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(1) Time-of-flight(TOF)



=3 F4 ¥4, gradient-echo G4 HolAdE (a) 3 TR Alelo| RF B
2 3t 7l F 22 spin—echod] 90° HA9F 180° HEA Afo] AlZFoA

ey NS AAEHIE ¢, (b) ¥l o) 91435 33 Al (phase encoding
step)PFtt o328 ¥ (multiple) RF E A7} short TR interval® 7}jA2Z
Az AFZAEE ASHA  saturation Ho] AHAlZ(lower signal)]
steady stated] o221 W] dFE A5 23tE 2T JHR FHAE
A Wz fdEos A3 AEe 2o dFYG AARALY Azdurt 5
ha =HA # 712947183 vla7tA 2 2D(dimensional), 3DF A HE S
HE ALSE £ 9o 2D £& 3D TOFE . FE0. /7 & MsF5%
23 A 7)7] Y8t HHFHEFI 429 thin sectiond] G744 WS A
Blglojor i, o] ®re] flow compensation, A& Z G Al(paramagnetic
contrast media), A A3 TR flip angle 5& A&3tojof st} #o] A
HIAHENE v 258 @Y W 89 Adder B RF H28 ¥4 ¢
oy gAANA saturation B F ol, FAHNRE FsA dele EH
o] & Holx A @ 4 vk a2y, HH FAE vl gA st o]z
in plane signal loss& ZaAZ = Jdob. L T1 o AR, olgd4&¥

9] methemoglobin)e] LAZZEE Holx WHo] Q.

=1
2] Tl, B2 parameters el At H734He] gradient’t ZostAl =i &
R EAY gradient’t 2ste] TEE F7HAACE st Gl ot 294 &
zqste] »d @R A5E 277+ ol ¥FFAHbackground

noise)S Z7IA7|E @™ol wrEt}, 3 = A 7Hacquisition time)o] F I Al§

£ o saturation&#H7F A& AHo] H Aot} 2D TOF7|H& Aw =

ZE 9o dBAA ] F83th ¥t in plane blood flowo] A& AAE %
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Polar, A 2Pl 9dte] ZFAWo| misregistrations & F o,
minimum TE<} MIP7IH 9] g wjid FZAEAE Ao HrtsiA e &
dol .

Clinical applications
Demonstration of the carotid bifurcation
Evaluation of suspected basilar artery occlusive disease
Cortical venous mapping in the brain

Evaluation of suspected intracranial venous thrombosis

2) 3D TOF
3D TOF+ 2D TOFEY UAZ ¢ £& 23 o FSH|(signal-to—noise

ratio)® €& F AL vl$ 9F2 sliced] FAo] 753t voxel sizeE 7

2

A A intravoxel dephaseE €U F Ut FFo AFgFE HAE QAEA

rr

gk

F4 %, imaging slabol W& & o] ¥k imaging volume Z7] o]t
37+ 83 %5 (spatial resolution)o] 1, A IS Agto] HnH Fow &k

o FHEe) HHEES 2t YHe wotsld Fow, 9ud FS TE

I

T oo #Z&H7 2 Aol At ey, EFEE7 =¥ %S imaging
slabg A Y= H<¢ saturation®] dojy dF ANz FEI 7FASA o)
3 imaging volume®] B]|R A Zojok a1 ZHA A& §lo] AUAE 4
detstedl Agto]l A EAol U
Clinical applications

Assesment of carotid artery occlusive disease

Demonstration of AVM arterial supply and nidus

Evaluation of intracranial aneurysm

Imaging of venous angiomas, using MR contrast material



(2) Phase contrast(PC)

& u A7]E 9ol 5 (phase shift) &
e olgste daddoeltt AN E S (acquisition) el wel 2DFE 3D
PC7} it} o] G E B4 FAd sl =4 (positive polarity)=}

&34 (negative polarity)& 2= A2 ©& ZAl(gradient) & A&t F

PC W2 2=do] AFAGAE ©]

MY BAE dx, ZzbofA fibE kA 9 del s (positive phase shift)d &

3

A1 9173 0] 5 (negative phase shift)®] EFIFE& A =E FAH(subtraction)st ™
%=

WRol o% AEE FEAJL ZARHOR BEY AEE ZaAINA @

th o] WA E dF&EY Exd ut 9AF 35317 AHphase encoding
gradient)®] Z7|E xAst Fo2H fAfo]Fol £180°7 ool HAUS o
FEHE aliasing A4S WASA Folof T HFHEF T3 (velocity
encoding, VENC)7} EA<¢d] 2438 Hdi&x 0|3 /7 aliasing €
o] d4el yetdtt F AAE VENC o4 €7+ AMNSHEE Hloh
=3 3D PC WHolA ERFE 3WFgo R v} F 35 3Hencoding)stAF7] < 3H
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Me Ha 419 JAE dojo
2 A %A (quantitative)l W olzte FH I, Al

37457} flow saturation® = F#slez = B F(slow flow)E AArst &

G4 HE NIl Hob 3D PCE 7] Mol HAF VENCE 2 & U=2
sl shel Aol Bel Felw 3D PCE A™A ¥ 4 Ax 2ol
_/rt

Jovy gikst afFALGAe] E7FEE L voxel AV F intravoxel

i

Clinical applications

Generating vascular localizer prior to more lengthy 3D PC angiography
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Detection of flow rates in AVMs and aneurysms, using variable

velocity encoding

2) 3D PC

dF&Eo A F7t 7heste] At st 9, 2@AEY T
of weg} VENCE =3l AAE 4 32w, intravoxel dephasinge] &1,
Bl g A7 Heolu, A% o FSu7E ¥3, 3D TOF] ¥l3] volume
| Ao, 23418 FUstd s34 A
HIEEEES F B T Ad' Aol vk 2y dFF AAYH dGHSA
Zte] Zw, 2D PCE ¥A Aldstd Hdg VENCE @olok dta, o
(turbulent flow)7}F 1€ wf TOFEY ¥ztste] A4S 2dsts ©io]
At

Clinical applications

ol

o] =77} AE saturation& #7F F

preoperative and post-treatment AVM assesment
Evaluation of intracranial aneurysm

Demonstration of venous occlusions and malformations
Large volume imaging(e. g, whole head)

Examination of congenital intracranial vascular injuries

Evaluation of traumatic intracranial vascular injuries

A) Occlusive arterial disease
Thromboembolic disease® 23 U= #AAEA MRAC YEtUE &
Ao vascular lesion site$} parenchymal insult®] A Xl oj&dtt). welA

A /PG AHESte] dgel 58 £ 7 URF o

L

L

9D TOFE vl A slow flowol] "7t EE nearly occluded internal
carotid 22 vertebral arteryE H7}8t=d], 3D TOF+E spatial resolution©]

Hojum, z9g=7, MOTSA, Magnetization transfer59 7IHE8&o=



slow flowke WHAEE &9 < 9 atheroscleotic diseasett nearly
occulded artery® slow flowx QA& 715384 .3t} 2D PC71¥ 2 flow
direction, longer acquistion€ 3}7] % localizer®, 183 flow velocity Y

volume flow rate% & Fodt 4+ A g}

B) MRA Evaluation of Patients with suspected Aneurysms

3D TOF MRA<T small aneurysm in region of Circle of WillisE ¢1%4]
dt=d $4=3}W multiple thin overlapping slabs =& magnetization transfer
7oz A dHIES 48 F 3

PC71¥ 2 velocity encoding(Venc)S 3t aneurysm® W& inflow jet
%2 slower circulating central vortex flowE %obd 4+ ov, =t
residual lumeng 3o}t (&3,

2827 MRAT  short T1  relaxation time2 ztE EZ(eg
methemoglobin)o] ® &<l  flow conditions® 218 4 <3, intravoxel
dephasing & 2 parent artery 9} aneurysmal neck¥¢] A mteto] ofelg wj
T 929 high spatial resolution® L2733, labor-intensive process$l
ol AUt
C) AV Malformations

AV malformation®] }= 32b2] MRAO}A{(a) define the arterial supply
to the AVM, (b)delineate the size and location of the AVM nidus, (c)
determine whether the venous drainage is central or peripheral, (d)
identify high flow fistulas or aneurysms, (e) assess the hemodynamic
impact of the malformation on the adjacent brain parenchyme% % S84 %
& gotste Ao Fasdt

Parenchymal type°l*l 3D TOF71W-& feeding artery$} draining vein,
nidus§€ & 4T £ dE 8T 7I¥ely, PC/IELE  velocity

determination, directional flow information of feeding vessels® €& & ¢
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I, very small AVMsE <1x& & Aty AVMe] & #xolA volume
flow rate(ml/min), mean velocity(cm/s), peak .systolic velocity(cm/s)=
ipsilateral  carotid artery®  563%+48 < 90.0%+78, 117.2+92 131
contralateral carotid artery™ 422+29, 833%76, 111.3%x9.7°]9, basilar
artery+ 385142, 836+72, 1056.3+9.022 €& gt}

Dural typeellAl PC71%¥-& flow direction in draining veins and dural

sinusE 3etst=d 838k

D)MR Venogram

MR 235294 A intraluminal thrombusts Al7]E 2 e Al vebuy
=d Acute phase(l to 3 days)el*] isointense thrombus on T1 WIZ,
reduced SI on T2 WIZ YEtYAHo flow voidele] o] o]z}

Farly subacute thrombus(4 to 7 days)© hyperintense on T1 WIE =3+
¥, 53] “cord sign” of straight sinusZ B 4 9¥ul ¢]¥ rope like
configuration of thrombus @& o]t} iso- or slightly hypo- intense on T2
WIZ #zre

Late subacute thrombus(7 to 10 days)T hyperintense on both T1 and
T2 WIZ e}

Chronic phase® T1 WIHA hyperintense (10 to 30 days) 28X
isointense (after 30 days)® vhebdo},

Contrast enhancementE 3tAl ¥ ], dural sinuses®YZ inflammatory
or neoplastic lesionsE& #dt=d] FE8t. &, intense  shaggy
enhancement of the walls of the sagittal sinus® B 4 g4, o&

enhanced collateral venous channels®} dural congestion®] & o}

1)Sagittal sinus thrombosis

of¥

& severe headache resistant to analgesic therapy, malaise, nausea,



vomiting and irritability® FEA S w2} T FSHAl  seizure, focal
neurologic deficits7} YEldTH

9olAslo 2A Local diseases® Infection( Extradural; mastoiditis,
sinusitis  cellulitis, osteomyelitis, Intradural; acute bacterial and chronic
granulomatous meningitis, Intraparenchymal; abscess) % ©| AL,
Trauma(fracture overlying a dural sinus), Neoplasm(meningioma,
calvarium metastasis, carcinomatosis meningitis), Arterial infarction and
subarachnoid hemorrhage%s©°] A<2™, Systemic disease® Pregnacy,
puerperium, oral contraceptives, Collagen vascular disease, SLE, Migratory
thrombophlebitis, Inflammatory bowel disease, Cardiac disease(cyanotic
heart disease, congestive heart failure), Hematologic
disorders(polycythemia, leukemia/lymphoma, sickle cell anemia, DIC,
hemolytic anemia), Idiopathics o] At}
2) Lateral sinus thrombosis

Z A headacheHeverel W, FU<¢lSsecondary to infectious process,

such as otitis media, mastoiditis, or tonsillitis®] t}.

3) Deep cerebral venous thrombosis

4) Cavernous sinus thrombosis

venous thrombus7} 2]4€E wii= 2D £ 3D TOFE HAs A o] &3
intraluminal thrombust® AAZZEZ F Y& F(inflowing blood)= LAIZE
deg YEdTh

T2 thrombosist MIP Y source images©l| 4] absence of flow signal® 4
E}u}m} contrast enhancementE SHAIE W wall of sagittal sinus7}
intensely enhancement®+=t] ©]& dilated venous collaterals <} dural

congestion W & o] t}.

2D PCE 8% 7|¥Ho|H complete thrombosis & @ absence of flow



¥ partial thrombosis € @+ irregular flow patterns and intraluminal
thrombosis?t YeEbdt}. Contrast enhancementE 38 significant increase
in the intraluminal signal intensity for slow flow$ & 3& B 1 collateral

pathways®} flow around localized thrombus& Z & 4 1A

MRASY A& =2 F7+Es|5(spatial resolution)® w3 Al (background
suppression)ell 98 #FAdd & glov, g2 FHEN T pixel sizeE T7F

AA
Aoz d& F Y sfEAdAE =3}A o] (magnetization transfer) &

i
=]

el B s FHHoT o] F Urt. MRAE HF £=7t #aA e
F4 2343 2 gradient echo®t EPI 59 /¢ gEol FAdd A&

glole] ALz wdo] FEER o|Fo|XI Y P&
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