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2 =olAE GBCA(Gadolinium Based Contrast Agent)& ©]-83 MRI HAF Al thekdt MR Al 2o W2 GBCA B¥5%
7 Wgs dotry] e AA A MR HES AMgste] A¥H oz Hrk BAstauat a9tk MR A9 S AZs7] ¢

7ol 500 mmol Gadoteridols saline@ &38te] 7+zF 500 58 0 mmol 714 552 A2 t27 319tk #A17% MR phantom&
5T MRI Aol A &g 8t2] 7]do] & tt& TI SE, T2 FLAIR, T1 FLAIR, 3D FLASH, T1 3D SPACE, 3D SPCIR A|d2& 2~
Mkl ANade s =4 3 T vl 24 31tk T1 Spin echo: Total SI(Signal Intensity)”} 15608.7, Max peaki= 1 mmolell
4 1352.6, T2 FLAIR:= Total SI7F 91064, Max peak: 04 mmolol| A 1721.6, T1 FLAIRIA = Total SI7}F 209725, Max peak: 1
mmolol| A 1604.9, 3D FLASH= Total SI7} 20924.0, Max peaki= 40 mmolelA 14257, 3D SPACE Imm% Total SIZ} 6399.0, Max
peak: 3 mmolol A 528.3, 3D SPACE 5mm3i= Total SI7} 62765, Max peak: 2 mmololA 5146, 3D SPCIR®] 7%= Total SI7}
1778.8, Max peak: 04 mmololl A 383.89] AZ 7 =S WYtk Tl SEE ¥3H3t tji-io] A|@xo E5®rl =35 v Bohes o
Aoz d4ol4t 34o] o]Fojd HlaA e FholM w& NEREE Btk B3 M2 gE 228 71d9 teFst MRAIE
2204 GBCAQ] 29457 dE HA] 5 g3ttty 2 A+E T8 oz Adzo] m2 GBCA w&=d kgl gt 434 dolg&
Fato] AA Aol 2FTAAA A LM MRAA ZE2EF] 43 & & Zo= Alsdt.
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Abstract

In this paper, we introduce how to change the reaction rate as mol concentration when we scan enhanced MRI with
GBCA(Gadolinium Based Contrast Agent), Also show the changing patterns depending on diverse MRI sequences which are made
by different physical principle. For this study, we made MRI phantom ourselves. We mixed 500 mmol Gadoteridol with Saline in
each 28 different containers from 500 to 0 mmol. After that, MR phantom was scanned by physically different MRI sequences
which are T1 SE, T2 FLAIR, T1 FLAIR, 3D FLASH, T1 3D SPACE and 3D SPCIR in 15T bore. The results were as follows :
*T1 Spin echo’s Total SI(Signal Intensity) was 15608.7, Max peak was 13526 in 1 mmol. *T2 FLAIR's Total SI was 91064,
Max peak was 04 1721.6 in 1 mmol. *T1 FLAIR’s Total SI was 20972.5, Max peak was 1604.9 in 1 mmol. *3D FLASH's Total
SI was 20924.0, Max peak was 1425.7 in 40 mmol.

3D SPACE 1mm'’s Total SI was 6399.0, Max peak was 528.3 in 3 mmol. *3D SPACE 5mm’s Total SI was 6276.5, Max peak
was 5146 in 2 mmol. *3D SPCIR’s Total SI was 1778.8, Max peak was 3838 in 04 mmol. In most sequences, High signal
intensity was shown in diluted lower concentration rather than high concentration, And also graph’s max peak and pattern had
difference value according to the each different sequence. Through this paper which have quantitative result of GBCA's reaction
rate depending on sequence, We expect that practical enhanced MR protocol can be performed in clinical field.

Keyword : Gadolinium, GBCA, mol concentration, MRI sequence, enhance rate, Gadoteridol
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7129] SE(Spin Echo), TSE(Turbo
Spin Echo), GE(Gradient Echo)s-2] conventional 2D7]
Hd‘cé goﬂ 3D }\]f.l_]/\‘:,] oﬂ/\]—ul—;qo] ;qJ_x%oi o]E
o A 1l Spoiled Gradient Echo, Steady Sate
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s 19 b9 3D AlEEE0] el teFstAl A
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7t. GBCA(Gadolinium Based Contrast Agent)

k2= 05 mol gadolinium Z %A1 Gadoteridol
(ProHance; Bracco, Milan, Italy)Z Ab&-3}3ict.

Gadoteridol>  gadolinium= nonionic,
macrocyclic 37%E 711 MRIZFAZA thS3
2e E4E Adgtl

1) Molecular weight = 558.7 g/mol

2) Osmolality (mOsmol/kg, 37) = 630 mOsm/kg

3) Viscosity (cP, 37) = 1.3 mPas

4) Relaxivity (15T - rl mM-1 s-1) = 4.1

5) Maximum adult dose(mmol/kg) = triple dose

6) Thermodynamic Stability constant (pH=1.0)

=238
7) Conditional Stability (pH=7.4) = 17.1
8) Indication = CNS, whole body

e e
IZ3hat=

Lt. MR Phantom A&

a9 13 o] WA A hottle (diameter: 29mm)
o] 2870 4d® dute] MR phantom= A 2Hakl om,
1T E 289704 2] 7}7+9] hottleoll+= & concentration

S 2% dgsle], Gadoteridol ¥ salineS A& £33}
At
¥ ld= lﬂl‘? A ZF7He] hottleo]l ™E mols
%= 2 GBCAY & Hﬂl%g Eﬂz‘s}fﬁi} attte] hottle

P

o= saline?} Gadoteridol®] F %S 30 m= 435

1H5E 2887k 7} bottledll = Gadoteridol & 7—.‘7—}
30, 24, 18 m¢F-E 0.024, 0.012, 0 m7HA] F=Y43FA . o]
of w2 w)&d 2 Saline2 0, 6, 12 mlH-E 29.98,
2099, 30 mseo® 7} &7]oM ME sttt ol &
molx =z Aktetd  1HEE  28M7-<] 500, 400,
300-04, 0.2, 0 mmolel 31FstH, o]+ 500 mmols
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00000 |-
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MR ZHE]

(@ AAL (b, ¢) MEEH
MR phantom.

(a) picture, (b, ¢) drawing

sk

H 3ol e FFN 24 g2 2

E 1. mol =2} GBCA H|&

Table 1. Mol concentration and GBCA rate.

MNumber Total (ml)  Saline {ml) GBCA(mI) mol mmol GBCA rate (%)
1 30 0.00 30 05 500 100.00%
2 £ 6.00 24 04 400 B0.00%
3 30 12.00 1z 03 300 B60.00%
4 30 1800 12 02 200 40.00%
5 E] 24.00 [ 0l 100 20.00%
& 30 2460 54 0,09 90 18.00%
7 30 25.20 4.8 00 BO 16.00%
8 30 2580 4.2 0,07 70 14.00%
9 30 2640 36 006 &0 12.00%
10 30 27.00 3 0.05 50 10.00%
11 30 2760 24 004 40 B8.00%
12 30 2820 18 003 30 6.00%
i3 30 2880 1.2 02 20 4.00%
i4 30 2940 (X [s1:3 ] 10 2.00%
15 Ev] 29.46 .54 o0 -] 1.80%
16 E{v] 29.52 0.48 0008 8 1.60%
17 ENn] 2958 042 ouooF 7 1.40%
18 Edv] 29.54 0.36 000G 1] 1.20%
19 30 29.70 03 0005 5 1.00%
20 £ ] 2996 0.24 0u004 4 0.80%
21 30 2982 0.18 0003 3 0.60%
22 30 2988 012 o002 2 0.40%
23 £ ] 29.94 0.06 0Lo0L 1 0.20%
24 30 2995 0.048 0.0008 0.8 0.16%
25 30 2996 0.036 QL0006 0.6 0.12%
26 30 29.98 0.024 0.0004 0.4 0.08%
27 30 2999 0.012 0.0002 0.2 0.04%
28 30 20,00 4] 4] o 0.00%

100%= Azt S w Z42te] bottle™ GBCAEZH] &

<100, 80, 60%+-E 0.08, 0.04, 0%7}A] o gt} o]
& FMREYA GBCA 34 A=el| w& MRy

=

AEE Bl sag s

2. MR &x[ 3

2

7F. MRI Specification

1) Field strength: 1.5 Tesla

2) Gradient strength: 33 mT/m, Slew rate :
125 T/m/s

3) Model: Magnetom Avanto Q

4) Coil: Brain coil (20channel)

J8 2. MRl Zt(@ ¥ Brain Z(b)
Fig. 2. MRI device(a) and Brain coil(b).

Lt. Scan seqguence and Parameter

1) T1 Spin echo
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FOV = 210x240, Phase encoding number = 320,
Frequency encoding number = 182, Slices thickness =
50 mm, Interval = 20 mm, TR = 563 ms, TE = 14
ms, Band width = 100 Hz, Acquisition time = 3:46

2) T2 FLAIR

FOV = 240x 240, Phase encoding number = 320,
Frequency encoding number = 224, Slice thickness =
5.0 mm, Interval = 20 mm, TR = 6000 ms, TE = 97
ms, TI = 2030 ms, Slice thickness = 50 mm, Band
width = 191 Hz, Acquisition time = 1:30

3) T1 FLAIR

FOV = 240x 240, Phase encoding number = 320,
Frequency encoding number = 224, Slice thickness =
50 mm, Interval = 20 mm, TR = 6000 ms, TE = 97
ms, TI = 2030 ms, Slice thickness = 50 mm, Band
width = 191Hz, Acquisition time = 1:30

4) 3D FLASH

FOV = 260x 320, Phase encoding number = 334,
Frequency encoding number = 218, Slices thickness =
1.0 mm, TR = 31 ms, TE = 1.1 ms, Bandwidth
420Hz, Acquisition time = 17s

5) T1 3D SPACE (1mm)

FOV = 240x 240, Phase encoding number = 256,
Frequency encoding number = 260, Slice thickness =
1.0 mm, TR =700 ms, TE = 11.0 ms, Band width =
723 Hz, Acquisition time = 3:52

6) T1 3D SPACE (5mm)

FOV = 240x 240, Phase encoding number = 256,
Frequency encoding number = 260, Slice thickness =
50 mm, TR = 700 ms, TE = 11.0 ms, Band width =
723 Hz, Acquisition time = 3:52

7) 3D SPCIR 3D

FOV = 228x260, Phase encoding number = 256,
Frequency encoding number = 218, Slice thickness =
mm, TR = 6000ms, TE = 333.0 ms, TI = 2200 ms,

Band width = 592 Hz, Acquisition time = 4:01
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2+ ¥ MR phantom< Brain coil (20channel)el] 7
2+ste] 15T MR(Avanto; Siemens) boret]e] =3 4l
Eol XAt} A& Gradient echo sequence® SAG,
COR, AX 9] scout images ¢& F o|& &83lo]
o] 77k AEAE ¥ 33 22 wAR 23S A

Yataich

[ Scout scan [COR, SAG, AX) I

4
| T1 SE (coronal) I» | Sl analysis |—‘-
4
| T2 FLAIR (corona 1) I = Sl analysis
1
| T1 FLAIR (coronal) I# | sl analysis |
Il
| 3D FLASH {coranal) I-b | Sl analysis | >—| Total and Peak 51 analysis
| T1 30 SPACE 1mm (coranal) |Q | Sl analysis |
I T1 3D SPACE Smm [coronal) |# I 51 analysis l
I 3D SPCIR (coronal) ]-D | Sl analysis |_.~

33 3. MR scan &Y =ME
Fig. 3. MR Scan flow chart.
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] sto] Al AL AAb ALE Tl ZREES ALE
sttt thek T1 3D SPACE(thickness = 1lmm)¢] 7

% SNRol A=Al S v]X|+= thicknessol] whet
SI(Signal Intensity)ZFol7F & = 7] wlitell, ofol
conventional SE T1 (thickness = 5 mm)¢}] H
3 A% HaE Y8 lmm, 5mm 7 74 BF o A
s AT ol FA Zh2he] AlE oA dofxl @
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1. MR HE I 40} SI(Signal intensity)
a7 4olM= 4Zhe] A 2ol Aol MR WH
gl 28702 NEE I = glon, GateA
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MRI sequence0f 2

a3 4. MR phantom &4t

(@) bottle 1S (b) T1 SE (c) T2 FLAIR

(d) Tt FLAIR (e) 3D FLASH (f) T1 3D SPACE
imm (g) T1 3D SPACE 5mm (h) 3D SPCIR
MR phantom images.

(a) bottle’s number (b) T1 SE (¢) T2 FLAIR
(d) T1 FLAIR (e) 3D FLASH (f) T1 3D SPACE
imm (g) T1 3D SPACE 5mm (h) 3D SPCIR

Fig. 4

E 2 2ol MR SequenceollAl GBCA mols= s}
of e Mszdx
Table 2. Signal Intensity according to the GBCA
concentration in each of the MR Sequence.
Number mmel SETL(TRS63) T2 FLAIR T1FLAIR 3D FLASH -0 SPACE ”;::cs 3D SPCIR
1 500 36 36 78 5.6 16 3
400 39 43 9.2 58 18 )
3 300 41 a3 53 17 38
4 200 2 42 102 70 8 59
5 100 36 34 129 107 88 52
] 90 44 43 265 145 127 65
7 80 48 55 462 96 68 71
8 70 6l 57 778 9 127 13.0 70
9 (-] 58 65 1282 459 a7 6 &7
10 50 50 71 1983 4 193 205 69
11 40 55.6 9.7 3342 . 857 786 57
12 30 1590 g4 5421 X 1152 1124 74
13 20 3473 82 7957 13263 1998 1973 72
14 10 £ 123 11899 1267.1 3341 3249 71
15 9 177 12638 13175 3825 Errhl 56
16 8 254 13356 12806 4196 4138 71
17 7 455 13490 1064.1 4210 4143 65
18 [ 794 13942 9553 441.5 4329 72
19 L 350 14553 9164 463.2 4550 65
20 4 2483 15486 Bo9g4 5175 5039 56
21 3 4427 1565.7 663.3 528.3 5120 93
22 2 7017 1583.7 51.3 5224 5146 248
23 1 13682 1604.9 2164 488.7 4865 1875
24 08 14729 15880 1999 4771 4730 2333
25 0.6 16973 14690 1634 4155 4144 3600
26 04 17216 2709 1221 3423 346.1 3838
27 0.2 627.8 99.6 224 9.4 797 2601
28 [+] 435.1 56.9 134 5.7 66.7 1976

Hol= 287019 &7] @l circled] ROIE
(Mean)E =43t

47438} a SI

2o mg & FEEE 201] 718kt
2. MR sequenced| = GBCA mol¥ gts Jef
Z¥7re) sequence © el molol MY AEZHAEE 1
Qs Fa FAT F Ak AHE o|F= AEAE
£ Peak SIZ} %7189 1, mols=o] W& SIAA

GBCA 25

o S0l OhE HEE 2 e ¢
(A 2= W4)S Total SIZ ¥&EHSITH

7t. T1 Spin Echo

a9 594 ®Zo] T1 spin echodlA= 90 mmol
oA Wkl AREiA AAE] e S7she]
4-1 mmolo| A plateau hill& Ho|t}7} As7F 7435
= AL & F 3k o= GBCA Anl&=E 08
0.2%01 slH ) Peak SIE 13526041, ZF molol A <]
Total SIE= 1560875 13kt

Sifau)

SET1(TRS63) a

SET1(TRS63) b

020090 P

wE|
Signal Intensity according to the GBCA
concentration in T1 SE seguence.
(a) Linear Graph, (b) Radial Graph

=, (b gAr" Te=

Lt. T2 FLAIR
9 6914 B5o] T2 FLAIRE 7 mmolol A H %=
Wg-sk7] Alzbstel 4G AALR w2 AS7F 7t
3ttt 0.4 mmolol| 4] Max peaks ol § % w23] SI
7 "Wojxl& dolHE BRItk ojuf Max peakel 4] 2]
GBCA 3Xn)&L 008%°l 3slgdwc}t Peak SI=
sequences Mg =&

Vosta w2
quqx]-x
. Peak SIE SEe| 1]3

1721605 & Aol A&
signal intensity s B o F=A ¥
go#|7] el FAL JEH”’“J Flacy
B oo =

1~l

m
ol

O]—OO

=

=HX

o2 ¢ [mmol

T2 FLAIR Sequenced A GBCA molsT H3tol|
e MsZE

(@) M8 Jei=, () 2AtE Jef=

Signal Intensity according to the GBCA
concentration in T2 FLAIR Sequence.

(a) Linear Graph, (b) Radial Graph
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213%7F 9 =9kont, 7 molollA
9106.4% SEo| H]&] 583%FFo 2
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Ct. T1 FLAIR
a9 79 TKTime to Inversion) £ TE(Time to
Echo)’} ZA ¥ T1 FLAIRE #Z2 IRAIYGOIARE T2
FLAIRS}= & g2 w8 Z3E Btk dAsez
AAAR e =s SERT o 9ol Ao
Ao agze] sFo] SES HSgh S B
AAl 4-1 mmolollA] plateau hill& Xt} A5 7t 7+
E 4 9lem Peak SIE 160492 SE°
=9k, AAAQl Total SIE 209725

H)&j 18.7%7}F H
2 SEd| H]§) 344%7F ¥ =55 g0 4 Ak

N

2 =L

Ao 3

[e)
3'1 = s

T1FLAIR

TLFLAIR

3+ 2 080804 02 0 [mmol]

T1 FLAIR SequencedlAl GBCA molsT
of e AsUE

(@) M3 Jai=, (b ALY Jei=
Signal Intensity according to the GBCA
concentration in T1 FLAIR Sequence.

(a) Linear Graph, (b) Radial Graph

2t. 3D FLASH

3D FLASH+= 93 e 2 29357 angio 99

=9
of Wol Abget= HAALR e AlF29] peak timeol
Hlell Blas] SHEol A olFofA= e & F U3

t} 1% 84 ®%o] 3D FLASHY 40 mmolelA]

Sifau) 3D FLASH (Angio)
20000

a

3D FLASH (Angio) b

a2l 8. 3D FLASH SequencedllA{ GBCA molsT s}
of e MsZUE
@ M% Jsi= (b WA Ji=

Fig. 8. Signal Intensity according to the GBCA

concentration in 3D FLASH Sequence.
(@) Linear Graph, (b) Radial Graph
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Max peakZ ©]F 1L 8 mmol7}A| plateau hillg ©]Ft}
7F A3 At Bashs A4S #FE g, ol
GBCA¢] 3An&z wH 8-16%l g Hch
Total SIE 20924022 SEell Ml 341%7} o
Peak SI 9] 1425772 54%7F 1 =t} B Aol A

L

.

AHE3E 3D #HAF & 3D FLASHS GBCARHS-o] 7H3
AEHYE g Aok

At. 3D SPACE

3D SPACEY 4%+ HE A= thickness
ImmelstZ  AAb &8st 9l=dl, thickness
parameterS Z43}A] %2 original protocol® 1st
scan 1lmme 3, AAPHO] post processing
thicknessell 4&S WA &= 3 dimension®]”7|= &y
SA BE WHFE 9T & 7o olF SEe| sdd

5mm thickness® 2nd scan Smm< &l & F 7
o]2~9] SPACE sequence scane A &34t}

1) 3D SPACE 1mm

a9 9ollA ®%o] 1st scanQ! T1 3D SPACE Imm
°] 7% 40 mmolol A ¥H&-3t7] Al&ete], oF 2 mmol
ek BARE Boltrh A e ANETF A
Rt} Peak SIE= 528.32.% SE9| 39.1%
o]al Total SI&= 63992 SE  thH] 41%74 =olt}.

sifau]

3D SPACE 1mm

a

3D SPACE 1mm b

2 1 08080402 6[mmol] s

a2l 9. 3D SPACE 1mm Sequencedll Al GBCA molsT
Balof e MTUT
(a) M8 Jai= (b) SAE Jsi=

Fig. 9. Signal Intensity according to the GBCA

concentration in 3D SPACE 1mm Sequence.
(a) Linear Graph, (b) Radial Graph

2) 3D SPACE 5mm
9 10914 BEZ%9] 2nd scan T1 3D SPACE 5mm

o] A9 Al Ist T1 3D SPACE Imm$t & 94 Q&
g ZE g 4= 9l Peak SIE 514625 SEJ

H3] 38%F5 =03, Total SIE 6276524 SEUH|
402%Att B A 1st 9 2nd BF 2 o] fle

BA L
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sifa.u] 3D SPACE 5Smm a 3D SPACE 5mm b Total S1
:::i e ) . Sifa.u]
o . “M«: - 15000.0
sz’w e 9106.4
5090800300200 10030 80 70 62 50 42 30 0 0 3 & 7 & 5 & 3 2 102060402 o[mmol 10000.0 6399.0 527&5
1% 10. 3D SPACE 5mm SequencedllAl GBCA molst 30000 "’“
H1§|-0‘” [I:l-E Alijl-c oo .....SE'I'l T2 FLAIR T1FLAIR 3DFLASH 3DSPACE 3DSPACE 3D SPCIR
(@) M& T=f= (p) @AY = (TRS63) (Angio)  imm  Smm a
Fig. 10. Signal Intensity according to the GBCA
concentration in 3D SPACE 5mm Sequence. I Peaksl
(@) Linear Graph, (b) Radial Graph 20000 e
53 WY TE Fg & itk o | g |
o e = T
% 1194 B%e] 3D SPCIRS 2 mmolell A =] Ce
B8-S A2l A 0.4 mmolell A Max peak 38385 715 e T S R
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