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Abstract

Intracrnial 3D TOF MR angiography was performed in 30 normal volunteers with both 1.5 and 3.0 T
MRI system with high resolutions, Used Voxel sizes were 0.39 x 0.39 x 0.2(1.5 T) and 0.19 x 0.19 x
0.35(3.0 T), respectively, High image quality and depiction of small vessel branches were equality
demonstrated with 1,5 T and 3,0 T HR TOF MRA(p<0.05). Intracranial high resolution TOF MRA with 1.5
T and 3,0 T provides high diagnostic information with having merits and demerits in depiction of

vascular branches,

Key works : Gmagnetic resonance imaging, high resolution, time of flight.
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2014 WEEH 10 98F 2015 29 7124 1.5 T ¢ 3.0
TE ©o|&3to] TOF MRA AAME A& & 30 B(L.5
T: 15 &, 3.0 T: 15 )9 Ho|g]E& PACS U EYI
(network) 2 £4& ¢ty A% dlolde= FA 12
B oA} 18 Hog 25M904 ~ 30 Al 7kA A& §)
Qa, HF A 26, 26 + 3.5 ATt
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AAR RE folgE= ZYA|(contrast media)E ARE
3HA] gkgkow | AARE 7|7]2% 1.5 T ¢ 3.0 T(Philips,
Medical System, Achieva, The Netherlands) A}7] %%
FE71715  ol&stsh. FAEY(received coil) 2&
16 channel Head coil ©]¢ltl, EAlo]| AL2H Pulse
sequence & F¥EHEZO| & He ZAAAAIIEZ 3D
FFEE AMESI4la, Y53 PA4EL MIP(maximum
intensity projection) 2 A|FAl(reconstruction) <
PACS WEYEE A4S stdrh E4o A8H 3D
FFE(3D fast field echo) ¢ uw|7J¥4=2 Table 1 I}

2kt

Table 1. Scan parameters for 3D TOF high resolution
MR angiography

parameter™ 15T 30T
TR 25 24
TE 6.9 3.5
Voxel MPS 0.39X0.39%0.2  0.19x0.19%0.35
Matrix MP 384x384 600 %600
FOV 200 200
Th./gap 20/10 20/10
Scan time 12 010 08 : 39
“TR(ms) : repetition time, FOV(mm) : field of view,

Th./G(cm): slice thickness/gap, Matrix MP :frequence

and phases encoding matrix, Voxel MPS: frequence,

phase and slice encoding voxel, ST: scan time.

=
3. BNy

T MRI 7]7]9]A DICOM(digital imaging and
AR PACS(
INFINIT Healthcare, Co., Ltd, Korea) system ©f
4 8 doldE B4 A4E DIOOM HAe
Zoom configuration2 200 % 2 3} 3L, 12 Bits 2
AL 4. F 71719 tidt circle of wills B&
ALE BAsy] 98 PACS YEYIE HALH
DICOM Y-S Image Viewer ZTZ 1S 0] &3}4
Aet 2719 #A G (region of interest)S ARt
Internal artery(ICA), Middle
artery(MCA, M1), Anterior cerebral artery(ACA,
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Al), Anterior cerebral artery(ACA, A2), Vertebral
artery(VA) o] th3t SNR(signal to noise ratio, eq,
1), CNR(contrast to noise ratio, eq, 2)& FFZ &

4 shec,

Signa'lvessel
SNR= ————— (ea. V.

Ubackgrou nd

Signal,,, .., — Signal

ONR: tissel

Jbackgr ound

tissue2

(eq. 2)

A7 BAHHOoZ Middle cerebral artery(Mi,
M3, M4),
P4), Anterior cerebral artery(Al, A2, A3) 9]
o HERPEE 3 DARE FE5te B7HE STh
FEAA = Vessel segments7} Ho|X] &S L (poor
1), Vessel segments 7} 3u|stA EY AL (good 2),
Vessel segments 7} =331 EY AL (excellent 3)
ol 7 Aol dhatel ol WS B 5ol
W A, T /700 g delEEe 8% 22
Bl YAFE 109 ol 3B AL MRI FARE
AT B7hE e

M2
P3

Posterior cerebral artery(P1, P2,

)

ML ot

4. SH

F 7171 Wig A=A £4 o2 SNR ¢ CNR of tfgh
EAZA §9A L& Independent sample t—test = AHAF
H9lon circle of willsE Eg3lo] Autzel 3 B
Z°) ti5t9 Mann — whitney U testg &3ttt &
Ao AFEE ZTZ 7L PASW Statistics(release 18.0)
Z2IHE o]&3te] p gho] 0.05 o5t & o FH
T3l

~
Ay

HI

. 21t

% 30 Wo] tate] 1.5 T ¢ 3.0 T 3D TOF HR ¢
olElE EAE& St T MRI 7]7]oA ICA, M1,
Al, A2, VA o i3t & SNRs = (1.5 T: 4654.4
226.3, 3.0 T: 5383.2 +152.5) 3.0 T 7} &< %
Uetston,  E3JE Z+7H9] branches 9F FHEZ 9
,;_F CNRs (1.5 T: 3201.2 + 61.6, 3.0 T: 3978.6
< 9ol /94 Sl Ad

oo o H

8% 3.0 T7} =2

Z AQrh(t: -3.310, p=0.0014, Table 2).

Table 2. SNR and CNR values obtained at 1.5 T and
3.0 T TOF HR MRA(n=30).

) SNR CNR
locations

15T 30T 15T 3.0T

ICA 5382 5216 3836 3920
+716 +524 +359 +124

MA 4545 6210 3390 4689
+£246 +186 +£200 214

A 3408 4230 2515 3217
+£151 +£143 +£229 +198

AD 4393 5140 3554 3958
+258 *£210 +231 *163

VA 5544 6120 2711 4109
*£219 +218 +267 +183

Mean 4654.4  5383.2 3201.2 3978.6
+£SD +226.3 *+152.5 +61.6 +34.8

Numbers: Average values £ standard deviation.

SNR: signal to noise ratio. CNR: contrast to noise ratio,
HR: high resolution, SNRs and CNRs(p<0.05), p—value:
independent t—test.

Table 3 & TEA7} A|ZH2A F7to] osto] 3 F&
o2 yehd Aeoltk, WEA AZoA Al A2, A3 9
gt branches &L 3.0 T TOF MRA 7|Ho] =&
41,5 T: 2,70 £ 0,08, 3.0 T: 2.72 £ 0.0)=5
AUAT, 9482 dAdthHpy0.05). M1(2.66 * 0.47
vs, 2.88 + 0.13), M2(2.56 + 0,50 vs, 2.79 +
0.10) HZoJA+= 3.0 T 7[¥ol & HA-E A
o $Y482 $dth(py0.05). M3(2.87 £ 0.35 vs,
2.70 £ 0.07), M4(2.86 + 0.35 vs, 2.52 + 0.09)
oAM= 1.5 T 7I¥ol w2 H+E dden, F94

Qe B LATHp0.05). EF PL P2 BEJAE

3.0 T 7[¥ol &2 Mg AR, FAG2 o
Th(p»0.05). P3(2.73 + 0.45 vs, 244 + 0.07),

P4(2,33 + 0,47 vs, 2,19 + 0.18) o|A&= 15T 7|
gol e H4E 2gen, #94 Ut 2UE 9y

th(p<0.05).
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Table 3. Qualitative analysis on 1.5 T and 3.0 T TOF

HR MRA.
15T 30T
Al 2.63 = 0.51 2.86 £ 0.18
A2 2.73 £ 0.45 2.74 £ 0.16
A3 2.86 £ 0.35 2.68 £ 0.17
Mean+SD 2.70 £ 0.08 2.72 £ 0.01
M1 2.66 £ 0.47 2.88 £ 0.13
M2 2.56 £ 0.50 2.79 £ 0.10
M3 2.87 £ 0.35 2.70 £ 0.07
M4 2.86 £ 0.35 2.562 £ 0.08
Mean=*=SD 2.73 £ 0.07 2.72 £ 0.02
P1 213 £ 0.73 2.41 £ 0.65
P2 2.40 = 0.49 2.53 * 0.49
P3 2.73 = 0.45 2.44 = 0.07
P4 2.33 £ 0.47 219 = 0.18
Mean*=SD 2.39 = 0.12 2.39 = 0.26

Numbers: Average values £ standard deviation.
p—value: Mann—Whitney U-—test.

Figure 2 = 15 T 7|[®H¥ 3.0 T 7|He=z gArstH
gk Aotk 1.5 T 7|¥e] C(M3, M4), E(P3, P4) &
Zro] vessel branches 7} 3.0T 7|3} vln P o
ou] YA (significantly) 9ol A4S LU AlF
HoZ H7HE u AlF 7} =(signal intensity)= F <
VA @3 xZ3sto] B G40l A gAl Hls|  ICA,
M1, Al, A2 @¥°] 2R A4 ugyt 349 2
(image quality)?] ZHoJA F38HA F MRA 7]
Z 2ol AR, 3.0 T 7I¥o] 7|74 AF=

of oste] 22 d@e ATF=7t WA eyt
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Fig. 2. 3D TOF HR maximum MIP images
of 1.5 T(A.CE) and 3.0 T(B, D, F).

v. 0z

E A3o| 8% 3D FFE TOF pulse sequence =
A 0 2 Y dM(intracranial vessel) AAFo| A-L35}
Moz giold FEARESI Qe ol
+ 3.0 T MRI 7} @o] Hg¥Hol JFHez @2
HE AFsta YA, 2A7]%(high magnetic
field strength) FFLE JFES FUste @S
7R3 Qe P9 QBB 2o susceptibility artifact
¢} dielectric resonance artifact 7} 3.0 T TOF MRI
SR EE R LY
Z2Z7] A (main magnetic field, Bg)@} TE(echo to
time)o] H]#|3}A]qt, Bandwidth= W] #HAE 7}
Zal Qth(eq. 1). Dielectric resonance artifact7-2
3.0 T ole] DATRE olgsto] WA T o) A
FURE| 2 AlS7 %= (high signal intensity)7} U
v @At olEd @42 TOF MRA  AARA

A
ol 2 % 7 gl

o U rr e
=2

L

Susceptibility artifact

Susceptibility artifact size

(A Susceptibility) X By <X TE

- Bandwidth (eq. 1)

3.0 T MRIOA 7ZatA AYSH=  Susceptibility
artifact 2 & o] E4oix M3, M4 9 P3, P4
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segments 7} 3.0 T 7|Ho| v|d] 1.5 T 7|Ho] £2¢]
AE A}l Figure 3 = 1.5 T & 3.0 T TOF
HR MRA 9| A vielectric
afol wmst Aolth, 15T 9 3.0 T 4L vz F
£ o 1.5 T ¢ Volume data & MIP FAro| A AuHA
02 ANE7E7} FY(white dotted line, A) 3}A Yt

resonance artifact o] I

gt Au, 3.0 T AL FHHo| AFHE7} v
(white dotted line, C) B934 Vet A& & £
7} At o] gt Dielectric resonance artifactS 3
dol= WHOoRE Flip angle o RHSHA o=

imaging protocolE A"HI}AY, tEAE (multi—-
channel) receive coil® AE3te] ZraAD 7} Ut

Fig. 3. Axial 3D TOF HR MRA volume(A, C)
and MIP(B, D) images at 1.5 T(A, B)
and 3.0 T(C, D).
0.39 X 0.39 X 0.2(1.5T) and

1.5 T & 3.0 T TOF HR MRI 9o th3t Voxel Z7]
7F 0.39x0.39%x0.2¢+ 0.19%0,19%x0.35 2 AA3A
1 Matrix MP+ 384x384 ¢} 600x 6002 @34
A AgEe el # dx dAEss 8y,
Scan time2 15 T 7} 12 ¥ 10%, 3.0 T 7} 8 & 39
22 15 T 7} A 28X7k0] 71 @3o] Sl &
Aol QlojA E 7HA] AQbdol it AR, A
FTF wet F 7o) gk £4F kA @GSy Wi
o % E4o| Zastirt. =4, HH9 miHs=

A Azd F3H & df2=d 347} 3.0 T MRI 7}
= 2 YEFY AT, Susceptibility artifact 2 <13}
o AAQH BEAo|AMs 1.5 T MRIZF A3, M3, M4,
P3, P4 7} 2 H4E 554 1.5 T MRI 7 &
Ab 2aAZro]l 71 ¥ E ML YA AZF Tt
Y4 (uniformity) e 4= ¥, 3.0 T MRI
A 29 A7ko] B2 ZAo] Y& WA AZHET}
w9 (ununiformity) 3t 4L Ech 21U HE
HZo 9JojA 1.5 T 2 3.0 T 3D HR 7| IAF
o 4 @it BE sbee @Al wEkA £ b
olg] BA4& E3lo] HEP 3D TOF HR MRA = Z+Z}
o 71He wat A« dHS A HIABS BHEE=
o QoA e AE HRE AFeAct
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—

o=
Z2NF

rai

1. Hacke W, Furlan AJ, Al-Rawi Y, Davalos A, Fi
ebach JB, Gruber F, et al, Intravenous desmo
teplase in patients with acute ischaemic stroke
selected by MRI perfusion—diffusion weighted i
maging or perfusion CT (DIAS-2). a prospectiv
e, randomised, double—blind, placebo—controlled
study. Lancet Neurol 2008; 73: 141-50,

2. Attali J, Benaissa A, Soize S, Kadziolka K, Por
tefaix C, Pierot L, Follow—up of intracranial a
neurysms treated by flow  diverter: compariso

n of three—dimensional time—of—flight MR angi

ography (83D—-TOF-MRA) and contrast—enhanced

MR  angiography (CE-MRA) sequences with di

gital subtraction angiography as the gold st

andard J Neurointerv Surg, 2014; doi:10,1136/n

eurintsurg—2014—011449.

Korean J Digit Imaging Med, Vol.17 No.1 Dec. 2015 47



The Evaluation of Image Quality using Time of Flight in Intracranial Magnetic Resonance Imaging : Comparison with 1.5 T and 3.0 T

3. Volonghi P, Tresoldi D, Cadioli M

s Usuelli A

M, Ponzini R, Morbiducci U,

¢ extraction of three—dimensional thoracic aort

et al, Automati

a geometric model from phase contrast MRI f
or morphometric and hemodynamic characteriza
tion, Magn Reson Med, 2015; doi: 10,1002/mr
m, 25630,

. Lin C, Bernstein M, Huston J, Fain S, Invivo a
nd in—vitro measurements of Tl relaxation at
3.0 (abstr), In: Proceedings of the Ninth Meeti
ng of the International Society for Magnetic Re
sonance in Medicine, Berkeley, Calif: Internatio
nal Society for Magnetic Resonance in Medicin
e 2001; 1391,

48 Korean J Digit Imaging Med, Vol.17 No.1 Dec. 2015

5. Field Strength Dependence in MRI: Advantage

s and Artifacts at 3T, Bernstein MA, ISMRM 20
06-7:1-8,

. Schmitz BL, Aschoff AJ, Hoffmann MH, Gr n

G. Advantages and pitfalls in 3TMR brain imag
ing: a pictorial review, AJNR 2005; 26: 2229-3
7.

. Collins CM, Liu W, Schreiber W, Yang QX, Smi

th MB, Central brightening due to constructive
interference with, without, and despite dielectri
¢ resonance, J Magn Reson Imaging 2005: 21: 1
92-6,



