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2007 49 A 20099 129714 A F2 S7do] AA
L oA E = 3k} Sl A MRAQ} RS @%ioéﬁ(Digital
Subtraction Angiography, T
HS oz 6}0 o} w EPZMW 3D TOF MRAQ]r
CE MRAE A 53 7L MRAQ]' DSAO] A ZERRE 1417 A
277 A 2L Ht 5 6ot} 95 F 2872 3T, 678>
1.5T A7]5 /‘o”] 1& ol &3t} oz 389, HAl=
570l om, A E e 5504 854113 Hitrol= 65
Al ST

O
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>

1S 0188 AP |ISS=E

It TYFY KPS

HATIE

3D TOF MRAS CE MRA+ 3T #7577
(Achieva, Philips Medical systems, Eindhoven,
Netherlands) ¢} 1.5T #7138 947] (Avanto, Siemens
Medial system, Erlangen, Germany)Z ©]-&38lo] Aich.
olu] Al-&% A ¥+ 3D TOF MRA 3TelA TR/TE = 24/3
msec, flip angle 20, scan thickness 0.6 mm, slice/slab
32, 1.5Tel4 TR/TE = 24/7 msec, flip angle 23, scan
thickness 0.6 mm, slice/slab 400]%3. CE MRA 3TellA]
TR/TE = 5.3/1.2 msec, flip angle 30, scan thickness 1
mm, slice/slab 32, 1.5T MRI®IA TR/TE= 3.31/1.13
msec, flip angle 30, scan thickness 0.8 mm, slice/slab
96 o] ALt

3D TOF MRAT 22|23 (circle of Willis) & T4 0.2 -
4 e E£3S AT £ 50 mm AR 3AUEA 0
=2 Aot

o|Z Eo A A Y-S o]&-3lo] x| Al Magnevist
0.2 mg/kg,

o _|-1N-

(Bayer-shering Parma, Berlin, German)<

B

Fig. 1. A 71-year-old male patient with dizziness.

A, B. DSA and 3D TOF MRA show a low grade stenosis (arrow)
at right MCA.

C. In contrast, this lesion is misdiagnosed as a high grade steno-
sis (arrow) on CE MRA.
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3.0 mL/s®] £E= ZFEFA] (power injector) = 4 U] M ks XSt e S golstlnt. whoF, g A FFulo| 3
o] 3to] CE MRAE #dH Weko 2 /s At o] Qlvkd WA A 39S Frlsksith

ol&7 91& 3D TOF MRA &AW Wk %%"é’éﬂr CE DSAZ} g5 el A e 4] FpAY B5we 45 3
MRA #4W & dHGFde dro Jaxegoead 7l ALste] 18] 493 WAs™, 11482 Fdi>
(workstation) &2 A A~ —Er/\]-7]‘ﬂ4(Max1mal s 5%e] HFuieusdo] A Edrt F YAF WAEE

)1.

AR

o 1=
intensity projection, ]38t MIP)o.2 A &atiet. A5x4} o 1887H S s 1687) 283l HFuieke 5w 1807l
= MIPZ A FA 3 gAuke 22519 4] CE MRA, 3D TOF MRA &3 DSAE 77 A8

DSAE ¢Xdg 74t §°§7](Ax1om ARTIS, Siemens =
Medial system, Erlangen, Germany)ZE ©]-&3}3 1 ¥ o] Fold AxE= Aoz AR Uro] H718HS
sHs Ay A o g HAstal JHEEHE AUAA QSR o A A8 AL JATS] A9FE Vo R v
24 bl 45 T4 v WHsHY 4 52 S HFE g3 A7 o] 50%7HA ZOW %12?4_ e P (Fig. 1)
N3t At 50% ©1’d 99%7HA FobA sloew iew P2 (Fig. 2), 1

2l ¢ HA o2 5l

JU4EN L EH 3D TOF MRAS®} CE MRAA MIP7|H o2 A2 J4

TG W A AAE WE s, SO, FFuiee & 299 Gt oAbt thro] QA Sl AR jlo] 3
TMoZ o] HIREIAT AHF WA EH petroca- Ho g Hrlsln), o] FE=A7re] AR LS dolr ] 9F
vernous®lA] supraclinoidal #&74#], oS =3 A AA 536702 HEH Sl FA9E Aeg oz B
HATMA], A et s 23w o] ko] it vpet FE 5049t e FA B AR ERE 5099 S

Fig. 2. A 60-year-old female patient with left side weakness.

A. DSA shows a high grade stenosis (arrow) at right MCA.

B, C. CE MRA and 3D TOF MRA show high low grade stenosis
(arrow) at the corresponding location.
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] tiAFo] 70% olike] dEolA 50% o]oE §
AL(7) 2] 50% o)4ke] H &8 FFo] gl
29 thatol & ¢ gtk Adkete] n5H Pt
7go] tid CE MRASH 3D TOF MRA, 1.5 MRI

o} 3.0T MRI9] RIE, Bol%, YHASE, SAdSE, 4
w2 Hriskgth 712 McNemar testE o835k CE
MRA$} 3D TOF MRA F 719 7hol] Wizt o} o7} EA

4o ofn] Q) Apol7t QA ohugiut.

Table 1. Comparison Between CE MRA and DSA

|Eet AV I SSTHAUTS = TAS2 XD |ISSLUEA=0|

Him ¢33

Z

DSAdIA e #H 4 30 (915 W5 144, S5
w100, 2 Fubehs B 6el), D5 W2 226 (1917 W)
AE™ 139, FoiHE 6o, HFugeEH 34)), A5H
A7 30491 AT WAEY 1619, FoiH S 152],
ks s ) 81d).

714 300 % CE MRA®E 714 300 25 48] 7beks)
t}. 3D TOF MRA: #4] 29 385
Asw AFow Frheth. aew JF
140 R8s BT sels Ao 3ol ASH

Foz Brkekgirh. 3D TOF MRAE 156 4] %7}
A3 4ol Ao 3= AST WHow B

DSA
CE MRA - -
Low Grade High Grade Occlusion Total
Distal internal carotid artery Low grade 140 1 0 141
High grade 21 9 0 30
Occlusion 0 3 14 17
Total 161 13 14 188
Middle cerebral artery Low grade 139 2 0 141
High grade 10 2 0 12
Occlusion 3 2 10 15
Total 152 6 10 168
Vertebrobasillar atery Low grade 68 0 0 68
High grade 12 3 0 15
Occlusion 1 0 6 7
Total 81 3 6 90
Note.— CE MRA = Contrast enhancement MRA
DSA = Digital subtraction angiography
Table 2. Comparison Between 3D TOF MRA and DSA
DSA
3D TOF MRA
Low Grade High Grade Occlusion Total
Distal internal carotid artery Low grade 145 2 0 147
High grade 15 9 1 25
Occlusion 1 2 13 16
Total 161 13 14 168
Middle cerebral artery Low grade 140 0 0 140
High grade 8 4 0 12
Occlusion 4 2 10 16
Total 152 6 10 168
Vertebrobasillar atery Low grade 76 1 0 77
High grade 5 2 0 17
Occlusion 0 0 6 6
Total 81 3 6 90

Note.— 3D TOF MRA = 3 dimensional time of flight MRA
DSA = Digital subtraction angiography
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A5 394¢] % CE MRAE 347¢l= 483 9716197 43 157 F2& 174 3 126 480 Brlakglm 3ol A4

A 157 FHoR 4o AMoR ﬂﬂa itk 3D TOF o2, 26 A%d d3toz #rsar, 3.07 3D TOF

MRAE 36161 A%ta) B71ak0 7 28ele 157 %oz MRAGIA $sae 96, 155 A2L 50190k 4 9

5l A o2 kel th(Tables 1, 2). = BT A8k Prbetda 159 83 5o = 3¢ Q85
50% olibe] 57 W WAl AdelA] CE MRAS) WZ%,  Brbshla, 1o= duoz 1= 457 gatow Frtehgl

Bolw, PHoEn, SAHSE Ao 94.2%, 88.1%, U}

51%. 99.1%. 88.8%%1, 3D TOF MRAE 94.2%, 50% ol4ke]l w57 2 w4 ekl A 1.5T CE MRAS] ¥

91.6%, 59.8%, 99.1%, 91.9%AtH(Tables 3, 4).
50% olAke]
TOF MRA®] #l

HolA] &3}th(p ) 0.05).
1.5T CE MRACIA #1418 21¢] B% A8+ #7}s
DEF L 184 & 109 A3 Brhslg

o7, 34 Aew

aed 2 AAE ddelA CE MRASH 3D
Aol Bolns SAHCR fog AolE

ez ] 013:] =
3L 5ol
#xow HJrlakett. 3.0T CE MRAZ

71—1:

Solw, FHASE, &4 ASEE 92.3%,
89. 4/ 55.4%, 98.9%, 89.7%%1L, 3.0T CE MRAIA+=
100%, 85.1%, 41.9%, 100%, §6. 6/“5} Table 5). 50%
olel EF % 74 Wl A 1.5T 3D TOF MRAS| Wizt
Solw, FHZE, $HdSE, FHEE 92.3%,

91.6%, 61%, 99.2%, 92% % 3L 3.0T 3D TOF MRA+
92.9%, 91.7%, 56.5%, 99.1 %, 91.6% A tH(Table 6).

1?E

_,

At 134 5, #AAL 99, a5 FAS 4493 BT A FAR2 FEE ASH J3 @3 509 FolA A A9t
5] Hrketeith. 1.5T 3D TOF MRACIA #HALE 21¢], 2 B 978304 CE MRAS TOF MRACIA A%F @Fo

No.
TH @FE 17A0T HA L 214 B g2s) 57

Table 3. Diagnostic index of CE MRA

2 Hrlelga 283 CE MRAGA 15H 2oz 18

Sensitivity(%) Specificity(%) PPV (%) NPV(%) Accuracy(%)
High grade 63.6 88.9 24.6 96.9 87.7
Occlusion 100 97.8 76.9 100 97.8
High grade or occlusion 94.2 88.1 51 99.1 88.8
Note.— CE MRA = Contrast enhancement MRA
PPV = Positive predictive value
NPV = Negative predictive value
Table 4. Diagnostic Index of 3D TOF MRA
Sensitivity(%) Specificity(%) PPV (%) NPV(%) Accuracy(%)
High grade 68.2 92 34.1 97 90.8
Occlusion 96.7 97.8 76.4 99.8 97.8
High grade or occlusion 94.2 91.6 59.8 99.1 91.9
Note.— 3D TOF MRA = 3 dimensional time of flight MRA
PPV = Positive predictive value
NPV = Negative predictive value
Table 5. Diagnostic Index at 1.5T vs. 3.0T CE MRA
Sensitivity (%) Specificity (%) PPV(%) (1.5T/3.0T) NPV(%) Accuracy(%)
High grade 55.6/100 90.1/86.2 27.8/19 96/99.1 88.1/86.6
Occlusion 100/100 97.3/96.8 72.4/90 100/97.6 97.4/97
High grade or occlusion 92.3/100 89.4/85.1 55.4/41.9 98.9/100 89.7/86.6
Note.— CE MRA = Contrast enhancement MRA
Table 6. Diagnostic Index at 1.5T vs. 3.0T 3D TOF MRA
Sensitivity (%) Specificity (%) PPV(%) (1.5T/3.0T) NPV(%) Accuracy(%)
High grade 70.6/60 92.2/92.3 37.5/27.3 97.1/96.8 91/91.1
Occlusion 100/100 97.9/97.6 77.8/75 100/100 98.1/97.8
High grade or occlusion 92.3/92.9 91.6/91.7 61/56.5 99.2/99.1 92/91.6

Note.— 3D TOF MRA = 3 dimensional time of flight MRA

— 207 —



bh

ZI5HQl: S0 251 ZIEHIM ARIR! HIQHAIRE
& TOF MRACIA 15w Faez Hrsiiy. 153 §
z- gl A 500 ol #AEAE A9 BrF 98834 CE
MRA@r TOF MRAMA 15F d=ow Hrlsgda 189

2 OE MRAYA #A5F oz 1878S TOF MRAYIA

o7
A5E Baes BAaw,

el

I =

CE MRA= 29415 AHg-ato] 9482 471 el ?‘é
% x4 9= o] 838+ 3D TOF MRA Xt} §&5%
EoA AF291 3D TOF MRA® 18] o L% Oét Az
o] Folr EE2FE ks g W= Ao F
(8). o]&3t o]F= AF7HA= CE MRA”} 3D TOF MRA
Hrh H383 43S gl o Age dAvIHeR A7t
of g¥th. Z12fu} 2ol 3D TOF MRAZ} CE MRAS} ¥t
A gse 29E BT A97H9) vea glom # =
A% W A BT

ol AFoA 50% ol 1eF HIHR FF A
ZgtoA 3D TOF MRAS} CE-MRAS] W17 =+ 94.2%,
*é 01] T 99.1% 2 43 A5 B BolLe} YAd=

= 3D TOF MRA°NA 91.6%, 59.8%°]W CE-MRA+
88 1/ 51%% AAIBHATE. 50% o1de] ie+w HEH =
3} HAe] AetA CE MRA9 3D TOF MRAS] W%
Eo]%=E Mcnemar testollA] BAA 2 f2]gt zlo] & Hol
2 Ak (p > 0.05). o= ¥EH Hrldl CE-MRAZF 3D
TOF MRA Xt} ¢ Agsirhs 7159] Aobe dits =
ol L.S Barbiaz 5(9)8 AFoA%E CE-MRA®} 2D
TOF MRAZ} 70% ©]/d2] =83 @2 2to|| vk Wizt

FO :‘m

A

M o 5

o} Eolw2 A A3 A3} H|S23F Aijolt},
TOF MRAE 7|1E4 07 oA ol AQsl= P& o&
oH 35 AAHG). kA i 550 4TS FE &
1 MRI Q&= o] LE} TOF MRM 7} % A=

(7. 10). &= Ry
Oﬂﬂ—u}u%oﬂ/q sﬂ F9 /K‘J,]_L§1_7]_ %_10114, A&
T %E} 7,10, 11). ©

=
il
i
N T
4
0!
L D
r
o

HU
2
_@;
2
i
2
fil
rr
=
i
R
sk
rJ
oo

o
o)
=

a2u CE MRAE &5 ¢ & mﬂr t }_
2 gy g A5 3= zﬂiu}
24 TOF MRA ¥t} dF&5d
7] W&o TOF MRAS] &3¢ 3 3=
AZFE ATH(12).
Py FHte] oy

i&
ﬁﬁ
-
[T > o
oF-
£ [o

o"j‘, e T
o
[N
=2,
e

o Fol'
o fol
o%

o

o

o
sy}
B

f

g TOF MRA sequence 7HE+2 TOF

7S 0186t AD |ISTEZEIS1 ZESY AL ST UEHH =0

| Hlm &2

MRA 94¢] 4d& #olal de=s =0l d 7l ket
Tilted optimized nonsaturating excitation (TONE),
magnetization transfer suppression (MTS) Z1g]x
multiple overlapping thin slap acquisition (MOSTA)<
Uﬂﬁﬁ?_ TOF MRA sequence®]th. TONES = Fol 4+
2 flip angleS 4-&3la &3] Y9FolME= =2 flip
anglee AREste] Y9I FHe B E FAshHE 7R ol
o] 72 A 0w = 20| Estato] o= 2
M= i} WA o] dxEE th(13,
14). MTSTE HZ29 A3} =E A5
o BF 23 F AR 1FTE 7}0H
@ﬂ:zﬂzﬂ7ﬂ41ﬂaﬁ»4

Z

fol
il
o M
0O
r
i

N
i
B Jo 4 B 7

<) r1r :lo 2
My
i
BN
by

~IN

)

ot o
»

b

5.:
o

E o

N
S
Ll
o rlo k
o
n°4'
O
f F
L x
_‘rL
N
o O
do,
z
ol
e
\l
lr H
QL
ag, OF
du |
e o
o o

oo rlo BN
=)
A
)
m1m
>
%Fo
Ky
i)

St
1~t
mlm
ol
o
M
10 et

)
FNZJ

e
2
4 4

O i
BN

2
> X
N 2 o KT oo rlr Ao Ho L fon

Oi
HU
s
2
>, ©
o &7
_
lC)J
—
&
o
=
2L
_l\ﬂr

o

9

=

:(l)l‘_lz

ox

k1

o,

o2

ox

tlo

ne

rir

N

oE

o

H'U —_—

S
N
N

=
@)
w2
H
o>
N
i)
o
o
ofp
o
2
o2

o>

o,

o
r 12
2
o
to,

O

= e
TOF MRA sequence 7HHLJJr Eﬂgoi CE MRA®l| H
TOF MRAY] 22 HAl xlo]=% TOF MRA9] Y EE
TWAA T U HE8 3 22 2 Ar)e] 3 %7}01]/‘1
TOF MRA7} CE-MRAXT ¥ U2 Aig HS gRlod
A7 T

2 AFolA HE8# & Hrtd CE MRAE TOF MRAY
LIEIRERe = diagnostic index® AAHA] £tk gL
27150 Astd AT A 7S (gadolinium) 2 A
Fo Al @A nephrogenlc systemic fibrosis 52| 2}
42 CE MRA® tigh F7H1S =o]at lek(15). 12y} CE
MRAE 7] ol @3 ofe} dis & o)l ddaat 7
sl gk QAT 7Fss (9, 16), ol ¥ A o] A
s 511}01]7\1 ""—“E A ]Ur AAAAE 5o TAA A= A

o

= O 2 go
0% x |

]_

¢

il

l
of

E‘_
1ok el < %%%&%ﬂiﬂ%%@@¢wé$$@ﬂ
)

o3k g wAA

2 = 5 Eo

W, A dS5EE oue A At PR A At
o AAZ AWE 77 ALES s sEolt HEFT
72o] golden time Ulol Adg X 57} o] Folx 3}= Aol
MRIZF F7FAQ1 ZAL glo] 271 Ak Q7o Q14

T 80-90%9 DAEE BT 50%2] ¥ A S
xﬂAlé}%E}. o] el MRI 1ol oz st Hd
Zo] 9l Abrtoll A 80-90% 9] WA EE AAIEH A5,
1 9} vl wske] thsstAY 9-23k Aafolr}, duba o
AR G MIP ATA GAET 3 Y ASHEE

d3to] o} A Hol7] wliEol MIP A4
A 3 W7he v sl ol vt Zr)she}

ATH(18, 19). ¥ ATl = MIP A4 @3t

o

tlo

— 208 —



CHEIRBAOISISIXI 2011 5 64:203-211

oA P lZEis T z;E %ow} c}ava ER %
Z58 ugnh ot P4 AZE Yadl FEEd 9%
Wtk gelA g, B AT 50% ool 1ER
H23t 7)) Be] o] A O el 102 vere A
st7) el g ARANA ] e FE 1A% A0
2 A7t

ey & AtellA= 3.0T CE MRA
¢} TOF MRA7} 1.5T CE MRA®} TOF MRAS$} H|5=gk 11
sl Sol=g AAEY. dibd ez 3.0T MRI= 1.5T
MRIH T ZshzhA g wzksivka defx lom

(1D, M2 v& ZPﬁ} e 7R = éol ﬁﬁltﬂfﬂw A7l
15), XVU Bt

Evtd 0] A <

ot

3

]

ox | rlo

-+

>{i5§““ (7.4

B

S Bt el Etetal AsrrAQl s Ed TP 2 o
S W= W B9 petrocavernous =4S Bt el £
skl 7] wiel 3.0T MRIZ} 1.5T MRIXEt o] }& A3=
AAA ZFE 7FsAdo] Adnk. A% Etstar HAwA <l
gitel AL E3] TOF MRANA 3.0T MRIZ} 1.5T MRIE.

o e AT nAt AN A9 S ek 4015
oé 2|

Aol Aol Jge Fi FUAAET ol n AsdhEE
M7k Eob7] MR o.E AZHEG M@t go] vj§ 473o]
Hea e Rl duht e He7A BE 5 o)
A2 el 249 FHEAEI HS F28 Aot
AT DL A AR AT 25 A4 35

A
o AE3gste] gristgiohd, 3.0T MRIZF 1.5T MRIel
HlajA SAH o7 v%}ﬂl =2 ANE AN FE UANS
Aolth. 3.0T MRIC] Aetd f-&A4d thafrls F71490 o

B ool Aot 98 PF R4S Fod 44 3

|
7He B2 Sk9ial, G871 Ae] Blavt @A o offo
] Aealolol A~ Y 7HsA >

Fig. 3. A 67-year-old male patient with left side weakness.

A, B. DSA and 3D TOF MRA show a complete occlusion (arrow)
at right MCA.

C. CE MRA shows not only complete occlusion (arrow) at the
corresponding location, but also leptomeningeal collateral circu-
lation.
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Comparison of 3D TOF MRA with Contrast Enhanced MRA in
Intracranial Atherosclerotic Occlusive Disease’

Jinha Choi, M.D., Soo Mee Lim, M.D., Yookyung Kim, M.D.

'Department of Radiology and Medical Research Institute, School of Medicine, Ewha Womans University, Seoul, Korea

Purpose: We compared diagnostic performance of 3D Time of flight MRA with contrast-enhanced MRA to de-
tect and quantify intracranial atherosclerotic occlusive disease.

Materials and Methods: From April 2007 to December 2009, we enrolled 95 patients with clinically suspected
intracranial atherosclerotic steno-occlusive disease who had undergone 3D TOF-MRA and CE MRA at 1.5T or
3T with DSA. Two radiologists analyzed the post-processed images using a maximum intensity projection.
Intracranial vessels were categorized as distal internal carotid artery, middle cerebral artery or vertebrobasillar
artery. We graded the degree of stenosis and assigned subjects to one of three groups: low grade occlusion
(<50%), high grade occlusion (50-99%) and complete occlusion. Using the McNemar test, we compared the
results of CE MRA with those of 3D TOF for detecting >50% stenosis using DSA as a reference standard.
Results: CE MRA had 94.2% sensitivity, 88.1% specificity, 51% positive predictive value, 99.1% negative pre-
dictive value and 88.8% diagnostic accuracy for detecting >50% stenosis; In contrast, 3D TOF-MRA showed
94.2% sensitivity, 91.6.1% specificity, 59.8% positive predictive value, 99.1% negative predictive value and
91.9% diagnostic accuracy. Sensitivity and specificity of CE MRA were not significantly different than sensi-
tivity and specificity of 3D TOF MRA (p >0.05).

Conclusion: 3D TOF-MRA provides comparable diagnostic performance with CE-MRA for diagnosis intracra-
nial atherosclerotic disease.
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