— = x U
St& ALY EL| Hli it CTEHAEHE(CTA),

%ﬂlﬁ‘—Eﬂ_’F_ x}7 I-T'-“‘%*J".;FI“E(TOF MRA),

sixt ol gj|AHo| mi7lo]| R10{A{e] H|EIEE Ol oiAlo

OlF&E" - FeHM' - 0|7 - MAE

S ] W] 50%14 S A4 & 209 *J
CTA, TOF-MRA, CE-MRAE ?:L”ﬂ AlgYskel o, CTA—% ETARRE 5t Al

ARre]l A#aA L WgtE Eoli A o =% 84 o=E AIlnE zx%g}oﬂr:}_
2 Al FARe] FAE 2R ol @ Afol= m‘}it‘r(p » 0.05). CTAS} TOF-MRAZe] g7

T 0.932,

e b

CE-MRAS}] A= 0.971 2 Yelbstth 50% ©]7d9] 6&’4 2 el ok

TOF-MRA®] ®I7t%, Solk, YdAdSE, 54455, Jg=+= 83.3%, 87.5%, 71.4%,

93.3%, 86.

4% 1o, CE MRA+= 83. 3/ 93.8%, 83.3%, 93.8%, 90.9% = L}EbuLTE.

42 : 3 5e] F2he] Hrjel A TOF-MRAS CE-MRAE CTASH & Ao A S R,

A gho] Wz Grtof o] tk(2, 3).

N 2 8 HEFoM duHrte] HHEF(gold standard) >
v gAE@d#xd & (Digital Subtraction
HETS AET V) eEde] Fa Ydle] He Ae Ay Angiography, ©lg} DSA)¢] AF&5 1 |2 DSAE 54

oln, wmrol A= whd <F 700,000 9] #AE MG HES QO AAREHoR o] wEn ujga A7 dRzggo
S A A AdstA Ha, | oF 163,000 0] AbgE,  Thse oA 5o B2 A e E st vHFA 3
olF AEWe HAANFoR <F HEFT AE o 20% 7he] ArpoR CTE¥ 29 % (Computed tomography

=

angiography, ©]3} CTA), FAIEEAZ Ao dadds

Y A5 gkl o] AP 9o ool o]o] 29] (Time of flight Magnetic Resonance Angiography. ©la}
& AAskaL 9lom, OIF 70/ oldo] 318N WEF 1 A TOF-MRA), 2957 A7ls8d#x9=(Contrast
Ao FAEIL S C WA H g s dod enhanced MRA, ©o]s} CE-MRA) o] AR5 L lom A+
AE ¥ @ﬁ}t&(plaque) AT = e s E] 72 Al E ol AFEA CTAT MRAS} H]EO}@ =
Hdskal Qlom, Wwe]l WEy YA A= AW e S, el g @ R, 9] AR AT
T83 4TS 7] whitel] ofelrhA /eIt W el HE o Aol de AR dHA vk (4, 5). 957]7]9 wd

cHetxl7 |32l =tets|x] 15:234-241(2011)
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2 Q8] Aoty FAE 0%
Aell vlajA HAF ok il glem CTA, MR
A AANHEL Ydo] WA et 9T},

tjo
=
-z

b B o 2 ool CTAE A&l e, CTAS A3
gk 5 39 ool MRA(TOF-MRA, CE-MRA)E A &3}
ot CTAE A% & MRAE A dst7] 7419 Hat A717t
kel

CTA7} 7} DSAd <4g J4s AFsdtn AT 1.2¢o]4i e}
MRA®] v]opAQl Wb} =2 EZd g A7, 2dA¢] ¢d Al ool 9 WAJo] 119olem ¥ ¥ 554
o= Q3] MRA 9749 A= o] Zopxlom Wil digk oA T6M7bA] i, BdE -2 60.44 ¢
w=Zo] gltke Ao Qs < MRAE ¥ 37t Ad
AALZ A vl &o] ksl Qi FAoIH
upebd B oo M= CTA, TOF-MRA, CE-MRAY] & CTAE 64419 HFEESE97] (Sensation 64, Simens

T Htol glojA ] AdaaA e}, aFek Bd AT A WA medical system, Erlangen, Germany)& o|-&3}o] A]a)s}
¢ 2 CTAY} o5 = 7F% AdA 7FA)7F =ohe 71481 o FOV 217 mm X217 mm, section thickness 1 mm,

= =
CTAE BEFARE AL A7) RiZte, Bolk, G4 o35k, tube voltage 120 kv/207 mAs, imaging time 22-23
w4 A5k, AEE Hlalste] Hokrt seconds °]%1om, £G4 2= Ultravist (Bayer-Schering,
Berlin, Germany) 100 mlZ 4-4.5 mL/sec =2 A% W
3D TOF-MRAS CE-MRAE 1.5T A7 &9 AGA7]
Y (Avanto, Simense medical system, Erlangen,

20109 8€HE 20109 10¥7bA4 WA s g2 2 74 Germany)Z o]&3ato] Al#slg]on 3D TOF-MRACIAE
| 9AEE 2o e FxHn=179) 3} T4 AT TR/TE = 24/7 msec, flip angle 25, image matrix 199X
AZE Adl Alge WA e MrZexgu AAM Ul 256, slice thickness 1.2 mm, slice/slab 44, imaging
W] 50%017d2] o] A= FH(n=3)S o= time 7 min 23 seconds, CE-MRAI4 & TR/TE =
o7 AFE ATt 3.1/1.1, flip angle 30, image matrix 192x256, slice/
2089 FAES WA g2l Sl AAY i H slab 80, imaging time 20 secondselglow xAA 2=

Ago
A%
A%
A%
ol

a b c
Fig. 1. A 73-year-old male patient with headache and dizziness.
(a) TOF-MRA (b) CE-MRA (c) CTA, These images show a low grade stenosis in right ICA.
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Dotarem (Guerbet SA, Paris, France)$ 0.1 mmoL/kg
L% 1-2 mL/sec £E2 AW ] FAE9

gy U 5
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P25 WAENS ¥
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N
SR
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H
oL
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rlr
oM.
offl
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-1
o
=2,
R

209 9] Aol A U5 s 7] # 20789 & 40719 o
< TOF-MRA, CE-MRA, CTAE o]&3lo] H7ls4d
WA s 28 NASCET(North American Sympto-
matlc Carotid Endarterectomy) criteriaZ #-&3to] #7}
Z CTAZS FFAERE A TOF-MRAOIA 9 =3¢} CE-
MRA«] =32 77t EHQEE T 774 (Paired T- test)S &
ato] HitS v e L, Pearson A4##A B48 F3) CTA
9} TOF-MRA, CTAQ]' CE-MRAZS #AdAE 242 vl

sk,

RE EA gt A8 SPSS version 12.0% AMEElgloH
AT 95%(p € 0.05) 2 A3k

w3k, ehA (4 1%‘%, 1-29%8%: 25+, 30—49%?‘%
2+ 359, 50—69%?—5;L 55, 70-99%9%: 5w, #HA)
Z L}%ow 37}kl oH, JJEL T Eel 9 OW«l A

o] 70/4 2o A2 50%7HA SofE aL
AL 1838k0] (6) CTAAA 50% olFe] dzto] gle
RTFARRE Qote] Aead ed I, g
3to] TOF-MRA, CE-MRA9] W17t %, 5ol FAd=

1 &4 3%, s etk (Fig. 1).

AolA = TOF-MRA, CE-MRA® MIP

>

N

=~ (o

iy

010 ol
o ON

o

A

4 o ¥o ¢
o Moo r1r
2

o2
o

T

>

T'_‘ﬁ]

%3, CTAE Coronal and sagittal MIP 948 AM&-313iTh,

MRA% 3D imageE Ed7H Ztzbe] ofolA] 717 g 2ol
A Ug= H_clqoﬂ,q ?‘siil_o. Z.x%—g].oiou-jl CTAY 731_?_%
Coronal and sagittal 97 FolA d&o] ¢ & Yehpe
ellA F2s 438

P2l 42 PACS (Picture Achieving communica-
tion system, Centricity radiology RA1000 workstation,
GE health care)9] electronic caliperS A3}

G Wb 2w ] Aol eta AL Aldaal o WA 1
5ol @t At FEAS ke H 2% gaeeti 9
AR7E Rro] Qs HHA o dAE de & Felith

24 _Tll.
CTASIA 5 2099] @AZAA 2089] UAEAE BHD
43t 1699 #42) 209) YBAA We) BpAglon) &
e o) wlo|glrh Wilo] gl 16719 Wue A9
2 kel A AFS] WA 252 B 107, 35 B
ol 871, 45F Wl 1), 557 Wol 27, Aol 37 &

TOF MRASH CE-MRAS®] 745 3elollA] sd& w25 2
tglom, TOF-MRA 30-49%, 50-69%, 70-99% %2
A ZH2E 1eflell A 1-29%, 30-49%, 50-69% FAro= i
7F 8kdaL, 30-49% A& 24l9lM 50-69% FER o= A7t
gt CE-MRAE 50-69%, 70-99% @2 242t 1ol A H
e 30-49%, 50-69% FAoE A7t 59, 30-49%

oﬂé r

(Maximun Intensity Projection) @482 A4 st Ab&sk @& 1efolA 50-69% A& o= )37t F5ith(Table 1).
Table 1. Comparison of the Degree of ICA Stenosis with CT angiography, TOF-MRA and CE-MRA
Stenosis
Degree of Stenosis
1-29% 30-49% 50-69% 70-99% Occlusion
CT angiography
TOF-MRA
1-29% 9 1 0 0 0
30-49% 0 4 1 0 0
50-69% 0 2 0 1 0
70-99% 0 0 0 1 0
Occlusion 0 0 0 0 3
CT angiography
CE-MRA
1-29% 9 0 0 0 0
30-49% 0 6 1 0 0
50-69% 0 1 0 1 0
70-99% 0 0 0 1 0
Occlusion 0 0 0 0 3

Note.— TOF-MRA = Time of flight Magnetic Resonance Angiography

CE-MRA = Contrast enhance MRA
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50% ol’del @2 3 # Aol thg TOF-MRAY ®%:=, =
oL, YAdEE, SAHdE5E, AT 83.3%, 87.5%,
71.4%, 93.3%, 86.4%%12™, CE-MRAE 83.3%. 93.8%,
83.3%. 93.8%. 90.9%= “EWTH(Tables 2, 3). McNemer
testE AHE-8ko] S 7IWze] A3E nlasklen], NPVelA]
= AAgke] oA AR A EE SAH R T
Akoli= fli= ALZ YeEtH(p ) 0.05).

f-&3EE T #AANAME CTAS TOF-MRA, CTAS CE-
MRA, TOF-MRAS CE MRA®] FAwgte] fro]gh Atole
gl o' Uekstth(p ) 0.05).

ml44e] T7joll 2U01MS] HIZEFD! HMelaHs ZARE S| bR 937

o ool mAlg FAE dozA, TOF-MRASH CE-
MRAAA = 25 A o tth(Fig. 2)
o F#

CTAE TOF-MRAY CE-MRA®] Hl&} Aubx oz Ao
2 93 IS Agdria LA ok (5, 7). AR f‘fixﬂ
7P del2ols FFEAFE DSACIERE CTAS ZFAE
Ato} TOF-MRAS} CE-MRAE Hliﬂf& AL B A g OW
o 7H & Aol 2y, 1 s wxE oA FEE

CTASH TOF-MRAZFS #A++= 0.932, CTAS CE- 4 MRAS} vlatsto] CTA7} DSA9Jr9] SHAATE v &
MRAGS] A 0.971% CTAS CB-MRAGS] A8kt @14 sl $aidldelol w3 del 5601 10 990l 4
A7EH =& AR Yehgton 2holi= gisitt. on, o B& Fahfe} 3 T&QH ARE Algdrta %LE%X% A

2789 01101]*1—“: CTACM = A3 stdstute] o) WAdsH 7] Wgol A9 FHo= 7948 Aoz Y€ (4). £

CTA= wluH g& G485 A 3 52 ted ez st

of T B9 B Ao AR o] §¥of it} 1y
Tob.le 2. Comparison of 3-level Degree of ICA Stenosis with CT U CTA 9AHS 0l7] ga|as AEA o] 9t 2dA2 AL
Angiography, TOF-MRA and CE-MRA . _ : ‘

of 3L ARl wF R A4l Ak 53 4717 #4

Degree of Stenosis e BaE ke BRSNS WARAS) Yol e 3o}

Stenosis Low High Occlusion 2 2 3} T}H(8).

CT angiography 2 A4 CE-MRAZF TOF-MRA®] Hlj4 CTA%H]

TOF MEA ABRA7} O A JEEAT TOF-MRA o4 §58 42

Low 14 1 0 HAE ettt TOF-MRAYA Ao A& =ol1 FE

High 2 2 0 o G 2ol7] Hal vFdt AALT} pRE I 9lor CE-

Occlusion 0 0 3 MRAG] H)&] Ze B Alo]=2% 7]ojdt Roz MAHETH9,

CT angiography 10). < wxses 99 A7 434594 7]E9 TOF-MRA7}

CEMEA CE-MRA® 814 4 840] WolAtks o7 A ske} A

Low 15 1 0 Aso]l 4o glon, 53] 50-70% °de] 15w &

High 1 0 A Y& Zel7k gAY 288 TOF-MRAZH O $48 44¢

Occlusion 0 0 3 wolths Avkgol thom itk (4, 11, 12). ¥ Aol AE ¥
Note.— TOF-MRA = Time of flight Magnetic Resonance 23k 2jol= gl Ao E e
Angiography CTASI A= M3 g shitel o)g o)A@ Fto] B2E A
CE-MRA = Contrast enhance MRA W MRAGIA 257 ¢k9kel 97)¢] o). MRAS] H]ma W
Table 3. Diagnostic index of TOF-MRA and CE-MRA

TOF-MRA Sensitivity Specificity PPV NPV Accuracy

Low 87.5% 83.3% 93.3% 71.4% 86.4%

High 66.7% 89.5% 50.0% 94.4% 86.4%

Occlusion 100.0% 100.0% 100.0% 100.0% 100.0%

High or occlusion 83.3% 87.5% 71.4% 93.3% 86.4%

CE-MRA

Low 93.8% 83.3% 93.8% 83.3% 90.9%

High 66.7% 93.7% 66.7% 93.8% 89.5%

Occlusion 100.0% 100.0% 100.0% 100.0% 100.0%

High or occlusion 83.3% 93.8% 83.3% 93.8% 90.9%

Note.— TOF-MRA = Time of flight Magnetic Resonance Angiography

CE-MRA = Contrast enhance MRA, PPV = Positive predictive value, NPV = Negative predictive value
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Fig. 2. A 64-year-old male non-symp-
tomatic patient.

(a) TOF-MRA shows no stenotic le-
sion or plaque.

(b) CE-MRA shows no stenotic le-
sion or plaque.

(¢, d) CTA(C: coronal, D: sagittal)
shows a small calcified plaque in the
left proximal ICA with mild degree
stenosis.
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Comparison of Non-invasive Imaging Studies in the Evaluation of
Carotid Artery Stenosis and Occlusion: CT Angiography;,
Time-of-Flight MR Angiography and Contrast-Enhanced

MR Angiography

Junhyung Lee!, Tae-Sub Chung', Kyung-Yul Lee?, Sang Hyun Suh'

'Department of Radiology, Gangnam Severance Hospital, Yonsei University College of Medicine
*Department of Neurology, Gangnam Severance Hospital, Yonsei University College of Medicine

Purpose : We compared non-invasive imaging studies of CTA, TOF-MRA and CE-MRA to evaluate detect-
ing internal carotid artery stenosis and occlusion.

Materials and Methods : We enrolled 20 patients with clinically suspected internal carotid artery stenosis
and occlusion, or asymptomatic patient with more than 50% stenosis suspected on color Doppler ultra-
sonography for regular check-up. Prospectively, CTA, TOF-MRA and CE-MRA were performed, and sen-
sitivity, specificity, positive predictive value, negative predictive value and accuracy of TOF-MRA and CE-
MRA using CTA as a reference standard for detecting more than 50% stenosis were evaluated, and corre-
lations of measured percent stenosis between 3 imaging studies were also evaluated.

Results : No significant difference was found between 3 imaging studies in measuring stenosis(p >0.05).
Correlation coefficient was 0.932 between CTA and TOF-MRA, and 0.971 between CTA and CE-MRA.
TOF-MRA had 83.3% sensitivity, 87.5% specificity, 71.4% positive predictive value, 93.3% negative pre-
dictive value and 86.4% accuracy for detecting more than 50% stenosis and occlusion. CE-MRA had
83.3% sensitivity, 93.8% specificity, 83.3% positive predictive value, 93.8% negative predictive value and
90.9% accuracy.

Conclusion: TOF-MRA and CE-MRA provided high correlations in the evaluation of internal carotid
artery stenosis and occlusion.

Index words : Carotid artery stenosis
Computed tomography angiography (CTA)
Magnetic resonance angiography (MRA)
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