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Magnetic resonance angiography (MRA)
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% 7z ® pre-saturation pulse % fv>7>- MRA %

35 MFRDFEFRIRDRIE D 5354 28 A DEEREE
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{# I MRIZE & 13, Siemens #H84, Magnetom
SP (15T) T#H3%. #% D MRA D&k,
FISP (fast imaging with steady precession) %
w7z 3¥RIT time-of-flight (3D-TOF) ¥%:ThH
D, B STA—213, EOIRUKERE (TR) 33~
36ms, Ta—WffE (TE) 7ms, flip angle20~
35°, matrix 256 X256 X64 H L < 1% 256 X192 X
64, FOV 160~200 mm, A74ZE 50~80 mm,
IEEE 1 BT, 74 ) RBRER T 25 iR
HWHERELAF v > Ui, EHERERIRK
55 ## % (maximum-intenstiy-projection ;
MIP) %ZHWwT, ®hifk, mitk&k, BE&ROIL
BB EER L 7 4 VA ETBRELE, 35612
MO T EHEOFHIE, & D TOF MRA D 3
WRILT — 2 B £ FERZ, 1810~50mmdpre-

F—7—F MR angiography, blood flow direction, time-of-flight method, extracranial-intracranial arterial

bypass, pre-saturation pulse
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saturation pulse Z/llZ 7z MRA dE{TL, slab

(pulse band) A OMEREOHEEE LS THEFl, 3
3z iz X vEEEILL, slab % @EiE UAARER
ANn-MES & MO S FRE L 72, /N
A4 XA DHEREFHIL, BB S oA SR ME
DEEFR T % M OHFAD S5FE L 72,

IR IE, RETEENR—FAKEIRY MWD L
IIEBEIRBEIC X 2 B SEER— PR
BRI SMTOETT S, FrkO X RIMEHRR
TINA4 28R D patency DSERR S LT3 NSEE]
REAZE 4 (1, WSEBEHAREZE 12 1, FRAEINR
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7o X AR MR R & 2 BRET U7z, k720
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PRAEE O MR A REORE b 23 HBRITT-
7z.
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FAXENIRECLEET 1 02 ) T DIRELRD 51,
4 SERT N 28 B MIEEBIAR — AR EIIRY) & 187 2 ft
Tantws, X EREEIRIRR CIERTECORT

Rwchnz, #REFEEL RAEESNR & EF'i(H‘EéEﬂ
IREFBER & D34 7S X D patency DR &
F 7o RENEIRACES (M) iﬁﬁﬁb:f’j?&
n7- (Fig. 1A). B D MRA Tb Rk, /N
A 7% A O patency DBABRICEE S 728, HK
B IROMTRO A M IR EREETH -7 (Fig.
1B). pre-saturation pulse % F\> T I HITEE)
Iz & DI E2FESLT 2 &, FRINEIIRE
BE, AL b cEShEh, FRIKENR
BANANZBATHIMBIC LD ERINTNS
Z L HER I NI (Fig. 1C). %7z pre-satura-
tion pulse 12 X Y ZENSEEIIR D M % (5 =1k
LTh, FAMEINRIZHERCRE L S h, Rk
/\/f NRAKEL TWS Z En@BEwoni: (Fig.
1D), \EE R v 77 —3kTH, FRAEIIRAKF
I B THfRT 2> & BALEIANF 2 5 #TTHED
miEs s &tz (Fig. 1E, F),

CGER 2> 67 K%,
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TR 5 KSR I TEEDHREITD o h,

2 FERTIC BRI I & % SIS S AR
KBRS A AR HEAITS TV S, BEBHEO
MRA T3, ZEFAKERRII A SRIME (BEF
BiR) o@EgEsEsc@oson (Fig 2A),
INA N M DIMFR % pre-saturation pulse IZ
X VEFBLT 3 &, FARKEINR D ARG
Btah, PREMEIROMTIZ N RAZ LD
HEROLOEIEL T3 Z g ani (Fig

Fig.1. A case of severe stenosis of the origin of left middle cerebral artery (MCA) received arterial bypass

surgery. A : Anteroposterior projection of contrast angiogram shows the patency of arterial bypass and post-

operative collateral blood flow from left superficial temporal artery (STA).

B : Post-operative axial MR

angiogram demonstrates the patency of the arterial graft (arrow), though the direction of blood flow and the

origin of blood supply are not accurately identied. Cand D: Presaturation of left STA eliminates signal from

left MCA and presaturation of the origin of left MCA does not eliminate signal in left MCA, indicating blood

supply of left MCA is primarily from left STA. E and F : Post-operative transcranial doppler sonograms detect
the retrograde blood flow at the horizontal portion of left MCA.
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2B, C).
2) MRA I & 3,34 /XA D patency D[FEE
SEtRE U TERNE X SRIMERZ I8 TN

A )N D patency BRI TV 525, MRA T
bRIBRIZ S A /X202 & 2 EHEAS O IME D&
HOEEF CRENRETH 512, L LgHs,
JBHE O MRA Ei{R TR ILFR O Ml T &
BTz, FRCH KRB O FERAZERIC

BWTRIETEOMT & NA XA EBNT BI101T
& DERIHREETDH > 7z,
3) pre-saturation pulse % f\27z MRA i X 2
MFFHEEDRE &34 28 A OREREFHE

S@H D MRA IZ pre-saturation pulse %1z
slab IR ¥ > OftRii{t #Eaf15 5 L, MRA L
band N O iEHFR 2 & UNZ band REE@ET %
mEDESIFHEL (EES10), FEFIC band
W 2@ U 7z MR R 2 s O IE b #E(F
2ihani. $xbb, pre-saturation pulse %
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Fig.2. A case of severe stenosis of left internal
carotid artery received arterial bypass surgery
between left cervical external carotid artery
and left middle cerebral artery (MCA) by
radial artery grafting. A :Post-operative MR
angiogram shows the patency of arterial by-
B and C : MR angio-
grams with presaturation pulse clearly demon-
strate that the blood flow of left MCA is
supplied from the grafted radial artery.

pass graft (arrow).

W T 2E#% 3 2 2 &2 & 0 Mmoo Ak
DREIEAREE 2D, & SIIENA 2SADERT
BN ORI EE S, BFE DO MRA Tix
SHEREETH - 7234 N2 2T B MT 2 HE
T 52 EWHREE o Tz, BHE D MRA TF
Bl RIENIR B i s, D
pre-saturation pulse i1z 72 MRA T/34 /8%
AT 5MME EHEINDEHE, /N4 SAfTIX
+oHEREL, BRIOEENIMTIL A 2K
FLTwa L2l anik, LarLlizans, MRA
DZES R+ 2E b H D P RIKEIREL
BR DM 2 I R F DR s Tz,

B, FEER Y 77—k (TCD) ik 3H
KISENIRATEES DI J7 A OHIE & O T
i&, TCD %®HefT L7z 23 fHfEl£fHT pre-satura-
tion pulse IZ X 3 FEIMEORIERBR L —H L T»
72 (Table 1),
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Table 1. Flow direction of MCA (M,) detected on
MRA and transcranial doppler sonography (TCD)

TCD
MRA
antegrade retrograde
antegrade 7 0
retrograde 0 16
£ =

BAE, PRIMTENRE = 33 2 2 FRE & LT
X, BN 2 EEERET 50050 X RIME
% 5 % digital subtraction angiography

(DSA) Dftiz transcranial doppler sonogra-
phy (TCD), dynamic CT, dynamic MR, f¥
EBRZ* Db DR M T 5 single photon emission
CT (SPECT), positron emission tomogra-
phy (PET) %EWBY, ZisTHEESOZ L
magnetic resonance angiography (MRA) &
MFEBEEFAT 2 2 LIk Y X RIMERE &
BHUOEGEE? Z LW TE L5 LLKINER
HETHY, KINEFEEDR 7Y —= v 7K
PFEMEOFEFRZ B 2 REE L UK
TEREINBEDTHE29 —F, MRA 13722
MISEREDRRA, MO FAMEDEE % & DR
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il oW Tid, EHE O MRA B IZME#EEH?
2L LT & 3 static image TH D, Ml
ORI S HBETH 2 72 AR DRE
13T &2\, saturation pulse 12 & V) M %4
I R R T 5 53E, ARIERE ET
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Ry —BLTsVEHEE EVWERDbLS,

EC/IC /34 NRAMTHEFTHIIC T 35 MRA 13,

SR D 5 1354 7S A D patency BEIZ/N
ANRZABNT BMATBFIREZELTWDE SO0

6Fﬁmﬁ5b1mé%@ifﬁﬁ@MRAf
+oRWEE L Bbihvie, % 7z time-of-flight
MRA B} 5[(11(7@1%‘%@, Fwash-in effect
W& DO EEEEEE 02> F TR b
RELEVEEFEBSOMEAE L LTHEIAD, A
XA O R REXEIR O HE S h 2 EHE B L U
ZOESHEXBZT S 2 L gk VEENOM
TERROZL Tl gE L bz, Ll
D5, AR BN SR OIBITHE O MITHELE
T 5551, BE O MRA TRIBfTMHEOMmMER &
INA SRR BT B AT DM & O3 R
THY, A¥ED L 51T pre-saturation pulse %
JIGA L 72 MRA TRIEfTHSD 5 i3 N4 282N
DI ZEEBT 2 I LI2 L DA RAFD
MR ARRNEIRIC ENIZTER L TwahE
HREANCHERBET, X 5121354 282 DHEBE
2 FHE M ATRE L E 2 b, DF D, /N4
NARDIMBOIE S LD, 2O TFHOH
KIXEIIR B E AL b BE LS N B ERI TN A
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RERPEESL SN WERTIZ, /N4 /8R
OHEBENMITNOBEEIXEVEHETE S, ¥
7z, X RIMERE ClLEEH 2 EEAT 2RE
BETH2D, B3 L bIMT%RIERICIIH L
TEHT, KEidd D EEPRMET TOFMH
ARETHZ VR D, SHEREDOFHELT
13, PESHRRHR, ERAIRFERAL VAR E X
RRIMERRR & B L Tl TIRENMEL, RE
el b H O MRA ORI INZ I 7 53R £ 5
FH#EH < pre-saturation pulse %'z 72 MRA
ERATL D 2 2 b, FRCHRI 2R RERE
ELTEVRLUIBITCE 2 S ERHEEDN 3,
iz, WA NRMEROMITENE DD A 7% &
T, BFEBBIROPAZEMRZE T OBIBIMmTE O
TS0 B A B B ATRE 0D I 2 s R T o A\ 28
RITROEENOMITOMIEZ LBV T HA
EREREBbNhS, 12121, N SADKEE
FHEICBIL Tid, XARMEHRE L MRA 20D
FMEOHEWERD A ITHD TIERL,
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SPECT % PET i & % M i & PRI K s
CEATAERVEETHH LY, £/ MRAD
ZefSFRREDSERIE S T3 matrix T 256 X256 &
FRANH B Z L, SoRIMBORBENIBWT
13 "wash-in effect; 25FA L3> N A M2MK
T3 % 7 & o KANEIIR B E A SR Offi oS -+53
LREZBWI LR FHELADRDONS,
4%, MRA OZE[5##EE1X matrix 2% 512 X
512 DL ESSER IS LBbh, XVEBEOEW,
FEREEA CEE R MME O TTRER, WAL
HIEHLYTIREL, 20X RMEKOAEE
LOMNINE OIMTEIRE IR L T THEEERY, AR
ELTCOERALEHR RS 2,

& B

EENAEEMEREEICN T 5 EC/IC N4 %
Z MiHEIT B\ pre-saturation pulse % F \» 7z
time-of-flight MRA Z JifT L, /Y14 /Y2 D
patency DO[FE, HEZENINE O MR FMAMEDE
E, WNANRZBNTBMTOERREL L%
DORERETHIIZ D EMREFT L7z, MRA WX D vA Y
A D patency BEERGETH 51D T3S,
MRA = pre-saturation pulse %2 V25 Z &Iz &
D IMFE O HAEBFRERFET, S SITII/ A Y
A OHERERHE, FHENIMATEIRROFHEICBEL T
bERZBRERCR S ERbhik,
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Analysis of Cerebral Blood Flow Dynamics and Evaluation of
Extracranial-Intracranial Arterial Bypass Function Using
Magnetic Resonance Angiography with Presaturation Pulse Sequence
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Magnetic resonance (MR) angiography was applied to the study of blood flow dynamics and
evaluation of extracranial-intracranial arterial bypass function in patients received bypass
surgery. Three-dimensional gradient-echo acquisitions with selective presaturation of indivisual
vessels were used to determine the direction of blood flow. Presaturation causes signal loss
within the territory supplied by the presaturated artery, without affecting vessels not coursing
through the presaturation slab. The patency of arterial bypass graft could be demonstrated as
properly with MR angiography as with conventional angiography. In addition to that, MR
angiography with presaturation pulse clealy demonstrated the direction of blood flow and the
territory supplied by arterial bypass graft. The results were correlated with those from trans-
cranial Doppler sonography and conventional angiography. In conclusion, MR angiography is a
noninvasive useful modality for the evaluation of dependency on post-surgical collaterals and
bypass function.
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