5 9 B3 AriedHdAxdH
(Thoracic and abdominal MR Angiography)
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MRIZ}F 24 AE AE38tA] &3 &9 48 H71E F de 71389 AAEe=
A dqy 7R gge 71U EC] MRS o] &% daxgdsd AMEEHA e 7HE
o ArlFHEAxIYPoRE ZEAZHtime of flight, TOF)71H 3 4
Z1ge]l F2 ALgEoigot ey e nAAY Ar|THIAREYG7
FEHE Boly FHRHAAAY W¥AQA ol e He /AT &
AR 32leh ol d RAFTE 3 TAHo|Y L P W AIPE
APEL TIANLE dFA7|e ZFAE o83t IHT + Jdoy Fopd T
Eo AT &4 (signal to noise ratio)= 3 &A X MR angiography % 22 39
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§_°§7ﬂ]°ﬂ 9E T1 25 E H31Z 9 AHZ
A% AFES HA23sr] dstqd xu&e & 7ol Fasdy wE TEE HE fast
gradient @ slew rate?} SF&HEd HAFRA Al 7] (gradient strength) 15mT/m FXE2] 717]
& A3 3D contrast enhanced MR angiography(CEMRA)9] 3t B uEo] o] glen}
FZo we" 71712 W/l 23-33mT/me AARRAAM 7|9 9 psecd rising time %
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Table 1. Sequence Parameters for Conventional and High-Performance MRI

Conventional High-Performance
Parameter . .

Gradient System Gradient System
Repetition time(msec) 28 2-4
Echo time(msec) 6.8 1-2
Flip angle( °) 40 40
Band width(kHz) *16 +625
Field of view(cm) 24-32 24-32
Matrix 256x192(160) 256x192(160)
Section thickness(mm) 15-25 15-25
Number of section 16-64 16-64
Total acquisition time(sec) 180-350 15-30




2. Pulse sequence

3D CEMRAE 939 Alg3les 94718 TIEHE ZF JeEd 5 v 25937 HA
fast imaging with steady-state precession(FISP), fast low angle shot (FLASH), spoiled
gradient echo(SPGR) 5°] A}& 5 +=d SPGR % 3D fast field echo(FFE)7| %2 SNR¥} &
& tl=%7} 3D turbo field echo 71l Blste] L ¥ AZEF dg AFE] dE
4L 3D turbo field echo7t AL RoZ &jA Ao} Scan parameter= TR<10msec,
TE<3msecZ Hujst W= A A3 flip angled 10-60 2 AAsto] TIWI 4L BE
A @}t 3D SPGR 71"l A scan parameter 5 %] SNRol 983 vieE F8 842
TR flip angle® € 4 dvd TRo] FolAA FFESF A|7to] dFEHo SFAHA F4
ojuf el A Fdol 7hsetA ™ TRY HAsol ®l#Astd SNRS ZAasHA HE
2 g SNRol| 9&g FA &A TRE HZ3 £¢ 27t Aok 3D CEMRAE ©]-&3
H 8Rs 2AA st FE3] Tl #HotA AARAZAZ 25mT/m  7]719A
TR=5msec, flip angle=14 °¢] Z7A 22 EKG gating breath hold 3D MRA7} 7} 3ttt

3. Contrast agent, injection dose, and injection. rate

3D CEMRAC] A&3te ZgAs dA F2 AH8HEE ECF 94 Gd-DTPA
(Magnevist), Gd-DOTA (Dotarem), Gd-DTPA-BMA(Omniscan), Gd-HP-DO3A
(Gadoteridol, ProHance) %& AF&3lA SHed 83 o] dd9 Tie] HFolxle &74E ¢
N 58 AR fAEe A2 g#A don @ W Tl #FAEH7 28 FA%HE blood
pool agent® albumin-(Gd-DTPA), polylysine-(Gd-DTPA), FeO-PBA, WIN 22181, SPIO,
MS-325 Eo] 7lE=e] dt}d Gadolinium ZFA 9] £FL A TIS 4 msec(B%
800msec)Z £ 1% FYE T2 UREE HY F Ue £FE AHgdorsied
CEMRA®] A 33 &F2 0.2-03 mmol/Kg °|™ 05mmol/Kg °)de &M= Tl @
Zade 383 T2 @SaR7 F7HH0) A3 =7} dade Aoz ddA o 3D
CEMRACIA & A FUEE7 449 & A% $8¢ 84 F UEHN 59
3D SPGR 7|¥& AH8-8 vle 233 Er7t A dsEd vt Srte AR Ho
piind 0]E 93t 2-5ml/sec £ X9 bolus injection®] H23}lt}. 3D CEMRAMAM = 24 A
F9 F 20ccHES AYAEF AE5FA(flushing)o] A sd o] ZFA9 7] HHA|
& w2 1 HYAZZAEZ dElde AIRE dFA7IE 988 8] dfEelth

4. Timing examination

294 9 F F4E 47 AFEE MRS 2AsE AL 3D CEMRAC o] {3
S JAta Foy Fagas REEded F8% 98E sAETY. Scan A AAHE 2R
st H e 42571 gEA el A HHe lecA X9 contrast® bolus injection s+
d&o0 2 2D =

b
4 oX

3|

=
P

A e
GRE®4S 95 ¥ did 3 713 52 AZF =7 e AEE 2

J scanA]Z AlzE A3lE= test bolus injection WHolw E4 WHE ZIAE
#4 % 2D GRE ¥ 2% 1 frameo 2 A&z oz B@dsio] dAdd o 2gA7 ek
U7 Az o §%S AAAIFI3L scand A &3EE fluoroscopic or real time triggering
wloln] A Wals A g AFAEs YA thresholdd] E=@sdle AlZIE 2D A%
scan® 2 AFAAMA scans AlFstE GE3E automatic triggering software[Bolus
Track (Philips), Smart Prep(GE)]Z o] &3+ Wiolxn ulxjul Wby e z A Fdo] B



& x2GA 7 A —(E?}?S‘}-‘: Al 75l d&-dor %214 scand A A E repeating fast
sequences WRolth Mzpo] A WHE A{HQ HAAZ A7IE AAH & 5 U WHE
oy vixut W ol A scan® AFE AAsd EF £&F AT dE 71E2HA A4
o] glojor steul #xzte eyt Ao wmet FEAke] zol7t Yot A A 9
of 2gAe HEHW EGALE 372 FHAY] AFAIHE 4722 BiHo Ji HEHS

12.8/198%, sl WL 152/126% 2 Z}z} HuH o] g},

5. Other factors and techniques influencing data acquisition

TEFoY AT T 943 AFES Fol7] 9% FEAA IS FxU FHA de
HoFg B A HEAAN7 A% s A AT U scang AAE Havt Jov
half-Fourier acquisition ©]1} partial echo acquisition® 2A&AY section 472 ZA3}
rectangular FOVE o|-£38lod 94 5 A7HE &9 4 92 elliptical phase encoding©]
U zero-filled interpolation52Z WZEE Y 4+ 3 3D CEMRA®IA 2 &
TAsted F4F 4 vAE 29 F sy AR —"4 FAelth dEHolvd FHF
o] & BX ERE, iliac artery 52 ABFA 8-10mmEE G4 H77E 7Hsshy
main renal arteryd H71E& YA E 3-6mm BHFA(1.5-3mm9 spatial resolution)® 4
A8 5ol Heslth Scan A AFE3IE coile] FFE SNR, imaging time, spatial resolution
2 Axgd 5§ nste] desolsted F5¥9 259 3D CEMRA Aol dityos
body coil& A+&3&A Hu lem-lmm FES =77 2L B9 HAlolE specialized
phased-array coile] ZQ3tt}, 3D CEMRAA g4te] Heo| J&s F+ X o 942 3
2ke] ZAA Y 2GA FY AXNE & 5 dcd B Fo] YA ue} FAANE FHe}

O

= 857 BB S 98 &Y A $) aliasing artifact(ZS & S Y A )l o3
g4el Aslzl el 4 Qon 9 g FJuFilg AAE 73% aortal 7124 7=
] o

w] ol aortic arch 7}l #elizF A4 5 Ut

6. Subtraction, addition and postprocessing

HA de3=Eel = MR7I719 3D CEMRAE 294 £ A9 94S mask imageZ
st Z29A FY FTeo gAE subtraction F FHHAZFAE (maximum intensity
projection, MIP)S o] &3td dAS Astm kst ZEolAd oGS FAAIE ray
tracing 71H o2 4Ad3 FAGAAE vEo] dth 3D CEMRA 9lA subtraction& & 9]
£5H T ZFFTAANVYG AN XATAAIE Bt 94 UE F don HxH

A71S G S Tl AuE ool BxY A2 FHE BEol

2ol ¥ 4 glon F 9
2 7 :rL %9] ’\‘l-% Aoz HPo ATET AV|EE MuzHoz IJAst 3
MRDSAE W& + At} o] Yo% volume datasd o]-&3}le] 33 I4E v=s 3o

%(volume rendermg)ﬂt”ﬂr 9 NFHFL o] 4S thresholdZ XA sle] AbxtYd
= EW 493 (surface rendering)7] ¥ Eo] o] &5 o] Rt}

7. 3D CEMRAS 43 A&
1) Aorta and major branches

MRAZ} 42 o2 o] &=WA brain®] MRASH 37 71 ®o] o]&He FHE aortic



aneurysm¥} aortic dissection® 2% @A MRIZ} & tiFEe HyolA A= glo.
guix oz oj&E1 g TOF 71¥He MRAS} vlusted 3D CEMRAY aortic aneurysm
o] Bas g5 o Fiko]l A e FHE M2 der aortadlA EX e &
#Ho AHAFE Hrbetn %vﬂ '“?4 4 9&% aortic dissection® 7}4 W7 (pseudolumen)

P A4S BdEo 109 aortadt I EAE
FUZgEe Aot E Hold 33 B

<~

=3
=2
A AW 3E Takayasu %‘1‘1“%’0]
Ao HYE A&sA i = Ao

2) Congenital abnormalities of heart and great vessels

A7 heart®] FejdtA oA HrrslE MRIE tiFE 2J4AE AHEsHA] & EKG gated
SEY fast GRE7|H o2 o]Fo}xl1 o} aortic arch anomalyY interrupted aortic arch,
coarctation 5S¢ I wto] 3D CEMRAZ &3 A Al&xx1 ew & congenital heart
disease®] evaluation®] 3D CEMRAE &3 A7/ I8 ¥ o=z A47dn,

3) Pulmonary artery

Pulmonary angiography: pulmonary thromboembolisme] 24 =& &atelA 218 93
AXsE AR o2 A&3 Atte] Ao o 3o B J3e nIo. HI spiral CTY
CEMRAZ ©] &3 pulmonary artery thromboembolism®] 2 ge] pulmonary angiography ©l
HEZteE 2948 RFa g=d £F5AFA 3D CEMRAE AHEE 3¢ lmm W2 small
branch7tA 4 atal7l 715319 lung®l perfusion BEE B & & dx s uhgko A
gAe BA & £ glo] Wwe X9 ARE HAlsleEdH obF FE&F HAMeIt HT
volunteer® WA o2 3D CEMRA ©]&3 pulmonary artery®l Al Hio] ol35td
segmental branchi 100%, subsegmental branchi 85%77 #7l7t 7b5d Ao Hof
1ol pulmonary arteryZ ZHAMsEdl o] obF £8%F HAbolZ & 3t

4) Arteries in thorax

Thorax9l = aorta2 £ Ue:= Z 83 Yo% lung L chest wall, spine 522 7t=
bronchial, intercostal, spinal, internal mammary, thyrocervical arteryE°o] EAst=dl A4
Moz old ¥AESL MRACA B2y Z@siAWL HAYHez AF B+ 3D
CEMRACIA =2 ¥3E a3 4 rth & =9 spine®] AVMO|Y hemoptysis7t A&
$a}o) A bronchial artery®} chest wallZ23-E 9] collateral & 3D CEMRAAM B3 573
o2 Hrisk 7hsse A8AYY FHA =& Frh

5) Renal artery

CEMRAE ©]£3 renal artery®] 7= aorta The-o2 Wol A% AAR vhekd Rof
o] A &5%=4d renovascular hypertension, renal transplantation donor kidney2l 3 7I,
transplantation ¥ kidney® vascular complication %] & B2 H3Eo v &
Tt A A A Go] 9= A E gadolinium contrastd] W& AASAHE AT o of¢
88 AAE sAY. A7 28 F CEMRAE ol €3 renal arterye] H7be FTA
A& %7} conventional angiography® 90% AEZ H|WF EA RuHz Jdou
conventional angiography®& €33 A= £ Qe AAoitt. 22y 3D CEMRA



< WHET 2AgE AgE A9 s17tE F ol conventional angiographyE A
(o]

)
Hol & sty JQAFEY H "‘”é %-‘%%— 2R3 F= A
3 3-8 A =d conventional angiographyt ©&dl d#e #WEve BHdE=
220 AAY oy CEMRA® 79 d#9 AWARE Hrgd & 2

imageZ 58 F9 ¥y HHE Y FHoR Frtg £ e 8ASFHY HAgew
conventional angiography& W& = & AAE Ao 2 9 7

E2 mesenteric artery®] W, iliac artery$} A E pelvis W9 vascular lesionE°] 3D
CEMRAZ AAE & e FEECIH ERY T4 vascularitygs H7isteEdx ol &2
F At

o O{Nu
ko

7) Portomesenteric venous system
Portal venous system¥ @ H Z$EL portal hypertension®)t} obstruction® T g

varixtt thrombosis, tumor invasion 5 & 4 U+=u o)ldd HHES #HAsy] 9%
portography & "}-¢- HFZAA AAE L2 FAHA & E2o] old HE Ao AlLHZRA @

=t} 28y 3D CEMRAE ©]8& 7% portal vein obstruction, portal venous collateral
pathway, esophagogastric varix 59 ¥R £44 H7g £ o] A9 AzAHE 4
LY B 28 £ 4 Uk MRAE— liver transplantationg A A3t #xl9] ¢4 P
TFZ2HMY &% HrldE AlEFed 3D CEMRAE o] &3k portomesenteric venous
system®] ZAPHOl F O U2 G4 ATE 4+ J& Re= 7gEh

8. 3D CEMRA 94 B7F Al 9%
3D CEMRAT 1 %94& #H71¥ W conventional angiographyollAl WERA] ¢+
2L 9 A AR A& F Utk RAHES gddde Mygeg st ByHE
o] IR HEXHOR scan FHo| ¥3E R ol vhx] occlusione] Y& 2
7A$2 tortuous course® F 3t iliac vesselelY} subclavian artery %
At} SubtractionA] registration®] oJAto g ojatedale]l g E AL
misregistration artifact7t A7]1™, phase®l #tolZ <Asted H@o] Eaatx] e F o ¥
#3 2& =& N3P ES UebyE phase artifact?] ghost artifact’7t A4 4 dx %4
Ao AL o Al YA HAo] AE 2R ¢op EHFES 294 v=7F ¥ F
A Ho| A2} FHHE)A k-space data sampling®ll x}o]& Heo] x Y7ol dissection®] T
Holg AL F°] YelE psedodissection artifact 5o Uetd 4+ Atk o]l 3t pitfall &

e

re

9 subtraction

< 13¥ W 3D CEMRAS H7F Al &4 postprocessingS A A %< source imageE
g8t A3 4% black blood imageE ¥of HmslE Zo] ulE A Yd £ ¢
= Wyolth

AZA o2 3D CEMRAE 79 o AX Y F2E L¥sie I 28
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o] Aerd 229 conventional angiography® tiAlE + & F&3 A2 AZEHh
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