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Fig. 1. When a compact bolus of Gadlinium-con-
trast media is administered and passes through the
cerebrovascular system in high concentration, tran-
sient signal loss is seen in and around blood vessels
on T2*-weighted images.
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Fig. 2a. Illustration and timing diagram for singleslice FAIR pulse sequence.

Magnetization is inverted by applying a slice selective labeling pulse and non-selective labeling pulse. For flow

insensitive image, all imaging pulses except non-selective labeling pulse are similar as flow sensitive image. After

an inflow time TI, the data (echo) are acquired. Inflow of non-labeled blood is detected by subtraction of the two

images.
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(flow-sensitive image), RIZIEFR/ SV X & BEIR KIS
FEFEIRMIZH 2 T echo 5 I L (non selective
labeling pulse), MR L % W E (flow-insensi-
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Fig. 2b. Illustration of the multisliceFAIR technique and timing diagram for multislice FAIR pulse sequence.
Three to five slices area imaged in one TR while only single slice is acquired in singleslice FAIR. In the multislice
FAIR technique, inversion times are different for each imaging slice.
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B bBHERMT S LIk %, —#IC TI A% 300
5 600 ms TEIIRAE, 1200 ms PSBMEME ST
By, #HROFMO - DI21E 1200 ms BED TI
BEF L eI T,

¥ ®EHE

1. HR

*HIX19974 6 A2 519994120 F TIC Y THE
#H o PWI & FAIR 2#&f% L, rCBV map & %\ i
rCBF index map TE® /R L 72478 (Bi29fl, %«
186, 1~83F) 56IKATH 5 (Table 1)o FKED
NI E B 23F1255R% (EMIMRIE 76 8 WA, &
BURIEE 761 7 RE, BFIE, VU NE, BERE2
B, MEFELH 2RE, MEHEE LEE]LP),
M ZE1561200K% (BEMY 3IRE, SMHH4RE,
WA 2952, BME115%%), arteriovenous mal-
formation (BLF AVM) 34 /8%, Sturge-Weber JE
f&# 2 5, mitochondrial myopathy, encephalopathy,
lactic acidosis and stroke-like episodes (LA MELAS)
16 2%%E (2% H), acute disseminated
encephalomyelitis (LT ADEM), ™ A )V AR,
LRDHBRFIFATH S,
2. BERUISNAS -2 R

B L7-%Ed GE ##, Signa Horizon 1.5 T T&
5,
1) PWI : #f&#:1d single-shot GRE-EPI % fv», /¥
5 X — % & L T ¥ TR/TE/matrix/FOV/slice
thickness/interslice gap==500 ms/565 ms/128 X 128/24

Table 1. Summary of 56 lesions

viral encephalitis

diagnosis patients lesions
tumor
astrocytoma 7 8
metastasis 7 7
glioblastoma 2 2
hemangioblastoma 1 2
lymphoma 2 2
meningioma 2 2
neurinoma 1 1
hemangioma 1 1
infarction 15 20
arteriovenous malformation 3 4
Sturge-Weber syndrome 2 2
MELAS 1 2
ADEM 1 1
1 1
1 1

Moyamoya disease

cm/5 mm/2.5 mm & L, Gd-DTPA (0.1 mmol/kg) %
bolus x5 L 7% %% 60-80 measurements, 2 slice M
To* sFRE 2 | L7z, D data % workstation ™~
BLkTR, fRATA Y 7 k7 =7 Advantage Windows
FuncTool % v T ¥ 7 ¥ )VIZ rCBV R U rCBF
index #&t# L, rCBV map, rCBF index map % 1ERK L
725
2) FAIR : single slice FAIR (445%%) O#WigiEix
single-shot SE-EPI % Fvy, /8% A —% & L Tid sin-
gleslice FAIR TIZ TR/TE/Tl/matrix/FOV/slice thick-
ness=2000 ms/20 ms/1000 ms/96 X 96/24 cr/10 mm &
L7z, Multislice FAIR (129/5%) O#F/37 X — 51
TR/TIs/TI/TE/matrix/FOV/slice thickness/interslice
gap=2000 ms/700 ms/A 7 4 A2 & h 1200-1440
ms/26 ms/96 X 96/24 cr/7.5 am/0 T, 3-5 slice % #&f%
L7z
3. A&
1) BIGRMICRET 3 XVt

Singleslice FAIR (22 W TIXER 51375, multislice
FAIR 22V TIREN SO BFRBEMHICOVTR
HEToTEBY, ThHOBMEIZEITTHRESRG%E
RELZ TLIZOWTREERS Y747 TTI %
400, 600, 800, 1000, 1200, 1400, 1600 ms & %Ak
XeHEEEFEREL, MEHOECZHRENICEFMEL
720 Multislice FAIR THf& S N7z RIZOVWTE, TI
NELZLZIETHHSIN) 3 L) kB ME DEN
B, ATAABMTROLNE DB & REHIZEFME L
7o ¥ 72, PWI, FAIR B DB %aF i L T,
background & KRNHENESHELL %, PWI T3k
LESMET LAHMOTEEKLD FAIR EEIZDOW
TRD 72,
2) BRERGIC & B 4E

PWI @ rCBV map, rCBF index map, FAIR Ei{§ D%
TR, KIEIROBREIBICERE L 72 region of inter-
est (ROD) DFHMEL S, BEIRMLEZEEL, rCBV
ratio, rCBF index ratio, FAIR signal ratio & L 72 &%
%% (1) PWI TH#it (rCBV ratio, rCBF index
ratio 21 X Y k&), (2) PWI Tkl (rCBV
ratio, rCBF index ratio #%1 ki), (3) PWI THRZE
PEEBL o2 DIIFE L7z, FAIR TIIEWE
IZoWnT, EEVFERERBGOAEZHL SN TWDHIK
RTESHELHENICEML, BorkEETLR
BIRE % BT, B O R KEF L & 2 WA T RER,
PO LRRERBHE LTRIZONZVLDERER
e L7, D% PWI & FAIR BEOEREERT
Bt x B ET L 7.

— Ty e T e

s T T T T T ¥ )

R — S —



% 7H . Non-invasive Perfusion-weighted MRI @ Ff# 59 3T fif 379

& S

1. BGEMICEET 2 ERa0Re

EERT V747 T Tl 2SS THREL - HEIR
TiX, TI=1000 ms £ TERT 5 IZONFEREIRDOFE
FRRL LT OFRBEI NS, TI=1000,
1200, 1400, 1600 ms O E{%IZIEH S A% MFAE D&
WERHTE kD o7 (Fig. 3)o LA L, TI 5 1000
ms B2 TCEETAIC0oN, EEOEFTHEIIKT
L7720 F72 multislice FAIR ##&g L - R T, &
AT A AIFEOBE BRI P TFAMERLTEY, A
SAABIZTI AHEH Z e THMBS B L) %, BF
DEVIED S NG H o 72 (Fig. 4)o

FAIR [ {£® background (2319 % KMAE DES
M, PWI OICE{§ TFIH8.82, singleslice FAIR
TFH4.35TH - 72,
2. BRGNS & 385

Table 2 12 PWI 2 & % EREH & FAIR Of5 55EE
EDBRERT,

(1) PWI THEREZRLZEWED ) B 7THE

2 FAIR B THEETERL, SERKREIITT S
FAIR DBHEEII8U TH o7 TNLDIHED
rCBV ratio 131.738—10.75, rCBF index ratio &
1.763—17.559, FAIR signal ratio {31.852—30.4, #&&

OWEFRIL, WNIERE SHE (BEIEAE 2 WA, BFE, &
BUMES, MEFE1RE), MELAS 2 W% (Fig
5) Thote 55 1W%E (2MkafE) X FAIR BT
HOrRBEETEHE LTRAON 72, TOR
75 rCBV ratio 1%1.764, rCBF index ratio {31.441T
Ho7,

(2) PWI CIREFR %R LI4IRED D B, 137
255 FAIR BETHEREFT L LTRO LN, KERK
ZIZHT 5 FAIR OBHEIZR% TH 72, ZRHHD

Table 2. Comparison of abnormal perfused area on
PWI and FAIR.

PWI
FAIR . .
hyperperfusion hypoperfusion 0
high 7 0 5
low 0 15 0
- 1 26 2
total 8 41 7

On PWI, the lesions that rCBV ratio and rCBF index
ratio are revealed to be greater than 1 are assigned to
hyperperfusion, and that both ratios are less than 1 are
assigned to hypoperfusion. Zero (0) means that mean
pixel value of the lesion is zero. Perfusion abnormalities
on FAIR images are determined by visual inspection.
high means high signal intensity, low means low signal

intensity, and minus (—) means undetectable.

Fig. 3. FAIR images of normal brain with different inversion times (TI). Signal intensity of larger arteries are
reduced at TI=1000 ms or more. The images of longer TI more than 1000 ms are equivalent regarding vascular

phases although parenchymal signal intensities become lower.
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Fig. 4. Multislice FAIR images of a
75-year-old female with small metasta-
tic brain tumors. The metastatic
lesions are indistinct on these images. , . : Y
a) TI=1200 ms, b) TI=1260 ms, ¢) . ’ , v
TI=1320 mus, d) TI=1380 ms, e) TI=
1440 ms. Difference among arterial sig-
nals of each slice owing to the different
Tls is not obvious.

Fig. 5. a) Tl-weighted image,
b) T2-weighted image, c¢) FAIR
image, d) rCBF index map, e)
rCBV map in a 13-year-old male % & ‘
with MELAS. PWI shows a hyper- _ 1
perfused area in the right pari-
etooccipital lobe. FAIR image
show very high signal intensity in
the same region.
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Fig. 6. a) Tl-weighted image, b)
diffusion-weighted image, ¢) FAIR
image, d) rCBF index map, e¢) rCBV
map in a 48-year-old male with
hyperacute left IC occlusion. PWI
shows a hypoperfused area in the left
ICA territory. FAIR image show low

signal intensity in the sameregion.

Fig. 7. a) Tl-weighted image, b) T2-
weighted image, ¢) FAIR image, d) rCBF
index map, e) rCBV map in a 22-year-old
male with astrocytoma. PWI shows a
hypoperfused area in the left frontal
lobe. FAIR image show low signal inten-
sity in the same region.

381
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Fig. 8. a) Tl-weighted image, b) T2-
weighted image, ¢) FAIR image, d) rCBF
index map, e) rCBV map in a 62-year-old
male with left MCA stenosis. PWI shows a
hypoperfused area in the left ICA territory.
FAIR image show no abnormal signal intensi-
ty in the same region.
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Fig. 9. rCBV- and rCBF index ratios of hypoperfused lesions detected on FAIR were significantly lower than
that of lesions which were not detected on FAIR.
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Fig. 10. The rCBV- and rCBF index ratios of the lesions detected on FAIR showed positive correlation with

FAIR signal ratio.

Fig. 11. a) Tl-weighted image, b) T2-
weighted image, ¢) FAIR image, d)
rCBF index map, ) rCBV map in a 13-
year-old female with AVM. PWI shows a
flow void in the AVM. FAIR image show
very high signal intensity in the AVM.

JRZED rCBV ratio 13£0.002—0.431, rCBF index ratio
1£0.001 —0.539, FAIR signal ratio {30.032—0.484, ¥&
BoORWFRIL, WEEIFRE (Fig. 6), MES 3 WL
(E2MEE 2 F/E (Fig. 7), SBEREE 1RE), v
A IWVAEME 1 RETH o7, PWI TREHRZ L
AR ED ) b, 28FL L FAIR B THL L RE
FEEEELTERELZON Lo INHLDHED

rCBV ratio 1£0.013—0.607, rCBF index ratio &
0.009—0.617, EEOARIIMFEEIIRE (Fig. 8),
BfE s 149m% (BB EMNAES 5m%, EMalE 5 W
e, ) UoNHE 2 RE, BIFRE, MEEEIE 1 RE), b
% H %K, ADEM, Sturge-Weber JEER 1 RETH o
720

PWI TIREMR % /R LWL T, FAIR THREE I N/
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BDIEE ) THWHDIZHE L T rCBV ratio & rCBF
index ratio #F & IZ{&H - 72 (p=0.007, p=0.01,
Mann-Whitney U-test, Fig. 9),

%72, FAIR THRHETEETH > - &KED rCBV
ratio, rCBF index ratio & FAIR signal ratio O IZIED
DR bz (£ €N p =0.873, p=0.0002,
o =0.858, p=0.0003, Spearman rank correlation coef-
ficient, Fig. 10).

(3) TRETIE PWI TEEFEZRLE, 209
L 5MEIE FAIR BHETHES TH Y, 4WENF
AVM (Fig. 11), 1WEIMEFED y + 1 7165ER
THhotlz, RD2HEEFIFNFNMERE, Sturge-
Weber JEMREETH 1), FAIR THOL MR EREFE L
LTRE SN o7, '

Multislice FAIR CifE X /212 EDH &, PWIT
BERERLEAREETHBES L LTHE S
A, PWI CIREFHZ/R L7 8 HEITVIFN S multi-
slice FAIR THL 2 ZEERFFHE L TIIRI O L
o f:o

£ S

FAIR ¥ I 5% il %€ @ completely non-invasive
method & LT, 1995412 Kwong HIZ & » THE &
n7:10, EEREHVT ‘ISR BRLO 7S
OhrRHIETAILT, ROKEOEELTHEE S
NTW5BH, —F T, background IZxF 3 BRNEZD
BEOKE, HEFHORE (W35HM) LvwH)kE
LREND D,

1. BRICHTIEE

REFFEIZBVT D PWI TRER 2R L 7241RED
35, FAIR TIRES &L L THRIBERZDIZISHEE
(82%) L& o7z, ELFERIIMEE DREFH PWI
DILEEDOFH8.82L I L THFH4.35L KN & T
HD, Fig. 8 IZ7T &) RIEEROBEFEVIHED
MBS D otz, T2, EBMIKELE S @HE
BOEES, WRIVDSWIRE DR S W ER
ot RENKIWIIERBENG W Li3H®%
ICHEC oS, BEBEREOREIZ mass effect 12 & 5 BH
WEERORMEE-72, KINEESSE, BELD
M EAE VERRLIZAE L RIERREDO PRI, /&
CTHRBENLLDXDY, 75223 rF5
ZETHREDEVDERAIN 2O EBbN, C
D& 912, FAIR DEERBEIN T H2REELRE
THERIERBETORE, REOKES, AHLD
MHEETH L EEZ LN,

Multislice FAIR Ti#fg X N7-120/EDH L, PWI T

8 (6), F12-12H

IERHER % /R L T 7z 8 IHE L TS multislice FAIR
TIRMHTE L H o7 FAIR £ERDEKERFE 2T
T HMEEAZ2% TH Y, multislice FAIR {E sin-
gleslice FAIR £ 1) B & 2B FBAE WV, 2T FEIZ,
multislice FAIR TR SN/ EI/NENH OHE
DrofzlzdEEZ 5N,

PWI THEEFTERLIWETIZ 1HELRE FAIR
THREBFTERL, SHWETHEDHNE6HWET
FAIR signal ratio {¥ rCBV ratio % rCBF index ratio X
DLKEDPo7, THIZIE FAIR PESBEETH L7
DRELOEFT L VKT LEEBRBEDIT S M TR
FASEFAIND, HHVIIMEEEHS LN/, X T
A ABEHAICEIEL TWAB 7Tk r MR KEL/ 3L A
BT A)BICfAIE N, AT AAPLTHALTL
A7Vyiarablrioary b A MEEFASH
Lol EBENEZ LN,

FAIR DESREIX TI A —ZETHNITZEEZ LILA
DIV ENzTO N OBIKFET 5729, rCBV
ratio, rCBF index ratio & FAIR signal ratio (213 1E D4
MAFETAZ LR TFREINS, KEFFETIZ
FAIR (& PWI TEHINLEREE 2z EMEMICET
LI ENUEETHY, PWI CORBERKEIISES
W2, BERBFEIRES B SN, 72, FAIR
THRHTTEE T - 729H% Tl rCBV ratio, rCBF index
ratio & FAIR signal ratio (ZIEDHEFR SN (£
NEFN p =0.873, p=0.0002, o =0.858, p=0.0003),
PWI 2 & % rCBF fi& FAIR OfE 5 L O EIZD
WTiE, IHFTIZ Qu 52X 2B ERIFHE S
NTWBEDOARTH 2D, rCBF fE& FAIR DEFHE
DHBBREIZ0.7456 TH o 7o AHFFE L ) HER DS
ET RV, R CIEER, RERREOmS
AR ELTWADIZIL, Qiu HIIMRERKREDA
Thol:lzdrBbii,

THRE (AVM 49R%, MmMEE, MEFEDy +1
7 &%, Sturge-Weber SEEEE 1 HZ) & PWI CE
EEERLIZD, COBRRAIREDHEEICL - TREL
LEHEbLNS, PWI TIREBED Gd 8HIZ X 5/
B 0ENZEEZILT 5720, BHORY—MICHE
% T2* i@ % gradient echo IETHKIET 5, MEE
R Sturge-Weber FEREHDOFREICITHIKILPRD LN
TBYH, AV susceptibility artifact 4 U,
PWI CEEFERLIZLEEZON, —FH AVM O
nidus 13 4 REESTPWI TEREF L 4D, mhilko
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BIORERBEED, WEESKIHELERES L L
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WU, B L7-& 912, FAIR "ESEHETH 572
D, &5VIIHEE ORIz ORELDETH
IVETL, BREDTIVFITRAMHEFAINL &
WO TIIFEPER ONT, MEFE Y +1 7 HERE
D 1IRETIE, PWI TEESERL, FAIR Cl&EE
FTH o7z, TORETEERIZIE PWI FAIR & b
ICEERBE L TROON T\, EERD PWI T
DEEFORK L LT, B &% susceptibility
artifact R JE#EIZ & - TH U 72 AV shunt 28 2 5 h7-
2%, Tl ARG THNZ R yEETHR O o7
&, BESHOEII AVM L VR B HIE
TIEASEED HNTHB Y, AV shunt 12 & 5 EBIREHEH
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Clinical Evaluation of Non-invasive Perfusion-weighted MRI

Miyuki TAKASU

Department of Radiology, Hiroshima University School of Medicine
(Director: Katsuhide ITO)

A spin labeling method to measure cerebral blood flow without a contrast medium was developed and
applied clinically to obtain a non-invasive perfusion-weighted image. The purpose of this study is to com-
pare the non-invasive perfusion-weighted image using FAIR with the well-established PWI using a bolus
injection of GA-DTPA.

Of 41 lesions which revealed decreased perfusion, 13 were shown to be low signal intensity areas on
FAIR. Therefore, detection rate of FAIR for hypoperfusion was 32%. Of 8 lesions which revealed increased
perfusion, 7 demonstrated high intensity on FAIR. Therefore, detection rate of FAIR for hyperperfusion was
88%. 7 lesions were found to have a mean pixel value of zero on PWI. Of these lesions, 5 lesions could be
detected as high signal intensity area on FAIR.

The rCBV- and rCBF index ratios of hypoperfused lesions detected on FAIR were significantly lower
than those of lesions which were not detected on FAIR (p=0.007, p=0.01).

As concerns the lesions detected of FAIR, there were positive correlation between rCBV- or rCBF
index ratio and FAIR signal ratio (rCBV ratio: p =0.873, p=0.0002, rCBF index ratio: p =0.858, p=
0.0003).

FAIR is valuable clinical tool to detect perfusion abnormality semi-quantitatively without contrast medi-

um, although it showed relatively low detection rate for hypoperfused lesions.
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