, USA? 5% IR or SR [ms] multiple - - 200
LI 239 A= 2 —DREX fip angle [degree] 90and 180 90and 180 90 and 180 15
Table 1 =77 bandwidth [Hz/pixel] 130 130 890 780
average 1 1 1 1

FIGAEFTE 7 7 b &
T, 156N T 2 IR
MRZERRSR B S L 72, AR,
MRI % i 7l b 40 4 45
W (extracellular volume fraction:ECV) »3&Hr
GRS TEY 'Y, ECVIZMNsMEDEI4 # M
CHEE L, MM Lo N A~ —H—L L THER S
NT B, A ZRg O 2B, BIRERERH O
SAL L BIRNERO E/K e s 221 2 Sk L, iR A
F RN L 5 TEDAEL S 2 EDRES NS,

ECVZ, gz 5ai#OMks & ko Tl
OHF (RH) &, RIMLTHEOLNIC~N~ 2 Y v M
(Het) #HvT, kAL HHMTE 2.

tissue post Rtlssue pre

ECy (%) = 100(1 - HCt)( blood post Rtlood pre) (1)

-z .f Rtissue pre Riissue post, Ri)lood pre' R;ﬂood post B
TEROHIMIE, GER AR, RN, SRR MO
Riffi [ms'] TH 5.

TERANIREL & RAEOMIB D & £k 6 L7 IR RS
KOs, MEO2HEPHMBL, REY pre, HiRE
Zpostt LT (1) ZHCTECVERIILI. 4N
FIERICAHYS T 2 02 & T 7o, Hetld
okl

1.6.2 #ils - RIBEET 7> b ADADC

ADCO%HIZIE, b-factor # 0% £ 1¥1000 s/mm’
@2@@'%%Lfmﬁéhfﬁﬁﬁ%@%%ﬁﬁ
L, MRIZEZ XD ABSEM L. 203 4,

@@1%1,%;07—%7r&bv&w%ﬁﬁﬂ
L~ Fray b 2a—=F53F— A A=V ITH
% readout segmentation of long variable echo-
trains (RESOLVE) Z#RJHL 77"

1.5.3 g - &% 77V b LADREEE)
ZAHHH T O NICHE R O SEIGME O FE IR A B %
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SE, spin echo; TSE, turbo spin echo; RESOLVE, readout segmentation of long
variable echo-trains; FLASH, fast low angle shot; TR, repetition time; TE, echo time.

(rate of change : RC) s H L. PITICTEi%
Blio LI RCEMEZIURT 5.
Ty (each day) — Ty (day 0)

RC (%) = 100 x T (day 0) = (2)
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2. 27, Mg#lo 7 v b A Tiifiss ) — A %175
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EZiT- 1.

Sl(t) - Slbaseline

Sleorrection =
SIpeak - SIbaseline

22T, Sleomection (3HHIERD A1 7 2E8DIE 5, SI(1)
IR 2024510 2 1 7 BZEBOAE S, SThaseline (3 TEFEHI
FLER O 7 2Z3MOE, Slpeacld A E— 27 KD 7
7 LIMOEGFEET.

WS 5 R EE AR (time-intensity curve : TIC)
OFBIME® M 2 70012, BEZILA K & VIR
(REBRTIXEARGB 105 6 308) o ik T ik
(AUC) # 1#HHbE (ds=1) TS LTHILI &~
V) —AWE & ) = AMDOFIE (mean) & FEHE
7 (SD), % & O"ZBR% (CV =100 xSD/mean)
(%] ZHHLC.

1.5.5 5 LRA AV IE ERZRIRDENRE
R OMER 7 7 > b 212350 2 BIE 52 b —i
OFGIEZ, Mgt NaRIOBS D A 4 > i 7
Z LFETHERML 7. Mg#lh 6 NaBl~d 1 F 258,
WATYEA & RO T2 12 HEE (2000 mmol/L) @
HAbF M) v 2K % 150 mLaEBiE L 72, Na iy o
MgMI~DFFA A 281121, 100 mmol/Loiift~
7320 LK 150 mLBiE L 72, 245 O
32 N2 GERHI ABEA S 2 O Ti# 0.1 mL/s
TN L 72
FERCHI B ORRANRE R 2 5Hili 4 2 729012, BIRRO%
FREHZ LT O & 4 2 v 2 TEML 72,
OMg#7 7 v F 2D 1> ) —XHODHj
@MgHl7 7 v b 2DS5S ) —AHODHE
@Nall7 7> b 2Dl Y —AHODH
@ONa®l7 7 v b 2052 Y —XHOH
GNa®lh & Mgz FA 4 > 28 L etk

2. &5 R

2.1 #lE - RIFERET 7 ¥ b LADERRE
A% Table 2-4 12777, 7cday 012

¥} 5, TI=2000 ms D IR-SEM {%, TE=

100 ms D SEMWif%, ADC~ v 7% Fig.424%

T1085ms, Mg T990ms Tdh - 72. Gdili FH
Ti¥, Na®lT580-965ms, CaXlT441-761 ms,
Mg®IT 464-745 ms DHFPAZ IR L, EEANRE L Ry
fiti & ORNCHIEHBE Y R & te (Fig.5). £l
E O E NICECVIENa B T 43.1%, CaXilT
60.1%, MgBIT51.0% Th -~ 7. FHEFLETIX, Na
BT 819-1173 ms, CaZlT718-999 ms, MgBT
626-900 ms Th 12, Fi1cday 0 FEhtiL 72 3 mH
EDEI IR KT 2.69% Th - 72,

2.1.2 #H (day0) DT.fE

ARRFE T, NaZi T 395 ms, Ca®l T 317 ms,
Mg T 288 ms Tdh - 72, GARFAHTIX, NaZlT
230-345ms, CafiT170-270 ms, Mg T 159~
246 ms Th-12. FHEFAH T, NaXlT126-274 ms,
CafiT152-280 ms, MgfIT77-135ms Th - 1<.
123 MEDEENIIRAT4.12% Th - 72,

22 #8 (day 0) MADCE

KA T, NaXlT0.89x10° mm?/s, Ca
#T0.85x 107 mm?*/s, Mg# T1.00x10° mm?/s
Th ot GAW T T, Nafl T0.89-0.94x%
10”° mm?/s, Ca®T0.89-0.92x10° mm®/s, Mg
B T0.95-0.99x10° mm?*/s Tdh - fo. FERFHE T
¥, NaZlT0.59-0.87x10° mm?®/s, Ca®lT0.67~
0.87x107 mm?/s, Mg®IT0.61-0.86x10° mm*/s
Thote, FI3EWEDEHIHATS.51% TH-
7.

IR-SE SE ADC map
(TI =2000 ms) (TE = 100 ms)

Fig.4 MR images and region of interest (ROI) of a static
phantom with a mixture of resin and liquid

This static phantom was utilized to assess the Ti, T2, and ADC values
influenced by the type of resin, aqueous solution, and concentration.
T 5. The arrangement of each bottle, from left to right, includes only aqueous
solution, Na-type resin, Ca-type resin, and Mg-type resin. The top four

rows represent 30 wt% granulated sugar solution, 20 wt% granulated

211 #H (day0) DTE
KT T, Naflt1332ms, Calil

sugar solution, 10 wt% granulated sugar solution, and distilled water
(0 wt%), respectively. The bottom four rows consist of 0.125, 0.25, 0.5,
and 1 mmol/L Gd-DOTA aqueous solutions, respectively.
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Table 2 Ti values obtained in each experiment

T+ [ms] (RC)

aqueous Na-type Ca-type Mg-type Agar
distiled water day 0 2697 = 448 (0.0%) 1832+ 7.2 (0.0%) 1085+ 17.2 (0.0%) 990 = 16.8 (0.0%) 2438+ 62.6 (0.0%)
day 1 2680 £ 100.7 -(0.7%) 1333+ 137 (0.1%) 1070+ 27.0 -(1.4%) 1010+ 291 (2.0%) 2436+ 941 -(0.1%)
day 4 2741+ 46 (1.6%) 1323+ 65 -(0.6%) 1088+ 25 (0.3%) 1030+ 33 (4.0%) 2482+ 105 (1.8%)
day 10 2646 = 156 -(1.9%) 1330+ 9.2 -(0.1%) 1064 £ 7.0 —(1.9%) 957 = 59 -(3.4%) 2422+ 17.8 —(0.7%)
day 20 2655+ 50 -(1.6%) 1311+ 127 -(1.6%) 1052+ 7.4 —(3.0%) 944+ 73 -(47%) 2339+ 75 —(4.1%)
sugar_10 wt% day 0 2192 £ 347 (0.0%) 1173+ 22.4 (0.0%) 999 = 16.2  (0.0%) 900+ 7.3 (0.0%)
day 1 2200+ 97.4 (04%) 1213+ 63 (34%) 1011+ 37.9 (1.2%) 891+ 6.3 -(1.0%)
day 4 2258 £ 47 (2.8%) 1213+ 56 (34%) 1042+ 44 (4.4%) 891+ 7.3 -(1.0%)
day 10 2176 £ 102 -(0.8%) 1165+ 6.2 —(0.7%) 973+ 2.7 -(2.5%) 905 = 10.7  (0.5%)
day 20 2131+ 137 -(2.8%) 1123+ 82 -(4.3%) 970+ 7.0 -(2.8%) 890+ 2.0 -(1.1%)
20 wt% day 0 1708 =+ 26.4  (0.0%) 980 = 225 (0.0%) 852 = 15.8 (0.0%) 79+ 2.1 (0.0%)
day 1 1714+ 720 (0.3%) 1025+ 3.7 (4.6%) 859 = 23.9 (0.9%) 79% + 7.4  (0.1%)
day 4 1763+ 7.7 (2.6%) 958 = 6.8 -(2.2%) 874+ 1.8 (2.5%) 788+ 5.0 -(1.0%)
day 10 1683 + 0.4 -(1.5%) 989+ 6.8 (1.0%) 854 = 10.3 (0.3%) 834+ 65 (4.7%)
day 20 1662 + 7.7 -(3.3%) 943 = 4.8 -(3.8%) 825+ 3.7 -(3.1%) 803+ 85 (1.0%)
30 wt% day 0 1266 £ 13.2  (0.0%) 819 + 22.0 (0.0%) 718+ 2.8 (0.0%) 626 = 10.9 (0.0%)
day 1 1266 £ 47.5 (0.0%) 842 = 0.1 (2.9%) 716 = 4.0 -(0.3%) 633 £ 1.9 (1.1%)
day 4 1291 £ 0.8 (2.0%) 844 = 2.1  (3.0%) 717 £ 41 -(01%) 631 = 1.6 (0.9%)
day 10 1242+ 6.0 -(1.9%) 789+ 1.0 -(3.7%) 703+ 8.0 -(2.1%) 619+ 3.7 -(1.0%)
day 20 1225+ 6.8 -(3.2%) 788 £ 3.0 -(3.8%) 714+ 1.8 -(0.5%) 612+ 4.8 -(2.1%)
Gd_0.125 mol/L day 0 1118 = 121 (0.0%) 965 = 18.0 (0.0%) 761 £ 13.1  (0.0%) 745 £ 7.3 (0.0%)
day 1 1134 £ 22 (1.4%) 976 = 0.6  (1.1%) 748 + 1.8 -(1.7%) 761 = 6.6 (21%)
day 4 1133+ 34 (1.4%) 976 =+ 3.6 (1.1%) 751 1.9 -(1.3%) 765 = 3.4  (2.7%)
day 10 1110 £ 4.3 -(0.7%) 974 + 1.7 (1.0%) 790+ 58 (3.7%) 767 £ 58 (2.9%)
day 20 1112+ 4.8 -(0.5%) 967 £ 11.3  (0.2%) 781+ 7.4 (2.7%) 752 £ 1.7 (0.9%)
0.25 mol/L day O 704 = 9.4  (0.0%) 812+ 13.8 (0.0%) 603 =+ 11.8 (0.0%) 618+ 9.0 (0.0%)
day 1 724 £ 14 (2.8%) 822 £ 23 (1.3%) 595+ 9.6 -(1.4%) 620 = 17.9 (0.3%)
day 4 724 £ 1.7 (2.8%) 824 £ 1.9 (1.4%) 601 = 1.6 -(0.3%) 634+ 1.0 (2.6%)
day 10 698 = 2.2 -(0.9%) 808 + 1.5 -(0.5%) 592 + 1.0 -(1.8%) 590 = 3.4 -(4.6%)
day 20 711+ 59 (0.9%) 791 = 25 -(2.6%) 591 = 3.0 -(2.0%) 610 = 10.9 -(1.3%)
0.5 mol/L day O 386+ 62 (0.0%) 580+ 9.9 (0.0%) 441+ 57  (0.0%) 464 = 103 (0.0%)
day 1 395+ 05 (2.3%) 593+ 1.6 (2.3%) 444 = 29 (0.7%) 476 £ 1.7 (2.5%)
day 4 395+ 05 (2.2%) 595+ 1.4  (2.5%) 446+ 20 (1.1%) 476+ 19  (2.6%)
day 10 383+ 1.9 -(0.9%) 579 £ 2.4 -(0.1%) 433+ 2.4 -(1.8%) 446 £ 31 -(3.9%)
day 20 383 £ 3.4 -(0.8%) 560 £ 0.5 —(3.4%) 444 £ 1.8  (0.7%) 454 £ 1.2 -(21%)
T4, longitudinal relaxation time; RC, rate of change.
Table 3 T2 obtained in each experiment
T2 [ms] (RC)
agueous Na-type Ca-type Mg-type Agar
distiled water day 0 1682 = 22.6  (0.0%) 395 = 3.1 (0.0%) 317+ 0.6  (0.0%) 288+ 0.5  (0.0%) 83+ 1.2  (0.0%)
day 1 1650 = 19.6 -(1.9%) 389+ 29 -(1.7%) 314+ 2.0 -(0.8%) 288+ 0.6  (0.0%) 84+ 08 (0.7%)
day 4 1682 + 16.5  (0.0%) 387 = 1.7 -(2.1%) 318+ 0.3  (0.5%) 277 £ 0.3 -(3.5%) 79+ 05 -(4.6%)
day 10| 1694+ 99 (0.7%) 887+ 26 -(20%) 823+ 22 (21%) 282+ 12 -(1.9%) 79+ 07 -(4.4%)
day 20 1668 = 14.7 -(1.4%) 377+ 0.8 -(4.7%) 316+ 1.0 -(0.1%) 277 £ 09 -(3.6%) 80+ 04 -(42%)
sugar_10 wt% day 0 264 £ 5.2 (0.0%) 274 £ 3.2 (0.0%) 280t 7.8 (0.0%) 1365+ 1.3 (0.0%)
day 1 261+ 21 -(1.1%) 202 £ 3.7 -(26.5%) 250 £ 5.1 -(10.7%) 126 + 0.8 -(6.6%)
day 4 250+ 06 -(1.9%) 201 = 0.5 -(26.8%) 186 + 0.3 -(44.6%) 124 + 0.4 -(8.0%)
day 10 274 £ 16 (3.8%) 202 = 1.2 —(26.4%) 154 £ 0.6 -(44.9%) 124+ 11 -(8.2%)
day 20 275+ 36  (4.2%) 190 £ 0.1 -(30.6%) 143 + 0.8 -(48.7%) 120+ 0.0 -(11.2%)
20 wt% day 0 129+ 29  (0.0%) 167 £ 25  (0.0%) 212+ 7.0 (0.0%) 99+ 03  (0.0%)
day 1 180+ 1.5 (0.9%) 158 £ 1.6 -(5.5%) 189 £ 4.2 -(11.0%) 87 £ 1.0 -(11.6%)
day 4 128 £ 2.2 -(0.6%) 159 £ 0.7 -(5.1%) 117 £ 0.2 -(44.7%) 81 £ 0.4 -(17.8%)
day 10 130 £ 1.9 (0.8%) 158 £ 1.1 —(5.2%) 116+ 0.4 -(45.1%) 81+ 0.8 —(18.0%)
day 20 132+ 0.6  (2.9%) 183+ 0.1 -(8.6%) 106 £ 0.4 -(50.1%) 77+ 0.3 -(22.1%)
30 wt% day 0 77+ 15  (0.0%) 126 £ 25  (0.0%) 152+ 6.3  (0.0%) 77+ 041 (0.0%)
day 1 76+ 11 -(0.6%) 128+ 06 -(2.3%) 133 £ 3.4 -(12.6%) 77 £ 0.1 -(0.5%)
day 4 76+ 02 -(0.6%) 121+ 07 -(3.4%) 85+ 0.4 -(43.9%) 72+ 03 -(7.3%)
day 10 76+ 02 -(1.0%) 120 £ 0.4 -(4.6%) 85+ 0.4 -(44.0%) 69 £ 0.6 -(10.5%)
day 20 76+ 06 -(1.0%) 120+ 05 -(4.7%) 80+ 0.1 —(47.2%) 65 0.2 -(16.5%)
Gd_0.125 mol/L day 0 830 = 10.2  (0.0%) 345+ 26  (0.0%) 270+ 20  (0.0%) 246 = 0.7 (0.0%)
day 1 804 = 51 -(3.1%) 338+ 32 -(22%) 267 = 1.1 -(1.3%) 245+ 06 -(0.7%)
day 4 854 £ 1.1 (2.8%) 356+ 0.7 (3.2%) 269 + 08 -(0.7%) 244 + 08 -(1.0%)
day 10 825 £ 4.7 -(0.6%) 358+ 4.0 (3.6%) 288+ 0.5  (6.4%) 253 £ 1.4 (2.6%)
day 20 807 £ 1.4 -(2.8%) 342 = 0.4 -(0.8%) 284 = 0.1 (5.0%) 260 = 3.8  (5.4%)
0.25 mol/L day O 541 £ 44  (0.0%) 302+ 26  (0.0%) 219+ 16  (0.0%) 210+ 1.4 (0.0%)
day 1 528+ 4.0 -(2.3%) 295+ 31 -(2.4%) 216+ 05 -(1.2%) 210+ 1.7 (0.1%)
day 4 541+ 1.1 (0.1%) 301+ 04 -(0.4%) 213+ 02 -(29%) 217+ 08  (3.5%)
day 10 541 £ 1.1 (0.0%) 307 £ 6.3  (1.4%) 220+ 12  (0.3%) 217+ 07  (3.2%)
day 20 529+ 06 -(2.2%) 302+ 1.0 -(0.1%) 218+ 02 -(0.2%) 211+ 05  (0.3%)
0.5 mol/L day 0 304 £ 34  (0.0%) 230+ 26  (0.0%) 170+ 1.2 (0.0%) 159+ 1.8  (0.0%)
day 1 295+ 23 -(2.8%) 221+ 1.4 -(3.9%) 164 + 46 -(3.2%) 154+ 0.3 -(3.0%)
day 4 306+ 05  (0.8%) 232+ 03  (0.8%) 173+ 03  (1.6%) 162+ 05  (2.0%)
day 10 305+ 05  (0.4%) 231+ 15  (0.7%) 180+ 05  (5.7%) 162+ 07  (1.6%)
day 20 304+ 13  (0.2%) 225+ 4.0 -(2.0%) 176 £ 0.3  (3.8%) 154 £ 01 —(3.3%)

T, transverse relaxation time; RC, rate of change.
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Table 4 ADC values obtained in each experiment

ADC [ X 10° mm%s] (RC)
aqueous Na-type Ca-type Mg-type Agar
distiled water day 0 2.092 = 0.044 (0.0%) 0.885+0.020 (0.0%) 0.851 £0.004 (0.0%) 0.998 +£0.018  (0.0%) 1.901 £0.105 (0.0%)
day 1 2.014 = 0.022 -(3.7%) 0.859 +£0.009 -(2.9%) 0.838 +£0.006 -(1.5%) 1.014 £0.008 (1.6%) 1.850 £ 0.021 -(2.7%)
day 4 2.054 = 0.007 -(1.8%) 0.905 + 0.001 (2.2%) 0.858 +£0.000  (0.9%) 1.013 +0.001 (1.6%) 1.922 £0.000 (1.1%)
day 10| 2.060 £ 0.008 -(1.5%) 0.933 £0.005 (5.4%) 0.915+0.013 (7.5%) 1.030 £0.010 (3.2%) 1.949 £0.025 (2.5%)
day20| 1.979 £ 0.008 -(5.4%) 0.906 +0.005 (2.4%) 0.899 +£0.005 (5.6%) 1.024 £0.004 (2.5%) 1.858 +0.068 -(2.3%)

sugar_10 wt% day 0 1.704 £ 0.016 (0.0%) 0.869 £0.014  (0.0%) 0.874 £0.012  (0.0%) 0.864 £0.017  (0.0%)
aay 1 1.645 = 0.026 -(38.5%) 0.779 £0.012 -(10.4%) 0.821 £0.014 -(6.0%) 0.839 £0.009 -(2.9%)
day 4 1.734 £ 0.004 (1.8%) 0.761 £0.000 -(12.4%) 0.781 +0.000 -(10.6%) 0.848 £ 0.000 - (1.8%)
day 10| 1.667 £ 0.028 -(2.2%) 0.780 £0.011 -(10.2%) 0.780 £0.008 -(10.7%) 0.854 £0.020 -(1.1%)
day20| 1.601 £ 0.009 -(6.0%) 0.721 £0.009 -(17.0%) 0.711 £0.005 -(18.6%) 0.818 £0.013 -(5.3%)

20 wt% day 0 1.341 £ 0.011  (0.0%) 0.633 £0.024  (0.0%) 0.748 +0.011 (0.0%) 0.705 +£0.013  (0.0%)
aay 1 1.332 £ 0.009 -(0.7%) 0.596 £0.012 -(5.9%) 0.714 £0.010 -(4.6%) 0.672 £0.009 -(4.8%)
day 4 1.235 = 0.001 -(7.9%) 0.595 +0.000 -(6.0%) 0.671 +0.000 -(10.3%) 0.655 £ 0.000 —(7.1%)
day 10| 1.248 £ 0.025 -(6.9%) 0.600 +0.006 -(5.2%) 0.673 +£0.012 -(10.1%) 0.645 £ 0.013 -(8.5%)
day20| 1.234 £ 0.024 -(8.0%) 0.576£0.012 -(9.0%) 0.604 £0.009 -(19.3%) 0.631 +0.011 -(10.5%)

30 wt% day 0 0.989 + 0.021 (0.0%) 0.586 +£0.010  (0.0%) 0.674 £0.022  (0.0%) 0.613 +£0.010  (0.0%)
day 1 0.993 + 0.015 (0.4%) 0.524 £0.018 -(10.6%) 0.651 +=0.006 -(3.4%) 0.645 +0.026  (5.1%)
day 4 0.910 £ 0.000 -(8.0%) 0.512 £0.000 -(12.5%) 0.615+0.000 -(8.7%) 0.617 £0.000  (0.6%)
day 10| 0.908 £ 0.018 -(8.3%) 0.484 +0.027 -(17.4%) 0.608 +0.017 -(9.7%) 0.625 £ 0.004  (2.0%)
day20| 0.907 £ 0.044 -(8.4%) 0.470 £0.014 -(19.8%) 0.537 £0.019 -(20.4%) 0.591 +0.005 -(3.6%)

Gd_0.125 mol/L day O 2.046 £ 0.038 (0.0%) 0.938+£0.006 (0.0%) 0.907 =£0.015 (0.0%) 0.990 +0.008  (0.0%)
aay 1 1.981 £ 0.001 -(3.2%) 0.908 +0.002 -(3.2%) 0.875+0.006 -(3.6%) 0.993 +0.006  (0.3%)
aay 4 2.037 + 0.008 -(0.5%) 1.003 +£0.000 (6.9%) 0916 £0.000 (1.0%) 1.007 +£0.000  (1.7%)
(
(

K H

day 10| 2.041 £ 0.011 -(0.3%) 1.000 =+ 0.009 6.6%) 0.989 + 0.001 (9.1%) 1.054 £0.010  (6.5%)
day20| 1.977 £ 0.010 -(3.4%) 0.982 £ 0.008 4.7%) 0957 £0.012  (5.5%) 1.024 £0.015  (3.4%)

0.25 mol/L day 0 2.037 = 0.025 (0.0%) 0.920 +£0.013  (0.0%) 0.918 £ 0.011 (0.0%) 0.946 +0.012  (0.0%)
aay 1 1.968 = 0.010 -(3.4%) 0.898 £0.012 -(2.4%) 0919 £0.008 (0.1%) 0.939 £0.012 -(0.8%)
day 4 2.040 £ 0.001 (0.1%) 0.937 =+ 0.001 (1.8%) 0.995 £0.000 (8.4%) 0.960 +0.000  (1.4%)
day 10| 2.034 £ 0.014 -(0.1%) 1.007 £0.004  (9.5%) 1.001 £0.007  (9.0%) 1.034 + 0.021 (9.3%)
day20| 1.966 + 0.022 -(3.5%) 0.976 +£0.004 (6.0%) 0.967 + 0.011 (6.3%) 1.004 +£0.012  (6.1%)

0.5 mol/L day 0 1.966 = 0.035 (0.0%) 0.890 £0.016  (0.0%) 0.888 +0.008  (0.0%) 0.960 + 0.013  (0.0%)
aay 1 1.899 £ 0.009 -(3.4%) 0.887 £0.011 -(0.3%) 0.899 +£0.009 (1.2%) 0.945 £0.015 -(1.5%)
cay 4 1.999 £ 0.001  (1.7%) 0.924 + 0.001 (3.8%) 0.978 £0.000 (10.1%) 1.004 +0.000  (4.6%)
day 10| 1.989 £ 0.020 (1.1%) 0.976 £0.014 (9.7%) 0.952 £0.018 (7.2%) 0.984 + 0.021 (2.5%)
day20| 1.914 + 0.010 -(2.7%) 0.966 £0.014  (85%) 0.912+0.013 (2.7%) 0.972 £0.008 (1.3%)

ADC, apparent diffusion coefficient; RC, rate of change.
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Fig.5 Relationship between contrast medium concentration and relaxation rate (R = 1/T4)

The vertical axis is the R+ value, the reciprocal of the T+ value obtained with the static phantom, and the horizontal axis is the
contrast agent concentration. (A) aqueous solution only, (B) Na-type resin part, (C) Ca-type resin part, and (D) Mg-type resin
part. All results show a linear correlation, and the simulated extracellular volume fraction (ECV) can be calculated from the
local concentration of Gd. The ECVs obtained from linear regression were 43.1%, 60.1%, and 51.0% for Na-, Ca-, and Mg-
type resins, respectively.
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(A) Gd 1 mmol/L (10 ml ) + Gd 0 mmol/L ( 20mL )
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Fig.6 Confirmation of phantom operation in DCE-MRI

Using turbo fast low angle shot (FLASH), the phantom was tested with a 60-second scan time. The images
are phantom-centered slices of each phase obtained according to each scan timing.
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Fig.7 Column cross-sectional signal change due to automatic injection

of contrast agent

Aqueous solution was injected in two stages by an automated injector: 10 mL of
granulated sugar solution with high contrast agent concentration was injected in
the first stage, followed by 20 mL of granulated sugar solution with low contrast
agent concentration in the second stage. Left: 1.0 - 0 mmol/L in the first-stage

- second-stage, right: 1.0 - 0.25 mmol/L. The same cross section was scanned
every second for a total of 60 seconds by turbo FLASH.
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N 1 PIERS Y, TVMEPEMIES. FRC Mg2+li
Tl A THY, KFREDOLENCa* LY S
COBEMEES RS EL, e RERY, fREL
TTHED R s It t £Exons >,

% 72 T A3 PRI O STk > > 1L L 7e B
ELTIE, AV =R A C Y EJPHREE L O
IANVEF-BEN L > THEUS 2 ECERT . R
BHETH 5 2AF v OJHPRERSE S, AR & L
ISR B PR LICEEZ OGNS,

@GdiETeH

day 0D T fi1% 441-965 ms TH Y, MgM<Ca Xl
<NaBlThote IR R EREAIRE L
BRI AR 2R LT, 2D Eh s, BHEOIAL
PR Gd 3R OREANRER R R b > 72 L F 2
Lis. 0.5 mmol/LOGAE T, Calln Mghl L
YNSCTHERRLICH, HIBEEROM S »Calo
FHPRECIEDNL, CORMPERZYTHL EVRD.

WE S NITECV X 42-65% DFEPAZ 534 L, NaZl
BT O NIk 43% D ECV I, IS * i
% 40% DZEFRE UL L T T, 708l A A o R
JECRFE» K E {, B L ) EKEP EATS
OSSR L b=, IRLORE,S, K
FERTHONICECVIE —EDZERFEL ML TV 5
LEZOND. s, L% EO—ONEE TR
KECVIZ30% L TFTha Lans 'O kil
77 v b ATHEREMLICECY 2155 122X, 42
TGO 2 BROBGET VB LETH 5.

A @ 23 (1175)

06



$ ﬂﬁ' Arts and Sciences

€Y 31T

day 0D T3 626-1173 ms TH Y, MgH< Ca
B<NaBlThote, ZORREP»L, ZOREHMO
B EH 1A TS, THEOIEMIZ b LT
O, Tiary b7 A MHRSEERGZ L0 L 2HERAL
2.

3.1.2 T.fE
AR T

day 0D Tfli%288-395 ms T, MgM< Cakfl<
NaBlDNHE e~ 7c. Z ORI, TS 1 DAL
WEPZILLDOTHY, BRULFHERLEEZLONS.
L2 L, TP EREBIL 72— T, T2 Al gk
22 LY HBmED Lo, COMBELT,
BHED A o & 2 MRV EAHIER L DM T2D, Ko+
DOFEBH I HIR S N A5 b HHED IR
{, AV V=R UMEAERC X 2 8H105 55 (2 A
ENLh oI EELLNS.

@ GdiFeH

day 0D T A#IX159-345 ms T, MgHI<Ca#i<
NafiTh o7z, ZORRS, TARDBIIEOIEASRE
AT, GA3EEAIC & 2 3R B s R o
BZURIECI-THNATE L EZ 2.

€Y 31T

day 0D ToA#IZ77-280 ms TH H, MgHI< Na#!
SCallONEL e o 12, o LT 2 L, 2O
ty 7y BT 2HHOTAEORERIFERIY T
bHote. ZOFRKRIZOCTIE, RIFEBOKEY ZRE
LD OH%IRT 5.

3.2 ADC{#
AR TS

day 00 ADCH#(30.85-1.00x 107 mm?®/s D
FATHY, CaBl<NaBi<MgIThH-7. ZDIHIE
day 20 ¥ T—H L THERES 7c.

77 v b hDZERU, BRI GRIKE) OSIL L
PR DMLY SRR S Mo, ABFZETIE, THigEBRO
RIS, KA 4 VRBROERKIAY 4 X% —%E £
LTk 7. 2, Ziilif A4 B TIEAMIFLNGE L)
% OREGISALTIDEL DD, MILNTEIND
ZUEVER (Fig.1C) (=X 20T 2Lt 2 2 b
T, BV=—A v b7 —2»BFIRIEF LoD, £k
DIk L DGO RN 2R THL EEZ G

24 (1176) & HARZHBEHSLIMZEE 2025. vol.72 no.877

5. ZORR, CalITRBIEA Y F 7 —212 L B
T & > THIFLNDO KRG T OB & »HIR S 1, b
ADCEMMEL oo 7c 2 EAURIBS A, —TJ, Mg
KRS Ca? L ) bV Zhic iy
FFLAI AT S 3A Z ISR DO B & DO HIBE AL LR S
N, ADClid' @Mz RLICEZEZONS. ZD&
I, A VBIDFECIZL 5 ADCIHOZENE, FIC
BINRHIALIN T DK ORISR RR T 2 1Y, %
ICBHIRD ADCAEAY A 4 BN U g A 4 v 30
KBS ARRROMEEIC X > TEBT5 2 LI, #Eo
WETERENTV2Y

% TSR O A LR S 45 0 5 ADCAE O STk >
LT 5 b, WS o R REEN LN, O
R, JUEESWOMER AL ICHEODTH
Y, BGEVEL GG, RY~—F v T =27 DiE
WX DR DRSO NSRS D 5.

@Gd7EE

day 00 ADCH# 120.89-0.99x10° mm?/s ® #{
FTHY, CalI<NaBI<MgMTh 7. Gdiiig
AT H 5 720, KEFWORMEIIR S LB T I
T2 ne. ootk X 2 ADCHEOKIE
REARIGAE U, ARSI O FEARGFE H 3R S
NBLEZLND. 12IEL, AR EZ b AT
%729, MR & 2 FHIMEA ZERK TSI & 524 —3
THI L.

@R T

day 00 ADCH# 120.59-0.87 x 10° mm?/s ® i
PTHY, Nai<MgM<CaiTho7. 2L,
Tl L FEARIZCallldiik & ADCHRES KB EV D
FREPCHERP/R LI, 2O DO TIIRREE)
P TRIR T 5.

3.3 filfls - RIKRES T 7V FADRKZEE
3.31 Ti&E

FEKER O D O, TIEORRFEE) L T
i ADCEi L BT 2 LS, IRKDOERNIHAY
KIEHEDO Mg T—4.7% Th -1, —hT, 2wth%E
K772+ 2E—-4.1%DEE %R L7, [FW—H I FE
L 7c 3 E O ZERELE, BHR - kR E 7 7 > b
L, ER7 72 P AP 1SN RETHY, i
LREETHE, TIHORILEHIER 7 7 P oL
FIMETHL EELD.

BT 36 17 2 R B 25/ S 20 o FCHENE, Th



SHLERIY M5 MREEEYR— M 31— Y—NRY VA XARGERMRIZ 7Y R4

HIE T ANF—ZEL Trt Al Lo THRES NS
EHBTOND. BEGTOBIROPIEE X 703 s D
CIIUAAEL TV T b, WIERN THRRERO 5 s a’
BIE—EThhuE, HTHOZ ANV —BEH) 7t 2
WHEEERT—HL TV 2700, KEREHHIAECE
W EHESET .

3.32 T.E

BB FEH 2 B> 7O - ARG Y 7 v b 20K
DTAEESNE, GAWFAHE (0.125 mmol/L) O Call
TO6A4NTho1c. —F, BRT 7V P 2i3—4.6%0D
ZR LI F—HICFEH U 72 3 G O L BRE
BHR1% THY, ER7 7 v b2, MEHOZE
LT ES LD LR EET 2 LENDH 5.

UKL, BEETCHITIZ AT OB 4 4 o5&
Bl T T IO W LR AB » BIgE L 2. Z OfER
X, BRSO 22, 4 A4 RO b4,
¥ & CHHE ORISR RELE VG- L TV 5. &Rk
Bl L OREEEINE Mg RI< NaBI< Ca®iTh Y, &
D LT S 3Rk L AN O EIRED H Tk s
ﬂé 30>'

NaBI T, & TORRIRE ISV T, day 025
day 1220 TRMA T EOK T B RO e, %
DB IR LT, OSSO, Bk LY
BRI EE L, RN ST 2 iR R L
72, 10 Wt BHE T T EOIK T2 BHFE TH - 12D,
FERIGIZ NaBZ o0 Tlie b R A L T O RRIGREE ©
hotet#Zxr2 5.

Calill3Z2BRHRA R b KRS —h T, 244 4
AHOBMOLEMEIER I X 25E 72 R Y) < — O HE
T, PIERORREE BN L EL OND. Ly
L, WREROREEE L& TR NEISIREL, day 4
FTCUTAEAPRE AT LIS, O A, B
CARFE L 2 B E LT, AVEC CaBaThE L O
fFEeFClEPHOILE, Ca¥ L 2T = o —Hs
FRAERC) T B 5 FAEOFAEA IS L T 2 W Rgtk2S
H5b. CaliTix, Ca’ JHHOKAKE RO L Fr
Foovdk (OH) L ORMAMAEL 2. 2ol
PEAHIZ & - TIF 6 12 0 L ORSGREI NS, Mo A
FUROBEUETH 2. ik, day 4% T
HEORBENIZIZRE T LICEZZ 6N,

MgRUL, AREMIHE L OREARED DG, LaL,
ZERRRICG L TWH S D EREBELTUVL . IODTAH
OEFPMOBNE L D & B/ S <, B2 Ly
TENZOBWSTVDBEELD.

CTNOYAETY, day 0230 2@ HHNOZEH)
RS CEAZRLIC E G, HHETCE TR
ENRCERE» CAL, BESFOCBIIET 1R,
BUBBET4HMEED 7 7~ b 2 @M 2 ET 2
EwRgs . 2 OBROEEIIHEES»TDH
b, [F—HEHNOEBEIMINE L 55, s TT:
aAYbFAN 77 bPAELTHIAIT 2 E, 2no
DEBZERBIZANLUERD 5.

3.3.3 ADC{&

ADC OFFRED) & TMAB)ZER A, EPIS—
r U ABHEOVTART —F 7 7 7 b, RS
X RIRBIOEE L ESHERRIETEELON
5. FEFERD O, KBRS ER Y 7 P ok
b, BHE - IARAE 7 7 v b 2 ORKFEBIO ) A3
BRE <, FFC, B TRHETHL L2
L TH L LENDHL. 11U, 4-5SHRREREL
Ty, A—EHNOEB»KE L 72 218G 15T
5. FICADCHEMVERET LML LA L. Ui, #
EAKBT TRIEZESNTUR VD, 772 AL
Y P B CEFHES BN & 2 IRE)C & - TR
BIIRD BT REES H S ICH T H 5.

AWFZETIX ADCIHO F 2 MGEAT > TH 6 T,
A G RWRE 7 7> b 5 E L TOADCEILD A
AL WECHAT S 2B E STV L.,
DRUIZDVTRE L LMV RLETHY, 5HOR
LT 5.

3.4 FRERHMREBRMEDAE

DCE-MRI 5% T £+ 7RIS 5 il (TIC) & 4128
H L 7cllii T (AUC) OZEIRENL, > ) — XN
TAR2.09%, &) —ATFHHT1.64%L T ERD,
I B BIE 52 LO BB ZR LI 2O
BPMOTEWE, ARy L ORI EL TF
BT 5.

ARV IERCERREPAL, BWKEOE DT
300% B2 5 2 Ed s, Wang b 3Bk A ©
VIR VIBREEDICD DR — X TNVEER T 7~ b &
OREEFCHM -t v — 2 ARV SRMEHL, ARV
PRI A TR L L TH->Tvic, La»L, AK
¥ P NERO K IR REBY 1Y% L B BIR O Z B
B ARIE L TH Y, FRCJELER T3 2B %233
BCRZTe 5. Z DI ARy P guER b ELE TR
RSB IEPBIEINTVS, ARV Y
SIEBINMPECENER 2GSRI LLTL, Ih

¥ 4 @ 25 (1177)
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X D BERIROEE AL L, 55 ORI ERE
PHZLWRENES DS, &SI AR PNERICIIFT S
1% Y DEILHY% {FEFEL, Cho 5°Y ORFZETRE
NIGEY, ARV OB OB AT S 2 L
23, BHALRRIFIZ L 5 TTAER ADCIEDZE B ZH (<
LY#s.

XL, GREREERG A A 2 3CHIR (X ZEBRER AV
$, TAE S 200-1000 g/ fi & HERE < 221 L iC
(e zoreolliET 7 v b METHARAY
S I L ISR O e T, 2 7oiliRER ik
MWOZILA R L TV 270, HAVESTHHI—
BHAPHHRENPRT V. CROOERIZL Y, &
H BB EARR 2 O IAREREA LS LT & REFLIE
ERons tELD.

3.5 AT LAA AR EERATEDEIIRE
GdIEAIA Y PR O MR - K TR S e
TR DRAIRE R, W72 TEVEC T Lh o T
AU, BAAVOWEN T ERRLTVS, &
RW—5 5 LN THEA ;Y RBBITONIET,
IR I -2 AF TN (RS AESD AT s QU )1
77 v b A3REREOHMHPTRETDH 2 2 &2
mani.

3.6 TRERMRRT A IGEIEZRWN T 7Y RAD
FlF

SRIVERS A 4 v 2SR X, DL T OB A & DCE-
MRIVHUD2Tiav b 5A 77> bt LTOR
JACBEL TV EER D,

29 OTMECHEL TERBREEEE»/RS L, F)
H»6—ZMicbico TLELIMENHET
H B, RWEGE T 1210-30 wiooSE i o T fili 1%
1225-2253ms Th Y, Z OFERHIZMED T fliH &
355 THERRERIER A A4 o s IR ST 5
LT, TiiE612-1213 ms £ 72 Y, 3.0T 52
o7 % I, - W - O 7S £ O IE R AR Skl 2t 2
ECESE OB,

3RO 50 TR TED £ IR T
HY, MHEOROTICEMET TOWE KD 6
. A F USSR ALIERN R & L5103 E TR
OB CEN TR Y, BIRRE OIS AR L 1387
%5300, kT AIEESIEFICRTFTDH
L. ZOFMERIEHT A LT, mEAHBEARY
L, AR - GAIREE - BIEARZHIET 2 2
Litdky, 2w oBBEORCTIC S 2 — v D

26 (1178) & HAZHMSHEIIZE 2025. vol.72 no.877

WEPEHTH S, UL, BRI 2 EER T
ilise, el 8o A — 4 —DFMPEMRGE 35\ THEA
ThHo. MA THEEMER A A > ZCHUstiIR O 22Bsix A
K770 b3 10 SRR, 4 A4 v
RO & » THRAEF O FTIEN S AT 2
. ZRICEY, T v AOBFIEE P2
T, B TR 2 R JErE AR 0 2 S e
FEDHREL Y, BERETSA vy MR EEL
Pk XRGRMET S 2 LV IHIFED DB,

EHIZ—EDHIRIXDH 25, TAHLBERIEL LT
FHWRETH 2. BN ZHEEC ST, "7y X 2E
BT UL TR 77-280 ms DHPHCHY K5 2 LA
WHETH 5. STHRITIR & 412 Wl SRR 25 o) 1E 4 il 2 >
LAETORESR SN2 DD, MS Ahmad 6 *
O 7 7 > F & (ToAE=#200 ms) & LB L 728
A, P20 Wt R L IcMgi 7 7 > b &g, &
D ARSI C T 2R L, TRHERZPE I Y o
WO HEHTH L. 7272, OB, F—lE
HiZd 1 2 ToHAE) (k5%) SRHET 2 0END
5.

[k, ADCES ZEEL L THHWEETDH 5.
ARED 7 7~ b 22k 5 ADCHEIZX0.59-0.87
x10°mm?%Y/sTd Y, RADC % iR T & M E D9
L3P OREELTRETH 575, b0 b —EDLH »
LT HLEND .

s, SREEMERG A A SRy, B b T A
77 M ACHREL THHT 254, EROEXR
(Agar) 77 ¥ b2 DK 7 7~ b 20 LR L
T, WBOBMEZRT 2 L, BRREe L
T, AT PET 2 2 Lz, AHKE
W T 244, T A ADCIEOZELIZ—ED
R 2 B 2 mizdif o s, ZoreoREEc b
LEBIZEANE THoH. ZOREWE, 44>
L L OBAMEERL Ty 3 2 EBARFZRIC L YR
BINTHY, FTHKEEREREDIMETE T2 2L
TUFBRSELIZOVTIE, SHROPETDH 5.

3.7 HIRREE

ARWFZE T IIRRHENY 72 S AUGEE O BIIR 2 L 7C
P, W B BUEE OB X A MGESLETH . 4L
WEEORL 2 BROI 2 BfE T2 L E 77 b &
VERE 2 IEREC ST 2 7 ICHEThH 5. 1L
RERA A MBOKC3EHOATH Y, oA
F T ABEREFERL ToRe, fliagrvi=
T LA F R b v VA A VI E, Ok A A



SHLERIY M5 MREEEYR— M 31— Y—NRY VA XARGERMRIZ 7Y R4

VRO EDOEYE OV T S RIS LETH 5.
& O AR T ISR ORETE 2 M S I L 7o b
T, ERROEG 2 BT 2 70 (CHMECRLE S
NI LHABDEIYE, 4 4 v SR
KALRRFCIEM Td 2 I AT H 5.

VI EOMENERET 5 b DD, ARWFFEDOHRE TR
7 7 v b L OMBIIEM 2 #IRT 5 BT, FHLIES
PRMT2LEZOND.

4. #& A

ARWFFETIX, SRIEVERS A A > A3t 2 i 7o g -
WANEAMRIZ 7 > b 2 O8Iz TIRA LS. A
7 VAR S BHIROREEZAL b FER OBl
X 5T, LT HHE Tfixs X FADC#1E5 2k
WRETH o 12 H—lEHHNOZBIIC TR /NE
W7, HlE H T RTEERIC & o TR TLfEICR S
REBRRERL . TUEOZ BN FEHH O - b
LIRS K, BIEERD Ry IR AIRE & ARG 7 B
fRER LI

INLORRELY, RERMER A A iR, £
CTiary P AMHT 72 AL LTIUNLE R %
Wi T 3 2524 L, DCE-MRIH ORI &
L CRIHWRE T d 5. % 1R 70 B T U, IS %0 1E
HHERD TESL ADCH OB EMELE LTI/ 2 L 7]
BETH 5. AWFETHE S NIGHERE, SHBOEMT »
YN IERC BT BRI B 0155,

AlEEYIE)

SIHEH B L OHEH B PR T S I
TEIX 7w,

ROFHA

Table 1
Table 2
Table 3
Table 4

BERERTERSNIY—TVAD/INTX—F—UR K
BEBRCTHONIENT 7Y bADTE
BRBTHRONIENT 7Y FADTAE
BRERTHONIEHNT 7> LADADC

E DEEA

Fig.1

Fig.2

Fig.3

Fig.4

Fig.5

Fig.6

Fig.7

T7V NAERFIE

(A) B1EFIE

(B) ABERPOEIEDFENEH

(C) NaBhoCaBiNdiiT
BT 7Y RARF vy

(A) AVRI—DRANSRICEE

(B) imEMIHER
EFAEEEARBICERSN/ c—ARDOEADOZ
BO7O—J7Y R AEEERFIE
COERT 7V NLAERAWT, BREREHRROBFRE
EDCE-MRIDEF YA I U =T i LTz,

(A) Z7O—T 7YV KA

(B) ERIRATLDLAT I

(C) EBRFIE
Bl RAZRE LIcE#NT 7> FAOMRE R & B
iRE (RO

COENT 7Y NAZERBWT, BilEDELE KARD
B, BEICLDT:, T., BKUADCOFEZHEmL
fo. ERBNUVORE(E, ENSKBERDH, Naflis
B, Cafifiifis, MgBEBIlETH o7z, L4dllFZznz
N30 Wt%T 52— HEKBR, 20 Wt%T 5 =1—1&
ABR, 10 wt% T T Z 2 —1EKER, ZEK (0 wt%)
THolc. T4HTIEFENZNO.125, 0.25, 0.5 mmol/
LDGA-DOTAKBR CTH o7z
ERAIREEEER (R) OBEF
fieEnIIERN T 7> R ATEONICTEDHEE TH DA
B8, BHWIELAIRETHD. (A)KBRDH, (B)
NaZU5igEB, (C) CaRlisihgEs, (D) MgRUistAeEs.
WINOBREERNAEREZRL, GIDREMEE
N ORI AMATEE (ECV) ZEBHI D &N TS
3. WREEIRHHESNIECVIE, Na-B, Ca-Z,
Mg-BURtE CTZENEN43.1%, 60.1%, 51.0%TH>
DCE-MRIICHFBT 7> SLADENMERERR
Turbo fast low angle shot (FLASH) ZFL), 60
DAFVYIIANLTI 7Y RADT AN ZITo/z. B
FEAFPUIIIVTCEDBONIEEDT 7V
LIRS RATHD.
ERAIBEEAICKD NS LAMEESZEL
EEAZEDT I 21— BAKARE2EBEEALRL
EEAREOEWI S 21— EKAERIO MLZz1BE
I, EEAREDENT S 1—EKAR20 mLZ2
BEBISEALL. A 1BBE-28E7T1.0-0 mmol/L,
4 :1.0-0.25 mmol/L. EUKE%=turbo FLASHT
1M EC60BERFr UL

(A), B) MB!I T 7V RAICHIFDY) —X1ALLER

(©), (D) MgBT 7Y RAICHBIFD ) —XFE D

Jadan
(B), (F) NaB7 7V hAILHIFDYY—-X1ALEK
@), H) NaB 77V hAICHIFBYY—-XFEH/ED
53

4l ¢ 27 (1179)
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