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A — - BYRE
@ 75 113 2 (Lesion enhancement) 4% #

1. f% 48 2% &4 @ B 2 # BBB(disruption of the blood brain barrier)# %
2. FHSN : A%k KB F ¥ F E (vascularity)

® L(GA)& T & —MBERM L F » FirEaa&T1AT24 »
T1-weighted %1% L 7T & |55 3% o

MRI of the Brain
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YRR3R
€ Q1: 547 K34 MRI#H b & #E 2L4L(Gd) % 4 #1(chelating agents) & £7?
® E#M (Paramagnetism ) : 53 F » ME H—FER AT o

@ L(Gd): BN AER CHEAaBTUEN R R TR E » RRATUHERE L > AR

4L(Gd) % 5-#(chelating agents) :

LREALB BBELSB Ny THLBETHRESCER  KEeBBTOAGINELRAN  ERBEH T TFEEXR

IS - ﬂﬁr‘ﬂﬂ:é}% #FAtem > 7] AR AR

I 7115{'}‘1%&. = faRmEtE g o 88 (iron), &5(cobalt), 4t (nickel) » F 7 3aH A K » KRR FEAL IR & T B4 st
~ :‘5" ~ e(}dé’wﬂﬁmtﬁi’i RBBETFHES

& ©0000poehmap - -« - -+ v -

Sp 2

Ho

5 L] 7 ] 9 10

55 B c N Q F No
10.1 12.0 14.0 8.0 9.0 20.2

@ 13 14 15 18 7 18
Al St r - (& Ar
AEEEEE 270 281 3.0 32.1 35.5 40.0

21 22 23 24 25 26 27 28 20 30 n 2 3 M s 36
Sc T v Cr Mn Fo Co L Cu 2n Ga Ge As So B Kr
45.0 47.9 50.9 52.0 54.9 55.9 58.9 58.7 63.6 65.4 69.7 2.6 74.9 79.0 79.9 83.8
39 40 41 42 43 4 47 48 49 50 5 52 53 54
b 4 Zr No Mo Te Ru An Pa Ag Ca In Sa So Te I Xe
88.9 812 2.9 95.9 38 101 103 108 108 112 118 119 122 128 127 13
57 72 73 T4 75 78 teg T8 7 80 a1 8z 8 84 a5 ..
La H Ta w Ro Os I ] Ay Hy T Po B Po A An
139 179 181 184 188 190 192 185 197 201 204 207 209 209 210 222
-] 104 105 106 107 108 109 110 12 113 114 15 16 "7 e
Ac L] Do S9 Bn Hs M cn uat Uug Uup Uuh Uus o
227 263 262 268 264 269 268 T 284 209 288 292 282 294
58 59 &0 L1 B2 0.1 &7 88 83 T0 T

Lanthanioes Co Pr [ ] Pm sm Dy Ho Er ™ Yo L

140 141 144 145 150 163 165 167 169 173 175

80 9 92 83 34 98 99 100 101 102 103

- Actinides ™ Pa u L -] Pu Ar Sk o Es Fm Md No Lr
232 231 238 237 244 243 247 251 257 250 259 260

252
-~

gadolinium-diethylenetriamine pentaacetic acid (Gd-DTPA) SLoREE—F &)

5
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GBCA has the effect of shorteming the T1 (1.e., T1c),
resulting in a faster return of the magnetization to equilibrium.
Published in: Kathleen M. Schmainda; Quantitative Imaging in Medicine 1-1-1-38 _

T1 relaxation

Time (sec)

HAy EFERVEREY
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.: ‘ € Q2: MRI#HW#H relaxivity R &ZH B EE ? LofgEH ?

@ 4 £ (Relaxivity) : MRI# b #4558 T1(A 1) A EET2(AT2) 893 R » 5 F A1 Rr2& 7 ©
@ Eorz > SELASIRECCDREL -

*¢ER: 1/AT1=r1+[C] - 1/AT2=r2+[C]

ua

e%4 : r1AERT2: L/mmol-s (2#/E55-%) - [Cl: mo/L(£F/24) » AT1x AT2: % -

on
T1 relaxivity T2 relaxivity

MR Contrast Agent Relaxivity :

Magnevist®

4.1 4.6
MultiHance® @
4.3 5.2

Omniscan™

Dotarem® 3.6 4.3
ProHance® 4-1 5.0

Gadavist® 6.1

5.2
https://www.youtube.com/watch?v=0sx8CedgEyw Eovist® @

1.5T & 37°C Ak f& F & ¥ RIF 894L(Gd) #Hib &gy r, & r, & - (X 8 Rohreretal)

MRy HFERVEELE
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? T1 Shortening by Gad
- ® Q3: A{T4.(Gd) R AL T14E ?
| CAT2E G A %R ?
® AL(GAHPABTIR T2 HEMHABEHHR -

@ imfb a8 B A &) BE % i  (extracellular concentrations in tissues) > 45 A& T189FE A X -
@ wET2MHR - RARRET @ AMEFE - BBk - [EXKLY,

1/Tlobs = 1/Tlt - 1/Tlg and 1/T30bs =1/T.t+ 1/T3c

1/Tyc B 1/Tye SLHLEIREICIZ REMM % - 1/AT,=r1+[C] and 1/AT,=r2.[C]
1/Tc=7r1+[C] and 1/T,c= r2+[C]

o 1/Tt & 1/T,t : & 41k & F (without contrast) » %8 £ 89948 F
o1/T.c % 1/T,c : A ##TF (withcontrast) - %445 ag5H4% & o

LGB LMBY B RN EE:

&R B AL(GA) e E] » 4554 T, A £ Z3% ( the apparent preferential T1 shortening effects )

EFAREAZHT,t =800 msec (0.8 sec) & T,t = 80 msec (0.08 sec).
5 3% A BEBBB(blood-brain barrier) £ &% L F
# B e9sL(GAd)H L E &R E[Cl Ao.1mmol/L - £ r1 = 4 L/mmol-s 2L & r2 = 5 L/mmol-sec

BELEEH  FHEBREIHBER:
1/T,obs =(1/0.8) + (4)(0.1) =1.65sec™', wmp T,0bs = 606 msec
1/T,obs = (1/0.08) + (5)(0.1) =13.0sec* mp T,obs = 77 msec

B b 40 > SL(GA)#H L&V 24% 8T A(800ms>606ms ) - Afm - T, A4 R 4454% ( 8oms>77ms )

ARZBaB8HT,ZART, > Bk KRE &R SL(GA)HILE &2 L BHBANT HEHEEk -

WS BFBRYRERE
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® Q4: L(GAd) A 44 T2 &y k5 ?
FHRMR &% FTREDS ?
® T2 S F RALASREET » A8E4F % > #4 urinary tract, direct vascular/joint injection
® FAAHT : BRA HBE R X(pseudolayering phenomenon)
¥ RMRI > & SL(CGA)H B A SR T, 5555 R (ERER) , 7 ik BBAZ T S RATHE S -
A SL(GA)H LA - FEERE N > ZRAERRBREBZ B -
Bldo BB A ) kR 2R F ¥ 6 =& B & (Griple-layering phenomenon)

B e & 3R R SL(GA) RIS IR R R & > B AABRKAT HEER » FRMHR - ATOWR R LA RE -
PR A AR ESL(GA)$ e B » £ £ ABNT, 444 R M &R H AR -

T1 effects
Concentratlon
; 1. None

I j
(e g h?;:‘l r* 3 "

T1-weighted MRI T2-weighted MRI 0' 1 ‘i

BN 158 R % (pseudolayering phenomenon)

MR & #% % A3 k#H Z(MRarthrograms and venograms) °
#) f& 88 % 4% # (dynamic contrast enhanced (DCE)) -

-

T2 effects

—_— s =0 =0n

10 100 mM

Gd Concentration

» Z 1% A T2* (susceptibility) effect® % -

WA 5 %ﬁ%h i%%"-”%ﬁ
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g . — 1 1 s s

i - R _s%_ s R ' R W _— .= a I 3 LR Y a8 v_.%, [ +
' AR AN S ‘A B e AR NFE MATIYNO m

contrast and rieid sirengetitn

@ =GHEEHE > HLBHBATZARLEZHES -
@ K5 T > AR YR EAREKXEH S (Dono skimp on contrast dose at lower fields !)

H B EmaeadmmagaeT g £20/T,): 1/Ti, = 1/T1, + 11« [C]

e 1/T1;: B HLBHAT > k) A A4 £ (the base relaxation rate of the tissue without contrast) -
o [C] :a@&HHLRIGRE
e r1 : AHILBEEAT  adeyT1e4 £ (T1relaxivity of the contrast agent )
Me N EHILE B Ee7E F 5 tk(percentchange in 1/T1;,)
AR : 204 (1/T1,) = (1/Tagps—1/T1 )+ (1/T1,) = Tier1 e [C]

€ /iTi-weightedk & - =T 248 #5188 ¥ (relative lesion enhancement) % /X -

* AREBERE FEUAT=#FE
1. B kTiaogask » EHLBBEZ R RLEAE -
(EHWH T > ag&kiTi-weighted#1& L > MSE 28585 - )
2. RENHLLEGRELRBLELRLH -
3. B A & 5T & £ (T1relaxivities (r1)) 8y H LB g 2 4 R R BAB AR -

MRy HFERVEELE 11
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Z-BARERYITREN

& Q6: HRFAEY by Ti-weighted & F » A7k ?

O HULBABAXERMNZT > AREZAGRIAAME - 8 F —REHEF -
@ KERBRIHBPER » FTH=ZMAF > %F4 T1-FLAIR > T1W-SE > T1-GRE

T1-FLAIR > TiW-SE > Ti-GRE

RS EFERYBELS
Email: afun543@gmail.com,



¢ Q7: m’ﬁ*’]iéﬁiﬂbﬁ“d ’ ?Ttxﬁiﬂik%gﬁﬁkiggﬂz,i%u% 2

AR EAT X ST AR BREHERGERS ?

@ A AHLE = EHERHEBATBERAEBIEFTHE
{2 > A F EEL G %% /ENSF(Nephrogenic Systemic Fibrosis) -

® MT > Magnetization Transfer (2484 )#5"T AHBEAEBYHR > 2 & B KL b %Nz L(SNR) -

£/ single dosg\ ({1_Triplg dO\ ;,mag Trans?{“\‘ A5 min del\

a. o
\e

&; NV k &-»fl \\\ Q\ ) S/

HILAB ERS BBEREY | TS IRENFTHERMAERL

WA 5 %ﬁ%ﬁn%ﬁi%%ﬁr
Email: = ,



® Q8: THFDCE (HLFEHRFREL M )?

(

tb %] 8 & Ba % #.4F ° DCE ( Dynamic Contrast-Enhanced imaging )

% [l &) P 4 (Central lines of k-space) & # Btk & 5 44 FL(resembling a keyhole)
BEAK-ZHAZER TR G OHN -

BCT > ¢ 7T A A R EMRI# LA A R %

VAR FHRE B o P s ek 0 48 R B 35 48 5 KL 8% B o

JETERAG | REHBETERRBRAEREY(—D) RERHS LR L -
pr<

? Dynamic Imaging

@ &
® k-

15 sec ~ 30sec 45 sec

p *‘. ’j’,
e 7 {

‘f
;
- : - .
# = - -\
SUPERIOR / INFERIOR ' y - B
HYPOPHYSEAL * , , HYPOPHYSEAL - ~ -y s B

ARTERY |\ / ARTERY e — . -—
_, Y S R e A

60 sec 90 sec 5 min

ANTERIOR LOBE A B - POSTERIOR LOBE

HORMONES E \. =
HORMONES D )
HYPOPHYSEAL VEINS -

e
3%
4 -
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BTEM . AZBRTERERBEAGKBHRY  RAZHEBRHOHAR
BREBAMTERET Y ad & KMKLEGBRA FHBTHEIEA)  BAHLETGAREFREA

ik HRALEFRE LS &R E (BRI EB) -

EFBSTF Rk iEEg
BTEHmdh g% FEEBFRAE

Bk fx F-8A% 0 BRI
SL(GA)# B AR PR -

Enhancement

R

- -
)

LT

(GdT1 - T1) £ e, ) e ;

Tl
Adenohypophysis

Blood Pool

SL(Gd) AP &

Endocrinol Metab Clin N Am 38 (2009) 673—698

Ry 5 BRBVBRBEN
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- B REAEY»HM(Enhancingdynamic analysis)
ﬁﬁﬁﬁ&%ﬁx MAEERBZBENENERSSRE -

+" e

¥,
+

i “as

40000 BOOOO 80000 100000 120000 14C

early ; .
postcontrast intermediate and late

phase | postcontrast phase

&7% Mailgnant

Appl. Sci. 2021, 11, 3434.

I\’Iil‘l-FaIl Lin, Lu-Han Lai* , Wen-Tien Hsiao, Melissa Min-Szu Yao and Wing-P Chan
Developing a Specific MRI Technology to Identify Complications Caused by Breast Implants.
Radiology 2005 RSNA; 1050BP-e(P) #h EH % %i"“ LS % %*’F




Gadolinium for CT
® Q0: St HEMRIZZ L& TE P BEYHEE ?

A8 HH, o AfL(Gd)%}bb@ ACTH# 2 Lo TERBELHRES ?
® E1E&#MRIL » SaH b - RAEADBRDERY -

® CTRHZ L > SEE(CGA)H LA T A 2IBBHE -
EERBRERBERIET » REBBRF o S HILE -

Xe$tbE ot 2T ARRE—BEHMEMLE -

127] ¢ B 3% T ¥ (spin) & 5/2, A7 A E &3 T AT UAFHATNMRE) o

127] ¢4 5 % tb(gyromagnetic ratio) X £/8.52MHz/T > £3k$EE24 4 H B FH81/5(=8.52/42.58) -
=271 %ﬁ?&%&é@wﬁ—?(quadrupolar moment) ° A7 A8 & IR RIRIEF B o

” >< % v A T

AR B ddbmiE > BB M AR - KW 0 vaiRakdgiE v fE s

) SBBEZEHEKE  EP—EmiElbaEEHANAE 0 5@
B - Akt E Wi A A K

‘ : R EENE R AAE—AwEE -

e

ERARGEEAARBNRRBY (REPduEEgE) -

fmEz o
R 8 B R GMRAR R LA E A TR E WA EMR L& (couldbe recorded) » & LMRIA A AR 2] € &R -

L(GARAELE > WwRRFEHARAXE » CHRTH(Z=64) KPR TH(Z=53) -

4L(Gd) &y k# & st & (The k-edge) b, £ 3 37 (closely matched) CT#k 3% % 14 (the peak of the CT spectrum) -
EHL(GA) bRk P 5 X5k -

R o e A MRIH B 2R E B4 A =4(0.5mmol/L > 1% &4 A &€ 40.1 mmol/kg)
ACT %18 L » L3 LB tbat ¥ L3 ® K 5 & 3] 82 % 4 R (much lower visibility) -

HAS E5BREEELS
Email: afun543@gmail.com, 17/



® | B TIE mﬁ'g’%‘ﬁL(Gd)i%l:bﬁ'JTﬁ‘éTu%ﬂ%ﬁ BAR

noncontrast High-dose Gd seen on CT.

(Magnevist) > ZRh& E R oE ZRFGAHBETHER -

W 55 S&:&%—Fi% 4?%%‘*[’
Email: afun543@gm , 18



B. W@~ Ay

1. %% & » Osmolality
AHUEAKXT > Retg#h TRE - KT > LEEN#630 £ 1970 mOsm/kgz F -
1 mOsm = 1 “milli-osmole” = 1/1000 ¥ H-. ¥ o &|j| 5L R % sk TR IFdTHA E A -

BR R b BETHXIFETHL(GCDHLEBZINSERSMBRHZELZA G SBAHILFGO»BNEER

2. # /% » Viscosity
RBRNBEHANOEE - AHRBEEBRSOME LB AZ H0% -
HBEEEHEMZCP,1cP =1g/m-s. £F%®E (20C) ¥EF > KBImPa-s - sk (37C) #H4~15mPa-s
3. 8 £ & » Thermodynamic stability
FHETH (Keq) et ELZh 5% - Rupdl(Gd)#: T4 & A mmi(ligang) L4 % B 5!
HAE Ak KR L 2 & % % (exponentially tighter binding)
Keq & & &) # Lt &) (420 Omniscan®) » ¥ #nephrogenic systemic fibrosis (NSF) A M2 89L& i S °
AR BNGCAEE-T i £ BN ATE B o) — M5 7R
HE ARG HA > EHMRISL(GA)# LA - ANSFy AR - e iEEA S Keqe HLA R ERT -

R R SRR ER(BRREGER)  EREBAABAL(CG)E T ERD -
4. T170.4 % (r1) » Relaxivity
g EED)E - ZHILBEZT  Hua&TigTaei % -

BAEAN  BA BT ERYEEE - UHILB wRHEE  REHELEH -
HEASOH SRR RFTEQREGMHEEOARR -

5. %% ¥ % # » Elimination half-life
B SL(GA)H LB H A LR ERE BRI HNEENEN > RS thiadmpslms R
AR AEHRHE A F TR TSR RBRBATAGEY  EABERIARY £ 5
f2 » EovistRi &4 B R RS o ATVE 0 R ¥ RIRA P —
6. #l ¥ » Dose SL(GA)HILEBMHERLTH T RUABATEEARLR el DL
KR35 95L(GA) H b 69 £ % 4 F #] & %0.2ml/kg(0.1mmol/kg) » #Eovist®e) 4% £ § %0.1ml/kg=25 pmol/kg.
19



s HHRH 7N SL(Gd) HILA] - 2 ta i sh a8 M R B AF A
# 4 B4 BA % th BT BR R dc Ak A

o LA Hof i &2 4 o #(structure of ligand) : -3 FM vs. JEREFH
- & M & (Linear) vs E 3 4 #(macrocyclic)

FTRY 7L MRIH LS @R E5 3.

Dotarem® / Clariscan™ Guerbet Web Site Package Insert
Eovist® / Primovist® Bayer WWeb Site Package Insert
Gadavist® Bayer Web Site Package Insert
Magnevist® Bayer Web Site Package Insert
MultiHance® Bracco Web Site Package Insert
Omniscan™ GE Healthcare Web Site Package Insert
ProHance® Bracco Web Site Package Insert

Z R F: 3
£ % I F — ¥ L& (non-specific contrast agent) >

FEHALE @RS A E A (extracellular interstitial space) -

@ LHELEET @B A SN > 201758 % (the European Union )# €& % ok & FR$| X L M &L H LBl A -
Ablavar® & OptiMark®:z H#E b TR IS L 4 Ao T o

MRy HFERVEELE
Email: afun543@gmail.com,



Gd3gy 3+ F4& A108 pm > JFF#EH Ca™2 (114 pm) °
AR A L 4L(GA)E L 0 45 5 - Fa) A 5n40 Bl 44 (competitive inhibitor)

4 %a B B2 45 3k 38 38 & 8 B -FiiE(voltage- gated calcium channels) % — st % %58

R A
Fir A 4L(GA)MRI#t bt #) #5 % 4] A fo4e i (ligand) £ % 4 (chelate) 4L(Gd) &t F R B R 69 5 H5

%&(Gd)%}u:m » B LE T o R

 —k kW H A Y FEAAIRELL(GA) T
E 5k # b #l(Macrocyclic agents) : 1% 4 F# ¢ &t & (cage-like ligand structure)de 4L(Gd) & F éL/%

o X o -\I-\/_ CO,
RV (A Vel ( Gd*3 j

N N N
20,C -/ G4 \=co, -oc -/ \_I \~-0,c

&7 4K # b B

E 5K ¥ LA

AR S EE B & B 2R AR S e ] o oRy AR O] LA T B s JE BT
Brand Name ionicity Osmolarity (mOsm/kg)

Gk BETH 1960
MultiHance® Bk BTH 1970
Omniscan™ gk JEBETH

Dotarem® BRI #ETH 1350
Prohance® Bk 0 JEEE-FHE 630

EIRAK - JFEEFIE 1603
Eovist® gk 0 BETH 688

A 5 Eﬁ’é%‘a? fi%% r
Email: 2 3 21



Classification of GBCA Structures

Macrocyclic

Dotarem
(gadoterate meglumine)

10111C

Non-

Gaodvist ProHance
(gadobutrol) (gadoteridol)

Toxicology 248 (2008) 7788

Open-Chain (linear)

MultiHance
(gadobenate
dimeglumine)

Magnevist
(gadopentetate
dimeglumine)

OptiMARK

(gadoversetamide)

Omniscan
(gadodiamide)

A% 4% BRGRELE 0o
Email: afun543@gmail.com,



Stability and molecular structure: H ie;a/;chy
YL

Ionic macrocyclic agents
A
Non-ionic macrocyclic agents

A
Ionic linear agents

A
Non-ionic linear agents

HIGHER STABILITY

Tweedle MF Invest Radiol 1992; 27:52-S6

Laurent S et al, Contrast Media & Molecular Imaging 2006; 1: 128-137
Sieber M et al, Invest Radiol 2008; 43: 65-75

Sieber M et al, Eur Radiol 2008; 18: 2164-2173

Port M et al, Biometals 2008 Aug;21(4):469-90

HES EFRRERRLY 2
Email: afun543@gmail.com, 3



Nephrogenic Systemic Fibrosis (NSF) Incidence

Confirmed unconfounded cases of NSF

IONIC |

Dotarem® EIE¥» #FH 1350
: a
(gadopentetate) 74

Dotarem® 0O° d
MultiHance® b (gadoterate)
(gadobenate) O
High thermodynamic
stability
LINEAR | e 0% Kinictic High UCUC el  MACROCYCLIC |
stability stability
Low thermodynamic
stability
Omniscan™ a e
(gadodiamide) 1 9 7 (gadobutrol) 3
Optimark® 8 a Prohance® lf
(gadoversetamide) (gadoteridol)
NON-IONIC |
a) Edwards BJ et al. Br J Radiol. 2014 Oct;87(1042):20140307.  b) Elmhodt TR et al. PLOS ONE 2014 (The PLOS ONE Staff - correction).
¢) USA PI as of May 2017. d) de Kerviler E et al. Invest Radiol. 2016 Sep;51(9):544-51.
e) Endrikat J et al. Invest Radiol. 2016 Sep;51(9):537-43. f) Heverhagen JT et al. Rofo. 2014 Jul;186(7):661-9.

HRAF EFERVBELN
Email: afun543@gmail.com, 24



€ Q12: EFMRIHILAE S » AT EL MWL LHHRLEETE ?

| DY E -8 Sk kL2 =T
-8 H2 (Thermodynamic Stability (log Keg)) : &4 & ko f] & T IRESL(GA*3) & F Mo R4k 58 -
- (Tirelaxivity) : —E#ET > @& TETHE P -

7# % A MRIZSL(GA) # LA AR R B 454
BB R 35 ()| #R¥REH | AHE
Osmolarity Viscosity Stability T1 relaxivity Elimination Dose

(mOsm/kg) (cP) (log K.) (L/mmol-s) Half-Life (hr) | (mmol/kg)

Ionic , 1960
MultiHance® Ionic, 1970

Omniscan™  Nonionic, 789

Dotarem® Ionic , 1350

Prohance® Nonionic , 630
Gadavist® Nonionic ,1603

Eovist® Ionic , 688

HAS EFBRVGEELS 2
Email: afun543@gmail.com, 153



@ Q13: FEHFHHL(GA)HLLLE » T MHayiFH ?

® EAHWLHESEHIER - # & (Extravasation)
- 5 %4 (Renal toxicity)
- 2> 5% EREBEK (Systemic osmolar overload)

@ HNL(GAHLLHYERE) r BAR LB RETHIIFETHESARE S -

Magnevist (gadopentetate dimeglumine) , 3 ionically active particles per molecule

Meglumine
(C7H18N105)

CO,
RV (A Vel
N N N
- CO,

Meglumine i
(C7H:gN;05) D0 -/

- _J472
1 T

(Gd-DTPA)

http://mriquestions.com/uploads/3/4/5/7/34572113/444507_orig.jpg

RAF 65 IRBREES
Email: sun543@gmailcom, 20



€ Qu1g: EFESLL(GAD)e&H LA B -
MR %% R (lonicity/osmolality) & & £ ?
BR R ELAEBEZHEZAHIN:
1.) %% & F4E (subcutaneous extravasation of contrast) ;
2.) EAHEH#4 (potential nephrotoxicity) ;
3.) &b %FE RIS 6 S 54K FAE (serum osmolality)
1.) % B %) s m 4% (Tissue irritation):
THERABLERHLE  THERATAR A& HKeERE
B d LG HLLEEH F D (H10-15¢cc), FPEHBR — Bz EFgELABREGTE -
2) BEHM o A(GA)HLLE 4% > MEEMBE ABCHBAIGRAEEL S LEE CHAEMSE T
$ERA(GAHILB AT TRARMME F/FEA > A8 TRIFEETHERIZHEGEER
Bl 4 0 SL(GA) ¥ LB a9 %5 R AR (Systemic osmolar effects) it FF ap %
3.) & ¥ B E RS 6 ZEA M B (serum osmolality)

H A7) !I 15 cc MagnevistR 3| e 54825 R & 7 4 (1940) x (0.015)= 20 mOsm,
#=16 A Bl &l ¥ t9ProHance® 4p 2 €3 jvo mOsm o
Magnevist® A ProHance® iz i ﬁéL(Gd)%]‘ L] ¥ et E RN R AH1.5%%0.5% °
3% Osmolarity(mOsm/kg) : Magnevist® [, ProHance® &) % % B ¥ # 5 % & 19040 K& 630

) 4ot B (JIodinated agents) sy & A B ER/ K, FREEZHUBEREBK -
150 cc 3 F M st $ b #Renografin-60® (osmolality, 1420 mOsm/L)
HE C A et 48535 R A213 mOsm,
2% #1# 150 ccdf#E FH st # Isovue-300 (osmolality, 616 mOsm/L) > 4p 23 juvg2 mOsm.

TR ST ILF L FEER Y M T 12% K 5% -

AR T A

AZHBTHU(GAH LA R T RELLMBERGRE » EIAFRTHRILAMERNSERRE -
AL > AR TR T HA(GA)H LA M 2 L, B AL EREERL BRI, RREETE -

RS S5 BRVGELE 2
Email: afun543@gmail.com, 7
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Magnevist®

MultiHance®

Omniscan™

Dotarem®

ProHance®

Gadavist®

Eovist®

Gadopentetate
(Gd-DTPA)

Gadobenate
(Gd-BOPTA)

Gadodiamide
(Gd-DTPA-BMA)

Gadoterate
(Gd-DOTA)

Gadoteridol
(Gd-HP-DO3A)

Gadobutrol
(Gd-BT-DO3A)

Gadopentetate
(Gd-EOB-DTPA)

Linear
ionic

Linear
ionic
Linear
nonionic
macrocyclic
ionic
macrocyclic
nonionic
macrocyclic
nonionic

Linear
ionic

45 & A4k #) (FDA approved 1088)# R F &5 -
BARSEK: THTLABRPgE - BATRANSFRR AR ERAANRM SIS -

7 & & 52 4 3292 (transient protein binding) + ¥ AT &K & -
3-5% AT 4m B % wc( hepatocyte uptake); B 2% & F &% 3¢ (competitive inhibitor) » &k % fi Fi £ BT RS o

apnegrEs s NSFRBRES:
eraserea BRUCEH

REHHZ— BRHT &RD - 2013ALENH -
$4L(GA)ak T4 & %%; '€ 6948 € F Stability(log Keq) & &

A Eedlz ¥ ©63E R &2 Z (osmolality and viscosity) 28 & 48 -
BT EEFEE -

B & v &8 & &(1.0M formulation) (448 2 0.5M) - RBECHERERS
THTESHEEE - TSI ALRAUNEE -

FHBEEEA  wptasrimEays  ©550% 8 A A 2ol
(uptake by hepatocytes)
R GRER LS TAIEG - CATERS
€ T2 o A48 TR A - EOTH % &(QT prolongation) Bp o4 R 5

R LAZS T

28
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HIGHLIGHTS OF PRESCRIBING INFORMATION

These highlights do not include all the information needed to use DOTAREM safely and
effectively. See full prescribing information for DOTAREM.

DOTAREM? (gadoterate meglumine) Injection for intravenous use
Initial U.S. Approval: 2013

- WARNING: NEPHROGENIC SYSTEMIC FIBROSIS (NSF)
’Iﬁ See full prescribing information for complete boxed warning
Gadolinium-based contrast agents (GBCAs) increase the risk for NSF among patients
with impaired elimination of the drugs. Avoid use of GBCAs in these patients unless the
diagnostic information is essential and not available with non-contrasted MRI or other

* The risk for NSF appears highest among patients with:
- Chronic, severe kidney disease (GFR < 30 mL/min/1.73m?), or

- Acute kidney injury.

* Screen patients for acute kidney injury and other conditions that may reduce rena
function. For patients at risk for chronically reduced renal function (for example,
age > 60 years, hypertension or diabetes), estimate the glomerular filtration rate (GFR)

5 WARNINGS AND PRECAUTIONS through laboratory testing (5.1).
5.1 Nephrogenic Systemic Fibrosis
Gadolinium-based contrast agents (GBCAs) increase the risk for nephrogenic systemic fibrosis (NSF) among patients with impaired elimination of the
drugs. Avoid use of GBCAs among these patients unless the diagnostic information is essential and not available with non-contrast MRI or other

modalities. The GBCA-associated NSF risk appears highest for patients with chronic,

severe kidney disease (GFR < 30 mL/min/1.73m 2 ) as well as patients with acute Kkidney injury.
The risk appears lower for patients with chronic, moderate kidney disease (GFR 30 - 59 mL/min/1.73m 2 ) and little, if any, or patients with chronic,
mild kidney disease (GFR 60 - 8¢ mL/min/1.73m 2 ). NSF may result in fatal or debilitating fibrosis affecting the skin, muscle and
internal organs.
Report any diagnosis of NSF following DOTAREM administration to Guerbet LLC (1-877-729-6679) or FDA (1-800-FDA-1088 or
www.fda.gov/medwatch).
Screen patients for acute kidney injury and other conditions that may reduce renal function. Features of acute kidney injury consist of rapid (over hours
to days) and usually reversible decrease in kidney function, commonly in the setting of surgery, severe infection, injury or drug-induced kidney toxicity.
Serum creatinine levels and estimated GFR may not reliably assess renal function in the setting of acute kidney injury. For patients
at risk for chronically reduced renal function (e.g., age > 60 years, diabetes mellitus or chronie hypertension), estimate the GFR
through laboratory testing.
Among the factors that may increase the risk for NSF are repeated or higher than recommended doses of a GBCA and the degree of
renal impairment at the time of exposure. Record the specific GBCA and the dose administered to a patient. For patients at highest risk for NSF, do not
exceed the recommended DOTAREM dose and allow a sufficient period of time for elimination of the drug prior to re-administration. For patients
receiving hemodialysis, physicians may consider the prompt initiation of hemodialysis following the administration of a GBCA in
order to enhance the contrast agent’s elimination. The usefulness of hemodialysis in the prevention of NSF is unknown [see Dosage and
Administration (2) and Clinical Pharmacology (12)]. HAF BFBRVREEN 2
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7 : 0.5mmol/ml(376.9mg/ml)
X 4 #2: 0.2ml/kg(o.1mmol/kg)
E 4k E: 1-2ml/s

INDICATIONS AND USAGE

DOTAREM is a gadolinium-based contrast agent indicated for intravenous use with magnetic resonance imaging
(MRI) in brain (intracranial), spine and associated tissues in adult and pediatric patients (2 years of age and older)
to detect and visualize areas with disruption of the blood brain barrier (BBB) and/or abnormal vascularity. (1)

. Adult and Eediatric Eatients: The recommended dose of DOTAREM is 0.2 mleg (0.1 mmoh’kg! bodx wei?ht |
administered as an intravenous bolus injection at a flow rate of approximately 2 mL/second for adults an

DOSAGE AND ADMINISTRATION & A /T #l & & F0.2c.c.

1-2 mL/second for pediatric patients. The dose is delivered by manual or power injection. (2)

DOSAGE FORMS AND STRENGTHS

DOTAREM Injection 0.5 mmol/mL contains 376.9 mg/mL of gadoterate meglumine and is available in vials and

pre-filled syringes. (3)

2.1 Dosing Guidelines
= For adult and pediatric patients (2 years and older), the recommended dose of DOTAREM is 0.2 mL/kg (0.1 mmol/kg)

body weight administered as an intravenous bolus injection, manually or by power injector, at a flow rate of approximately
2 mL/second for adults and 1-2 mL/second for pediatric patients. Table 1 provides weight-adjusted dose volumes.

Table 1: Volumes of DOTAREM Injection by Body Weight

Body Weight Volume
Pounds (Ib) Kilograms (kg) Milliliters (mL)

22 10 2

44 20 4

66 30 6

88 40 8

110 50 10
132 60 12
154 70 14
176 80 16
220 100 20
242 10 22
264 120 24
286 130 26
308 140 28
330 150 30

MRy HFERVEELE
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1. Eovist®/Primovist® A& MRI$} Lt #|
2. Lymph Node Contrast MR e 4 $ b #|
3. Bowel Contrast Agents MRI j 24 % &4 By 18 $ Lo #

? 1. Eovist®/Primovist®
S @& Q15: WA B MRIY % Eovist®, © & ik A ey ? fTEEE ?

@ Gadoxetic acid ( Gd-DTPA-EOB)
F AR e R Mkt el
@ %/ tmfpitnHiE50% © 7 50% i AT 4a e Bl
BT RIERBE > HARTRaETHRSEETFREZRAR

\_pcoz': @ AL BAT3-4BAAET 0 A RGILITRS %K
F—FHEALRE G AME el > REJHDIMEE
Gd-DTPA-EOB (Eovist®) H 4%k B & 3kglomerular filtrationjEmk -

aF4 #8B.Gd-DTPA (Magnevist®)

HRAF EFBRVERES
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1& A #i& 3D T1-weighted gradient echo -
#]im LAVA, VIBE 5, CAIPIRINA % F47/mik &k 5 F 8474

EOERBFZAafENAFEEE ¢

1)  #pk4a(late arterial phase): ¥ b & ) 3 B k1% K Y158 BRF
2)  ##Hk48(portal venous phase): B &:8%15-30F 14 BR4F

3) ##&EHmM(late dynamic phase): 2-3 2484 RF

4w %1% ZAFEHa(hepatobiliary phase) : 15-20 5484 BRAF(EEFAFHEERB A) ©

& Liver lesions are detected and characterized with pre-contrast MRI
and EOVIST MRI obtained during dynamic and hepatocyte imaging phases.
Perform a pre-contrast MRI, inject EOVIST
and begin dynamic imaging approximately 15—25 seconds after completion of the injection.
Dynamic imaging consists of the arterial, the porto-venous (approximately 60 seconds post-
injection), and the blood equilibrium (approximately 120 seconds) phases.

& Begin the hepatocyte imaging phase approximately 20 minutes post-injection.
Hepatocyte phase imaging may be performed up to 120 minutes post-injection.

& Elevated intrinsic levels of bilirubin (>3 mg/dL) or ferritin can reduce the hepatic contrast effect of EOVIST.
Perform MR imaging no later than 60 minutes following EOVIST administration to patients
with these laboratory abnormalities, including patients who have elevated ferritin levels due to hemodialysis

& Lesions with no or minimal hepatocyte function (cysts, metastases, and the majority of
hepatocellular carcinomas) generally will not accumulate EOVIST.
Well-differentiated hepatocellular carcinoma may contain functioning hepatocytes
and can show some enhancement in the hepatocyte imaging phase.

hAF SFERLases 29



Fig, 2.

Enhancement curves of a hypervascular tumor
(eg, metastasis or HCC) and the progressive
uptake of gadoxetic acid in the liver.

Enhancement

Journal of Magnetic Resorance Imaging 40:516—529 (2014)
m Consensus Report From the 6th International Forum for Liver MRI Using Gadoxetic Acid

>
>

l Time

Gadoxetic acid
ingection

Eovist® ;2 & : 0.25 mmol/ml

FERBE: BT EE50.12F (0.1ml/kg=25umol/kg)
E 4tk R = mL/min 5 ek A IR K o

Eovist®i% $; ik 48 (late arterial phase):
BTHEETETHEERE @ LEDNETHRAIEREAL

FT B8 28 %2 (Hepatic enhancement) :
HILBEH R —BMTUAERFE V2T AFBANEIRE -

Eovist®At 4a itz 48 (Hepatocyte phase)
BA T 88 4% 95 KR A RO HE B

HEY B ERYGEELE
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2. Lymph Node Contrast

@ Q16: MR #k B &L #] > dafT/E A2

GMR#H B4 #H 1L &3 &£ US-SPIO (ultra-small superparamagnetic iron oxide )
IOBAEEHEHILA] - EFHRCEHMIRRARTY -

S S
RS 5RO EH LA - #48 B4R (5- 20 nm) A EsE M 8t B (ferrite » US-SPIOs or USPIOs).
AHEFEEEBRELERG IPRAKRA R ZLRES)HE » K€ F %”Ei‘é’/’?f/gé‘%xf@f 57“

B |

EePRFFROSEEER @FE0ENERBRENEBERTA - ‘F 15
2% CEHHREFRIAENAHKCERTEH -

USPIOs & # 2t 41k | (82 R % Msusceptibility ) -
T2-weighted ¥ 1% £ iE 5 M L& 358 €A 55 -
Himl  HEESAHABL  CEHITTHMNR A EEFFARER

HIRBEE RS > R R RARY  ABBHIE L BRIGHERNS

l*“’“

Ry 5 BRBVBRBEN
Email: aluns43@gmail.com, 3O



? 3. Bowel Contrast Agents

A Q17 :H & B MRIE 3 i % o4 B 18 ¥ tb &l (bowel contrast agents)%?

&
@® MRIFHHLBTURRGHHRARB RS > RBERBAY RPHMERE -
@ VoLumen® g %% B # L #(Hyperosmolar agents) -

CHAKBARE > BAH%T2* %R » $FEMRAB &P (MR enterography) 8 -

4% BHHILE A B TEOME - CH B ERARM R % R B G 0 60 55 d o
, B B R AR R -

" HEBERRRERIERE AR 0 —AME R 0 Ak ¥ & /E A MR enterography
7%

‘ L VoLumen® 2 #W e840 8 & 0=k &)757%(0.1% w/Vv) barium sulfate solution) -
t{ 41.4% L # # 8 (sorbitol) - #EBH#Es(gumresins) R 7848 - AR CHEROMHE
{Q " R KRS o

/ ’3 VoLumen MR K555

B M e E H e #(GastroMARK)

HhAx E5FRVERES 6
Email: aluns43@gmail.com, 3



>~ >~ FNER :

@ Q18 : L(GA)HILAF 522 ?

® Acute Safety -2HREHFLOBEFFTIR - <2.5%, 5B - -BRERBOREEAILE -

! ﬁi%i‘&/ﬁﬁ&ld‘ﬁﬁq e
#‘E&:&ﬁt ok AHUGAD)HLEBEHBRESR A > BREKE S (urticariaz, hives)z ik -
“HAL(GAH LB A BREHBAASERERER L Y E€LE—XREERE -
B SR RIE(EIE X £ F %% (bronchospasm), %% # (laryngospasm), A i#(facial edema),
8B (tachycardia), 8 K # (arrhythmias), Z&F e A (urticaria)) > F#ABEL T 42— -
A #% 0 AMRIgHL #3558 Mm (Epileptic) A #4E(Seizuresin) &z » 2 F R, -
& B gt PR se S b &4 A AR B m A o

-AHBER X EHET RS RENREERE  FEAEFER -
REREHBAMERYORE SN Z—  BARAutLES;Z—-

® Chronic Safety
-NSF (FEM2GEBELBNRERY:  —HEFRERAER  BEATARFTRAFEA
- LG EREABA - & FRMRIAE &) F LR E LR A -

@ L(GA)H LB R LHIEHR ERE o
O EX—HMFR HEH
RERER ~ ﬂﬂ%%ﬁﬁﬁk%%'ﬁ‘&éﬁb%%& AL BB LA RSB o

® R-FAARp

- R FRHEL(CA) N FHAELERA 5| At RIABAE -
- 45 B FA(GA L EE AR A L e RKBREEA NEEREZH A2 TERREHA -
- — b 8 B SL(GA) E B s B s - MREENSERE AdAr 48 S 808 75 80K -
a0 BASL(GAHLLA AR LLY  EHABETLEER -
BT R A AR L e B 0 R P 0 — % %32 RAL(GA) LA e R -

WG 5 RRYGEES
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@ Chronic Safety Safety
Nephrogenic Systemic Fibrosis, NSF & F 4+ & & 4 4 4 1t
Retentlon of gadohmum n the braln éL uu#»ﬁ-_ H“‘ %[3

Dotarem o NG » _
launched in 1989 RadbruchA etal Radlology 2015,275 783 791 .

| | |

_' -f_- 1988 1997-2006: NSF 2014-now: hyperintensities and gadolinium

" Launch of the first deposition in the brain
e MRI contrast Nephrogenic Systemic Fibrosis = &
. agent: Magnevist - Rare but serious disease Studies reported hyperintensities in the brainon =

- Leads to skin fibrosis + potentially MRl images : A5

2+ contractures, joint immobility, inability to - In patients with normal renal function =0 '

A walk and death - Caused by gadolinium deposition in the brain g
- In patients with renal insufficiency - Clinical consequences unknown today

- Linked with the injection of linear GBCAs - After repeated injections of linear GBCAs

| y

New recommendations issued
from the USA-National Institutes of Health
EMA recommendations pending (expected sept-2016)

Health authorities (EMA, FDA, Japan, Denmark...)
established guidelines on the safety of GBCAs

MRI images
acquired:

(c) after 6 injections
of Dotarem

(d) After 6 injections
of Magnevist (linear)




NSF % B2 5 841t
Clinical signs and symptoms of NSF

Gadolinium is detectable within the tissue of patients with NSF.

Yale Unav. Pathmax.com

Pacific Dermatologic Assoc.

Ry $5RRVETLEY
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? | 0 Q19 4738 NSF ?
[ &

s 2 8L(GAd) By ¥ LB - E B 5| &NSFRE ?

® $L(GA)7h A B e B RH% A (iatrogenic disease) » Sk B/t K IEH HB -
® Tt BGE A %8/ 416 A5 B # %4 (joint contractures)
@ 5 % o BR/ WBk/FF R > R34 -

A4 F A R EH200065F 8 R H KL > 4L(GA)ENSFA B4 -
2006 3] 20100 » 2R CHHBBERFEZE LR -

Nephrogenic Systemic Fibrosis (NSF) :

B LB P L
1997 : ARBERAF LERADE K
# 2z ANFD ( nephrogenic fibrosing dermopathy)

2003 : BRERTIHBE (= B M LA > Fh)
BR 44 ANSF

2006 : 2 v EHIL(GA) A B wie -

2007 : FDA 7] & “ Z & F % (black box warning)”
H o BAHREERERBILEAE -

2012: b EF L FHMHALT

HAS E5BREEELS

Email: afun543@gmail.com, 4O



? Risk of NSF by contrast agent

° @ Q20 774 tyMRI% 1k B % SNSF e B 28 — 155 ?

® Ominscan, OptiMARK, & Magnevist = f#MRI$} b %] - £ ANSFeymi A T2 H -
@® Ominscan & OpitMARK (Gd-chelate binding) -

® 2% - A7 A SL(Gd) $ tL I # A NSF &) 812 B

ACR Committee on Drugs and Contrast Media. Version 9, American College of Radiology, 2013.

$ B 5 4 Log K., Chelate Excess
(stability constant) (mg/dl)

MultiHance® 22.6 0.0
Magnevist® 22.5 0.4
ProHance® 23.8 0.2
OptiMARK™ 16.6 28.4
Omniscan™ 16.9 12.0

AR B o BiZEELAMA B AT EEAOpitMARK™ and Omniscan™ o
f Magnevist®s] L f £ B FHER LR A

Wy EFBRGEERE
Email: afun543@gmail.com, 41
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nephrology image http://www.kidney-intemational.org
© 2007 International Society of Nephrology

Kidney International (2007) 72, 1294; doi:10.1038/sj.ki.5002460 { ¥

Nephrogenic fibrosing dermopathy in a peritoneal
dialysis patient

C-W Tsai'?, C-C Chao®, V-C Wu', C-H Hsiao® and Y-M Chen'

'Division of Nephrology, Department of Internal Medicine|National Taiwan University Hospital, Taipei, Taiwan; fDepartment of Internal
Medicine, Far Eastern Memorial Hospital, Taipei, Taiwan; *Department of Neurology, National Taiwan University Hospital, Taipei, Taiwan f
and “Department of Pathology, National Taiwan University Hospital, Taipei, Taiwan

Correspondence: Y-M Chen, Division of Nephrology, Department of Internal Medicine, National Taiwan University Hospital, No. 7 Chung-

\ Shan South Road, Taipei 100, Taiwan. E-mail: chenym@ntuh.gov.tw

= | pighe == |

Figure 1|Nephroggnic fibrosing dermopathy involving bilateral
lower extremities. (a) Leg stiffness and nearly 90" flexion
contractures of the knee. (b) Thickened and waxy skin with
hyperpigmentation.

showing increased numbers of elastic fibers (original magnification,
x 200). (b) Immunohistochemistry identifying some interstitial cells
in the dermis positive for CD68 (original magnification, > 100).
CD68 + or factor Xllla + dendritic cells are a constant finding in early
stage of nephrogenic-fibrosing dermopathy.

Kidney Int. . 2007 Nov:72(10):1294. dot: 10.1038/57.ki.5002460. hifps://pubmed.ncbi.nim.nih.gov/17972%12/

" ¥ - s » 1 . s
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Retention of gadolinium in the brain 4L it # 42 5% 25

Long-term excretion of gadolinium-based contrast agents:
linear versus macrocyclic agents in an experimental rat model

Radiology 2019; 290:340-348
Objective Materials and Methods

To investigate the long-term 7 injected compounds:

course of MRI signal intensity (SI) « 3 linear GBCAs - Omniscan, Magnevist,
changes and the presence of Multihance

S « 3 macrocyclic GBCAs - Gadovist,

. ; : Dotarem, Prohance
multiple administrations of ;
GBCAs. « 1 control group — saline

Rats received 8 intravenous injections (dose -
1.8mmol /kg weight)

MRI was performed 5, 26, and 52 weeks after the
last injection. Collected tissue samples, analyzed

for total Gd concentration with ICP-MS and LA-

ICP-MS.

RAF BFERYRELS
Email: afun843@gmail.com, 4.3



gadolinium in the rat brain during a 1-year period
after multiple administrations of GBCAs. Radiology 2019; 290:340-348 |

Linear Macrocyclic & Saline

5 weeks 26 weeks 52 weeks

' Y X

Omniscan

gadodiamide
Gadovist
gadobutrol

Dotarem

)
+
m
[
v
)
0
©
[
o)

Magnevist
gadopentetate

: » s

Bl e X o

Prohance
gadoteridol

Multihance
gadobenate

Visually evident signal hyperintensities of
the DCN were observed 5, 26, and 52 weeks
for linear GBCAs

Ry $5RRVETLEY
Email: afun543@gmail.com, 44



Gd concentration changes in the cerebellum:

Radiology 2019; 290:340-348

Different for linear and macrocyclic agents.

Cerebellum

i

i I

D!

10
. i
22
= 1
2 &
$ o
88 01
o £
O
0.01+—
0 5
Omniscan
-«- gadodiamide

-e- gadoteridol
Prohance

-=- gadoterate

Dotarem

26 52
Gd-free period (weeks)
Multihance Magnevist
-u- gadobenate -*  gadopentetate

Cerebellum |5vs. 26 weeks | 5 vs. 52 weeks
Gadovist |Gadobutrol -81% P<.001 |-87% P<.001
Dotarem |Gadoterate -88%| P<.001 P < 001
Prohance |Gadoteridol -38% P=.006 [-65% P<.001
Magnevist |Gadopentetate |-23% P=.11 |[-8% P=.62
Multihance | Gadobenate -12% P=.44 +3% P=.85
Omniscan | Gadodiamide -12% P=.44 -24% P=,093
»- gadobutrol

HAF $5FRPRERS
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gadolinium does not accumulate in specific brain regions ——r 5
] . ; adiology 2019; 290:340— 3
after the use of macrocyclic agents. 1CQ10°08Y 20195 290:340734

Multihance Omniscan

. Gadobenate E—‘]ﬁi@ ar
Macrocyclic

I Gadobutrol Gadoteridol Gadoterate

Min. s - == 9.5nmol/g
R Prohance Dotarem

Conclusion: sSignal intensities (SIs) at T1-weighted MRI showed marked differences between linear
and macrocyclic GBCAs with respect to gadolinium retention at late time points due to the continuous

elimination process for macrocyclic, but not for linear, GBCAs for at least 1 year. PR———_ ) -
Emla.il: afun543@g@w i ‘com., 6



SL(GA) ) & #

® Q21: FHEHSIL(GOHLLE  CeraB&NEHT ?

O LETHRESMOAECHETFARAMERLAZKRA -
@ Z /A KKE G EEE K4 (globus pallidi and dentate nuclei), T1-weighted % 4 F £ 4 &35 -

The 15, NonContrast MIRI ° 2002 The 22nd. NonContrast VIRI » 2012

American Journal of Neuroradiology - AJNR 2017

BALEOEEAERE » 2002820122 B # T 21k (Gd) ¥ b # 89 MRI#F 1

UMRISL(GA) L B &3 BB A » 3.8 € 4/ 853 4 (dentate nuclei) & X B4 2 & 3 (globus pallidi) £ # -
b MR 6 75 R 91 B AR 05 R Bk A &) B A E b - Ti-weighted # 1% £ % 37 1 31, & 31058 -

SbR Z AR RAREHEIL(CGA)HILA B A TR > AR CHRLEILETHRELERLER

20174 8 R B(EU)R L FE MR =k 245 i #Hey2 3% - Omniscan®, Magnevist®, and MultiHance®.
2 AFDA$ 2 A % > o4 2R £ %155 “Medication Guide” > 548 % 405 AN A XS H BB AR e 52 -

An example of such a recently approved Medication Guide for MultiHance@®http://mriquestions.com/uploads/3/4/5/7/34572113/medication_ guide multihance_jan_2018.pdf

e 1
Email aun543@gmailcom,
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® 0Q22: HHFHRERAENAA  wiTETEBRRAEZE ?

@ HERBBIBAEGE ) BEAF AR -
@ FHEEBALFHREG  ERHAY
@ 4t ( Wake Forest protocol)

B UL AMNSEF I 3%
Wake Forest NSF Protocol

WERN AR ERBBAEZRAR LT BEAEAERR

FTHRFHEARR » LARSHA6HA NeGFREME (K %KBEE)

#GIFR<60 » R AT HILB L E -

#30<GFR<60 » AHLAER - & FEAFTERLHH LA

) _‘f “G“f?ﬁ<30 {i Fﬁﬁ,%ﬂkﬁ(extreme éii'cumstanceSj ’ #&ﬁﬁ-ﬁ—%"ﬁ%%&.g‘(ﬁﬁ) |

WG 5 RRYGEES
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(
C

& 'P] h & ar TR W
onsent for Gadohinium

/
3 ® Q22: R&ETHAR—ELEHLGHHLAHYRAEE ?
@ BLAEFDA 2R R ABLEEE R OERN(GA) HILH MBI -

@ B3 > ARG LARE » REE LW S/EAENSFe k% -
SL(GAHLLEM R E T A

HTHeBRIESET SR BB AT EBT ('Gd’)i’éftb magMR Ik & -
(GAHILH B dEoE s » A B ARG » E %8R ¥k

UL E e R L ICHET RS ) T LHAI RS Rt (DA &% 2 Akt
e 7 A8 7 ek B BTDNE R s - AT T K15 (GA) L 80— S e e 6195 - WRT A 4 5
G — AR R RS 3] EEEAEFT (5T A4 00 PR « (Gl) Bl o FUAE T ) B — 5 72 % 3540 Fl 38
B ¢

ROAFE BT 5212%) 0 m A TR EMY &R » GIEESRNER RS BBR BT RBRE RD 0 &
2B - K&K LT 5 =1(0. ()f‘%')éf Ja NFT e A BB 6B AR JE - LB KRR 0 ook I B o SRR R T E RS
oo IR EMNBBRIE T e AR AE R M-S B R T E R+ E 5 21(0.00025%) °

£ R AEAASHOD)IEA G A BYRIE - HRM ISR THABHRE - At~ £A BRAA - BE ERK
B2GDHILE A A BBRIEGERETR I - & BT84 PRIk - 3F BIREMRKSHE -
(GA) #H e &l 6948 L FE R F M8y - fkﬂﬁ » BEYBEAAETHBAED k‘-*‘fwﬂ;iﬁ“y SEONER o fLE BATEE
AEOR IR O AR AR LA L3R 8A 3E ) & r”iffﬂ/% 551 4H(Gd) ¥ e 3 MRI#s &
) (]%.}\/ € B e A) . (B#Hm)

% & W

Ry 5 BRBVBRBEN
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SL(Gd) # oA F] EEEXHA

SAMPLE CONSENT FORM FOR GADOLINIUM CONTRAST

Your physician has determined that an MRI study with gadolinium contrast is needed to help diagnose your
medical condition. Gadolinium contrast is given by injection into a vein and aids in distinguishing normal from
abnormal tissues.

The brand of gadolinium contrast you will receive ( ) has been determined to be safe and
effective by the U.S. Food and Drug Administration (FDA). The attached Medication Guide has been approved by
the FDA to help you understand some of the potential safety issues related to this drug. The MR technologist will
review this Medication Guide with you and answer any questions you may have. As with any medication, a small
chance exists that you may have a reaction to it.

About 1in 50 (2%) of patients will experience very minor and temporary side effects, including pain at the
injection site, nausea, headache, dizziness, itching, rash, or hives. In about 1 in 5000 patients (0.05%), a true
allergic reaction may occur (including facial swelling, difficulty breathing, or low blood pressure) requiring
treatment. The odds of an extremely severe reaction is very rare — with the chance of death approximately
1:400,000 (0.00025%).

Your odds of a reaction may be increased if you have had a previous allergic reaction to gadolinium, are allergic
to other drugs or foods, have asthma, or suffer from kidney disease. Please inform the MR technologistif any of
these situations apply to you.

The use of gadolinium contrast is optional. However, your physician believes the potential diagnosticbenefits
for you exceed these small risks. By signing below you understand the statements above and agree to receive
gadolinium contrast for your exam.

X (Patient/Legal Guardian) (Date)
Disclaimer
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Gadolinium in Pregnancy
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adavist

ﬁ- _; gadobutrol) injection

8.2 Lactation# 3L
Risk Summary
There are no data on the presence of gadobutrol in human milk, the effects on the

breastfed infant, or the effects on milk production.
However, puth;hed lactation data on other GBCAs indicate that 0.01 to 0.04% of the maternal

gadolinium dose is present in breast milk and there is limited GBCA gastrointestinal
absorption in the breast-fed infant.

The developmental and health benefits of breastteeding should be considered along with the
mother’s clinical need for Gadavist and any potential adverse etfects on the breastfed infant from
Gadavist or from the underlying maternal condition.

Clinical Considerations

A lactating woman may consider interrupting breastfeeding
and pumping and discarding breast milk
up to18 hours after Gadavist administration in order to minimize exposure to a breastfed infant
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