8 5
e

RO MR g H:

e« REH
BFERAE SRR

T L®IC

WTEH L MR kB k « LB L, #
BRICABLIGAINE XD -7z Ly
L, BBEFOTHE BB OFRITN T
LHBRFTEL, TBELTIERLZL
W, Z T CAR Tl fast spin echo (FSE),
fluid-attenuated inversion recovery (FLAIR),
T1 mFATEHE gradient echo (GRE), LT
#&% 3D MR angiography (MRA) #H Y Lk
J, Ih D OEREBIEDOEBENFRIC OV T HER
WEE &7 527 5 ¢ Vi lEH» ST 5.

Fast spin echo (FSE)

1. FSE Ok

FSE i3 AE D MRI B IC B\ TR LA
BEORWEREETH S0, TOEBIIHEID
spin echo (SE) ¢ E— Ttz <, BxD7T —
FT7 77 FRIAV I A MEMIEES T ERIA
CEBNTWAVY, Chbila—JoRE
L7clRBEMIC L > TESICELL S 5708
BRWEHRENERINS. 72721, FSE
DHAFRLTERE R A — N —EBT LICELS
e, EEOHMAREE L SGE D7 2.
2. FSE X H%
1) k-space order

FSEix & 7% AL a—%— DO k-space k

CEET 5720, ZOBREDIEF (k-space
order) #EME$ 5 LIIEECTHS. FSE T
¥ 1> % k-space order {Z {3 centric order & se-
quential order 284 % (Fig. 1). Centric order
IO L a—7B kspace DLy, T7bb
ERERBICEEI NS0 (Fig. 1A), 7
o v EERFAES (PDWD) < T A&
(T:WD) IcAWwWoRn 5. T REGg (T:WI)
/L LER, CORBEEESHKOLIIICTH
¢ (scrolling, linear phase shift) & &I k-
TEWI IJ—% kspace DFLICEHE T 5
(Melki’s k-space raster)V® (Fig. 1B, C). =
DOFHEE, Ta—% (echo train length: ETL)
2L a—fEkE (echo spacing: ESP) #Z& 2 %
& Lic, Ta—MoRERE Y RINRIC
RHoD, ESP OIERfEDOER) T o — i
(TEe) # BHICHECELANEN TS, —
¥, sequential order C I k-space O & & 6
WA ORICTa—%EE T %78, echo train
DOFROT IRV ISAMERET S
(Fig. 1D). L7z - CETL d—RiC&H &
A HBENES DEBEIRETXHAWT
T:WI #f5C\~%. Sequential order T scroll-
ing FEEASLICERET S0, —RICTDH
N\, L7 5T, ETL, ESP B3 —ZF D%
E& TExiZBEEE 5. TEa#EE T 51T
ETLRESP # &3 ¥k bk wvh,

TEex OFREIZEE) LT ESP A BB ZE Y

*—TJ— K fast spin echo, FLAIR, SPGR, MP-RAGE, Gd-enhanced 3D MRA
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3 3
14 4 4
5 5
6 6
7
centric centric
A B 1/4 scroll
kymax +k,max
1
2
3
4
5
6
7
centric ‘
c 1/2 scroll D sequential

Fig. 1. Schematic drawing of the k-space order in FSE sequences
A : Centric order without scrolling. Proton-density and Ti-weighted im-

ages are obtained.

B : centric order with 1/4 scrolling, C : Centric order with 1/2 scrolling.
By scrolling the centric order, images with any effective echo time can

be obtained.

D : Sequential order. T2-weighted images are obtained using the sequen-
tial order, but the effective echo time is unchangeable.

HEBLHS.
2) T—F7527%F

FSEO7 —F7 57 b LTIV
—FHRAD “F3" BEATHY, TOEL
pseudo edge enhancement, edge enhance %j
£, ghost (ringing) 7% ERHHL~DEON. =
NoO7—5F7 77 Mg Te BRI X 5 EBH
B2 k- CTk-space LOESIREAMEIT Y O
— FHRIKESG D 2Lk TETS. 20D
IRIBOARE—13 k-space L TOT 4 VR ESHE
%4 & (k-space filtering)®, 7—F75 7 |
HFREEIRSL. Ta-HORIEEIT 1T,
pseudo edge enhancement, edge enhance )&
7, Ta—RORELMIT ghost #5| xR ¢
(Figs. 2, 3).

FSE iz ki % “iFiF” 1T point spread’ func-
tion (PSF) CTEBH$TAIEMNTES. Cent
ric order T&#— T o1 — % k-space O Fr 32 | fil
& L7- FSE (Fig. 1A) @ PSF O{#Efg (full
width at half maximum: FWHM) 3%, 4T
Va—FABEOY 7Y, XAy b$5
L,

2 ETL-ESP
FWHM=A4y — ————
T T

ERFTEHPTELYY. LEBERKE VT Y
“GEFT OBERTL R A5DT, ETL % ESP
BREWVTE, Vv ARKEWT Y,
GEFT PR HT EBbhB. i, TR
FRFREAE VAT E T B8mvWC Xk

1999 410 A 19 A
BURlEE R
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FHERO MR ik

real space

k-space

image space

full width at
half maximum

—l
FT

—p blur ghosts
FT

Fig. 2. Point spread function of the T2 decay in the FSE sequence with the centric k-space

order

Different T2 decays of echoes of the k-space results in blurring of the image, whereas discrete
points on the k-space produce ghosts on the image.

Fig. 3. Proton-density weighted images of the same volunteer using conventional SE and FSE
sequences

A : SE (3000/20).
B : FSE (3000/17, 8ETL). Margins of the basal ganglia and corticomedullary junctions are un-
clear because of blurring. Bright and dark lines are shown at the edge of ventricles (arrow),
and some of the cortical sulci are high signal (arrowhead), representing the pseudo edge en-
hancement.

C : The same image as B with different window/level settings. Periodic ghosts toward the
phase-encoding direction are seen in the background (arrows).

0T, REEKRO 1T TBEES, BE
BO T BKREL kA Licho THED
BERETIIHBEOITTRS PAIEICERINS
7@, HEORICEEED, BREORIERES
AHE 4 % (Fig. 3B). T h % pseudo edge
enhancement & & 51.0 . FSE O centric or-
der # scroll SR} C2FEHUEDO T I —% k-

space DHFRICHE LT\ & (Fig.1B), &
BREERICERBOEVWIa—-REBEINA LD
ICir BTz, WEIC EDT R L, i
edge enhance ZJEAHE L TL A09. &RT
o — R k-space DR RICEE SN S & (Fig.
1C), edge enhance BRI FZ K &0 5. ok,

sequential order DA IIEFFEERICE —T
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A=t BREII—OWEPEBINS -0
(Fig. 1D), “IF\J" ¥ edge enhance %) & D
HOWERZT 5.

FSE © ghost 7 —F7 7> 7 B & L %
ghost % truncation 7 —%F 7 v 7 MZELIL T
WAHR, InbEFRE S (Fig. 3C). Ghost
DR k-space FOTREFHLO, Fibb
ETL T, ghost DRI IZREF T OIEIEZE,
72 H ESP, T2 Ik 4 5V, ETL 8k &
WiE & ghost ORIRRIZIAAR D, ESP Ak E W
1Y, &7 T2 REMEFREI 24\ T & ghost DIE
MEiE A= k5.

3) IV FF R OB

RIWVFASGA ADFSE Tl E{ZEAS A4 AD
RF 7 off-resonance RF & LTl A5 A &I
FERRIIT-0, MEBOREDEE B
PHFTET T (009D COBEFITEIC
magnetization transfer JRIC L B ¢ E 2 5h
T\ 512, Offresonance RF O B &I HE3k D
RIWVFATAASE THHEFTHT EBRMENT
W7zp®, FSE TR LI VBEEICZDON D
(Fig. 4). Offresonance RF D243 RF 0¥,
REBIORER A 7 v b, RF ORREZEICK

3 AVI~1D | Offresonance RF i€ & 2 H &
IZRF ODEHRENT &, BEEENRDNIWE
&, BHZEIPEVWIZTZ Y K&, RFOHIZ
ETL £ 254 AMBOBETEI NS DT,
ETL ® X5 A4 AMBABK & W IiT & offreso-
nance RF O &I K& </xs. —F, RFH
DRFEHEA 7y Fid,

Af=yG:-Az= BW
7=7G: Z_TH'oz

SG) 1
TH) «

-(TH+SG)

=BW <1+

y : Lamor A, Gz : A5A4 AERIRE
HME, Az A5 4 A4 7ty iR,
BW: 254 ZZFNV Filg, TH: 25
A AE, SG: A5 AF¥ % v/, a:RF
profile DFFIEFRE

TEINSG (Fig.5). L7=#R-T, BEHL
Ty MEIATA ZAERS Y FIER—EThh
B A4 AF vy JITHEIFEL, A4 A
Fr v ISP 7B & offresonance RF O
HEBIIKREL 5.

Fig. 4. Off-resonance RF effects of the multislice FSE sequence

A : Conventional SE (3000/20, 17 slices, 40% gap).

B : FSE (3000/17, 8ETL, 3 slices, 600% gap). Signal attenuation of the brain tissue is minimal
because of the small number of slices and the large interslice gap.

C:FSE (300/17, 8ETL, 17slices, 40% gap). Marked attenuation of the brain signal is ob-
served due to the large number of slices and the small interslice gap.
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e
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TH SG

Fig. 5. Relationship between the frequency
offset of the slice selection and the slice thick-
ness/gap

With the constant readout bandwidth (BW),
the frequency offset between the neighboring
slices (4f) is proportional to the slice gap
(SG) /slice thickness (TH).

FSE T SE It LEBEEZDEE S 2
H IR ZE DRSS 5 23 B3z 7272\~ FSE Tit
MRBA B LR ORI E S IBUC L 56
FETAFN D, ZOBRKPEL LV,
BRETOEGWE, AP HRENOHIC LS
RPTS A% Go, IERK A D 35T
RORXTEEBDTY,

M(TEyf) [ Mo
=exp (—y*Go’D- TE4*/12(TE.s/ESP)?)
=exp (—y*Go®D- TE.s- ESP?/12)

ESP S/ NEWF EBBIET A I T 2Tk
5. 75k, BRIOSBOEBETE L 5ERNR
BALERT —F7 7 7 FOBREWR, FAH LAYV
FIENE U THNIEREDSE ED DTk
AN

FSET-WITOREKBOEREEIX, £iIT]-
coupling IZ X AR OB E T MBI N 5
CEILEoTELBEEZLN TS,
J-coupling ®# (decoupling) T4 \V\Ta—
gD CPMG ¥ —7 VATHRE LR W, L
7o > TESP # K< §5 0, FECPMG v/ —

TUARRAWAZ LT, BBOES B AEE
WHd 5 2 LR TE B0,

Stimulated echo (STE) 1 — %1 180 £ 5
WOZ2U EDORFICLk > THLS. FSE T
T AT A ZABREE O Z» B STE MBI+
573, FSE DA S A AEFHIEICERAINT
Wh7c, STEOREITREBRM TH 52.
LirL, AL AF vy TR BETH LY
DA =712k TEWSTE 84 L, T: av
FTATRETEE 5. #ifd 5 tailored RF
LW STE B8F%E T 5 DT, TWIIZIZHFA
L7aWED B X,

FSE o T:1 #Ff1% 1(TE/2) »bHikE bt
Tz, TigEfOBh2EE T 5 & FSE
DEFREZEDOLSICERLDTHAS D 0.
—BIZCPMG v —7r VAONFZEHOIL O—
(TEx=2N7) OfE5HE S(N) 1%, Tiok
JICEREN,

S(N) =Mo [1+2 ée-m-@"—Dﬂm(—D"
_e—TR/T1<_1)N] ,e—TEN/Tz
=Mo [1-—6‘TR/T‘ <<—1)N—z i
X e—(Zn—l)r/T1(_1)n> :I .e—TEN/Tz

FILTRO LS IGEUTE A,
:Mo(l_e—TR/Tl_esz/ﬂ) g~ TENIT

=Mo (1 _e—(TR—TEN)/ﬂ) .o~ TENIT:
L7 5> CFSE OFSHMER TR L5 ick
FTTERTES (TEest : AT 2 —RFRHD).
S:Mo(l_e—(TR—TEW)/ﬂ) _e—TEe;r/Tz
RAHE O Tz BMARER CIEHEMOENITERT
55, TR BPEVEERL TEe B EVEE

135%) TR 28 TEwst 720 25 EICEBEL
ASOR (AP CANY AN
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3. FSE D%

FSE © “IZ07 3 Te (REMSRN 20, *
DB BICE G O REIIC 72 % 72101
EEEOR. Te BRI O BB 5\ /R
FEOWHEEZE T 3419, pseudo edge enhance-
ment IZ X > TRHEEERICHEEE L /oRE OR
BEETINS. LessT “9F 2l
R 2 RHBREVPMETH L. T OB
BICIE T2 BEANC X 5 B BREOHERD 1\
DLV VT IVIERTIHE, b
H TEest < +52 & BHEHATH 5. TEus
L ETL L ESP OB TH LN LD T, BiF/k
PDWI® TIWWI %8 5123, &R AICE W
ETLBAWTESPIBRE L TAZ L AEE
TH 5. F/cechotrain # BT, BP0 5%
9% split echo train two-contrast FSE i,
PDWI @ TEust # ¥4 % Z & AT EXZER
THBHD. ESP PR LW ESHEE LIRS
NI YI—FHROS Py 7 25w L
72D FOV #/pE S BELTC, MV a—F
HRADE 7 ) A /NS $HB I L BEE

TH5. AT REprofile DEE LIC L5
ESP ofEfEit. (FSE-XL), 180 kD RF %
MAL7cT a—RIBOLE (tailored RF),
k-space £ D7 ¢ ) #19, k-space order ® T
% (chopping)20:2D7x ¥ “1Fi3” % WEl4 5 F
ENELZIN, PDWI, TiWI, STIR (short TIT
inversion recovery) & \>- 7z TEer O\ E#E
DOEBE PV EEL:: (Fig. 6).

Off resonance RF ZHREII—BITIHREOKRE
BEOETICORMBY, E NSRRI O
&%, SKUWEOTHBLZEET 570, —i
WCERADRICHZ 22 & 88 % L. ETL,
AT AP TEBRFARL, A54 &
Fry TRTELRITRELSBETNT I VA
(Fig. 4), ThGITBERHOERICERET 5
728, BUIREETID H\WE DT 5 BERD
5. a2k, T:WI THBEHEOREE BT L
TZWEER, TIWL THEEANC X 5 & EHEHs)
Rzl LIoWB &R ERR & oFREY T T
I,

A

Fig. 6. Images of the optimized FSE sequences

C

A, B : dual-contrast FSE with split echo trains, and with narrow ESP (2800/ 10.5, 105, 10ETL,
ESP 10.5, 6 mm thick, 33% gap, 16 slices). Blurring and pseudo edge enhancement are mini-
mal on the proton-density weighted image (A). The Tz-weighted image is sharp because of the
edge enhancing effect due to the last echo at the center of the k-space (B).

C: Reversed display of the fast STIR with tailored RF and narrow ESP (4000/36/120,
12ETL, ESP 12, 6 mm thick, 33% gap, 14 slices). High gray/white matter contrast with
minimal blurring can be obtained on the fast STIR sequence.
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Fluid-attenuated inversion recovery (FLAIR)

1. FLAIR Ok

FLAIR 13 FSE Eiflt O & B & 5 Bk
OB, KOBEZHHEI L7 TeWI &
LTELSAWONS LD 722, EHE
W L 7O OIS B e R720 Cldix
<, KEBHEICHE S dynamic range D HE
Lo TREDORBUNBIF L7256 ABNEFE
n, V—FVOHBE S LTHER LT 5 iRk
b4\ . L LFLAIR O#FB/35 A — X O
BEECH T ABELEENRIE EE .
FLAIR i3 % < % T 4% IR (inversion recovery)
THH7-%®, TI (inversion time), TR DFRE
ko TTiav S A FOEEIPKE AL
FBHD. LicBo CTXOREBICIIEEZIRT
NERD, DEVEBEILDONTOWIRWEEN
B5. Eio, MOBBIELDTV T A MEE
DEEIZODVWTHHEDMOEN TV,
FLAIR ©#4, FSE TRF 7% PDWI %4B %
TERTERVEBICRT ARERBEL LT
EHICRE /b WORMRLHB D, BERHS
BEA TSR LT EELAIN TV A

BRH5LDTHS.
2. FLAIR OEHE

FLAIR (2 4% A 5 “K%&#%l L 7z heavily
T:WI” b RBE SN TELP2M, B LCx
5ThHADD. RAICSE TIWIL »6HH L7
ERER D= A7 BEtR% FSE T-WLIC#T &
b ORI T-W st BEEGRZFRT 5 &,
MIC FLAIR ICEE L L /- BB 5 2 LR TE
%5 (Fig. 7).

T, T:RAMOEEWITHRD FSE T:WI
BB L TEOREROTHA DD, —BIC
fast IR D5 B5EE,

S=Mo (1_zefTI/T1+e—(TR—TELm)/T1) _efTEggf/Tz

THEIXINL-D2, FLAIR ICB T AMEED
IS5 TR AT iR L3R WEE,

=M0 (1 _Ze—TI/T1) . e—TEgjf/Tz
=M (l_e—(TI~T1-ln 2)/T1) .e“Tng/Tz

EEMUTHIEBTESL. COXRZHAD
FSE 0%

S=Mo (1 —e~ (TR—TEW)/Tl) . e—TE,/f/Tz

Fig. 7. Calculated CSF-suppressed Tz-weighted images and FLAIR images

A : To-weighted FSE image (2800/105) of a patient with multiple sclerosis.

B : CSF mask image modified after the Ti-weighted image (400/11) at the same slice as A.
C : Calculated image obtained by multiplication of A by B.

D : FLAIR image (11000/2300/128) of the same slice as A. The FLAIR image shows similar
contrast to that of the calculated CSF-suppressed Tz-weighted image (C).
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EHET AL, MEEFBICELLTEY,
FLAIR © TI % FSE © TR & 36 I 4
BABLIEDRTELT DDA, BEICIZ
FLAIR © FSE #HD%%) TR i,

TRy=TI—Ti-In 2+TEust

TEIN, TLIVHEE ms BL A5 23bh»
%. —7, fast IR {Z )% null point i3,

TI=Ti-n (2/ (1 +e (TR— TEhst)/Tl) )

TRDBIENTE A2, YLD, ME
BiCHF %5 FLAIR D FSE & L TDO%E% TR
i, BEER & MEEO T SRRz 2h?
N4, 088, FSE © TEust % 0.1 F >4 %
L, TRPEIR KD & 223BEE, TR
0BTL20WHH 222, $bb,
FIAIR CHETRZ 10 EIcBRET A &
TTR2Z®BDOFSE L R&EDOaV/ PS5 A+ %
R EB/HTENTES.

CDOX>ICFLAIR i3 T BRI B % 25 <
ZTED, BT “heavily” T:WI Tidz\ .
T1 MO EENTARE-OHRED T BRI 255

WIE EBB Y, o TIREWIE &< 7%
%20, FLAIR Tt Ti iR (TiWI TIEE
FeRT5) WEDESIHH S h AERICSH
57, TR 6 WEREICEDICREINTWS

o, T T T T T
«Q
8 MS 1300/150
2 03 F -
2
< MS 1800/170
0.25
GM 900/90
0.2 ]
WM 800/80
0.15 |
i 1 { | |

6 8 10 12 14 TR (sec)

Fig. 8. Theoretical signal intensity curves of
multiple sclerosis lesions and normal brain tis-
sues on the FLAIR sequence

Signal suppression of the lesion with a rela-
tively long T1 value is prominent in a relatively
short TR on the FLAIR sequence.

A

C

Fig. 9. Proton-density weighted FSE and FLAIR images of a patient with cerebral infarction
A : Proton-density weighted FSE (2800/10.5). An abnormal signal at the left corona radiata
suggesting the infarct is clearly depicted (arrow), whereas periventricular caps and white

matter hyperintensity show slightly high signal.

B:FLAIR (11000/2300/128). The infarct (arrow) as well as periventricular caps and white
matter hyperintensity are clearly identified as high signal intensity.

C:FLAIR (6000/1500/128). The infarct has insufficient contrast (arrow), although periven-
tricular caps and white matter hyperintensity are clearly seemn.
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CEBMHIIEICEE LD, REOKRIKER
BT oEkimins (Figs.8,9). AT
{Z FLAIR 123517 % TR i3 1.5T &£& T 10 L
FIZT B BRI 00B 5.

FLAIR OIS O—2ICEWBREGRFE D B
5. FROES>C TR EZEBHICELST5 L,
FSE readout = slice interleave % i\~ T & #&
BRMERCBERALD 5. T, MEHRICK
57 —F7 77 FOBRBRIC AT A AJhE X
DIEDIEWRER RF VW5 & @RS in
4 %. Slice interleave # FIZ T KT 5 T &I
F o THRERBZER T 2RAD I T
526)'

JF4E, FLAIR i GAd-DTPA =B+ A%
B E XN 52028, FLAIR IZHiRO®ED Ta
MOFELBVOT, BEk EOREITEY
IN5. 5O SE TIWI & i § % L IER
BPEFINT, KREFER TOEERIAFEVO
DEETH T, TOREEED LIERE
NEENS. t, TR # 15~2 BEE, TI &
0.7~0.9 BEEICETE L7z T sgiAlo FLAIR
LRALNTVWAYR, fkDSE TIWLICH L
SEERRITEN B 529,

3. FLAIR O

FLAIR 7348 &6 BEEE L 7R OBRHHIT B
NeRET S LEBEROFHAENETHT
B0, < bEETHIM, FERL Y OWMERE,
Mede, FREBEMIEREORBERE, HIV HER
ZRMBLIE: & OMERBEREZICESBVWG
N T\ A30~39 . FLAIR o4 A =B
& 755 D FLAIR ¢k O PDWI % & &
Z2OBDENTHAHD. PDWLIE TiigF,
T EMOBER NS VRBETHD, I
FLAIR T T #&H01, T EFOBERE . L
7o TEBILOR R PR BT T TH 5D,
KOBEBEHIIF SN, WEPEESLZELHRT
MEDIY P T A FIFBRMCELL T 5.
RO PDWI DEZED > L, MEHERICHE
LREOKRH L, BREBEOHKROH
W39k FLAIR CTRETE AFREMAE .

FLAIR OB ZRIIEBEOMREBICKE LA
h5. FSEIC L% PDWI OEEBIET 2 pseu-
do edge enhancement D7 HICRNRB B E R
off-resonance RF I & A HRBY2 K OEE F1L
MENDEETIL, FLAIR #FIF ¢ 5 0NER
HHTHAD. —F, Bif/x FSE PDWI 234
BTELEBTIIESITHA D, —BAIR
Z R EIE FLAIR » PDWI ORIZ B & 2 7%
£#3 730, FLAIR TRBEZEDOa YV F5 R

F &I T 5 &XE, UBO < periventricular
rim/cap 7% ¥ OEAF BRI/ TEWIRWER
Shmfsns (Fig. 9). HEHEOBAER D
IO T BB AR WREIT TR L
D303, FHREOHRHERIT-RICES &
\W8.39) TR, TI OFRERE TIIRE OB RE
BEICETT5. FEEEAOTV FS X oM
& o flow void @ B B 13 PDWI 0 75 28 FE
ICE . ko &5 BiF7s PDWI ##
BCTELEECIEIPDWI %# FLAIR CE & #
Z HEBATEADS RS/ 6. FLAIR i
BBEMEEEHR LI BT, TORRZEMBE LD
D, BLIREICH LTHWANRETHAD.

T1 sREREY SR GRE

1. T1 RS GRE OB

PRESRER Tl T 588 | & GRE 13 3D #&
BTHWONAZ RS\, FHEED volume
F— 2 T WEHERE TR T 5720, TA
AN I BINEE OB CHAMERE B DO=R
TCHEGMENT T LIBAIN TV 5. iz, &#
K a5 2 & C/MEDORIE b BIRICHH
TED70, PEMEEER SOBIICD AW
ENTW5S. %7, MRA OTEEE LThIA
CHVWLNTWA.

T1 FAMEE GRE ICIIARS SHAV A
LD &, ¥EfH/ VA (preparation RF) ZHW
LEDBHH. ARA SERAVS DI ARA
FIC & VBRI LOEFERBEIH T 5, I74b
BLSE,STEESZ#F+ /)T AHIETT
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IVESA MBS COFEICERF ICLEA A
R4 5% W5 fast SPGR (spoiled GRASS)
(FSPGR) &, fERHESBIC X5 28 SxHW
% turbo FLASH 5 % % 28, TR O\ & &
GRE TR—RICHIELAEF L VWbhTw5.
/o, FRICIRBOEB IVAZHA LT T
AV EFSAMEBSL LD, MP-RAGE (mag-
netization-prepared rapid acquisition GRE)
<% IR-prepared FSPGR 735 5.
2. T1 A% & HE GRE DHE

—fi%iZ GRASS, FISP OfESREIT FTaOR
TEINDLH,

S=Mo
(1—e TRIT1) gin o
1_e—TR/T1 e—TR/Tz_ (e—TR/Tl_e—TR/Tz) -COS &

Xe~ TE/ Ty*

FSPGR, turbo FLASH Tl #mtoOav —
VVABGEINST8, Tied kS Bl
A TET LR TEHWO,

(1—e T®/T1) gin @

—TE| T»*
— .
1—e TRIM.cos o

S=Mo
ThabbTiav rFSAMITR 7Y v /A

IS 5 Z 80750, ZRTGT— X NED
BR—BICTR 2RE LT 570, 7y 7

IR RF excitation

data acquisition
(centric order)

ATLPIVESALRRETERV. BIC
TR A 10ms RiFCid+45%Tiav 5 A
PBONICL 5. #ZT3D MPRAGE
TR IRBOEF SV 2EHNTTiav S
A M 50 THER, COBET—X
£ D k-space order AEE > 71 5. Lgitas
TV a—FhHE (RS54 ZAFHR) % se-
quential order TF— & AL L T\ 7o 734D 42)
turbo FLASH IZ & % 57— X IRE DK, #ERGL
BEEICEFERRBICHE S 728, sequential
order TITHEM/ IV ADHERL A & L &N
W BIECIIEE ATV o — FH AN cen-
tric order T7 — X LT 5 DOB—RITH 5
(Fig. 10). 3D MP-RAGE, IR-prepared 3D-
FSPGR Tid, B/ VAN ST — & NERRG
RFE CTOXEHRTE (preparation time) O3
. T — X RERK T H D B R O preparation
RF £ TORBIEM (delay time, magnetiza-
tion recovery time) HEETH LY. F—x
ISR T HEREAL 5 B R RE Meq ICEET 5 & (R
ETHE, EFIREL S delay time 4 R AL
PREIR L7 R CROEER OV AM$T 7o 5
LIl B P HTH%S. 3D MP-RAGE, IR-pre-
pared 3D-FSPGR O 7 — & INEBHIARE O HERL
1t Myre i, preparation time % TP, delay time
Htabd5hE,

IR RF excitation

data acquisition
(centric order)

TP: preparation time

ty delay time (recovery time)

Fig. 10. Diagram of the MP-RAGE sequence
The MP-RAGE sequence consists of the inversion pulse (IR), the prepa-
ration time (TP), data acquisition with a centric k-space order, and the

delay time (ta).
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EEMEE RS L. ChOOREBIER, =K
e 1T & % partial volume effect OEESRIC &
D, MNREOBEHEWHREOEHITIE FFx
3T ThBH. L LEEREDOEEMEILSE
TIWIL I H L — iR Ic K\ 49)46) | SPGR, FLASH
Tk TR BEWIT &, FA /3T K&
PRSI 58 < 7 5 7-00%), TR D4\ FSPGR,
turbo FLASH OEFREIIURELS 5. HFFIT
{EEERIR COBEE MR SE [T Uk
wH A7 (Fig. 11), EEFREDEFREID
B r7rs (Fig. 12). 7272 L, MERNOEEH

BEIEVWD, BFMRAZZCKIT 510
BOEEERSRITSBONS. Tt MP-
RAGE, IR-prepared FSPGR O ¥ H5hsh R

SE 500/10

Rususyul jeubis

2 4 6 8
Gd-DTPA mmol/l

Fig. 11. Theoretical signal intensity curves of
the Gd-enhanced lesion in SE and SPGR se-
quences

Enhancement effects are much lower on SPGR
sequences with short repetition times than on
the Ti-weighted SE sequence, especially in the
low Gd-DTPA concentration.

Fig. 12. Gd-enhanced SE and FSPGR images of a patient with recurrent astrocytoma of the
medulla

A : Gd-enhanced Ti-weighted SE (400/11)
B : Reformatted image from FSPGR data (14/3/20) with the same slice thickness as in A. The
reformatted FSPGR image shows only the subtle contrast enhancement of the lesion.

C : Source image of B with 1.3 mm thickness. Contrast enhancement is also less than that of
the SE image, although avoidance of the partial volume effect seems to be effective.
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Fig. 13. Gd-enhanced 3D MR angiography of a patient with occlusion of the left vertebral ar-

tery origin

A, D : Partial MIP images of the sagittal time-resolved 3D MR angiography after subtraction.
B, C : MIP images in the AP and the left anterior oblique directions of the coronal high resolu-

tion 3D MR angiography obtained after A, D.
E : MPR image of the same data as B, C.

DEBHEIT, FT T 7Y 5 VERTDFHER
AwbnTwa. fi#E T EBEASRORERN
WETHHMB, BETFEEATHHEERNET
B5. i, BERHPEETORY, WEET—
EOBETTO L HTHETHSH. Uk T
WD IT 4RI O time-resolved MRA %17\,
ZDBEEIA 2V T BB ERS DR
TR OBEET > 5 (Fig. 13).
&R 3D MRA ORI 7282 LT
A, MEESEZEORBRE L L TOMMEE
BITIE RO & 5 HHRRERICH D S/ 2T
W LERD . NEBIREATORERORE
Hi¥:11E NASCET (North American Symp-
tomatic Carotid Endarterectomy Trial) &
ECST (European Carotid Surgery Trial) ©OF
EXH 5% (Fig. 14). —RICHELAH VLM
%. HRCEEZOIE, AHA (American Heart
Association) OHA F 54 /5960 L DHEET
& % symptomatic patient T 70% Ll E, asymp-
tomatic patient T 60% Ll _EDZENE » DH
ETH A0, BEW P SHRESLHED MRA
TIINEBIROMENELAZE LB T 555
B - 7= (pseudo-occlusion), FHZE & W

Fig. 14. Schematic drawing of the two meth-
ods to measure carotid stenosis

A :NASCET (North American Symptomatic
Carotid Endoarterectomy Trial) method.

The luminal diameter at the level of the great-
est stenosis/normal part beyond the carotid
bulb

B:ECST (European Carotid Surgery Trial)
method

The luminal diameter at the level of the great-
est stenosis/imaginary normal diameter at the
stenotic level.

e CIIBE PR 5720, WETHANT
x 5 MHEN P H55) . Subclavian steal syn-
drome 7z ¥ CIIEAZEEE & O R ITAIE M 1T B
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MR Imaging Techniques in Neuroradiology

Makoto SASAKI

Department of Radiology, Twate Medical University
19-1 Uchimaru, Morioka 020-8505

Recently developed MR imaging techniques, including fast spin echo, fluid-attenuated inversion
recovery, T1-weighted fast gradient echo, and Gd-enhanced 3D MR angiography, are reviewed. In
fast spin echo sequences, blur, pseudo edge enhancement, edge enhancing effect, and ghost may ap-
pear depending on Tz-weighting and discreteness in the k-space. Contrast modifications, such as sig-
nal attenuation by off-resonance RF pulses, bright fat on late echoes, low sensitivity to diffusion-
mediated susceptibility effects, and delay of the T1recovery, are also discussed. Fluid-attenuated in-
version recovery is a ‘“‘moderately’’ Tz-weighted sequence with suppression of the CSF signal. With
a relatively short repetition time, signal suppression is remarkable in the lesions with relatively long
T1 values, so that a very long repetition time more than 10 s is recommended. On Ti-weighted
spoiled fast gradient-echo sequences, the enhancement effect of parenchymal lesions by gadopen-
tetate dimeglumine is insufficient compared with a Ti-weighted spin echo sequence. IR-prepared
fast gradient-echo sequences, such as MP-RAGE, may solve this problem to some degree, although
their T1 magnetization is difficult to estimate. On Gd-enhanced 3D MR angiography, k-space order,
spatial resolution, temporal resolution, and background suppression are crucial to obtain sufficient
images. They should be optimized for accurate evaluation of internal carotid artery lesions according
to AHA guidelines.
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