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Abstract

To prospectively determine the diagnostic performance a combination of standard bolus—chase magnetic
resonance (MR) angiography and MR angiography with time-resolved imaging of contrast kinetics
(TRICKS) for depicting severity of the head and neck vascular diseases, Over a period of two months, A
total of 100 patients(average ages : 5018, male : 60, female : 40) with head and neck vascular diseases

were performed on the GE excite 3,0 T units with 8—channel head coil and 4—channel NV coil, Imaging
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parameters for a typical study were as follow: SBC(TR/ TE/ FA/ SliceThicken./ Slab/ Freq,/ FOV/ BW/
Scan Time) = 5,4/ min/ 30/ 2/ zip2/ 70/ 224x448/ 30/ 62,50/ 28, TRICKS(TR/ TE/ FA/ Slice Thicken/
Slab/ Freq./ FOV/ BW/ Temp Res,/ Scan Time = 3,6/ min/ 25/ 4/ 30/ 160 x 384, zip512/ 30/ 100/ 1 to

1.5/ 238). The analysis of all MR images, which have respect—ively classified two techniques into some

diseases, The results of the former were divided into two groups(SBC, TRICKS)with 4 grading of two

reader, respectively, Wilcoxon signed rank test was used to determine if a significant difference between

imaging techniques existed(p < 0.05). In 33 of 100 patients, arterio—venous malformation was 11% at

TRICKS, subclavian vein stenosis : 8%

’

Artery bypass surgery .
in the basilar artery stenosis, carotid stenosis :

5%, meningioma @ 5%,

fistular sinus :

4%, jugular vein stenosis:6%, Middle Cerebral

’

4%, p < 0.05). The rest of 67 patients were considered as the results of SBC(14%

16%, vertebral stenosis :

17%, central neuro— cytoma :

Not appliable : 10%, p < 0.05). Sensitivity and specificity of TRICKS MR

angiography in SVS, FS, JVS, MCABS were improved compared with those at standard MR angiography.

In SBS MR angiography which were improved in BAS, CS, VS, CN, Meningioma, In conclusion, TRICKS
MR angiography of the SVS, FS, JVS, MCABS is superior to standard MR angiography regarding the
number of diagnostic grading, The SBS MR angiography were improved in BAS, CS, VS, CN, Meningioma,

and assessment of the degree of luminal narrowing on both TRICKS and SBS,

Key Words : MR angiography, TRICKS, Vascular diseases, SBC
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nance angiography: MRA)o|t} '™ =7k MRAY]
deE AAHEE 2 YA Gd-DTPAE F
Folo] T ol ¢S WS B BET GE BAAD
29 Be TRI} TES #3HH heavily T1 Z2IAL
St Aol ojy FMzAEL Tl st o
YA ofF &S g weLd Wy B 2gx
of oJsh T1 o|FA|ZH] %Al sec HEE FobA glom
2 Adzen T3} Mo 950 gRE NS AL
4 ok EF TRE oFF &A 2= 3D 7|He A&
st et &2 ATt 94 g50] 7Hestrh(Fig, 1).
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Fig. 1. TRICKS of the K-space filling technique. When
| saw the scan time to 20 seonds background volime
data are obtained and injection time of 4 seconds
and a quarte of the total test time is two hours
filled with K-space is at a time three seconds later.
The final images after injection, drew images in the
video before the subtraction is an imaging.
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o agm
(contrast enhanced magnetic resonance angiogra—
phy: CE-MRA)°| ot @A Ar|FHBH=geY
G840l F7HEE FAloln W AUlel YA
712 7Mosn S 23 7|MOF Ellipitical
Centric7| & dutzygo=z AHL31 Y}, waps B
AFoA= Aol wet F 719 FHgo] Hudu ¢l

7] W2l Rt e HEE AFs7] fste] A
egre TRICKSZ|H o]y Ellipitical Centric7]H e &
F 7I¥e AdEste g4 F8A00 dis gotEx

2YA 4 AlTEEEEgerIy

A shset,
I AOet
B Uk B2 B Aol 504842 WA

607, oA 407 F 1008 Fe=2 HASIAH. o
AA=0] AHA} @J} HFEA W7 H(AVM, artery venous
malformation) 5%, &% (tumor) 109, XM
(infarct) 209, ¥E3EZ(stenosis) 309, %
W (middle cerebral artery) Bypass 5%, F/% 2%
W, 7e 2099 Zus g )
= 3.0 Tesla A7|ZHHGA7]|7](Excite GE system)&t
8Ad EHZY(8 channel head coil)F} 439 FEHA
2l(4 channel neck vascular coil)S AM&3FGT)
Ellipitical Centric7|¥¢] JAHLZE= TR/TE =
5.4/min, flip angle = 30°, matrix = 224 x 448,
FOV = 30, slice thickness/slab = 2/70, bandwidth
= 62,50, scan time = 28%Z A A3t}
TRICKS7] ¥ <9 AH4= TR/TE = 3.6/min,
flipangle = 25°, matrix = 160 x 384, FOV = 30
slice thickness/slab = 4/30, bandwidth = 100,
scan time = 23%2 A}t ZXFA FUYHL flow

rate 1.5 ml/secE UEFHCE XA E 10 cc2t AT

(sinus mass) 10

9’

AE4 1.5 ml/secE 25 ccE AW FYstFch HAZ
= A 1009 ZFoA gAFY] artifact
FR3 AA R, g ¥ BES F
o7 BE & g ofF £J 53, F5 43, EF 3
d, U 23, o YR 1R URro Hrlekqid
N o R P A i Rt S DAY S R ) Gl
A & QAo A #=YY sHeE EAMFH
£914 9] BH7l= Student t—tsetE ©o]&3}H T,

’

v. 2 1
A 1008 A B7tol| SlojA °
8% 7, 39 HE, 9 gE5S
Aotk AFE 7Y Hee dFE0]
A4E YN dFE°] de4E W
gl A dAA 9449 dF
$£2 2.90+0, 810|4}. TRICKsﬂb;}g
o QAFE HFY A=
Elliptical CentricZ|®H o2 HAFSE HGAko] ¢
o] WHFASLE 276106882 TRICKS7|H o=
FFY AdFEC] HUSE ¢ & ATk AR A
A F4Y @ FE BAHSE 2.7410.720]900H
TRICKSZ|H 9 F49 ¢ +4¥ H+ g4+ 3.60
0.890]9)11 Elliptical Centric7|®¥ <A dx
HFH4L 2,640,658 TRICKS7|H G4 &3
ol &4 & & UslH. A ZHH Hol BHE
o] A& Hid H4+ 3.8810.77R UrE}UrI:} TRICKS
7% G4 BH¥ HE Hd Fg4= 4.8510.450|%0 1
Elliptical Centric7|¥ %Ar9] HY¥ HZE FHF4A$
3.7810.748 eyt TRICKS7|H 9AY WH ®
Y4 A47} Elliptical Centric7|¥ FAMY wWHH
Foadait A4 UsgERAT F 7Y 2R w2
2 Uegt, g JAY 9 & (Subtraction) €
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Table 1. Subjects the entire video, TRICKS imaging techniques, Elliptical Centric imaging techniques the average

score of
Artifacts Blood vessels Lesions Subtraction
Average score 2.90+0.81 2.74%0.72 3.88+0.77 2.32+0.96
TRICKS 4.20%0.85 3.60+0.89 4.85+0.45 4.40%0.54
Elliptical Centric 2.76+0.68 2.64+0.65 3.78+0.74 2.09+0.67
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Table 2. Disease, according to the presence of image artifacts, vascular differentiation, myochul lesions,

the average scores of video slow

Artifacts Blood vessels Lesions Subtraction

AVM (5%) 4.50%0.71 3.00%+0.00 5.00%+0.00 4.50%0.71
Tumor(10%) 3.00£0.71 2.60+0.55 3.80+0.84 2.40%0.55
Infact(10%) 3.20+0.84 2.60+0.55 4.00%0.71 2.00%0.71
Stenosis(30%) 2.80+0.68 2.40%0.51 3.47%0.63 2.07%0.70
MCA bypass(5%) 4.00£1.00 4.00+1.00 4.67+0.58 4.33+0.58
Sinu smass(10%) 2.60%0.55 3.20%+0.84 4.00+1.00 2.00£0.71
Other(20%) 2.53+0.64 2.73%+0.70 3.93+0.70 2.07%0.70

A=E Uelle HdZd4E 2.3210.962  YERGT
TRICKS7|¥ 949 34 44 A=Y BFddr=
2.3210,962 YEEI Elliptical CentricZ|® FAH9
I T& Az HFHgE 2.0910.672 YERST
A2 Hol TRICKS7|¥He Alo] Elliptical Centric
71Me AR A HEo] FEE & & UG
(Table 1),

HAdze] Ao wet JAFE 5, 2 7EH, ¥d
BE, 94 &9 Hd FA4E dotEyt 1
AVME A= AA ALY 5%E JAFTE F
g 4.5010.71, @& FEY et 4 3.00£0.00
W BE ¥4 5001000, 9 F&
4,500,712 UERETH Tumor®Ale= AA thAtAY
1022 JF&E 79 B4 3.00% =
o] FFHS4 2.6010.55 H¥ HEO FAH5 3.80
+0.84, G 759 BIEAS 2.4010.552 LERGT
Infact 2240 FL AA A9 1022 AFTE FF
o] FFHS 3.20%0.84, Y FHY HAHS 2.60
+0.55, H¥ H&9 HFHS 4.0010.71, G H&9
A4 2.0010, 712 e Stenosis ALY F

AR ALY 3092 AFE FF9 FHAAS
1£0.68, ¥ 1EY HWAY4 2401051, W
o] FFAS 3.4710.63, ALY FHH52.07
0.702 et MCA bypass®x= ZA|9f 5%2
5o HFAL 4004100, F FHo HF
001,00, W¥l ®Zo WAL 4.6710.58,
BHF A4 4.3310.582 UEYTh Sinus
mass¥A= AAY 1022 AFE FFY BHESF
2.6010,55, ¢ HY HAH4 3.20+0.84, WH
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HE9 BHatya 4.00£1,00, I 4H
2.00£0.712 YeET 7eEHe RS9
59 Hgds 2531064, FF pEH H
2.73£0.70, ¥ HZ9 HAAHS$ 3.9310.70, F
ase] PFP4 20740702 Yt FgEes
HILS W AZE §Be WFWHE AVM ) MCA
bypass ) Infact ) Tumor ) Stenosis ) Sinus mass
) Jlg AW w0z wobirh Aw T FRESE
MCA bypass ) Sinus mass ) AVM ) Tumor, Infact
> 7]El ) Stenosis -2 WolFty W HE9 B
A4%E= AVM )MCA bypass » Infact ) Sinus mass )
718t > Stenosis =02 Yol ok mpxgtoz gA
49 HAFAHLE AVM ) MCA bypass ) Tumor )
Stenosis,7|E} ) Infact ) Sinus mass £ 2 FolH
th(Table 2)(Fig. 2.3.4.5.6.7).
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Fig. 2. Distribution of subjects with disease AVM 5
of a total of 100 patients, Tumor 10 patients, Infact

20 patients, Stenosis 30 patients, MCA bypass5
patients, Sinus 10 patients were other 20 patients.
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Fig. 3. Normal patients (a) TRICKS technique and (b) Elliptical Centric Technique comparison video. (a)
imaging technique video slow TRICKS (subtraction) was done well to acquire data continuously looks small
blood vessels leads. While (b) Scheme of the images in the Elliptical Centric (a) SNR than imaging (SNR) to

obtain a higher data continuously Since the injection point, if | meet seems to cut off the small blood

vessels. And images do not fare so well around the deceleration appears unnecessary signal.

Fig. 4. TRICKS MCA bypass patients scanned imaging techniques. (a) DWI (diffusion weighted imaging)
diffusion coefficient of the organization as a way to get an image according to the blood supply to the
initial stroke as well if not T2, T1 can not detect whether a special or DWI The site contains more than

fly through. (b) perfusion imaging (perfusion) as a brain hemodynamics can easily observe the
phenomenon in order to ensure rapid gadolriumgwa paramagnetic contrast agent is injected contrast
material in the brain by measuring the change in susceptibility over time through the day (fast pass) and
the technique is difficult to diagnose early stages of cerebral infarction is useful for. (c) TRICKS Invert a
video image, (d) TRICKS imaging observations of the middle cerebral artery was well.

Korean J Digit Imaging Med, Vol. 13 No. 2 June 2011 87
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(a) (b)
TIW Early Phase Delayed Phase

Fig. 5. TRICKS imaging of AVM patients. (a) that the injection of contrast imaging to examine cerebral
arteries as well IS observed (b) imaging contrast agent over time as the delayed image as the flow of
small blood vessels and the entire cerebral venous enhancement is still observed Can.

(a)

(c)
Fig. 6. Sinus mass Elliptical Centric images of patients (a) video image which is the artery phase (c)
images of (a) Invert the image is the image was. (b) venous phase images are projected (d) images (b)
Invert the image is the image was.

Fig. 7. VS Elliptical Centric images of the patient. Stenosis in Patients with Elliptical Centric image (a)
images of common carotid artery (common carotid artery), outside the neck arteries (external carotid
artery), sokmokdongmaek (internal carotid artery), vertebral artery (vertebral artery), Jangmitdongmaek
(subclavian artery) is a good show enhancement. (b) images of (a) Invert the image is the image was.
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V. 10 & HolA Hot, st f=d Fo 2FA & AHESte
BF AAE 294 o T2EHT}E FTbeke] 235]E E
HEgHAgo] gHE 4 7|Eoe I5HA FuxY o A& FwErt FasA @5 A" z29A 9
=2 AAE @l st Iy AreHdazds Fe FUSe ATE Y9 Tig aHos FA 5
o 7l& HEE HAGHCcR HIEHS HAS A7) 7] fdiME g @l 294 7t LE=E FAT
TRz eo HAFHe FAlth 53] HAMAA *JEH AgEojof stE2 YW O bolus FE = W
o] g o] augolo] Y IFFo] Hst FHAHI 27 FYstoiof g}, ”°
o] agQlo] 7IAAZC R SIE 7HeAol wof HEHx MCA bypass¥tAte] AL HESFEHdo Qe &2 &
Fe9 Fige AASS 2T 98= Qo] 4 TS FHHsH ddsiFe Aled B AR &
A HEBBR2YEL AASA oo gty 27)F < 859 A4S & #Esto] Sh=tl TRICKS7|H
BEHzgeo] F&adl wk 7]E£9 TOF, PC7IH o FHY d444 HolHE ¥+ HAeE 22
0]9]¢] 7|&9] Elliptical Centric7|H & & 2 0] FolA Holz ¢l AZE o] MCA bypass¥ate]
e AARIATH o dFoAe FWel wet Ellip- WS #EE7] folstgth. Fig. 89 AL =4
tical CentricZ7|®3} TRICKS7|HE& AEgFOZ 39 ANA AAAE 83" FAZH FEALY 93 ALl
gxto)A g&y A HAS ALt AAAE = JVS(jugular vein stenoocculisive)ZH<Ql 79+ Artery
ol W& Ittt 18 B AYR JRE O HI] A3 AAHEILFE offE st 2D TOFE
Asstzl Aside 294 FUANAE Fasteh, 13t ol o] 1te A FHAFSHA TRICKSHAAME 2753

4ol 2954 AIFRULEAE G D) G4 T 2D TOPIES B 2ol A0 BF 5

2 = b

€t 2949 Fdose)tt 2FA FUALE AHAHSHA  =7F =" FPolE 3o T dF A5 fHa
Austolop g}, dutHoz zgAY ¥ FHES o FHRIL T 4 Qo] A% L Yue| =9
5 99 T10] ¢ FotAA Foo] ¢ nAT FE2 v {85t

(b)

Fig. 8. 2-D TOF (a, b) and three-dimensional TRICKS (c, d) images. Jugular vein stenoocculisive patient (a)
2D TOF imaging in the artery phase images and (b) venous phase images in the video image is a 2D TOF.
(c) artery phase imaging using the TRICKS technique, and (d) venous phase imaging using the TRICKS
technique is visual. Taken together it can be seen that the left does not flow noejeongmaekyi.
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Hady®w Ao ug+ Elliptical Centric7| 3}
TRICKS71¥e] 94 89 4848 Lotunst oo
o2 22 48 dSlHh

1. AVMZAHI} MCA bypassZH9 AL TRICKSY]

ol &ahct,
2. Tumor, Infact, Stenosis, Sinus mass W9
7% Elliptical Centric7|¥ o] $&3}% ),

TRICKS7|®H & |4 #dHo] FHol dFES HAa3
% 4 son Asd AUt FasAT Phase 3
A& 4 Aok 283 7]&9 Elliptical Centric
Aol ohjeh Age] we TRICKS
7IHES AHgR T AL E ol HEH AEg
B4 ANE AT T 5 U Aol AR,

o=
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