7N %;:E
1107y

eV 2 =< SHAM< ASL-MRI OBGEHHE R

Q2TIPS
o s wmIEIELE R o@ier, CPHMmMER
L3 # %, DEEEDN, AL#®BZ
B RFEFBARESHE
— TR ASL, L
Lo L —\E AV VR (pulsed ASL, DL

T—=FUT I AV - XY T (arte-
rial-spin labeling, AN ASL) &%, #&#F%
f#H 9, IFREIVCIEEREBR % 53 %5 MRI
FHEO—>THHY. EEIKMH 3 7 A5 MRI %%
BEOBHIC L > T, HBGREOHINC K58
TR RAL DI MK O TSR LG54
I (signal-to-noise ratio, LAF SN H) 73 A)
ElL772®, COEREEPHNEBT 205
%Y. —fy7e ASL O & LT, £9H
AT SR OV AL, Al 5
EIRIM (arterial blood) DORGLIRE % K5 X+
TAY V% (spin-labeling) 4 4. Zh 734
HAKICHEIR T 5 O % - 12 BICHET OE R (5
ANOVER) #HUEd 5. REOZ A IV 7 TH
WRift % =~V FICRZEOEG (v FHa—
VR HEREL, 3V FE—)VE&R) SN
VIR A JE T 5 C & CHEREGR Y E 5. &
IR EONRAM - U —Y — D50
DB GER ORI G A & - T, B
FINCEER S N 7B R 2 ARIPE - L —Y —
ELTHIAS %720, FERBENY THIRH 2 IR
W5 THHY.

AV EHOFHEOEN LD, #fE ALY
BEE: (continuous ASL, LLF CASL)V3~7)

PASL)®~W Dk & < 2 HICHIT 5 T &
CT&%. CASL (3\WHiF (#91~2cm O A
Z &) 1 L7 s L A i N L,
Z CICRA T 2 BIIR ML A SR I B 9 5 DI
*%f L, PASL [ZHEmIAWHEIA (8 10cm O
AT A AE) SR OV AE T EEINL, %
DBANAFTE T 2 BRI &A% 1 BICE#RT
%.

CASL %, 1992 £ Detre IC kA5 v F &
V7RI E KRB R Th HY. 2D
%, Rz OV A b EHGIE & T ORI EAERE
fd] post-labeling delay ##E A ¢ % = & T, ik
ML 2 AL T 3 % & CORFR] (BhIRFE
RpfE] arterial transit time, AT ATT) O %
EHIHIL, X 0 IEREKIMEE (cerebral blood
flow, LI'F CBF) E&EZWEEL LY. £/,
OV I VEBRRIC RSV T, ERED T )
T DO KR OV AT AEL, 1ER
Bn L 7cBIR OB LIRE A b S —ERHE L Tk
RS FEZRD ANS I EIC LD offreso-
nance R A MEH LD, A5 4 AMB & EH
L7z. Zoft, Dai 61 X 0 Wil )iz v
Ak —E RN 4 % pseudo-continuous ASL
(pCASL) 9, BH#MEeAZRY 2 —L L LT
54 % 3D-spiral FSE i{fik, WONCHEERIC

*—rJ— K ASL, perfusion, cerebral blood flow, Q2TIPS
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WA (R 7 IR D © OfF 5 %3 9 % back-
ground suppression 10 7 & O ¥ 5 H T & #L
8 THEM 3D ASLY.0.160) I3t S 7z
(GE ~NVAT T = VxRS, FHE).
PASL 12 5\ T3, Edelman &2 2% L 7=
echo planar imaging and signal targeting with
alternating radiofrequency (EPISTAR) 73 %
¥ THH, FiiF T Wong 513 proximal inver-
sion with control for off resonance effects (PI-
CORE) #¥% L, av Fa—VEBEREICE
W OV BEIEGEIRBERE S 75 L CTEE VA
Eln % 17 © J5 & T off-resonance %) F % #H 2%
L, AT A AMWIMIREGIRG 2 THE & L
72 X 6T, #5628 L 72 Quantitative
imaging of perfusion using a single subtraction
(QUIPPS and QUIPPS II) 12 }5 J: S Z 21UT#5¢ <
QUIPSS II with thin-slice TT: periodic satura-
tion (Q2TIPS)MiZ B\ Tld, KEz/NIV AL
IE (G IS & T ORNC Wit aI A/ L A D N %25
AT 5T LT, ATT D&% #IH L < CBF
DEBRAWHE L L. —J7, Kwong &6 #RE
L 7z flow-sensitive alternating inversion recov-
ery (FAIR) {3 PASL DU EDICEEN LD,
Ll OWHLra /2T P TELINTH
L. Fiebb, avFa—)VERIT A A—
VI LD AT AL &SR AL O IR HPR I [ R
POV AN %55, S-OVEBIEA A—VH
RO BN OV AT % £ 0D DO TH
5. & HIT Gunther 6 FAIR & Look-Lock-
er IE & HH, %100 ms & & ORERFHY 7
SHEREGOFEZREL 72 (Inflow turbo-
sampling EPI-FAIR (ITS-FAIR)). & 5IT3iT
4FTlE, Peterson & Golay 5 725p% L 7= quan-
titative STAR labeling of arterial regions
(QUASAR) 123\ T Q2TIPS & Look-Locker
i AEDYE, o CBF E&FE L LT decon-
volution tE& WA Z LI2 Xk 0, Wi < ki
REEIC & DO WHT L WHERIRE L 7219

PASL (3 Hg ) fi 58 1 Ao i 3t (i 23 B 8 C &
BH728, BNOETBALREO AR EETH D,
[l —BE ORI 20 T, BRI
RETOLNIE S ThAH. —J7, CASL T
SN k& <, Him BTl PASL 0% 2.71 £
(ThHbHLAAETHERL1D2) O SN fb#w
Bons. LrL, HHEAEZE5I1CE ASL &
AN TS Al (Ti< v THi{gR) O
BRLETHY, INHEIEFRICIERT 5137
OB Y —r VAP L % (Ll
N5, WAEOBES 3D ASL IZk\W TS
ANOVIRBICRER 1.5 B O4&M<li, #kmo >
NOVEEBRMENICH 5 & OET IV THITE
T->TW5h).

Mo MR EOHH TR OVTE, WD
DO DI A TORFEDPERSN, Thb
% F 7S R O HTIE & FRFICIRE S N
Twhb. LaL, BEEREOERD/INS A—
AR, FEHICLVBROERTE A EHED
T, ZNOMBITEOEE T HMHENERIC OV
Tﬂéﬁé’ﬁ*%@ IR T\, Fh, WXl L

ICHRETEPHIPICHB SN TV AT, £h
- THRERLHMBPICEE SN TWS. Th
LS ASL OEEHwmAE D £<F LD
R E NI\, ASL T L A R I Al O
BIMEDEH T HHENER E ZORFICHOW
THBTLORFELH T, Licd->T, %
MIRE R DRI B 6L TW5
ZEIZRMADPT, By P 7 r—lilidE->TL
FOEELE2ZONS. AFOBBIE, ASL
ORI, HiC QTIPS O Mk &FE &
BICOWT, R0 BRI A BRI L R
T 5.

PASL OEAXE &

¥t & 3L "8 (nuclear magnetic resonance,

LIF NMR) (22220 % WAL SR 13K R IR 8%

201348 H 8 HZEE 20134-10 A 9 HKET
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DAV EI»HEL S, EEITEE 4 mKFEL
EMORE» ORI NS729, NMR F5%
k2 I KFELGWHERD NMR 5 % EE L 7%
Fhidabwv. LaLl, K MRIZEECTO
AKIMFAEIC B W, Mm% iE> NMR £
BWKGT H:O HROATH S EREL TV
b, INEEBELI-D 2T, PASL ###Ed %
7o, EARWLZY r—~%HEL - (Fig.
1. L, yEARZAEE FTo/a kv
OffERALsRE (M) &L, To#ERL /2RRE
ZIE, x TR R SOV A RS BREA B ORE
MR (6) L TELTWA. F/, Bk
WILKFH & & BICHHAINBE 5. % 2 CiE
HERL IR L CEHRT AL, HINTOR
Tn/ OV A% BET A (S -VUHIE) O
DOBER % 0 5 & D, Bk 25 S8 ~F2 B 4
LEBEOMBAEIEL L, T xBOIEHRIC
BERMEROPEHEE ([ A=V V7B B F
ETHTE ML (Fig. 1A). 1Dz 5~
JVREIR O 4 XTI iR/ OV A% EInd % (Fig.
1B). 45 LRAFICEENAMENDKG T D
WALEENR Y PV RKEsah 5. 2Ok, Mk
TR 7 T V% & DR GF SRR I IR
N (Fig. 10). N TIDREENT P
DK FHRAEKICH i 5 (Fig. 1D). Th
TRt b > TGN IVEGERY T 5. COFN
VI TICKMERME Tldd 50D,
MEBESLREL TS, 2T, RiE/ VY
a3y P a—) VA RO % A
IV THRY Y% (Fig. 1IE). Coav ha—
VIR B ZOVEBRE 515 T, BERIIC
ARG B IZEE SN, MRS AR O A% Kk
L7-EBREEONS.

Q2TIPS [C &k DMIIFTEFTEHER

Buxton®” 57508 z 7- 54 21, ASLIC &
% it O B F5 1 % — M s 75 WA e
&Nz, 72 Wong H 2353 L 7= PASL
Oy —7 v ATH % QUIPPSII? ks L Of

Q2TIPS™ %, KZEH D DFEE O @\ KR
VAL Y N MU RN |- P N i o
L T, Detre & @ 7 )l —7IC &k % validation
study® Z#1C, 85K Q2TIPS At <
(=AU VxRS, HE), ©h
F CTHEERBI TOPFERFIA 2 &, —MERK A~
DISHPMBED DD 5. 2Tk PASLIT
B AR FECHF S 570K E 0
HEd 5. Wong HLHAFEL - QTIPS ¢
DOERICETHHERELT,

AM(TL) =2Mop-f- Th-e~TL/Tui. ¢
(TL<tpD Th+At<TL<t+At)--- (1)

=72 L q:ek-TIZ(e—k-m_e—k(T11+At))/k. T

Mmoo k=1/Tws—1/T1"

ZIT, AM I3 1 g OB ORBALEEIC TS
5 A EHBHD Ll L TOETH L. EE
I, v b E— VSR 2 S5V R A5 |
L 7B OE BHREEIC Y72 %, Mosid 1 mL OF)
JIR M0 23 FR S C b DRALBRE Th 5. {14
WET, (DATHED AT mL/100 g/ 5 Tk
7 mL/g/®TH5. TisldBEkMmo T {H,
TV D T, q i 3IMK & R & DA
VI L A THEEBIER) RS LU TNV E
N/ MK PEARIC L > TR DI I 5%
RADHTHMERE (2720, FKBICIT#IR
ICEAMEBOEETIEF I NI VWEING), ©
135 ~OVEIR 23 R AR Y CRIFLIRREIC 72 0 f5
BHELOR ERR SN I AED SN VE)
JIR I 75 5 OV FEIK 2> & B 9 4 & TOREH,
At E ROV A% I Ingg = SOV IR A A —
VT BRI RN EE T S F T ORI T
H5. £/2Th E TRIREFICERETE 535
A=A T 5. Thid iz OV A 5l
70OV ADOHhBlG £ TORBRHETH Y, 5
ANV SNBIRMO MK E & P#E T 5. Thid
Z A OVEEIR CO R OV ARG H A A—
V7R COERO T — 2 ERIG £ TORE
RHEITH 5.

COEBDIODNBEA BT 57201,
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M (magnetization intensity)

Water molecules
with inverted
magnetization

000009,

I

0B (i

L (time)

M = Mon (1-2¢” T)

A B
er molecules flowing
into imaging slab
C D
Elimination of the signal
unrelated to the perfusion
i , i i T
Control _ _ Perfusion
image image
E F

Fig. 1. The schematic graph for explaining the fundamentals of ASL-MRI. (A) X-axis and y-axis are the elapsed
time (t) from applying the inversion pulse and the longitudinal magnetization intensity (M) of the arterial blood,
respectively. Mop represents the fully relaxed longitudinal magnetization intensity per unit volume. Since the ar-
terial blood moves to the head side with time, x-axis could indicate the positional information. That is, the labeling
slab and imaging slab are assumed to be at 0 point and at some positive distance from 0 point, respectively. The ar-
terial blood is assumed to move to the positive direction of x-axis with time. (B) Magnetization intensity vector of
the water molecules of the arterial blood is inverted when applying the inversion pulse on the labeling slab. (C)
The water molecules with an inverted vector flow along with the blood into the brain tissue. (D) The labeled image
is taken after the arterial blood reaches in the imaging slab. (E) The control image is also acquired in the same
timing without the inversion pulse. (F) The perfusion image reflecting only the blood flow distribution is generat-
ed from the control image subtracted by the labeled image.
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IXFEMF 7oy o =B ILICFHELSHER
o722 T#W+ 5 (Fig. 2). T7abb,
EfE 7 oy 7% 1g, MENOBIRIM 1 mL
DOREALIEEE & Mo, I8 PIIC X BINR I 25 1M 5 &
f (mL/g/#) THNT\5 &4 5 (Fig. 2A).
&K%Nwﬁﬁ®¢NTKﬁﬁﬂwx%WML
7o 5] 7 ey 0 70 &+ % (Fig. 2B).

%, REERERE TL RIS Z OV BB OB ﬁ
OV A Wikt I 9 % (Fig. 2C). Th
128 5T, AR 0 25 ThF OIS )L
FEIK 2 SN - BIIR IO A0 2V B % 5%
FTCED, BOIER OV ATAY VAE#HA Y
KI5, BPRMIE M0 REE Tﬁﬂfk‘é/)‘
5, @R Th#O 5 NIVIMKR DR &I
Hlmm)f%5.§t7«wmﬁiﬁﬁﬁ%
0TI, Bk T1{ETH 5 Tis THE
LT 26, FEERHE TLEO 1 mL %47
D OWALERE 1L Mo (1-2e-T™WTe) TR Ihn
B S BT OT VI ARG I 3 E L
WT5ETHEL, FRERE TLHEIC, S0
E{R YT 5. COrE, £ VVMKRL
ORALIREE D& 1T Mo (1-2e~TL/Tw) f- TT; T
»%5 (Fig. 2D). L C5ER, K/ VA%
BmL7zvway Fa—VEREZREDO X A I/
73 5 (Fig. 2E). OB )VEL O
BRI b ORALFRE O E L Mo-{-Th TH
%, OV FE—VER) DS VERESFE L
THEOLNLERDORFESTE AM(TL) &, Mos-f
-TT 7> & Mo (1-2e ~TL/Tw) f-TT, %5 |9 % =
LIV, 2Mos-f-Th-e /T R{E 5 Hh 5
(Fig. 2F). L2 L7&ah5, FEBICIE, mKs
A & D AV VAT L A T EEIER R
F OSSN M P EIRIC X > TR -
Lt 5720, FMOFEFZE AM(TL) (51
BAE 2Mog £+ Tli-e TL/Ti ) (K< b,
NEFHIET AHEH q #8005 CCEic L h
1L, T BAME&O TifETh 5 TVICEoO< &

Fqld licEo <A, FEBRMICIE 0.85~1.0D
flaRTEINE)W. Zhick-sT)FER
sk B3 %

ETAHH, (DR, Hto@n /s A—x
Th, T Th<t 2> Th+A4t<TL<t+ A4t
THAGEDRICHILT H. TN DOEET
CEWTEL O TEYE .

AM(TL) =0 (TL<AL) «-ooeeeeeeenes 2)
AM(TL) =2Mos-f- (TL—At) -e~TE/Tws- g
(At<TL<Th+A4t)--(3)
AM(TL) =2Mop-f+- Th-e~T0/Tis-g
(Th+At<TL<t+At) - (4)
(BBHWIEQ))
AM(TE) =2Mop-f-1 ¢~ T/Ti-¢
(t+At<Th) - (5)

72721
q=ek»T12(e—k»At_e—k-T12) /k. (TIz—AZ‘)
(At< TL<ThL+At)
=gk Th(p=k-At — p=k(Th+40) b T,
(TL+ A< TL<t+ At)

=l Th(e=kAt— g~k a0) [k 1(1+ At < TI)

IN6D5H, (2)KiTKER IV AHINGE
5 S OV MR A B RRIC A 9 5 ELRiT £ TOIR
RBCIoMImiifEs st shzwy. ()R
135 OVIMIE BRI AR A TV Bt
REET, MAESEHH I NS b OO/ NGl
1275, (D) (B5WEQ) 345 VmEs
IMAEMRICER L 7= IREETH A, £/-B)RIT
Th%LEé&%&@ﬂf%7ﬁwmﬁaﬁM
MBI NAL Z &Y, TN E Th %3k
ESHTLEFZEAM(TL) 3Nl %<%%
REZHEL TV, ZORKRIZZESTS Th
A Az SN

AR AL Mos DRIE & LK VHIEAE

BYIR M BEAL TR Mos (&, RS T CHEIIR M
DHEWLALFRIEE 25+ 203 2 R B DRl
K,E&w@@%%mizyrm~w@@kﬁ

T TCOY—Fr VATHREIN/ZEK
m% %) »oHEH XN 1 mL OBIRILOSE
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Elapsed time: 0 s

1g of a brain
issue block

]

v e

1g of arterial
blood

A B
C — D
Elapsed time: TL2 s
W N
ot
Control B Labcled _ Perfusion
............................ image image image
E Mos-f-Th — Mos(1-2e 7 )f-Th = 2Mop-f-Th-c 75 F

Fig. 2. The schematic graph for the blood flow quantification by Q2TIPS. (A) The magnetization intensity of 1
mL of the intravascular arterial blood is hypothesized as Mos (no unit). The arterial blood is assumed as flowing at
a blood flow rate of f (mL/g/s) into 1 g of a brain tissue block found in the imaging slab. (B) The elapsed time is
set to 0 at the application of the inversion pulse to the labeling slab. (C) After the elapsed time of T1is, the period-
ic saturation pulse is performed. The labeled blood volume that is not saturated with the saturation pulse amounts
f-Th (mL). As the inverted magnetization of the labeled blood recovers with the arterial blood T1 value (7is),
the magnetization intensity per 1 mL after the elapsed time of TTs is expressed as Mog(1-2¢~Th/Tiz), (D) The la-
beled image is taken at 71> s when the labeled arterial blood is assumed to fully distribute in the brain tissue block.
At this time, the total amount of the magnetization intensity of the labeled blood is Mos(1-2¢~TL/Twz) - f- T. (E)
Next, the control image to which the inversion pulse has not been applied is acquired with the same timing. At this
time, the total amount of magnetization intensity of the unlabeled arterial blood is Mos-f- Tl. (F) The signal
difference AM(TL:) measured by subtracting labeled images from control images is theoretically equals 2Mos-f*
TIi-e~TL/Ti which is calculated from the subtraction of Mos(1-2¢~TE/Twe) - f- TT from Mos-f- Th.
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FHRETHAH. Lich-> THEH Mo,
ASL v =7/ v/ A% i3 B T Mo 5 % f
BL, TheAWTHIET S Eickb. &2
HHS, LIRTe s BENIRIMITAE RIS HR IR L 720k
BT/ 3N Tw LS, F
FEIEMZAEIIR#EETCHS. £I2T, WD
PORBOBPEM» HHHL TW5H. Wong b
EEIIR MO R DI _ERARENRIE P O #E R 110>
MEREALBREE Mos A FIH L TW AW, Zhid
BHZERIC D v S R e 7o, Bk & Bk
MOKGEZFAETHH EDREERILE L T
W5, LaL, INVEBOMBBEITKLS,
SR IRIANC B 0o I (region-of-interest, LA
T RO #%FE L CIEMIZHEITE T % D3 EE
FREETHL. 22T, £FT0 N UEEEHA
% (proton density weighted image, LL'F PD
H{%) CHEIET 2 MKEORESE & AEORESE
BHETSH. TNLDOESHEOL R IEGTE
Ol EIFIEFEL VWO T, Mol THIE SN
BN EHMERALRE Mo &, BE ORERAL R E
Mowm & D EIFIFFELWEEZOLNS. Tk
bbb,

Mop=R-Mowps--++++rverreerrrmrrnmrenmannens (6)

Wong i Mol & L Ca—75F—i
(echo planar imaging technique, L1 F EPI) %
FIHLCWA. 20 EPI T D & L KFfE (rep-
etition time, LT TR) % oo, FE%hx o —IKgf]
(effective echo time, LLT9%) TE) % TEes,
MK DS 55EE % Sop, MHKD T E% Te*s,
HEOEFHEE Swv, HED To*E% Ta*wu,
EFHE, (6)iF

Sz Swu
e” TEeff/ T>*p B e~ TEeff/ T>*wu
<> SOB=R-SWM-gﬂ/Tz*WM*l/Tz*R) TEy «..... (7)

£ 0, PDEBROHE, ERREIRIFEN O
PRif, LU MoE{ROBPEARIET S &I
X0, SeNEHINS. —FH AM(TL) 1%
Biucid o v b a—VEg &S OVEBROESSE

ZfE72 7%, Sos @ U TE % M\ 7z EPI @i &
DESELROTHEIELL 2. Larl, 20
T TR IR 72 PD BB ORE L, <=7
)V ROLI PIEDP NI TH D IEHTH 5.

—77, Wang & (3 M- MK R O K 5 H
f%¥ brain-blood partition coeflicient for water
(L) #FIHLTWAY. BAL & LT GHBEPK
575 L) (7 S L)/ (N KRS IV
Uy MV /UEI VY v FIVERFIHINT
W5, gk L7z &R0, ARmEHEIC ST
%, myE4s#E> NMR 55 23K5 F H0 fi3k
THHEEREL T0BE2D, MEMOBALHRE
T MobT5HE

__ tissue water content M,
blood water content Mg

SRV — )

D DAZD. I HICHHEKO A 1EdH 5O 5
ML T—ETH 5 LREDTIC MoERTHE LN
TR EBFMEIC A ZE 72V T LICEH L
2L DFFFALTWAS. ChICEVEEEEL
N7z CBF ~ v JEBIER A [gE L 2D, B
OB QTIPS 12 C NI > TW
5.

Q2TIPS &SR

2)-B)RiL, MREIHP—EEEOERLET
T, TL% 0 2 BIR 2L 7550 L%
RBLL CTWB. L7ch-T, fDPELTHED
TOIRRE, R B 2E 0 B M A PR A2 PAZERE 75 & 1M
AR TR IMERERTAECS L D%EET
3, BEXREERTL2rHLVETL E T %A
FEITHZ ENBETHAS. UL, BERD
Q2TIPS Tid CBF EHIC T O KA D A
HoubnTnws.

AM(TL) =2aMo/A-f- T+~ TE/ T (9)

Chid @) (B5HWE() XD M DK
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DIZHTABR D Mo/A AL, q% 1 SREL,
RI/SIVARIER L L Ta®fRALIZLDTH
L. FBEHERTEar 5% &FEL TW
5. COHB—KXADH 6P D IMIEOREICH IS
% EEE R IL T Tk, ASL CHIE L 724
VifE & EORIMREICERAEL 508, ChE
RENMHIET 50E L LT, LToOXEHR
T 5.

f’ =0 (O<f<fmin) ........................... (A)
f :E (f fmm)
<fmm<f< TI TI fmm) """ (B)
, TI
f =f <TI T_[ fmm <f<fpeak> """"" (C)
f’ =fpeak (fpeak <f) ........................... (D)

Z T, {13 ASL CHIE S /- iKimyit(E, i
BOMMEEAIEL Th5b. (A)RICOWTE
M5 &, g IEBICHKEL/ATLTav
0—)VEBR & 5 OVEBORE % AM(TL) 7
B SNELENOKINTMETH 5. Thbb
£ fin WEL ZWBR D, 13 ASL THEH LB
T, 00FEFETHSH. l, TNVIMEHA
A— VBB E D E L ETORBICB T B
M BIRMENEEZ vi &35 L, vi=fon
TLARDID. DB OWTHET S
&, BRIMEE DS fmin L OHEML TH 13 LD
LTI SN A, Zhi, Akas Q)X
BFRATLIRNETHLD, (W REH-> THE
HENL/2OTHAS. LIch-T,

2Mop-f - Th-e~Tk/Tis- g
=2MOB'f' (TIZ_At) 'efTIZ/Tm-q

—75, BGIMRME £ 23884 5 & At 135 < 7k -
TWL. 22T, SNV R UK A 5
LIRET S &,

154

1= Th frin=At-f roeeeerereeeeeenns 11)

BRSO CThEfRAT L L, (B)RITX
Lo FEPSILICENT SR THIT@)
RBEDC e HDT, LHTOARTHS =1
BRDNLD. TOEME L TI(TR) /(TR -
ThH) - fuin <f OIRBEIZ 72 5 12 TH S, Th
X B) OFORDVICIERALTHELNS.
TR T, KL T AM(TL) »AZEL
L7 <720, fI3EEDMTRME fe T—E & 72
. DA TH5H. TS VHEET
DT NIVIMEEP R KRICEL 722 HTH Y,
C O KMEE % Viavet &5 & Viavel = fpeax* TTi
DD, b L, TNVEHIBOY A LA ER
KICIEKTEDEETTE, 1g MM ORIMm
W& (cerebral blood volume; CBV) =fpeac TI1
Lk,
INHA)-D)REZST7HLIZbDH
Fig. 3 Th 5. DO/ 571210 5 KM Th
=700, TI>=1800 (ms) D% T T, HEX
ED fain=20 (mL/100 g/min), fpeak =90 (mL
/100 g/min) THo->7-HEXZHEL T\ 5
72, TORUSRICH L T, Tla=2400 (ms)
ICEBL/COBMETHA. T7abb, RUR
REHITH LT, Kis OV ZAH N GEig T —
2 ARBG & TORARH%, —O0R%R 55
T Tz LU b7 i 2 e L Tw
5. flFRERARIC AT, (C) ROHP LR
Tz b bEOMRMEIC—F 258 BIEKL,
PO B)ATOEEPEMRICIR A LRkl
TWhb. L7ah-> T, IEFERRKIMFEHE D728
I TR ERAEANTH A Z Ehbrb
UL, TREERIC LD SN O T %7 & 73k
T 572, EREZMIIRINEORREZITHHEL
TLEDAREELEZONS. Lo > TERE
I T OER L3512, SN kxdiEEd 5Lk
T A ELBMELRAHD. Ikl ARIODIK
CEEEOMSINER AFET 52 L, MillRE
DMET 3 B AR CTUIAR % 7 IEIRE TR - Fé
THTEEND, ERICIIZOHERIC KT
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£ (CBF by ASL-MRI)
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Fig. 3. The virtual graph showing the relationship between true CBF
(f) and CBF (f') measured by ASL — MRI with fixed 77: and Tlz. The
thick line is made with 700 ms of 71, 1800 ms of 71z, 90 (mL/100 g/
min) of fpear, and 20 (mL/100 g/min) of fumin. The thin line represents the
state in which Tz is changed to 2400 (ms). Equation (A) shows the situ-
ation in which no signal difference is obtained by ASL —MRI due to the
low value of f and /" is therefore a state of 0. Equation (B) means that
the signal difference can be measured with ASL when f increases but f*
is still lower than f. However, Equation (C), that is, /" =/ holds when f
increases further. When the signal difference eventually stops changing
even though fincreases, f/” becomes fixed at a specific blood flow value of
Jpear. The thin line expresses that when 712 is changed from 1800 to 2400
ms in the same condition, the range of Equation (C) is extended and the
inclination of the Equation (B) becomes steep as compared with the
thick line.
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Schematic Interpretation of Quantitative Arterial Spin-labeling MR Imaging
using Q2TIPS
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Various arterial spin-labeling magnetic resonance imaging (ASL-MRI) techniques have devel-
oped, each of which has its own analytical equations for measuring absolute cerebral blood flow
(CBF). However, the properties of these equations are mostly difficult to comprehend and the misun-
derstanding of the prerequisites or limits in quantification of CBF might cause serious problems. We
visually interpreted the mathematical formula of ASL-MRI and showed the system of CBF measure-
ment using QUIPSS II with thin-slice TI: periodic saturation (Q2TIPS) and graphic explanations to
aid understanding of the principle of CBF measurements based on ASL-MRI.
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