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ABSTRACT

T1, T2 relaxation time and relaxation rates were measured and analyzed according to the change of RF coil
channel number of MAGIC sequence. T1, T2, R1 and R2 maps were obtained by using MAGIC sequence with
phantom (1.0, 0.6, 0.2, 0 mM) on the RF coil with channel number of 1, 8, 16 and 32 respectively. T1, T2, R1,
R2 values and relaxation rates were measured for each channel number and concentration, and Relaxivity was
calculated according to each concentration. T1, T2, R1, and R2 values were measured in each coil. There was no
significant difference between T1 and R1 values (p> 0.05). However, T2 and R2 values were significantly
different (p <0.05). In the post-analysis results, T2 value was significantly different from that measured on 1, 8,
16, and 32 channel coils (p <0.05) and There was no difference between 8, 16, and 32 channel coils (p> 0.05).
The R2 value was significantly different from that measured on the 8, 16, and 32 channel coils in the 1 channel
coil, and the results on the 8 channel coils and the 16 channel coils showed a significant difference (P <0.05).
In conclusion, T1 and R1 values were not significantly different according to the number of channels in the coil,
but T2 and R2 values were significantly different. Therefore, when quantitative measurement of T2 and R2 values
using the MAGIC sequence, the same number of coils should be used for reproducibility.
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I. THEORY
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I. MATERIAL AND METHODS

1. Phantom -4 2 #4|

1.1 =% A phantom

Z G A phantom®] A|ZS 93l GadoteridolS 7|
Hto g 3= MRI %9 A| ProhanceE AFg dFH o
™ Prohancet™ Table 12} 2 5743} Fig. 13 &
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Table 1. Characteristic of Gadolinium phantom

Vendor Braco
Source Gadolinium
Commercial name Prohance
Molecular formular 240
Molecular mass(g/mol) G H,yGAN, O,
Concentration(mol) 0.5
Osmolality(mOsmol/kg) 630
Viscosity(cP) 1.3

i W S N e

(a) Chemical structure of (b) Arrangement of
Gadolinium phantoms

Fig. 1. Chemical structure (a) and arrangement of

Gadolinium phantoms (b).

1.2 ZAF &H]

MRI “4H]:= GE Discovery 750 3.0T (GE Medical
system Milwaikee, Wisconsin, USA) “&H]E A}-&3}
1, coil 1, 8, 32 channel head coil®} 16 channel
GEM flex coils AF&3}ith. 29 A phantom
Fig. 29} #o] QA s%7} F7lstes 2429
coil(1, 8, 16, 32channel)] S}l BIX|A|7]4L x, vy,

25| FHo] HES wAs

(c) 16ch GEM flex coil
Fig. 2. MR scanner and Ich head coil (a), 8ch head
coil (b), 16ch GEM flex coil © and 32ch head coil (d).

(d) 32ch head coil

1.3 Scan parameter

Synthetic MRI A= GEAFS] MAGIC sequence=
o]-8-3le] #HA}SFS AL scan parameteri= Table 22} 3+
t}. 3-plane(axial, sagittal, coronal) scout 73S 53
A& &<2135Fal phantom®] mid-levelol 4] Fig. 33}
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Table 2. Parameter of MAGIC sequence

Parameters Value
Sequence 2D IR MDME
TR(ms) 10000
TE(ms) 20 / 90
FOV(mm) 240

Matrix Size 320%256

NEX 1
Bandwidth(kHz) 22.73
ETL 12

Slice thickness(mm) 4
Gap(mm) 0.4

i
:
Scan plie v/<

s ]
i 5,
b

Cradedindun \
phopien

(a) Phantom scan plane (b) DICOM image
Fig. 3. Phantom scan plane (a) and DICOM image of
MAGIC (b).
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ol Fig. 4%} o] HA3 =17]¢] ROIZ AA8}% L
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Hd BFHAE Telen 747 x
Lo w}& R1, R2 valueE 7|HtS &
vl skdeh, Egk ZF7Fe] coil ol Ul}% , T2,
R1, R2 value7} Z}o]7} =% el o].
’d < (statistical significance test)=
=< 93l SPSS program(ver.23)S ©]

nRke 2 At

_&oeru

F3=(significance level)< 0.05

(a) ROI
Fig. 4. ROI(Region of interest) (a) and T1, T2
value result of MAGIC (b).

(b) Result

V. RESULT

1. T1, T2 relaxation

MAGIC sequences ©]-&3}] Z %A phantom=
scandtil Z+ZHe] T1, T2, R1, R2 map> E3 TI,
T2, R1, R2 value®| 3 FFAAE a3l 4
}= Table 3, 49} #t}h T3k RI, R2 valueE 7|4+
o2 ZYA FEel W TI, T2 relaxivities(r,, ,)
= sl e Ay Table 59 2T} 1, 8, 16, 32
channel coildll 4] 73k 0.2mM =G A o] o dgh
EFHAE 4031, 0.6mM F9 A= £0.12, 1.0mM
Z9A = £0.030.2 YEYT. 282 0.2mM Z
Aol ol ek FFHAE= £2.25, 0.6mM Z G A=

+1.22, 1.0omM ZGAE +1.002.E e

Table 3. T1, T2 relaxation time of phantom using the 1, 8, 16, 32 channel coils

T1 (msec) T2 (msec)
mM Ich 8ch 16¢ch 32ch Ich 8ch 16¢ch 32ch
0 2310.15+84.6  2536.30+25.03 2532.80+39.58 2465.45+22.57 453.40+52.59  536.70+24.54  708.15+65.26  549.05+30.46
0.2 1006.454+31.38  965.60+£11.58 906.15£191.07  940.0+5.72 301.95+20.61 409.65+9.38  482.20+27.23  427.95+£16.74
0.6 442.25+14.12  424.55+8.61 419.80+3.55  417.95+4.05 171.30+£7.43  238.50+£3.14  248.60+4.41 236.35+3.05
1.0 308.25+3.94  311.30£5.60  307.20+4.40  308.90+2.69 123.60+6.74 167.30+2.66 173.554£2.11  176.65+44.41
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Table 4. T1, T2 relaxation rates (R1, R2) of phantom using the 1,

8, 16, 32 channel coils

Concentration Ri(s™ 1) R2(s™ ')
mM Ich 8ch 16ch 32ch Ich 8ch 16ch 32ch
0 0.43+0.03 0.40+0.01 0.39+0.01 0.4+0.0 2.23+0.24 1.94+0.09 1.41£0.13 1.83£0.10
0.2 0.99+0.03 1.04+0.01 1.10+1.12 1.06+0.01 3.33+0.23 2.46+0.05 2.08+0.11 2.34+0.09
0.6 2.26+0.07 2.3620.05 2.38+0.02 2.3940.02 5.85+0.26 4.23+0.03 4.02+0.07 4.23+0.05
1.0 3.24+0.04 3.21£0.05 3.26+0.46 3.24+0.03 8.1140.43 5.98+0.09 5.76+0.07 5.84+0.74
Table 5. T1, T2 relaxivity (r;, 7,) of phantom using the 1, 8, 16, 32 channel coils
Concentration (s 'mM ) ro(s mM )
mM Ich 8ch 16ch 32ch SD Ich 8ch 16ch 32ch SD
0.2 2.8 3.2 3.55 33 0.31 5.5 2.6 3.35 2.55 2.25
0.6 3.05 3.26 3.31 3.31 0.12 6.03 3.81 3.23 4.0 1.22
1.0 2.81 2.81 2.87 2.81 0.03 5.88 4.04 3.68 4.01 1.00
SD : standard deviation
10 m—]ch =——S8ch 16¢ch 32ch 10 m——1ch ==—8ch 16ch 32ch
oo o
i« i«
Z ¢ g
4 4

0.2

06

Concentration (mM)

(a) T1 relaxation rate

02

06

Concentration (mM)

(b) T2 relaxation rate

Fig. 5. T1 relaxation rate (a) and T2 relaxation rate (b) according to the concentration of contrast agent and channel.
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Fig. 6. T1 relaxivity (a) and T2 relaxivity (b) according to the concentration of contrast agent and channel.
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313 Th MAGIC sequenceE ©]-83}9] 1, 8, 16, 32
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THp>0.05). 3FARF T2, R2 value:= coildll e} <]
3 2po] 7k Qe Ao R YEE O (p<0.05) 4 4

= Table 63 Ltk AFFEA] A= T2
value®] 7d-%- 1 channel coilo|A =43 A7} 8,
16, 32 channel coiloll Al 73 A3} {29k =)ol
7} WFEFS3L(p<0.05) 8, 16, 32 channel coil7+e] Z}o]
= YERHA ek kth(p>0.05). R2 value] 7%= wf
ZI7}AI 2 1 channel coiloll 4] 33 ZA37} 8, 16,
32 channel coiloll Al A3 ZA3xle} F23 zpo)r}
LFERE 2.7 (p<0.05) H=3F 8 channel coiloll 4] &7 &
A9} 16 channel coild|A] =43 A7l #5935k
ZFo] 7k VFER 0.1 (p<0.05) 4] A ¥}i= Table. 77
2.

Table 6. Statistical significance test of T1, T2, R1, R2 value by the Kruskal-Walist test

T1 relaxation time

T2 relaxation time

Rl(relaxation rates) R2(relaxation rates)

p value 0.392 0.000

0.394 0.000

Table 7. Post-hoc analysis of T2 and R2 value according to channel of coils

T2 relaxation time R2 value

TS STS p value TS STS p value
1-8 channel -42.619 -2914 0.021 39.512 2.701 0.041
1-16 channel -78-238 -5.349 0.000 78.281 5.351 0.000
1-32 channel -47.369 -3.238 0.007 48.656 3.326 0.005
8-16 channel -35.619 -2.435 0.089 38.769 2.650 0.048
8-32 channel -4.750 -0.325 1.000 9.144 0.625 1.000
16-32 channel 30.869 2.110 0.209 -29.625 -2.025 0.257

TS : test statistic STS : standard test statistic

V. DISCUSSION

e R L i
o] &8> gy

st} 53] MRI
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AAE el A 2 o] Foll whe Al o
g thekel AutEo] YEFRLTE Gregory Changs 7
Tesla MRI “gH] ol 4] 28 channel receive array coil¥}
quadrature volume coilS ©]-§3l 5 cartilage®] T2
ol ¢k AZFS wlaEkith 4 A} 28 channel coil

o ] A3 T2 o]+ Al7Fo] quadrature volume coil
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VI. CONCLUSION

T2 o|¢k A7 A2 & TEE HA
XJ_‘C_L@. oﬂﬂ—% ﬁ]‘;_g]__,—;_ o].E_ EEH T ‘)_,\q XH_—TL

270 o)

10 O o = 1 =
gate] B gtk 2 o mg ol gaE 7]
o e TES| WAL T A 20w W wE

—5—}0:] ;Qﬂd T2 ZAXL AFA
I At} SAIRF MAGIC sequence= 7% 27
TE (20, 90msec)E Z-&3}7] witol Add =

Ao HAFol dasirt. & A+9 4¥ Tl, RI

valuei= coil®] channel ol w& W37} T %] A

Tk T2, R2 valuet= €84 + & A

o}, WA MAGIC sequences ©|-83}e] T2, R2

values: AFH 02 S8 49 QLS A8l &

A3t channel 49| coils AF&3loF 3} MAGIC

sequenceS ©]-§3ld TI, T2 valueZ 4 &3] 43}

A

7] AleliM = dor o B2 Aol

Ats e

198 Zlo7

il

Reference

[1] Kevin J. Chang, Hernan Jara, “Application of quantit
ative T1, T2 and proton density to diagnosis,” APPLI
ED RADIOLOGY, January 19, 2005.

[2] Y. Wang, L. de Rochefort, T. Liu, Bryan Kressler,
“Magnetic source MRI: A new quantitative imaging o
f magnetic biomarkers,” 2009 Annual International Co
nference of the Institute of Electrical and Electronics
Engineers in Medicine and Biology Society, pp. 53-5
6, 2009.

[31 aTraber F, Block W, Lamerichs R, Gieseke J, Schild
HH, “1H Metabolite Relaxation Times at 3.0 Tesla:
Measurements of T1 and T2 Values in Normal Brain
and Determination of Regional Differences in Transve
rse Relaxation,” JOURNAL OF MAGNETIC RESON
ANCE IMAGING, Vol. 19, Issue 5, pp. 537-545, 20
04

[41 R. Maitra, J. J. Riddles, “Synthetic Magnetic Resonan
ce Imaging Revisited,” the Institute of Electrical and
Electronics Engineers Transactions on Medical Imagin
g, Vol. 29, Issue 3, pp. 895902, 2010.

[51 Marcel Warntjes, “New Technology Allows Multiple
Image Contrasts in a Single Scan,” SIGNA pulse of
MR, Spring Issue, pp. 6-10, 2015

[6] W. B. Jung, M. J. Kang, D. B. Son, Y. J. Kim, Y.
M. Lee, Y. H. Kim, C. K. Eun, C. W. Mun, “ Repr
oducibility Analysis of Brain Volumetry Measured fro
m Inter MR Scanner of Multi-Institute,” Journal of th
e Korean Society of Magnetic Resonance in Medicin
e, Vol.16, No.3, pp. 243-252, 2012.

[71 Ray H. Hashemi, William G. Bradly, Jr., Christopher
J. Lisanti, MRI The Basic 2nd Edition. Part I: Basic
Concept, LIPPINCOTT WILLIAMS & WILKINS, 20
04.

[8] E. L. Barbier, L. Lamalle, M. Decorps., “Methodolog
y of brain perfusion imaging,”“ Journal of Magnetic
Resonance Imaging, Vol. 13, Issue 4, pp. 496-520, 2

001.

[9] Magnetic Resonance Fingerprinting — a promising ne
w approach to obtain standardized imaging biomarker

349



Evaluation of Reproducibility According to Variation of Coil Channel in Quantitative Evaluation Using Synthetic MR

s from MRI, European Society of Radiology (ESR) ,
Vol. 6, No. 2, pp. 163-165, Apr 2015.

[10] A. Hagiwara, M. Hori, K. Yokoyama, M.Y. Takemu
ra, C. Andica, T. Tabata, K. Kamagata, M. Suzuki,
“Synthetic MRI in the Detection of Multiple Sclerosi
s Plaques,” December 8, 2016.

[11] T. Helmersson, “Evaluation of Synthetic MRI for CI
inical Use,” LinkOpings universitet, Institutionen for
medicin och hélsa, pp. 1-4, 2010.

[12] H. K. Jeong, S. H. Kim, C. H. Kang, S. H. Lee,
M. K. Kim, Y. Lee, H. C. Kim, “Signal Change of
lodinated Contrast Agents in MR Imaging,” Journal
of the Institute of Electronics and Information Engin
eers, Vol. 53, No. 12, December 2016.

[13] Giada Zoccatelli, Franco Alessandrini, Alberto Beltra
mello ”Advanced magnetic resonance imaging techni
que in brain tomor surgical planning, J. Biomedica
1 Science and Engineering, January 14, pp. 403-417,
2013.

[14] Garry E. Gold, Brian Suh, Anne Sawyer-Glover, Chr
istopher Beaulieu, ”Musculoskeletal MRI at 3.0 T: i
nitial clinical experience,“ American Journal of Roen
tgenology, Vol.183, pp. 1479-1486, 2004.

[15] Bent O. Kjos, Richard L. Ehman, Michael Brant-Za
wadzki, “Reproducibility of T1 and T2 Relaxation T
imes Calculated from Routine MR Imaging Sequence
s: Phantom Study,” American Journal of Neuroradiol
ogy Vol. 6, pp. 277-283, March/April 1985.

[16] Gregory Chang, Graham C. Wiggins, Ding Xia ” Co
mparison of a 28-Channel Receive Array Coil and
Quadrature Volume Coil for Morphologic Imaging a
nd T2 Mapping of Knee Cartilage at 7T,“ Journal o
f Magnetic Resonance Imaging, Vol. 35, pp. 441-44
8, 2012.

350



PISSN : 1976-0620, eISSN : 2384-0633
"J. Korean Soc. Radiol., Vol. 11, No. 5, October 2017"

Synthetic MRE& ©] 83 A2 7} 4 Coil channel §
H3lo o & AIA H7)

42 710 MAGIC sequence®] RF coil channel 5~ ¥ 3}ol] u}& T1, T2 o]+ Al 2 T1, T2 o] &
S A3t BAEF L 1ol s AHAAS H IS TE Channel 5=7F 242} (1, 8, 16, 32)channel 91 RF coi
19l 2% A phantom(1.0, 0.6, 0.2, 0mM)< 9] %] A] 7] i MAGIC sequence= ©]-8-3}o] T1, T2, R1, R2 map<> &
Solth 18)ar Z42b9] channel 9F 5= 2 T1, T2, R1, R2 value “18] 1 relaxation rates =435
o5 7|Hto g2 7} Fxo] wE Relaxivitys -8} TF 2F2F9] coiloll A T1, T2, R1, R2 valueE =
T1, R1 valuex coilite] 2]k x}o] 7} §lATH(p>0.05). 3FAIRF T2, R2 value:™ &3k 2Fo]7}F = A
Y ERS TH(p<0.05). AFFE2A] A 3}o| A= T2 value2] 7d-9- 1 channel coiloll 4] 574 3F A37} 8, 16, 32 channel
coilol Al A3 Ao} 293k 2Fo] 7} e aL(p<0.05) 8, 16, 32 channel coil7Fe] Z}o]= YERA] 2k 9kth
(p>0.05). R2 value®] %% w}7FAZ 1 channel coiloll Al 4 A 27} 8, 16, 32 channel coiloll Al =7 g
A} Fo3k xfol7} e e ™ T3 8 channel coilol A &4 3 A2} 16 channel coildll A &4 3F 43}
7F #-9)gk ZFo] 7 YEFSTHp<0.05). ZE A 02 T1, Rl valuet coil®] channel 5~ ¥ 3}o] u}2 =}o]7} 74
A F T2, R2 value= & *}o] & YEFTL mebA MAGIC sequences ©]-8-3}4] T2, R2 valueE AFH o=
e A AL Y&l 5L3 channel 9 coilS AFE3foF & Ao w AlEFHT

o

Aol MAGIC sequence, Synthetic A7]FH G4, ol A 54, o] &

ofy

351





