A BB Ol i E R

T AT,

= AE e Ik

REA KBRS AN O Rt

F L&

JEED MRI (magnetic resonance imaging)
OBRERROR EITE L, EROAY Vo
— (spinecho, SE) ¥, /'S5 41TV L1
— (gradient echo, GRE) #¥iZinz C, ®IET
I singleshot D755 4 TV FLa—ETH
AHILa—/5F— » (echo planar imaging, EPI)
% single shot DFEE ALY Ta— (fast or
turbo spin echo, FSE or TSE) % Tdh 5
RARE & ® % @ half Fourier #% T & 4 half-
Foureir single shot turbo spin echo (HASTE
¥, Siemens #1), single shot fast SE (SSFSE
%, GE#) & lolsmEBGE ER, TH
SINBHILES>TVS. THHDOTETI se-
quence *HE T A5 LIZ LV, kspace & &
DELSFTEL, BELEE» > THhA.

BEEREEDL, N—FY 2 7ANDOERMBK
&L, BETRERESHAWLONTWATIET
e\, BRICEBEIC B W TR L D &R
{EARDON, BKPWERPHEILL TS LT
BUVABLWE, SR, ARTOBRBRICEVTH
W OhOBREIEZE U AR BRELD S & Bbn
%. FEICOBBmEREREIEDIGA & LTI
FREE 21 0 D& & Nk \ W BFE OBEHE D
T @Al E LT, &5 WIEFEEOHEBZ
Wr, O imaging < PA R R E R~ DG A

mEDBEZLNTNA. BEEHICRIT 5 BEEE
BEOF R E LTI R L EOBE DT v 7 X
—HEHTEXAH L, HARMTERTESC
b, B OBBEERNPBEONS LR EETD
N5. £ OEETI0 B EOMEREEITR]
BETHHH, REOEVEECEEOET L
T\ 5 BE CTIIMREIRITE L < SRR T
XLHRFEVAREE L. L LEEREDOK
T, susceptibility, chemical shift artifact 7z &
DT —F7 77 PN, FERICEWT
BEERRIEE )L —F VIS IR TN &
FIRESILRE LT 5. ARE Tl AR AR I P i
Ferfuly & Ul s B R O BUIRIZ O W TR
L.

fgER(Cds(+ D EPI %

a. JEEIC ki % EPI sequence

EPI 2l —EOB#EIC X > T, Ftak & D
BrmRIC RIS TeafoIa— v, v
8 % single shot imaging ¥ T, H&E&RHE N
40-100ms &, BAED /U ARFIOH Tk
LEETH AV, COFETIHEMNES T
EEREE L nid e 69, Sllilix->TED
2 IR EE I N

EPLICi390° /%)L A &180° /) ADHBIZ A
VIa—OREOBEBECHEAS TRELTT
— X %44 % SE-EPI »90° L F o RF /L

F—TJ— | fast imaging, EPI, liver, diffusion, HASTE
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Fig. 1. A pulse sequence diagram
for spin echo-echo planar imaging

(SE-EPI).
SE-EPI uses a 180° pulse to over-

O <]
90 180
" -
Gs J_U ©) ©)
Gp RN RN RN

come external magnetic field
inhomogeneities. Contrast in a SE-
LIl EPI is similar to conventional spin

blip

echo, i. e., signal is determined by T2

Gr .I-I.I.I.I.I-I.I.Ik decay and flowing blood is dark. In

128 readout gradient

diffusion weighted EPI, a pair of
diffusion gradients (Gp) of equal

| . 4/\ area are applied around the 180°

pulse to dephase and cause signal
loss from diffusing protons but not
from stationary spins.

Readout  gradient

, strength

duration (echo space)

Ll it Sampling

MR
signal TE/2 TE
long T2*
Signal EZZW t":;ie) A
short T2*
RF  readout gradient
alb

Fig. 2. T2* decay and EPI readout.

(A/D  converter)

During a T2* decay multiple echoes are formed from readout gradient reversal (a). The gradient lobe and one of
the gradient echoes are shown in greater detail in b, where the gradient lobe demonstrates a trapezoidal or sinu-
soid wave form. The area under the curve determines the FOV, larger area leads to small FOV. During the time
for which the gradient lobe is applied, a gradient echo is formed and digitized by the A/D converter. For exam-
ple, in order to have 128 readout projections, these signal must be sampled 128 times during echo space. This
necessitates extremely short dwell times, resulting in extremely wide bandwidth.

ADBICT ST 4 TV PLa—ICkDF— 4%
4§ % GE-EPI 233 %Y. #i# T k space
DHFLICAY YV La—DF— 2 AW 57-0,

BEEOIY FS5 A ML SE BICELUT S EED
NTH Y, GEEPIICH L TRALEDEELD
TN &, MEOREEMES flow artifact 234

TN C b EOBEAN O & OBERLICHE
LTWw5% (Fig.1). %7z EPI Titi#\> chemi-
cal shift 2342 C % 7= O REMF#IH (chemical fat
saturation) % BT 52, X SHICEEBEIIHEIO
inversion pulse # A\ 5 Z L L R[EETH 5.

L 7» L inversion pulse % fi\» 5 & SN 73 3%

1997 % 8 A 22 HEAS

BIRIGERSE T860 REATHARE 1-1-1 REAKFEELATBSER  (UTRHRAT
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Fig. 3. Images in a patient with small hepato-
cellular carcinoma.

a. Respiratory triggered Te-weighted TSE
image (2000/120 with 7 echo train length)

b. Single shot SE-EPI image (o0/59)
Although spatial resolution is better on TSE
image, tissue contrast of SE-EPI images
(eTE=100) is better than that of TSE image.
Susceptibility artifact and image distortion are
seen in the anterior part of the liver due to lung.
c. Short echo space HASTE (o0/60)

In short echo space HASTE sequences, motion
artifact and chemical shift artifact are not seen.
However, image contrast is worse in compari-
son with TSE and EPI.

LETT 5.

FTig o> EPT #: T & BB 7 s I O Te*
BB SICH L TRV, BRICT—2 %
WELRTHIE, BBEEBRLTLES> R TS
% (Fig. 2a). T—X OERHLENE, X
O THEMBEATLE D720, FE5HHE
F L, rawdatafilter DX D> @& %4 5. D
% 0 k-space FORAWE OB S DIfE 5 A%
N, WEATF LD TEG YRS TLES.
D 7%, echo space (echo & echo DFEIR),
TERCELRFEMLITR I, ThaeEk
B3 5 7-DITI3EHEIT readout OERITEES 7 K
R L hid7e 69, @\ slew rate 2R S
N5, T a—HROBICHEZIVLEE T
sampling # T b s ir hi¥ 7= 6 4, v
readout B[, D% DD TR/ FIETT
— X EINET HBEPD S (Fig. 2b). T
DM TIEN Y FigEdEVIAL &L, M
fREE % AL L7- sequence AN A LB %
W, BT3RS AR L D DEE R ER L
7= EPI 0 sequence # A5 Z & W%\, Fix
% % 1 1% echo space=0.6 ms, /N FIig
2080 Hz/pixel (mimimum effective Tf*) 47 ms)
C sampling #17-> T\ 5.

b. SN EEHRIV FS A b

MRI Ci3 SN HiE /N v FIgDFHBIC R I
BIL, T DEBROZMSFEERES
7OV ADERBIC BT 5 7=ic, EHO EPI
TiX SN M, ZEMIS BRI NRINTET 5.
L7 L SE # o EPI # CTiE180° /N )V AIC & »
C spin echo A S 11, FEEIC k space D
FICEPNTWSIZDEDSE DIV F5 A+
BELND. EIBEO/IVARIITE T
contrast 78 T2 contrast Z /&4 HEHAI A D 5
2, EPI T % single shot T & 5 7z & T1 con-
trast @ contamination %7z <, IV FF A+
WS EMBIREMTHS. —F, IR pre-
paration pulse # Fi\ 5 Z & T Ti1#iABE =15
HZ L TES. EPI TIRBE OBRBEICH
LTSN i WA, matrix PKEWT &,
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SP -28.1

sL 8.0
FoV 208%340

Fig. 4. Regenerative nodules on EPI and HASTE images.
On EPI images (e0/59) (a), numerous hypointense regenerative nodules containing iron are well
depicted. On HASTE images (o0/60) (b), they are less conspicuous.

300 L 1 L I 1 L

2504

T2gp;=-3.581899 +.95737 x T2 R"2 =.964432

T2 value from single shot EPI

Fig. 5. Correlation between Tz
° values calculated with single shot
EPI and those with CPMG.

There is a good correlation between
T2 values obtained from CPMG and
* EPI. R?=0.96

0 h I 1 1 1 1 1 I
25 50 75 100 125 150 175 200

T2 value from CPMG

TR OE NI\~ &, phased array coil D fHf
BAicky, 28 E+57: SN BB AHENTE
5. BICEPLIZ B W Tt voxel B T2*IZ &
% dephasing D& % F/NRICT H72DIT X
FA A HEL LTvoxel D KEIR/NEL LA
FRB, EEBALTSEEbNTNEY.
FFEE, C &ICHBEIC STz offko
T2 B2 Heic4E <, FSE T3 AR &0
VEFSARBO XL\, EPI 225 7
BEIZ FSE = SE B2ic 4 578, BEFLOa
VEFSAMEI—BICFSEELD AENTWS
ERAdH5 (Fig. 3). EPIETII &b oy
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1
225 250 275

PSR FREWC EICHE > THEZEFICIESO
WEZRAZ L%, HEEDOES HE.

CODEELERES L L THHEINCTV.

—75, EPIEEBERICH L OEEICBERTD 5
C EDBMBN T D FAERBECHUE - o
BHoFMEIEES L L THEsNns
(Fig. 4). F7-FFCEEICILE L MEDsk
OBEHICERATHY, EE/LLFEEEEbh
5.
F/EPIEEIC k> TW OO TEIC X »
TIRKEARHTHRETE A7-0MBD T: %
FERFENCRD A T LN TE B9, Single shot
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Fig. 6. Artifacts on EPI images (c2/90).
Severe susceptibility artifact and chemical shift
artifact (arrowheads) are seen. A high signal in-
tensity mass (arrow) is seen in the left lobe.

ODEPI TR TR 2R K & L7092 EMNTE
LI EFRERIROX TR SN 5.

Signal=K (&%) exp(—TE/T2)

Fig. 5 i Carr-Purcell-Meiboom-Gill (CPMG)
HETRD- T2l & EPI TR 7= T2 fEDOFHES
TR LICADTHHH, REBWHEEEZR LW
5. ZOZEIFEPIIZ L » C T OFEDR
IEHEZ: T2 REER R 5 C L AR THSH
EERRBELTWAS. /- EPLIC X% T2 {EHEIE
Ik \\WCcut off point %2 116 I Ui+ 5 =
& THREWRE L ElatRgE (F¥ER, FFimE
fE) 78 100% 8851 T X 7z LMEIN TV SR,
EPT iZ W CRIROIE L\ & T: w5k o
HTEMARETH A EEME-T, BIEOE
BT L % average SR N7 W LR T OEHR
LLTEZLNTWA.
c. EPIOo7—97 57 F

AR &SI EPI K PS5 A Mg
BENTWBH, EEEIN—FY L7 —OERR
BWC EEHESTT—F 777 FRFE LW
DIZZDERIEAIEIR OGN TS, EEIC
EPIEDBBRIRKISABIE R A ED P, Uk
ZICINGDT —F7 7 7 MR AfNCE Udd
HIEMTERPEIDIThPo>TED.

EPLO7 —57 7 7 MTiFfcT v a—F
FiTEI~\ D susceptibility artifact, chemical shift

artifact, N/2 artifact 7z ¥ B 251F SN 59
EPIEIZZ S DEABBIC L > TTa—%IR
EL—EBOT—ZDOHAEDDBELIEWVR
D, BBORE—MICIERICBRT, BHIC
susceptibility artifact #4: U %. FFEOBEIC
BWTh F—ATOICEY 5852, BAIC
BT AR E TSN — i b7, &
WA EGROWPAEAE LS (Fig.6). i
EPI ¥ T TV a— FO b OEARSE
PIRTEGANCEHINT 57201 2 ORET /NS
<, PSRBT 10Hz X720 A
{2 3% 8 /x chemical shift artifact 4 U%. &
D 7= DREFIENINEATH 55, BBORE—
HERD B & T RREEIIHEI 28 20 0 B 75\ RIS
phased array coil & i\ \728B&, oA VICEEE
L 7=M§B5 7 chemical shift artifact & L C H 3T
> TLED. it chemical shift I k5T
T OEZ D B TEARTES T 7-DICKE T
B D451 saturation pulse % 10 LIgR5 D5
SEIE LT 5.

IEER DO HLEGR R E &

BAE, IhECGHFE MRUIIBBEZE O B2 W
2, BEE OB & IR ORBIC
BRRIGA S TWAD~D . JEEIC DWW T
T OB ENIC & 0 #EERFA MRI O {523 R
THolelcDINETIE LA LBRGHAINT
Wigh o lz. R, BERBRBEOES &R
JRELER IR MRI 28\ (2 1R T IS B P BE & 7
D, BEM~OILEERFE MRI OGN TFEE & 7
-7z, Fig. 1 [CHRBEERERIC A\ 570V A%
FlOTy 7 XAT 75 K%ARYT. 5\ mo-
tion probing gradient (MPG) #{ffind 5 &
&> THROKRE L ABIT EEBIIET T
%. TfEEO gradient IZ L AEEBE AR D
%5 &2 &k - TADC (apparant diffusion
coefficient) %K% Z L NFHETH 5.

MRI JABGHRE G, 5, BN 5E#RE L
T, FEGAOKDILEGEEIOE S & F
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(anisotropy) ® 2 2HH 5. JREGEB)OE X
(ADC) 1L, A TIREER—ETH H7=0
BEOFELZT, FIOHEERY L,
BB I L AR ERZT S, Flx
i, MR TIIE OBRELEALEORS T
L& ELFEL, TNHIZLDKGTFOE
BHCHIRR Ao 545, ZHuTxt LAIRascldk
SF I HEREBS OFIRS D\, Eio, KR
{EDFRNEBAL T b 55 F OEBNCHIR 2 o D,
WAE TILEE & ok FIEB O HIR A 7%
W, —7, FFREICOWTIE, IhEGRREE &I
MPG %1 2 % J5 [ OILBOEE) D A % KB $ %
72, MPG #mz 5 FMEELAH T EITED
TEOFAEZMAZ ERTESL. TOT LT
Bl 2 X ERRAEDOET A M A DICERTH
B, BAEEERER Tl IR D
EMEDOFHIIC D W THE BRI N TWiRW.
a. JEBERFHEGROFERIGH

BAEET R COMBEEREBR DO X —7 v b
BEHFETH D, BERANOIEEGRFHE RO
JHELTREL 220D7 Ju—FNEZLN
TW5b. 1 DI EEeERER SR E b 2251k
I THEHERBGERESR ARG L, ChbD
EEROEEFHREOEILEZHEST AT LITLD
ADC #3k &, ADCIC L VR 55
BTH AW, MOBKEHE LT, #HGE
FEGSE I L CEETH S 2 &
L, &% D EPI /)L ARFNC T\ A B8R 5
EARB AT A LIC k), MEDEESE

Table 1. Mean ADC Values of Abdominal Organs in
47 Patients

Organ ADC (%1073 mm?/s)

Liver

without cirrhosis (n=32) 0.69+0.31

with cirrhosis (n=15) 0.60+0.19
Spleen (n=35) 0.78+0.35
Kidney (n=15) 1.63+0.34
Gall bladder (n=12) 2.97+0.26

ER14 X b
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Fig. 7. Liver hemangioma.

a. Respiratory triggered Tz-weighted TSE im-
age (2000/120 with 7 echo train length) and b.
EPI image with low MPGs (b=30s/mm?)
show very hyperintense lesion in the left lobe of
the liver. Common bile duct (arrow)

c. On EPI image with high MPGs (b=1200s/
mm?), the signal is markedly decreased but
does not disappear.

(from Ref. 14 with permission)

& T <+, EPIEROZBHED R L% X5
HB H12).
1) IEF RIS DO kil

ChE TOWEIC & 5 EHAREEO ADC fi
BEFEMTESOE BB HLO0, EMEE
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bp hds 90 A S
Fig. 8. Metastatic liver tumor (primary site :
colon).

a. Respiratory triggered Tz-weighted TSE im-
age (2000/120 with 15 echo train length) and
b. EPI image with low MPGs (b=30s/mm?)
show multiple hyperintense lesion. Liver cysts
(arrow)

c. On EPI image with high MPGs (b=1200 s/
mm?), the signal is markedly decreased but
does not disappear.

(from Ref. 14 with permission)

TR KRG TFOEBOFIR D70 & B
% RRERRES T b ADCEAE S, KW THE,
B, B GREIC K- TIE, B B OlEE:
5T (Table 1)1319 | ¥ x OfFAE, #lx
ITFEOBICITMaRNKEOE M LR E, Miast

Fig. 9. Diffusion weighted images in a patient with
chronic renal failure.

a. EPI image with low MPGs (b=30 s/mm?) shows
bilateral slightly atrophic kidneys.

b. On EPI image with high MPGs (b=300 s/mm?),
the signal is of both renal medulla and cortex is still
visible, indicating low ADC value.

L HAKOEENIHIR XN 5720 ADC {EIT K
T95.
2) FHIEE Ok

PREGRFIE BRI ABROIE X VD, RO
T, TefBEE Vo oINS A—R LRI HINT R
—ZTHD, HBEROKORELRELTS. I
DOEEHEHRE CIHEEOBVBEOER (%
fa, MmEME) ClIRERS PEE TKOEEHO
FIRR A A7 <, BRWIKEGRFAE R (b=30s/
mm?) CHEVWEEFHE L TEDLNSD
OO, IR HEAE S (b=1200 s/mm?)
THEREIERES &) ADCEL & (Fig.
7). —FH% < OESRESIERC mMEREICH
LT, WIERS B 7 KT OEENHIFRIT K
E W OIRHGRTIERBGS DB A Z T H#<,
R\ R B A E 2 (b=1200 s/mm?) IZ3\»
THAEBIEES L L (EDHNS (Fig. 8).
ADC {EIZFFEE LIk bFricmyh, 1ZE
LUWMEE AW,
3) BRI

B 2 D 83% MG TR I N, MED
BECKOBE B L T AR THD, HEE
MAOHAEAE SN 5. BiiEEED
AT, EWBEICHL, BEBARETIEE
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B, 8L HIC ADCEIIET L, BETIIE
#D50% LT ADC fEwRd (Fig.9). 18
WBREF R T BV OERIC X5 HES LUK
BrOICEE LR ARETHD, ADCOKT
T OFERRERIEL, KT OEEM: & RO
ETICE5b0EBbNns. BEIPRBEAEE T
BB O ADC {HIFIZBELA 0\ DI LB BIR
PAHE CTIREEANOMKEEDETIC L D KGT
OEBECERICEE LY S 2, BICKEDA
ADC DET#RH5H. O X DICHBERFAE
GErERICHELET A LICLY, HEMRIT
FEEOREE TH > - HEHOBEEDOZH
R, SEHEHERHE X 5 I B BRI OBERERH O BT
BEMEATRBIN, SHROFAESHIRFENS.
4) TERAEER B O

RO & 2 ICIAEERIC X > CERAORS
OER, HICHEHEROZENICAVW LN ST]
HEMEAD 5. HIRMEEE PR TR 6N
5B, =0 ADC (38R L DERWA, &
—N—=5 v 7L RoN, BRREREIHLL
TR\ E 7 EORRIEEE & (2R T
ADCEIZH £ D EMNEL, BENTHEDOS
WHERAEH CENIEHESEEE C LI
mucin producing tumor OZ KB EE & 2 T
W5 (Fig. 10).

5) EPL¥:oEEMHEEDR E

B MRZE L Te 3838 EPT Tl &E 510
wahsR, EPLIZE & ICw L TR\ oD,
FE o T #aR e <3 low void & 72 D IKES
L AMRRLEEFICHE SN, FCEE
EANPRELSELDSH. FOMPGIZES
(b=100 s/mm? LA'F) fREGRREGRIC L > T
COESHMEROBEEZIH L, BEOK
HEERE B 5 r@EIhTWa2. Thid,
FLEERREER S 108 L TR TH A Z e h
b, MAERBIMITICE D EFET2REEED
APEBEBE L TREINSG LD THS.

b. IEEGRFEIGRORMBE R & 55
PECRTIERIL, NROB) I LTEEIC
BRETH Y, WRELETOBREIC X D FRED
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Fig. 10. Mucin producing tumor of the pan-
creas.

a. HASTE image shows a multiloculated cystic
mass (arrowhead) and slightly dilated main
pancreatic duct.

b. Axial EPI image with MPGs (b=30 s/mm?)
shows marked hyperintensity in both cyst and
main pancreatic duct.

c. On EPI images with MPGs (b=300 s/mm?),
the decrease in signal of the cyst and main pan-
creatic duct is small. The ADC values of the
cyst and pancreatic juice were 3.3 and 3.4,
respectively.

BEIIELETE A5, LDHEBICEAT—F 77
7 MEEHE OILEGRFRE S Tl Oz,
ZDIDEMNC L - T, DERBEEOHHE N
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Fig. 11. Imaging parameters on HASTE sequence.

In contrast to RARE, only half the k-space is acquired, and the image is
created with a half Fourier reconstruction technique. The early echoes
(8th echo) are placed in the center of the k-space with progressively lon-
ger echo times towards the upper half of k-space. In HASTE sequence
as well as fast spin echo sequence, echo train length, echo space and
effective TE are important. With the shortening of echo space and echo
train length to 64, short echo space HASTE sequence gives a relatively
large magnitude of last echo, and results in a relatively higher image spa-
tial resolution than conventional HASTE sequence, which in turn
results in the small matrix implemented in short echo space HASTE.

WELBERADA. £z, EPLIC X AIKE5E
FEE TIE S/N kB L U5 FREDOKT & 22
£ @ susceptibility artifact IZ & % B D E A&
285 DB\ chemical shift artifact 28580 5
N5, £ZT, o T RESERGEE
(HASTE &) It MPG ZfFind 5 A b7
NTWAHY . M IBERFREGORE & LT
HERIC L AFERB T ON5. EROILEGRA
BRI 5 2 5 IR L BRSO
BENDE 2 S LEAHRLIBHETH L2, &
g7 & EROFEOH\ ESE TlX T OFENE
RTER. CORTEROFEDOHR IS T
1%, b=400 s/mm? L) kD HEFIC#E\ MPG
IZ & A IAEGRAE S B\ ADCEZFTE T 5
CEREVEROEEZEHTE5LE26N
TW5A.

Single shot @ fast SE ;% (one shot RARE
k& HASTE %EH BV & SSFSE %) T3
body imaging

a. i B

Rapid aquisition with relaxation enhance-
ment (RARE) ¥ (fast or turbo SE ) (i,
—[ED 90°Fhk, L A5 it & N [EOIR A
180°/X )V AL & » TN EIO T a—% & 5Tk
THBHE. ZOL>ICLT, ThZznd TR
DRI N A D k-space LO5 A VnBLNS.
N O¥ix T a— F VA4 v (echo train length :
ETL), Tao—tITa—0OfE>%E» 180°/ 1
Z DOFFE % ehco space & FE 5. HEERRIE,
SE#:® 1/NIC%E#E CTx 5. Oneshot RARE
= & HASTE 1 & &1 SE % @ single shot
G 5. Oneshot RARE (true RARE) #:i3
—ED 90 E/VADRICMAT Y/ a— F5D
180 B/ UV A% XTAInL, —EEIC k-space
EHRELTCLEDAET, HASTE B 5\
SSFSE & i %= @ half-Fourier t8 T & 5 .
HASTE # {Z MR urography < MR cholan-
giopancreaticography (MRCP) iICHW\W 6 5
CEREWDD . FBERE1I2HUTTL
slice DEIREH/AHZ LA TES.

b. RARE ¥ » HASTE g0V F 5 A b
L IRG R
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RARE 5, HASTE I3 FSE i DR DI
THY, FSEETR LN A5« ek DNEB
I <HENS. COFRTEFSERICE W TIX
effective TE, echo train length, echo space 7x
ENEBDOAY FTAL, BRBERRDD T
BHETHAH. BICHASTE OBk 2B F
5 ETRMEELRA VML, 4180 E/ SV
ADETHEOLN A T a—DKE 3T T FRIC
o THETHENDIETHS. RPOLO
—{3 k-space DFRIZEHPNEBRDO IV FF A
FERRET A, HBFO I a—id k-space DU
BICEPNEGORBEZIRET H. L IHHN
HASTE % ClIBEF DO T a—FE5 185 /DI
blurring 2834 U, E{&OZEMESRAEITET T 5
(Fig. 11).
effective TE

BEHASTER CRH8MEE O T a—H K-
space DT effective TE & 7¢ 5 (Fig. 11). FSE
% Tld% < O%BE SE kL D B\ effective TE
BEERWASZ LB WA, FFiED imaging I
A\~ 5 HASTE #: T i3 8 A9 58 - effective
TEfEZAWAZ LICk->Ta Vv PSR MR
I+ 5 <@V SN ka B A5 LR TE
%. —77, MRCP % TH\5% RARE ¥ Ti33E
HICE effective TEZ F\, B3 h %
volume O > HLIKDEFED AT T 5 L DI
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LTCTW5. jic effective TE #fafET 5 &
FD echo DEFREL &Y, EIFABDOMER
LY.
echo space, matrix & Z2fs]5-f#Ee

echo space % echo & echo & DREIfR T, %
OEBEZEL TSIt TCIa—HoEEOKE
TOENBNE LY FSE BEOBEBE OHENE
HNAH220, ZERSREEIT KD L 51T T2 DR
WHE TIE#BFEO T I —F5 38 < matrix &
#22 L, ehco train Z NS ®NiTZ2R 5 fEEE
3T, & TABFREO X DI T: O HiHE
WHERRIC 35\ T, echo train M ¢ T
BEOTI—FBIEHEV DT & A LS
BEICI3% 5 L7x . echo space % 4a#E L T
EDIa—%TEHZTRLBL I & H%EMS
RAEDE LDz DICIIEETH S ().
AVAN '

HASTE # 75 ¥ O single shot & Tl A WS
V FECEEICT — X RREINhD. KWWY
Fig % 5 Z &1 & - T echo space &G
IN%. %/z chemical shift /M <70, 1F
LA CERTEAREICE CThD-DBERERD
RAEMED, BRAERT SICRERTHS. L
» LifiiZ SNR (3K F 9 % 7-81C phased array
coil DFFRITNATH 5.
c. HASTE D7 —F7 77 +

Fig. 12. Phantoms with diameters of 0.3,
0.685, 1, 1.5, 2, and 3 mm are arranged in
an order form the left to the right, in which
aqueous solutions are filled with different
concentrations of gadolinium chelates : 2,
1.2,1,0.6,0.5, 0.3, 0.25, 0.15, 0.1 mmol/L,
and pure water (from the top to the
bottom). T2 values are listed on the right
side of each row. The phantoms were im-
aged as one slice with fast-HASTE (a, echo
space 4.2/TE59) and conventional HASTE
(b, echo space 10.9/TES87). (from Ref. 21
with permission)
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BROMBIVa— FAT vy L, dBOIF
FEA&RHETA. B\ echo train, 47xw
matrix 1, B\ TE %\ /z & & T blurring
Td-&bFEHELS. —F, HASTE ¥ Cld
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Fig. 14. Projection MRCP with HASTE (o0/87) (a) and single shot RARE (c0/1100) (b) ina

patients with primary sclerosing cholangitis.

RUPS /T AN

Fig. 12 iz — > ®D sequence D7 7/ F A&
THhAD, KDLk T BEOENE TOMR
£ 1T long echo space @ HASTE 23MEn, BF
& & 5 75l Te fEOF KI5 T
short echo space ® HASTE H#EEICH\WT
s> TW 5.
e. Single shot FSE ORI H
()MRCP % L U MR urography

MRCP ¥ X U MR urography (& HASTE #
5 \WE RARE BRI L - TRIFABEGRAES
n 5181922 HASTEE CHEVWAS A A%
¥ % |, maximum intensity projection %

Fig. 13. Projection MRCP in a patient with
pancreatic divisum.

Relationship between Wirsung duct, Santorini
duct and common bile duct is well depicted.

Both MRCP images show intrahepatic bile duct, common bile duct and pancreatic duct. Stenosis
is seen in the common bile duct at the liver hilum. In HASTE, intrahepatic portal veins and other
background tissues are seen. In single shot RARE, background tissue is effectively suppressed,

but image is noisy.
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W17 W RE T % », RARE & @ 75 73 back-
groud DEBRESIFIEN S (Fig. 14, 15).
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% 7 HASTE & Tl FIlRHF#IRb&E 5 &
LN, RRCIRER L7-fRE & DX BIA 8
LWZ MBS, RARE ¥ Tl R RE 2
PRV, OB LEE (MERE) T
12907V A& AN LT B fE BRI E TOM
CHERGEE» OB L TLEY, ThbDfE5
FRLNZW.
(2)BFlig> imaging

Short echo space HASTE :iC & D #B&#E D
T —FT 7 7 FOL T WO BEBLATEET
H5 (Fig. 16)2020. HBERENI 1 A5 4 2D
72 0% 0.3 8 WO THEREEOTHICTE

KUMAMOTO UNIV.
MAGNETO!

Fig. 15. MR urography with in patients
with hydronephrosis.

a. Images were acquired with multislice
HASTE technique and postprocessed by
maximum intensity projection. In HASTE
MR urography, background tissue is seen.
b. Projection MRCP with single shot RARE
In single shot RARE (o0/1100) MR uro-
graphy, background tissue is suppressed.

Fig. 16. Metastatic liver tumor from gastric carcinoma. Intrahepatic venous structures and
other anatomic landmarks are significantly more clearly depicted on ultrafast-HASTE. Short
echo space HASTE image (o0/59, echo space=4.2) demonstrates superior delineation of ana-
tomical detail. Small metastatic nodules are visible. The wall of the stomach is clearly seen. Prob-
ably this is because of lack of motion artifact. (from Ref. 21 with permission)
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Fig. 17. Short echo space HASTE images of
the kidney in a patient with bilateral renal cell
carcinomas.

Coronal HASTE images clearly shows right
multiloculated mass and left small tumor. Both
tumors proved to be renal cell carcinoma.

WBBICLIEHTRETHS. EHTE 27

M5 T LI ko THEHEW TE (=64 ms)
Ti7e P VEBEICECES, ROOTE (=
90ms) T T:HMABEHELEONS. T
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HASTE ¥ O JFlig ¢ O iR ORIRE & SE
B EPLEEICH L Cla v F 7 X F RS
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=0 L RARRICIE, &40 S/N B EN

the lung in a patient with post-radiation fibro-
sis.

HASTE images shows a lesion in the left lung.
Hilar structure, peripheral vessels are well-
visualized.

Z kR, WED T{BIZRT 558 TE HEW
Z&, BBOBEEREAFIv I LUVICH
MREHE2HRLEHD 180 /)L AT LD
magnetizing transfer Z) R ARG T L2997 &R
%2 b0 5. HASTE Tl Th b OB # R e
ICHRETH 5.
(ML DO REE N2 D imaging

Short echo space HASTE #: i3 chemical
shift 272\ 2 &, EOa YV FT A PR
C Lr GRS OB O B2 HT,  FriCiH1L
#, BB (Fig.17), BBOZMICER TH
%30, T CT TG S Nz W BRI ki
DEBPFRICIID. TN EDOEERNDAE DR
KISRADBFEII S BB SN L D.
(DFfi % & 0HD imaging

fifild & D FE R R DIEER O TR D
Te B LU THMERENC &, 7O N V/EBERN
BN &, BE\ susceptibility 24 U4\ C
E, DIESRDOT —FT7 77 FINEETHH
i FOBEHIC XD MRI O TEEZ{LA R S
e RO —DTH o 7230 LhrlL
HASTE BIC & » THEED (LIRT & ~TH
RENT) D T2 WARE G 155 Z & AARE &
75 - 7= (Fig. 18). HASTE I B\ Tk &%
D 180° 7V AT & - THEB DOTE— LR IE
I, susceptability DEEE|I/NI . FRIRE
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Fig. 19. Large ovarian cancer in a 65-years-old female patient.
a. short echo space HASTE sequence (TR/eTE/ETL=/59)
b. High resolution TSE sequence (TR/eTE/ETL=4055/120/

15)

In both sequences, a giant pelvic mass with multiple cystic necrot-
ic tissue is seen. On TSE image, respiratory blurring artifact is
prominent. In HASTE sequence, such an artifact is not seen.
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Fig. 20. HASTE image at 26 weeks’
gestation.

Coronal HASTE MR image (o0/87)
clearly reveals fetus, umbilical cord
and placenta. Sagittal fetal image is ob-
tained. Diencephalon, brain stem and
spinal cord are not revealed.
a=intermediate layer, b=cortical
layer, c=germinal matrix, d=dien-
cephalon

(from Ref. 35 with permission)
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(Fig. 19).
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Ultrafast Imaging of the Body

Yasuyuki YAMASHITA, Mutsumasa TAKAHASHI
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1-1-1 Honjo, Kumamoto 860

With ultrafast imaging technique such as EPI and HASTE sequence, body imaging can be ob-

tained in less than one second. The value of these ultrafast imaging techniques is recognied,

although no consensus has been reached regarding the optimal implementation. In this article, we

review the current status of these ultrafast imaging techniques in terms of clinical application.
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