3T MR IZ354F 2 i D FE T {5

A/ ®AEL

O R R
[[Z3RE AT

A JPNE [ R 2% N: LG
i E

TRACKFIRBE RO A2 WTRE 2 A O A
374 )y T A IV PRZTA VXY

T L &I

MR % W7 B OEERBEHRIT A & < =220
HINns. APV 2oL (GD) &#AT T
LI LB FER L s WHETH S, FiH
i, Gd #EHEREA - LTRSS HED
B5HH, —MENTHHREEIE T, Gdo Tk
F U T MEMERN R 2 FIH L TS Al & LT
A\, ZOWEERIC L 516 5K T A RERHIC
Lt 5% % dynamic susceptibility contrast (DSC)
B X AEERERPA LN TS, —TJ7, #&
AR R L WITER, BICA T 5 MR+
DAV %, ZO LRI TRETSZ L1280
BERNCE#L, WREO L —3 & L THH
T5T LT, ERAFHGT % DT, arterial
spin labeling (ASL) & &MEENS. KT
AR R OMBE L 7% <, [ JITTE2ICIFRIEN
THD, BHEREEST LVIVF —n & THEEH
DR TER WG, NESCHAL R & A
DER R RP R E TEHLRTEZIWE
&, F72, BORLOBRESLNELE G ET

WL TELFE28H 575, 15T #EET
1%, E5HE (signal to noise ratio, SNR)
DMENN 72 8D 26 F D DL [0 25 DA BE TR A5 RE T 23
R GBI EOMBERNDY, BRON/MzET
MREICHER SN Z EHhE% Mo/ L
HoT, 15T HEEICE W, RIKOEET
DOINERESRIL, 1A ENDSCHEICL-T

ThnTE/x.

3T #HE T, MIEEPHRD EF L SNR O
] i & % DSC EDRE R BB O HFH D Ak
53, ASL ZEORRKIGAN O REME AR S
NTW5b. AT, &PICDSCEEIC L A
FEEHRIC 510 5 3T @ CTORBRME L %
IR L, Z Ok, ASL EOBEECEKIGH
IZOoWT, 3THEFETOR#E AL IC LoD
Z 2 THRIZ.

Dynamic suscptibility contrast (DSC) &

1. DSC o

DSC i3, BifE, MR #EWREEOF TR D
FLFEHINTVWSLHET, Gd D Te - T*
MR REZFIAL TRORERZWET S, Gd &
R % S0RHE L 72 OWIBITEER T, FatE
KTHLERED Gd BT 5720, LR
BRI L BRSO —BEL, Te - To*
DM L7259, COFEIER%Z T a—RH
(TE) DR Ted 5\ it Tz sk L
To G CREFFRICIIE 3 5 & —atE D E 5K
TELTEHR25TERTES. GAdEFHIT
mf%%ﬁ%ﬁﬁT%&Mﬁ,m%W%ﬁh6
EANC L5 RS OZEL (EEIET) |
%W@i@ﬁﬁ@miD,:@%%ﬁTiﬁ%
FIOWRE & JmiT O IEE B 5 Z &A%
bNTWwb. DSCHEIRCOBESEHFML T

F—"J— K 3tesla, brain perfusion, dynamic susceptibility contrast, arterial spin labeling, magnetic resonance
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DR TBET 5.

DSC & Cid, MO CHIFR %, 4R
IR DBRUIREB T A0ERD L7280, Ta—
VAF—A A= v (EPD) AL <HWDS
Nn5. EPI kI3 A¥ v 23— (SE) B T
WG s 751 F T a— (GEE) #lo Te*
IR O 2 FE A D 5. SE B D F 7 GRE
AN LD IE, b bEMIME ORE
W g 57280, MEEOEERERESY L0 &
FICFHiTE L L INT WA, LaL, MES
I TS AN DOXRFEME NIRRT 5720,
GRE 0 )i DM OFHli 7z K IC@EN 5 & v
S b b, —), WAARGRIZLEEFE
fbid, Te*% L 7= GRE DT A LE R
KEW®D, 1.5T EEICBT AEERIGH Tl
GRE #1® EPI HWOLN S Z &% - /e,
L2d, ToEEFETEH/6T7-01CF
RO RS (0.2 mmol/kg) AHELEX N
T&7e.

2. 3T ZEEIC 15 DSC O L iEE S,
3T #HEBE T, @\ SNRICIZ, WALER)
ROEFICEY To*PHM L, DSCEOENR
E{EOR ERE IS, Th LA, S
ﬁﬂ@%ﬂ@’ﬂﬁﬁ% BT BEBERTERIEMT 57
, EEAESES T a—’E (TE) Ok
ﬂzkﬁﬁﬂ“%fﬁ.ﬂl%%%ktﬁot.

Manka 513, 3T 45 T GRE & O MEEVRE
%%, GdEgHOREE 0.2, 0.1, 0.05
mmol/kg &% 2 CTHE L7z & 25, 1.5T 3@
Ti# & SN 5 0.2mmol/kg Tid, #IEITEER
BT AEFERTHIRETETC, RKKERE
HEROK E 7L T, FLEICEEBHARLT
LE\V, [EREGFHTGS TERWEERH - 72V
0.1 mmol /kg O 512 & A #E TiE, 0.2
mmol/kg # A\ 72 15T TORKR L EHT5H
BiF7x#E 522848 5172, 0.05 mmol/kg Tit
0.1 mmol/kg ICHANESETOREICIIEEE
DRD NIz DD, 14T & B ERHE R

LN CORRMNG, 3T %EE TH DSC
BAC X B T RaARERE R Cld, &AL 0.1
mmol/kg Y EE 2 b bH. FxDORKRT
(&, SE Mo EPLIC L AHBICHSWTH, 0.1
mmol/kg DEBEHITHoEEFKTFHIELN
LEEPNS (Fig. 1).

Thilmann 5%, 3T #1i& T GRE #! EPI |
% DSC #EiER GEAl : 0/1 mmol/kg #
5.) %, TE #% 21~45ms O T 4 BREICZE1L
SHTHRBL, TORETRFIL Y. KA
B, HE-LICHFEEDOE ALK TE R
WEERE - 7228, BEEICEEL TE, £

ElZd K& 7%ZEE7% <, €72, concentration-
to-noise Hid TE=21ms Al b EL > 7. T
B aEBE L 756, BIIRA DB A EfEIC &
52 %7201, BIRMOESA /) A ALV b
FTERFLAVEDICT AT ERLETHD,
COBED S LR L TE=21ms 2K FK
85% LN T\,

3T HEICK A OMEE LT, Wbx
T —F7 7 7 F OWEINCHE S EEOD N L R
SXNnA. TOAICHOWTIE, Hiigkd Manka
HHLEKAL TS, #HIXIGREBMEPI &L
T, PRESTO # ML T\ 54725, HEHZELE
LEDOKELEBODPARLR T L3k B
HFrEGE I LN/ EHEL TEY, Bu
echo train length 28RALREH R OFE (K M
Z 7 REME 2 F5H L C\ 5. Parallel imaging
DO L OB AORERNCEICL D, F7z, 3T
TiE, W TE Th o2 2@k E 5K T2
BONDI2D, ZORLEBRDPINLDIEHIC
OhBHEEZLND.

Arterial spin labeling (ASL) &

1. ASL =OfFE » 3T EETOILA
ASL 343, #iylrm (MR ICAT5S
BIRIMO AV V&S5 FH (RF/7VUVRA) 1Tk

2008 478 1 5 H<H

PIRIEERE T980-8574 I HHEXERENT 1-1 FILRFMRESKAR2ER BRiFE—
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105

Relative signal intensity (%)

Time (sec)

Fig. 1. Serial changes in signal intensity on dynamic susceptibility contrast (DSC) perfusion
imaging are compared between spin echo (SE) type EPI on 3T and gradient echo (GRE) type
EPI on 1.5T. The signal intensity in this graph is measured in the basal ganglia of the same
patient after injection of normal dose of contrast media (1 mmol/kg)

The degree of the signal decrease is almost identical in both methods.

DREZT A IR DER (SXUVY) L,
e b L—T & L THWT, OB M
FTAHETHSH. ASL 0 EEEMIEM &I
DWW, £ OENBHRND A28, FE
IZOWTEHINBEEBBIN/ NI, 22T
i, FEROBE L 3T 121 A EEIC ST
HICfhh HDH ET 5.

SN V7 I N MBI EE T S
&, MO A L AL R L B D 720, it
AT BHALVOF JERE) IS THEDE
BHEFT 5. 22T, AUEETITRY VT
FARR OV AD AR FICHRER L @R (o
vV Fa—IVER) HESNY VT IcE R E
BITAHTLICRYD, ERERRLEREES
ZLtpTcEs (Fig. 2).

ASL I3 AV OREEOMEHIT L DK E S
2 #¥H, ¥ 7cd b Continuous ASL (CASL)

I & Pulsed ASL (PASL) HEiC4H 1 Hbh 5.
CASL (3 &I m o _E i8I RE % Fift iy
(F 2~4 BRED ICBA L, WAL IMED A
VYR 2 EREES HHETH S, JHicxL
T, PASL EIFBREALO B o sy
#pH (5~10cm &) 12/ AKRD RF &4
B (I UE) BHL T, Co#FANOIMmE
o\ V7T AIETHS. CASL LTIkl
WHREWKREICH 72> TRF B 570
PASL EIZHA SNR 25 < 7 BF S 88 % 795
ITHED L S nHE Y Tk SAR K E LS
%7, CASLEO#EBIIRETH O,
PASLERFHEINS Z L8 %\, F7z, 3T
U EOBBETIEBL 7 + — IV F B RH—IT
DRLF/d, SRY VT HORF 7OV AR
NTCOAVVRBER L7 L DI RIES &5 D)
L </mbH, COkDAITEBTHRT S
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Control

labeling pulse

I delay time EPI readout
—_—

Fig. 2. Basic concept of pulsed arterial spin labeling (PASL) method

On labeled images, arterial blood is at first magnetically ‘labeled’ using radiofrequency (RF)
pulse in a large labeling slab proximal to imaging planes. After a delay time, labeled blood moves
into the imaging planes, where the magnetization changes each other between capillaries and tis-
sues, yielding signal decrease. Snapshot images using EPI are obtained in the labeled condition
and in the control one (without labeling). Subtraction of the labeled from the control images pro-
vides difference images (AM map) reflecting perfusion.

RF $lIfH O L X %R 3 572D I N/
V=4V AD—> & L T PULSAR (pulsed
STAR labeling of arterial region) 733 %9.

ASL 0 3K & 72 iR O—21% SNR 28
BNZ EThHAH. TRNY V7 SN DA
ICHES BT IR RE LMD TH T TH
0, iz, REOEBE L EITLS T, EHIC
LRENELRLT V. £/, MBEOFNY VT
ZhEIT T REFNC L D IRFf & & BT 3 5%.
3T #E T, SNR @< IEEBKLFE O & 5
T ORBREPEME CE 5 & & b2, TifEM
FEfE b & < 72 0 SR v 72 ROFEGREE O &
72Hdh, LSTICHNEMTHL E V2 5.
15T & 4T 2@ 2 i L 72 BFE Tld, IKEAE
@ SNR & JUKHE L HAE O M & D CNR
%, 15T O PASL#ER 1 L2 A, 4T O
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PASL Tz #hFhn 2.3, 2.7 LIEHITE <,
A TOBMELIRESNTOAED. Ly
L, A7 ASL ORES & LT, I H
1 & 3 5 KR A I F) % T A R =
DPWEMORIRIARIF L, MREDHE/IZNTWT
b IMPTELDO D HIBALTIE, SN v 7S n/e
MEFEGEOENRL, THITHED SR V75T
DWW & M % 8 NG9 5 I REE D 35 5
CEHREBETLNEDDS.
2. ASL T X A E R
a) TEEOWMHE

OV P E—VEE) SN T EBROES
ERITEDT & W L 72 CTld b 4725, BRI
PUAOBRIZ L AHBLKELZIT TS, X
D7z, MMEOTEREEBRZIER T 57D
B2 e ET Ve AW ERBPRIBEIN TV 5.



3T MR (Z 310 % O v 5

WBEORWEEBEBAER T 57-0121E, XN
UV 7 OSSRy — v AT bk % e TR
INTNWBID,

SR V7 E NI MR D BB O A 1
FE 5 £ TOR % transit time &\ 5. 8
& ASL Tl transit time #ZEL T, X
UV 7B 1 BREREORBIERHE (TI) w3
TTF—2WEETD. LrLEahrb, sy v
7 SN MR EARICFARHCEE T 51T
v, EFNTH- Th, KHEEIKAHE, *F
G & RAE 70 &, §IC & - T transit time
PR D EPMOENTEYD, FHHICEZEZ R
SRR B 5 .

QUIPSS (quantitative imaging of perfusion
using a signal subtraction) 33 LU, TN & X—
Z & L 7= QUIPSS II ® Q2-TIPS (QUIPSS II
with thin-slice TI1 periodic saturation) (%,
transit time DE WM L A B AR L /- —
VAT, ASLIC X %% BRI IC i rIs <
HAbNTWBESD. CnbohkEd, 5\

labeling pulse

V7R RF #B4L7-41C, XY v rIhis
T 2 O TR fF SV Az % 2 &
T, SNY VT INICMBOWADR—F A%
L, B5 LMREOMRELHOTWS.
LL, BIMEREELR S ORIRETIE, B
WRoOPers - PHEEMEZLRL AR OTZRU: i &
Y FEIRIC Xk - Tl transit time 25 Kk X < &L
L, XY V7 LIMBIRA DR —F Atk %5
4 % 7213 Tl transit time OFE &+ 1 Hf
Ed5ZEIETERY. 22T, SRNUVIH
RF 7OV ZADHKIT, HE O EIERFH TRFFYIC
F— 2 % 43 5 Look-Locker 73 BHFE & f17-
(Fig. 3). QUASAR (quantitative STAR label-
ing of arterial region) (%, Look-Locker IZ X %
TAFI v 7T —2&FEMALT, HkOKHIE
SAACHh R & BIRO A TIBIE A R DT, transit
time O E L Z I\ WERBERETRET 5 H
®ET, MMk EOBE MBI CT #EiRE &
DSC 75 & OB F % (1 L 7o 1 & &
TH W BN % deconvolution # % # ] T &

Tl ATI ATI

B L L CEE

ATI

ATI ATI

Fig. 3. Schema of the Look-Locker method (modified from reference 5)
Snapshot images are repetitively acquired after a single labeling with specific intervals (ATI),
that provides serial changes in signals (AM curve).
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B0 Kk TEIR A IBE R D HITIT LT
DED>EFEEZHNTWS. & L4 & QUA-
SAR Tid, KWEIRAO M2 S DES %Pk
BrL, #EWICEIGRT 2EME - kL LDOE
FHE T DA ARIE T 57201, JREERTRGTH
WHEND LD I BURERES (75 v v v —2
SVIVE) #FEHL WA, £IT, Ihé
A, 759y Ve —27S5VT VAL
WEG (Febb, BIIRNOIMKOHR S &L
H{5R) #8REBEL, Inhb, HEARSS L
TEGAEST AT LT, BRNOMKEDORES
DAY KT EDBJEEL 7 5.
b) HHE

ASL I L Al E & O BHEMEICEI L T
W OhDOHEND 5. Hermes 513, 15T
8T CASL 2 H VT, % A 38 fllaxt4
2, 7THEMOMEE BT CRIEL, x ilhr
IC B OB A D THBHGRT L T b, [REE
SEOMFEEIT 1\ H 72.1+12.9 mL/100g/
min P+ BEHEFZE), 2 [BlH 71.4+£12.3 T,
BHE 4TI, Thihn415+74, 40.9+7.7
THOAEEELEL, £/, FHM (repeata-
bility =4/2 % 1.96 X SD) 1FEFALIC & 0 Bix %
% 9~19mL/100 g/min T&H - 7= & LAy BT
THBEEOKREHREL TWAHAD. ThITH
LG, #eEEICiERFRTHE L T REEE
DAL, Tz, HEEBEICOAEEENR LN
L L TWw5%. Parkes & 1.5T & T CASL
Er AV, AT RIC, F—RAENORD
R UBRBRIC & 2B OBRC, FEaEREE
WEL WD, Thbb, F—#EE TOFH
PSRRI CH A5, HRERN Tl mitE
IR 100% ATV ER D - 7o & LT\ A1,
Bolt, Bk QUASAR % VT, MK E
EEOMFBM % 3T HiE THRH T 2% % stk
Wrge P irbnrd. et 22 lEEA SN
L, 199 BlOBFEARS VT 4 ThHf— LT
O a—THRIEL, BBLShm—DY 7
b TN L 7T — R Rt L. iR
B2BEEOMREZH T2y POy v 5
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Vb, £ty v a VT2 EOREN
THh, ¥vyvav ]l TREMOREBDOHE,
BEOET = ®» L BERY Yy a7 LT
2B HOREEIT, Ly a2 TE2ED
TG afed TT- 7o REZFICKT 5IKEE
ORI Ex 39.5+5.0 mL/100 g/min T,
repeatability (% 13.8 mL /100 g/min, Z®{R%
1£12.6% Th - 7=. FEMEIHRS TREL /-
tyvavV2 TRLRFTH-72. ZOFBE
L@ EICHE Sz Xe-CT OFHME & FR%T
H Y, ASL DR 7B Tie < TH AL
BRIRISHATE A PE S22 R L T
%.
Hx O b C O LRSI L 728
CORITAT S 12 10 BIDRT VT 40 T B85
N7-fER %R (Fig. 4). T XTCOKREICE
O AP R, KEE 41.2+£7.9 mL/10
g/min, F'H 20.3+95 T, &tv¥aVET

BEEARDOONG P /2. 2 BOKREIZKIT
HEEMBOMEEGRE ) 13, vy a 1T
087, v 3v27T09, tvas1&
tyvav2O1EAEY D LDOHLIETHE 0.94
L, WIENAIEFIC R AR L /2.
c) fOWERREG & D i

ASL# Ry oy CT (PET) % DSC #
LA L /2% < ORI T, IREE O k&
EOMHBIIRIFTh % b OOHED MR,
ASL ¥ TR & A A 2 % T & s
SINTVWAHRW, mh KERFERDO—>D L L
T, BE TIKEBICHAT transit time 285
W ERERHEINTWA. ASL L CTEREAAT
SH G, BIERE (TI) #KABICEDbE
SHETIRBT B EDE . 2D, KAE
& U transit time OEVHBEFIK TIE, TiEM
DB L AFHREIEL T, MRE /)
SHE SN S C &b, kR NS, A
SHEIIR O AR B A COMRERIK T A D
N, BAZEICFES transit time DERENERN &%
zZbnhsw.,

Jibd NS 191 7% Sk 621 ASL 3= & il o> P i e {5 %
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Fig. 4. Reproducibility of the quantitative ASL (QUASAR)

a, b : CBF (a) images of the first study of the session 1 are comparable to
those (b) of the session 2, that was obtained two weeks later. The mean
CBF values of the session 1 and 2 are as follows : Gray matter (session 1
& 2)=53.0 (mL/100 g/min) and 51.5, white matter=23.3 and 23.6,

respectively.

¢ : The mean CBF of the gray (ll) and white (@) matter from ten sub-
jects is compared beween the first study of the session 1 (session 1-1)
and that of the session 2 (session 2-1). There is a good linear correlation

between these two studies.

WL 2t ndor@mE s nTnb. War-
muth 53, MBS 315 G4 % K12 1.5T 240
W, ASL i (Q2TIPS) & T2:*DSC i
EwEfTL, JEEOEMEOBRRESY L

W B0 il A C O EE IR O iR & X B
TEARHEE (r=0.83) #RDIBOD, R
D MR D& Tid ASL 35 3] 5T O 8
MAABLN. EEOBEREOENCOWT
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Fig. 5. Perfusion images of a patient with intraventricular tumor (cen-
tral neurocytoma)
a, b : T2-weighted image and contrast-enhanced T1-weighted image rev-
eal a irregular-shape mass with moderate enhancement in the right later-
al ventricle (arrow).
¢, d: The tumor shows a moderate perfusion comparable to the gray
matter both in CBF maps by DSC method and ASL (QUASAR).

3, WEEDICAFLEETHY, £/, 20O
P VX I o M I B OFEHE L 0 3K i i
FOURDOTPERTH -7 L T\5. Fig.
5008 2~Dliz% T, 3ITEEZ AT L/
DSC #: & ASL (QUASAR) EIC L % I4iEE i
OERERO—Fl R4 . BENOEE DI
iR, W& TIRZRBLITREZRL Th5b.
Weber &%, W HIZ3 4 5 E MRS RIG
B FTFHNC 331 2 BETREIR DA F 1 & et
%7212, 1.5T 4518 T ASL & (Q2TIPS)
& To*DSC # & MifT LBRET L T 510, hiE
6 FAEL O FIMmRGE (5 O M & O % AlK
HEICHT A0 bR AL, 2
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RO OERF G/ SUITRE) TiRiBE &k
L TR AMET, SR LoES EX) <
M2 BRI 5 EmA RSN/, BT ASL
EORRNPDSCHELVENTEYD, ASLET
IZ£FIT, TOLIAPEONIZEWS. &
NHOMWME T, MWEEFNZ ST 5 ASL EIC
& BHEVFHE 2 DSC ik LRI TH 5 Z & &R
LTw5. —7, Ludemann 53, 12 flDOfM
T35 6l & /402, 1.5T D@ % T, ASL
% (Q2TIPS), Tid&#iC &k 2 #RE R, T
B XU T2*DSC %17\, H2O-PET OfER
% gold standard & L THIEL TV 518, fEFE
LT, TG B ORI TES LICE
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o TED, HlxOFERTOREITH#HL W
Zz b, ROHBEBEN WD T
DSC <, ASL ki3, HREEORKE T, PET
SN, BRI 4 & &I, SRR TE
MRESR Kb T,
INLOHRBFIZIZTLEAEDN 15T EETOMH
HThHh, TiHEORE 3T BB T, MR
IEEARIETT C O N A S h 5 2 &
DIFFSNA. 7z, Wik L 7z Look-Locker
ZFIH L CEIRA IBE Z HfG L CERIL T %
QUASAR LTI END EP A ATRERESAE 2 6
N5, RO S MR T, AEDIMEEIC
DWTIRBA B o 72, BADHEFETO
F—A T, HEOIMKED, KK L TR
£DT, SHOBHBNESLBbhb.
2) HEIEHSRY 7

RO ORI EG 3 Tdh % PET, SPECT,
CT HEWREG, DSC#ExLlL, wWindbMed
DR T FHIE§ 5 b DT, BIRT & OFEH D
Wi~y TRERT A LR TE o/ A
F—F)VIC & AR E R, B BIROE
WA 2 ICFHMTESH DD, REENS
<, &z, ZRTTMNCERB ARG 5 C & i
HEETH 5 & & BITMFEEZ D D DOORENIREE
VL ETHI T X 7000

ASL i3 SRR L\, BEHE
ICRRDRLIRB T HZEMTESL. £2C, K
FHOSHENRR & 4 TTIEER R (S - IEEIIRR)
SRV L CRET A2 T, mE
I T & ORETTIRAE % FFfli 9~ 5 regional perfu-
sion imaging (RPI) EARIEIN/-19. BH
@ ASL Tid, BB O i 4 i &b
AT MR TSN V7 i /o, O
HxE < XN TOMENIME S ZNIVEN5.
Chicxt LT, RPI Cit Fig. 6a I "4 L5
2, B E T AERFAEINL T5NY /7
%2 ET, TNENDIMEROSZREITICIE L
T~y TEBEEL ENTES. KIMNE
HEDOT—2% R, G, BIta3iF L, ERED
BCERT DT LT, FIMEZRERZ R L7

B~y 7=IERT& % (Figs. 7,8)9. van
Laar G A 115 fla s 81ic, AEIC k%
BE~ v T BAERBR L, M8 7S OMAZE
DRKEVLOD, 74 1) ABREGDOIFEE DR
LHIEL CHBCcE s talE L Tk, K
BIC R 2WM~ v TOIESHARL TV 520,
—7Ji, EOOMEFKT LITH <125y v
T3 5HTONETIE, 3EOBREPNIEL -0
BAEREPR LS 225 T & (—EO ASL O
GRFE A 3 47), IME OELT 75 & THB)IRR
LB FIEBRR T TSN V7 A R e T
HIEPLIFLIIHRETH A C L7x & ORJES
2 5. Zimine 5L, FHEHIRR & HITHEERFR
Tt SN VTR A ISR E L T
F—R& LD, HEICLD ZOOHEBITSEIL
THGEER T 5 EwRE L 7= (dual vessel
labeling, Fig. 6b)2V. i 51d, 7 FlOEEW AT

- RICA |:| LICA - RP (RICA + POST)
Il o5 [ tp uca+posm)
a b

Fig. 6. Labeling techniques of regional perfu-
sion imaging (RPI)
a : Original method. Right internal carotid ar-
tery (RICA), left internal carotid artery (LICA)
and vertebro-basilar artery (posterior circula-
tion, POST) are independently labeled to
generate perfusion images of each arterial dis-
tribution.
b : Dual labeling method, which contains com-
bined arterial territories, internal carotid artery
and posterior circulation. As the posterior circu-
lation is labeled identically in both ASL acquisi-
tion, each territory can be calculated in the fol-
lowing ways :
POST=(LP+RP—-|LP—-RP |)/2,
LICA=LP-POST, RICA=RP-POST
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FUVFINOFEE LR, FERER~ v 73
FE%ETHo72E L TWA. COREICLD, ik
BRERZFERKO 3IEH»DL 2 EICHS S & T
R OFEMBNATESL & EHIT, TN V7 HIK

HEOHBELAEL kL. S5I1IC, RPI
#1Z Look-Locker % A& b® 5 T & T,
IMEZRLFIK S & MIROELAE XA F I v 7IC
B 5L CcE s (Figs. 7, 8).

Lim 5%, G KMEENIRPAZEIC X D B E
TICHETE 2ok L 7 E BT, 3T & A Fv T
RPI % fif7 L 72 iE GBI A #H45 L T\ 52, RPI
Tld, AKBEERO RO I R 7 O i A4
BRH 5, HHIBIERFRD S OMEITER T
RSN TO BT A S, MnESERED
FrREEFL Q. Ei, %L 7k - /25
ABEE, WINOIMER2OORIRITERLZ L
<, SPECT TIIFRBICIEER FffE DK T % 78
7z, Figs. 7, 8 13F, ~ OMa% T 3T EIC &
% RPI # &8 7= ASL W% {7 L /7 iEFI Th
5. GYEEIRR Y AR, EEEIRR A A, BIITE
RREHTERL C%. Fig. 7 DIEFIL, X
F v 7 TERIC R 27 - 7oA KIME RO 2E
FEGIC, FERIZ7R <, MRI EL IS p 7 blige
Bi37%z . SPECT (¢) Tid, ARiEHIER B
T EMRICBEEOMBEK T 2A#E O 640, ASL
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a: T2 weighted image b: MRA c: 123|IMP SPECT

d: CBF map (QUASAR)  e: RPI (TI=340 ms, 940 ms, 1540 ms)

Fig. 7. An asymptomatic patient with right middle cerebral artery (MCA) occlusion. No obvious infarction is re-
vealed (a). MRA shows no visualization of right MCA from its origin (b). !2[-IMP SPECT (c) and quantitative
ASL (QUASAR) image (d) show mild perfusion decrease in right frontal operculum (arrows). On serial RPI im-
ages (e), right MCA territory is perfused from right anterior cerebral artery (red) anteriorly and from posterior
circulation (blue) posteriorly. Perfusion deficit is noted on the delayed phase of RPI, corresponding to the low per-
fusion area on SPECT and QUASAR (arrow).

a: T2 weighted image b: neck MRA c: head MRA

d: RPI (TI=640 ms, 1240 ms) e: CBF map (QUASAR)

Fig. 8. An asymptomatic patient with right common carotid artery occlusion. Although there is no obvious infarc-
tion (a), neck MRA (b) reveals right common carotid occlusion. Right middle cerebral artery (MCA) is delineat-
ed with slightly lower signal on intracranial MRA (c). On RPI images (d), right MCA territory is feeded by
posterior circulation (blue), and right anterior cerebral arterial territory is by left internal carotid artery (green).
No obvious perfusion decrease is noted on quantitative ASL (QUASAR) image (e).
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Dynamic susceptibility contrast (DSC) and arterial spin labeling (ASL) are 2 major methods of
MR perfusion imaging. A 3-tesla magnetic resonance (MR) system provides stronger magnetic sus-
ceptibility effect for DSC and longer T1 relaxation time for ASL methods as well as higher signal-to-
noise ratio (SNR).

Although a double-dose injection of gadolinium (Gd) contrast is recommended for accurate perfu-
sion measurement on T2*-weighted DSC at 1.5T, a normal dose (1 mmol/kg) has proved sufficient at
3T. Higher dosage may decrease signal intensity too much, to as low as noise level, and prevent ac-
curate measurement. Imaging parameters, such as echo time, should also be optimized for 3T.

ASL is completely noninvasive and requires neither contrast media nor radiation exposure. Shorter
imaging time and better SNR at 3T have made ASL promising and clinically feasible. Although sys-
tematic errors affecting quantification remain, many techniques have been developed to overcome
these problems. Several investigators report good correlation between results of ASL and other per-
fusion imaging, such as DSC, positron emission tomography (PET) and single photon emission com-
puted tomography (SPECT). A recent multicenter study revealed good reproducibility of quantifica-
tion of ASL.

Regional perfusion imaging, another new technique using ASL, allows individual perfusion meas-
urement of different arterial territories (right and left internal carotids, vertebro-basilar artery) by
labeling each artery separately. Use of this technique enables acquisition of precise information
regarding collateral circulation in patients with major arterial disease, which may be useful for ther-
apeutic strategies.

We review the basic concepts and problems of DSC and ASL and discuss their clinical use at 3T.
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