B S ERHEE (NSF) © H P Y =T L@ERANCK %
B L ORIER

i E B

EISZIEBREI £ v 7 — SRR

T L &I

RV AGERANL S — FEEANCEEANT
BT VIV —UED 5 <, HERIE 4
HORWEKATHH EEZ LN TE/z. B
B HBEAMED EE D RHEIC L D BEREREE RS
{2\ T CTA (computed tomography angio-
graphy) OfbDICHWSHN/-D, DSA (digi-
tal subtraction angiography) IZ¥5( %5 3 —F
EEAMRAMmE L THYWLN/ZD L TE/. L
D Ul & B R R 3 1 30 B B D s
bx Xtk & T 2REBOFERE L THF YT L
BERDEELBREN TR ThBH T EAHG
M > T& 7. KEHEIL Cowper HIT LD
Scleromyxoedema-like cutaneous diseases in
renal-dialysis patients & L “C 2000 £ DT
ARITEM RIS IR E S NY. 2O TR
OIEGIE 1997 4F &L S hTWw%b. ZO#H NFD
(nephrogenic fibrosing dermopathy : B MEHEHE
TEREE) &M Nh, FIRFNC B\ THRHE
AL BE O A 7% &3 HERGE, Bl O, Bk
DEBEHmICB LS ERRF N, NSF
(nephrogenic systemic fibrosis : B4 4= B MR
HERE) WD IERRARIBE I N2, BRI
NSF A —fmy7a ¥ fi & 7o > T 5.

NSF 3 HIEFEEERE, FICENBHICE
W OIERR R R R CaME e\ LA MEIC R

FEL, AT 5 & OB Z AUt > B
DifEE A L CREOH RERRREIICHS. Bl
FEGITIIFEET A LB s EOMELD 5.
REITTEAESHTHY, Tk, L, (g
WAL, BREITE £\, bR L7z Cowper
LOEICH 5 & DI, BEFMEO R EHLE
FOENPRLEETH S, HEBEIIRE4E
BIC K%, WEOFMFIBHAETH D, KF
DRI ST A, BICHRICETH X
505,

NSF D&% & RiEHF

1. BREEEORE S

NSF O FAE T BB EH & BHEICBHEL Tv
%. BHEEET GFR w3 ICpHI T
% (FLD. BEETICHRE SN/IEAIZ T
THREEL FOBREZH L T\ (EF X/
HREBRREEELET ISV, ZOHRTIE
LA EDEFITBEARRIC L D ENFE/CTEE
BEEYHL Tz, —F, 2B R4 H)
DL WO T 1 [EOJRIE TEBEEE & i T =
. PEEEEECTL NSF BEMLRD 5
75, Sadowski D5 Tl 8 70 M ik & &
(proinflammatory events) & Z&MBR& % &
PFL CTu7z®.
2. 4B = AGEAIORS S

*—rJ— K MRI, NSF, gadolinium, side effect, fibrosis
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x 1. BHEIHR (chronic kidney disease : CKD) O
A 4y 30

HIER GFR T
(ZF—3)  (ml/5/1.73 m?) IR
1 =90 1 1F IE % o GFR
%R A
2 60-89 % i & GFR X F
%R B
3 30-59 2 JiE ) GFR (&
TR 5B EE
4 15-29 % & o GFR K F
%R B
5 <15 B4

[GFR oW ) B#mEDIEE & L T GFR (glom-
erular filtration rate : SRER(AJE®ME) HHVONS
B, INEEECHSORFRERZ 225, 2 2 Tl
RWIZiZ 7 V7 F =707 5 A5 GFR O
fEEL CTHWSENED, ZVTFZU/7ITS5VA
LERBEMEOFHE B 15D T, IHICHEL T
ME 7 V7 F Ul BHETE L 72 d D7 eGFR (es-
timated GFR : % GFR) Th v, K5 OEKR
kL eGFR # VW TW5. eGFR O ERIC LA
EPNL OB BEN, HRATESHLLENTWAEE
FETHEIN/IME 7 VT F oVl T DEEH

%213 ET MDRD i 5 5% F v 5 DA% 0360,
eGFR I3 L 2 & LICEHE S, R—or b
TFUMETHERE EBICE L, BT L
DHEN. Z U T F /AN D eGFR %R D 5720
OEPARFEFE,HH I TWED. BFER
TIHBEHEORE L L CTeGFRZAHWOHN 52,
eGFR X513 TH D, GFR D272\ H &I
W EBZIHEBINTHAD.

NSF i3 4#E R AR & Sz, 2006 4F 1
AICH P U =y A8 & ORfR A RBE T 5
EHEODB - TLSRFERROH & 2N HH KN T,
NSF ORFEICH FU =T ADBEEL TWAC
FIEHEEWEZWEEZLND LD 7.
NSF JEFI O %7 © Gadolinium 23 H S 17z
EVOSHELDHHOW. HEINIFTNTO
FEGITH U = ARG OBEE PR S
N7 CTlda v, ZOHRICITBEDBERES
REL GEEAE-> EDLEWEERS, A F
oo LAERREGER 6 P AL EREEL 2D

DI HadbaEhns. —J, &fT
HF Vo MERRBRS SN T &3 53
HIEEL <, REDFEHID 90% LL LT FEIER]
B AUNICH F U = D&l 5 s h T
W5 kS THh B2~ FDA (U.S. Food
and Drug Administration) & % E MHRA (Med-
icines and Healthcare products Regulatory
Agency) 1377 F U= LERANC k% NSF %
fiE O fE Btk % 58 < F2 6 Tk D118, ESUR
(European Society of Urogenital Radlology)
D TIZ NSF %) F U = A& ANC K5
LERMOMMEAIL L ERL TWAT. H
REFZBSHFE B LU HARBESISBESAT
4 T FDA ¥ - U MHRA O#E ORISR
LI T\W518),

NSF A7 F U =0 AEHANC L - Thl &g
B ETNE, TR LEERORTE
BHIAHFI & OFNE WHRIEIC L 5. BRHIO
NSF fEFIE 1997 4 CKkE) &3 TWBDIC
st C, KETi: Magnevist®/® 1988 4£ 1. 1,
Prohance®7s 1992 4£ . ¥, Omniscan®72 1993
FERLDRFTINTWEY., L+ 5L, D LKH
ENBLEDICRZL., TTTEELAZVOIR
NSF % FHE L 7fEFIDO S5 B, &% MRA D7
OITH F U= ARl % KEMHH S N7 E
FAPKFrHEDAT EThHS. & MRA D
1994 OFHXIITIEH. FOHEPOLH F U =

LEFHORBEHERAPIEE > Tz & ﬁ’?h
@,w%i’ﬁ@®$%# RO BHNT=D
E%kﬁz%.%ﬁ@ﬁ%@ﬁkgi%ﬁQO
Ed bz TE (zo—KR) #%EMEL, TEOD
fafEiE S/IN (FoMEL) PS4, FE
ICEANC L5 Te MR RETHO B LIC &
D RKEGEFEROBIG AL TEEBbh
5.

3. ARV LEFKI O L & 5& L

BAEENTHEHAINTWDH P2 L5858
Flid 4 B HH (F2), WHIC LD NSF O

2008 4% 2 H 26 HZ M

BIMIEE RS T565-8565 KPR HMIREA & 5-7-1 ENIEBREH LV X — B2 (IHE
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% 2. [N CHEES T B F U = AGEAI DM (LA 2 995

— % 4 Gadodiamide Gadopentate dimeglumine Gadoteridol ~ Gadoterate meglumine
k= Gd-DTPA-BMA Gd-DTPA Gd-HP-DO3A Gd-DOTA
BUFI4, FLZAF % X7 HRE AR A=VANS R RXAT—T
Mo stk =4k AT )7 -4 FIVE
R linear nonionic linear ionic cyclic nonionic cyclic ionic
BEEFL— 12 0.4 0.2 0
(mg/ml)
B RTE TR 16.9 22.1 23.8 25.8
(log K)
FAERE I Y% b 5 LD Ths. FDA BERMEEIL09% TH-7/2. FUX—IT

@ MedWatch D& Tid 2007 £ 1 AKF 5T
i 85 il T gadodiamide (Omniscan®) 73, 21
#l ¢ gadopentate dimeglumine (Magnevist®)

78, 6 ffl T gadoversetamide (Optimark®, [
HERFETE) PRG-I N T2 ZOREFI

B L TO L PMAFII R TH 5. Med-
Watch (3 B#ICE Bl & & 5t L 72 D T,

LW O IEME S OFHli-L LR I i S T
W, WL AR CKE T Magnevist > Om-
niscan > Prohance. HATH KR bEET 5
¢ gadodiamide DBHE NP RH L TEHWI &2
5N THS. D gadoteridol (Prohance®)
DOKEREHESHOFIED 1 FldRE S .

Gadoterate meglumine ¥ 5- % D RIEIT S D &
CHHESNTOZRWA, SRLAEL RV
SBRGEE LD T, BIEMEERPLETH
5.
BEIZOWT, RKEDOKEICK T HPF%ET
1%, BHHOHEEIC gadodiamide & 5- L 7=
301 MOFEREZRIT 4% (12 #) THH, 0.1
mmol/kg B 58 (n=94) TERIEL S, 0.2
mmol/kg (n=207) TI12 GIFREL /2%, il
KEOKZICBIT AT, 1EMBKC
gadodiamide % # 5 X 117z GFR <30 ¢ 393 #i

F16 il (1.5%) T NSF % RHAE L 729. Mayo
Clinic OHEH T A F U =7 L&A (Omnis-

can @ |F 7 IC Magnevist, Prohance & & &
%) BH5#%OFEN BEE O NSF HBiEIR 1.0%,
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{3 2006 4= 5 7 & TICEIEBE R4 HEEIC gado-
diamide $ 5-#£12 20 Fl> NSF 3 F4E L 729,
T V< —27 Tid 2002 4 1 A LIk 400 #lOESE
BEremE EEEZ &) IC gadodiamide
DEEEINTH5 EH#fEE SN, HEERN2EBSE
@ gadodiamide # 5-% & NSF FfiE & (3 20/
400=5% L 72 %920, HHNTIT & & & - 7oiE
X7\ 25, 1 #lid gadodiamide $5-#% = NSF
B RAE L 7 & & DR IIRGT b S TilE &
n?, A3 10 IREI P REIN TS, EH
DFFERE V72 WREO—DIFRCKIC AT
HEVKEHEFINTORWI LICHEREH
2. HARCBWTRBHEEFCEEE RN EEH
NOFEEH NPT b L WREAHT 5
Bk kB fEE TN &L, HATIE NSF
1269 BT Th B /e DITIEGI N KD D
NTWEWAREETH D, 5 ThNEESEHR
HERWZHTHHD.
4. NSF OFERERET

WEEEL 72T B U = AA AV 3RVt E
THDOTHFLV— M EIDEEMLICBDNTF
Yo AEERITH S, FITHAERLSEDN
TV BDOIEBRERETIIH P Y = L)
L CTRE 7% & ORERKIC LA L RAEC R 2 5]
FEITEVWDEHMTHA. RBENTIE~ Y
D ERAEE (circle) OF U —FOREENE S,
WMIEHEE (linear) 3K\, %5IC gadodiamide
FBNHMREEDMELS REOMEFIF L — 2



T A B MEARAEIE (NSF)

AubnTng (£2)%. BEERE TS
WRIDRRRIARNIC & & & 57 DITEREN F Y
S ADERINCT VW EHESN TS
NSF FEAEHIIC 35\ T gadodiamide #5-1%1C 1fiL
HPHREGEEAMET L IMEERL M 7 =« U I~
WL 722 WO RERIIT P 2T A T VO
BEA R A2, NSF #RAEL < Tah
gadodiamide # & S N /- B EHEZ Tt
OCP (ortho-cresolphthalein) i fa#:C & %It
BV AORENEEIARE A2 R 328, %
DR NIT gadodiamide IZ 313 A F5E DF5 S 3
FRTH S EHEEINTWAED ., Y=y
LSRRI E E AN (BRGE) HEHv
REBBRPEE S EIFIE L ORI THEIN
Tk, BEHEH F U = AOEREN NSF RIE
WCB5 %2 L ERET %.

ARy AEEH s SN CEREEE
DIHLRIET HDIE—MTHALZ &b, T
D= AUAOHEF BG4 :E2 LN T

% 3. NSF BIEDOfEIRAF

1 EEULEOFEE (KRS SEEES, &
IZEMT O BE)

2 HF V=T LERAORS
* gadodiamide THEFIFREAEH L TH W,

RIZ gadopentate dimeglumine

o KEHE, VRIS TRIET S HERD
HY, wEGENPER

3 K& pmikbEE (WM, FFEERE, 8k
MERAE, IMEFME)

4 ZOMAEEELAFEDNTWS LD
s BTV F—v R
e LY AWRLF vV OKEES
c BV A, BV IMEE
o FURIRBEREIR T

1idpERE. 2 bREFELH, BEDLIA, HEShi
REGIOFNTTHF U=y AORGEPHERE ST
LRTE . 33 O@LTHMShTHT, 1
E2IZ3MbA Ik ERErEES. 41T
WX EVIEE2E 0B 5. [(ZOMORMORAT B
BHP LN, Fi EELOKNTF A NSF % FIE T
BIEMEF I A TH 5. ]

% (3 3). NSFEFICIIIFBM, BBME, m
BAE, MEFML & OBRERS CHEIh T
%614.20 HFEEBEREE B B W IT R RE R
ERANT EE2LNTWAH . REHHET v

F—y R H F U2 LA Ol (2
HUEMEI D BT, T A RIFVOH
L2~10.20) - pREER IR AR AES 10, HUR IR EERE
K2, A A MDY T AR VO
M2 aMEINTWA. ThSITEFW
WCBE LD 5 BV X572 LiRbNTw5
DTHY, WFIIRMELTHS. VEELD
BEZHEMCREL LA FY 7 A%E5ED
BEFEOLWNSFEGl DA &b, HFY
= L% NSFOWMEBERT L4 5E23H
7,28),29)

NSF OFRETEFMET, HF U= AEY
G ORBEDPD 3 PABDOLDNE N, 6
DAL EREBLI-b DD bFREINT
W5, BAHREGIT 13 7 A BN 5 [BIE R A% B
L, mBEOBEO TP ARICFHR%®%
W, 2o 1 ERI#%IC NSF %38 L 7. ﬁ%ﬂ
BeH5% 7 » AR L EMC KRR Y
LOMPEEM LD LA, T ORITIRARMC EL
TEBENT R U 2 ADFEATR A B & L CH
FEL72 EHEEIN TV AW, R OHE Tl
NSF FIED 6 £/ A F U = A0 S h
TWeENTBE LDHEIN TV 528,

RIED T

BB L T e WLE, RIEE T
Bid20MmM—DRTH 5. Hite s L CTERKRE
(GFR) %55 Z LD BETHH (F4).

1. it

BEE & A T HIER O MRI B IC OV
T CT, Ta—, BESx ORI
EDE D DRI T ALENRDAH. kb MBEIC
HDFER CT LOWETHH D . BRITEN D
HASNIAEGI TR MRI OZH D ITE
CT # st M558 56 . BIICE > T
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R4 BEEEZCH YU LERHAECERT 5
L E DR (%)

(Z DIRFHIFER OB O FH P IGHEHITT VS D
TR LOIZLDTHY, ANERBEZETLOTE
)

0 HWEFNICEHEE (GFR) %3+ 5. SEO
BB % (GFR <30 mL/min/1.73 mm?)
HBIUENSF #4: U b et nmnwo T, L
TORICEETS. M, FFEEERE, i
e, MEFMLx s OE K clBESELY &
s ad—BaEEErEmEs. AHER
S TIEBRENZHICEFH T 5O TEEL
ThiE e B,

1 ARV LEEREED BB L, A
FOFE L ik (benefits and risks) % 2
I5.

2 APV LAERH R 285813 EEIC
BHRERL CRAZELZE 5 (informed con-
sent).

3 JEEMRA, CT, Ta—7x ¥ OfHkEED
ATREME AR 5.

4 TELBRIVEVCEDOTFY = LK%
FHSLLOBD5. ki, BOERELELIC

HERICERT 5.

5 BHHOBRFETIIHNFY = LERHE 5%
TELRIESPICENZAITO D10 5.
(BREIFFE S T

6 FEEAIOMIEIC XD NSF REHENELD
E B R L CERAI A EINT 5.

IR\ WEIEBREE OIEFNIC I\ T 3 — RS
Ki%%ﬁ%@??ﬁ&@%@émkﬁa
2. A F U LEREIEHEOIH
BEEEBZICHT F ) o AEEAI RS9 5
e, LDEREDRICTSEOBDL0LERD
L. BHEONRICTAHEOIBDALLVIERL
B5H, FETUHELBKINITREN & 2 pEE
CHEET L e iE e 67 v i3 IR
MRA OFEMPZE L <, WJRELRE D &Y
MRA ZWE LD BOLRETH L. /2L
JEHEE, MRA (340D & Z AREEIC XV nHEc#
FE L B0 ThZIC X D iEL Y
BERL 2200 U7z S\,
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3. APV LERHIOER

G A ORI XV NSF F&IE O i i 75 8
5T EICOWT, BIEE CIEM S /e HE T
. Lo LEAE £ COWME Tl gadodiamide
DFHBRICTIE L 72fEFI M OIE A K 0 58 H
LTHWC LIFHEFETHD, BRTEPEED
FoBREEESRFEIC gadodiamide & B 54N x

T3 7z . Gadopentate dimeglumine (% gado-
diamide & VR4 TH 55, HBEDREHIHH
HINTEY, HEEL EOBRFEERFICTIIE
FALEWZ EREEL L, w70 (circle)
WA 5EAIRLDEEEEZ DN T
517) 30, FDA [3BIRFSE TR IRTOH FY =

LIERANCHER L 20 U7 6700 LT

b\ZDls).
4. FHT

MEEFTDH F YD =7 LBt b SN/ BED
NSF ORIEL TFEi 45 & W ORElid v, B
% 3CHRCUd NSF % 380 L 72 12 fild 11 i3 77
F Y=y AfE# 1~2 B UAICENT % 17 S
NTWie®W. Lo L EFEERERE TORE
Fl37e <, HFU AT @L I 4 5 2
LEREFELVWEEDNS. ©XICFDA L LT
RUEBITH Y T LR EE L lcE RO~
BRI GET A ICMEEN 1T Z &%
HEREL T 5191030 MHRA 3 A F U=

LIERNE HAAR I L IS ENT 24T 2 XE A
LNV ERRTWSO, BAEFN L T
TWBFEICH Uy SRR B
ELTENT 5 EFHERIN TR, EHT
FOBREEBEHICEWT 1 EOIMEEN TH
FU o AERRO 3/4 D EXRES N, 3ME
T2 XU ERESI N/ T 2HREDLD
51082 —77, WEIEE T ORI ST &
DNFEL KL, BHRETIT2/3%KRETS
DI 3 WE AL 7220, @ 2 ICHEEBNTIE
MRFNT & D & NSF OFHE & M 9 5 %) RiC
ZLWEEDbNS. MEENETOHBET FY
Y LERAE R TE SH720Ee 0 (B
LINID) 172 kO BDHRETH 5.
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BEA

BIFED & & AFRMEDHEL L 7B EE IS ETE
L7z, BgEOmIE (BARRED 5 \WITER
W2k D) BEHTH-7/cb v MmEFT VLD
B0, 2 ICEBMTEES TIIEC
ICBIET % C & TIEROMETOIH B 5\ idok
EDPPHFTE L2 L LNV, ZDIE) photo-
pheresis3®, plasmapheresis3?, thalidomide #
£.35) ) pentoxyfillin #5712 & U NSF 3z L
Tzl EDRHEIN TS, L UIEFIEIIA 7%
S 1 N s e = =R

EEHYIC

RSB E TOMAE £ LD DTH
5. BEFRROFHPEINICED N TS
D, SHEFLVCIEREHIELNS 2 LIRS
L. BIRTEA F U = AEFANCIA < ZER L
7B BEFEOFIE &R A ) GIEMRA
HATDONETH5D. FIERDBIRENHELL T
Wi\ EWDS T EFFEAILE Th A . NSF
ISR BRFHTI AR TET 5 L EbR, K<
BERE, WREEEL PR SRS AL T
Rk 72w LA EHEETHS.

K3 id B ARSI BEFE LT LR E D
T AL (2008 4FpR) HINEBEIEL /2b DT
B 5. FiwlFREWFHGE B S OB O—i
THY, BEICKL T2 2o
FAR L OREMFMEESOXRATTIOTH N
(Nl AR D -
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Nephrogenic systemic fibrosis (NSF) is newly emerging as an unexpected side effect of the use of
gadolinium-containing contrast agents in patients with kidney disease. NSF is associated with in-
creased tissue deposition of collagen, which often results in thickening and tightening of the skin, and
may involve other parts of the body. We review reports of NSF to focus on its epidemiology and etiol-
ogy and recommendations to prevent NSF.

Agents containing gadolinium play a critical role in the development of NSF. All study patients
with NSF had moderate to severe kidney disease, many requiring dialysis, and most had been ad-
ministered gadolinium-based contrast agents. Lag time between onset of NSF and gadolinium ad-
ministration varied widely, from a few days to several years. Free gadolinium is extremely toxic ; low
stability of contrast agents is an important characteristic in making them likely to induce NSF. There
seems to be a large difference in such likelihood among the agents ; large amounts and repeated use
of the agents increase risk of NSF, as do severe tissue injuries, such as hepatic transplantation,
hepatorenal syndrome, and thrombosis. The mechanisms by which gadolinium use results in fibrosis
have not been detailed, and gadolinium is not the only trigger for NSF.

NSF has no definitive cure. Some data suggest that symptoms may be slowed or even reversed as
renal function improves, especially after transplantation. The Food and Drug Administration, Medi-
cines and Healthcare Products Regulatory Agency, and European Society of Urogenital Radiology
have issued guidelines for the use of gadolinium agents in patients with kidney disease. We should
avoid their use in patients with known risks for developing NSF unless the diagnostic information is
essential and cannot be obtained with non-contrast-enhanced magnetic resonance imaging or other di-
agnostic procedures.
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