RZE

=R Ta—75F—y: (3D-EPD) QKA 1 :
B & AR

wmAx BL BWAEX?
VRIS T BB AR

Viswanathan Seshan3

TRE KR IR RE SR

SGE B& A 7 4 ANV AT A

FL®IC

JT4E MRI OBRE R OHESICPE, B 7%
EEBBELRERINTETWSR, TO—D
¢ LT echo planar imaging ¥ (EPD)V3E:H
INTW5.

Wk EPLiZEIC =%t (2D) TF— XX
ERTONTELR, 2SR ERR,
BExt#E . (SNR) 7 & B ERICE 2 /-
BE, BT LLWHREDOWL D EITEWEEW.
EPIIZE 59, =%kt (3D) |BEKIIASA
ARMDOEE (crosstalk) #ZFIZ< WE, &
SICSNR %R EX BB ENTEAHAFIELD
% . 1989 &£ 2 1%, EPI % Z A& |2 3D volume
imaging # R A/HED 3BV, ERKINTIIR
M8 DR % SR A7 |ED D b B 50, KIEH
BEERISHICIT ERE > TRV ORERTH
5.
Wx BRI 5 X5, Frox=%tEPI
WNIWVARFIDY 7+ =27 (BAF, 3D-EPI)
RARE Lz, CTHITEIESME & U CR B ik i
LB LY, —BOBEKRZEK A MRI & T
BT 5 LRFIRIC LD THAS. Ll
POVARFNOBEE Z D DORH L, BB
R EITBWTRROEAY 7 b 2 TICBIT 5

BREZOEEINHT A ENTE.

ZIT, BB 75V EAEBERS VT4
T BRI LT, EBIC 3D-EPI TEf: & INE
L, BEERZENCEY %2 bNDHEBEBEH %R
DBHEEDBIT, E2BBERICHNOWEN: %
Rt L.

=RTREICONT

ZER7— VU IE# 3DFT) OEXEAE
¥, Zw7— VY IE#HR 2D-FT) OAX54
ARG, COHEND S 5 —DDFMHT
VI—FFEREICBEEML A RICHS. £RF
PSIVARFIED 1 A5 A4 ADA T L, &
B EEBROLRY 2 —A (slab) =R
%.
A5 A ZERIT, 2D E Rk, —oD R
SA A - TV/a— MERESBIC X, 3XTD
Ca—l2WTTF—aBEDONS. KRWTXA
FARX - Tva— FEMNES O A% 1 BRE
2T, &Y —DRELFTH. ZOERFEE
BOERL, Bon/=ZkmT—2ty ML
T3D-FT OUBEZFT> T, HA54 ADE%
fEDH.

3D A A=V 7T, BOTHCEREZ L

F—"J— K MRI, echo planar imaging, three-dimensional Fourier transform, skip-echo imaging
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DAZ A Auf/ND XS 4 A crosstalk TH
B35 ENARETHA.

2D A A=V VT DOBE, ATA4 ARFTKA
DESITIxA.

A5 4 AB=2axBW/(yxG)

CZTCBWIIERF /7UVADNN Y FIE, v TS
EBlERH, GIIENESEOAE TH 5.

ERTRENB L DIC, RE/JUVADN Y F
Ba/NSLFBHTETAGA AELRHEL CTES
», ZOHERNLa—kE (TE) 2R L
TLED. A5 AERERES OB 258 <
THHELEZONSD, —BRERERETIE
20mT/m BESRRTHAS.

—F, DA A=V VT DA A ABRITEKR
DEDITEA.

AGA AE=2n/yxG xT

G 27 7 REMES oA, TiiEE
HICEEFROMBL Y 32— ¢ V7 ERES
VARG AR T, ERiE, RS54 XE
HPILFTHICETEPELTNIT LN &
AT, DEOMMEITYa—T 1 VI ERNES
DNV ABERKE L ThELW. CTHITEE Y
—TVADRA IV ETET A DTS,
TE OR/MBEZBHICT 5 Z &3,

DA A=V VT TREY 22— &Ik
RN a—bh 6 A—VIERPIEINHDT
SNR I3 5 2D ¥/ —7 vV ADB LD & R
FGA ZARDFFHBICHFI L TREFEZD, 2O
RTEEEATA AOBBIEFET 2 5.

L L 3D F—&ty bOREIT )2 %KM
TR A4 2B B L CTEL %578, dynam-
ic imaging 7x Y IBERFRENCHIFI BN BB EIC
i3, A54 AL HABEFREINS Z LIk
5. ZODDICL EPLZ Y OBEIREBENE
B2 5TL BY.

3D-EPI [CDW\T

EPLICRO $HBEEAS A —YV V7 TE—#K
i, BBREEYEMRTLIO L B I,
SNR ®av + 5 A G REDPEL, BRxT
—F7 77 FPESBENAEABBD, Thb
HEDE DRI TEIBRERFELE - T
W5,

o« 3BA%E L 7- 3D-EPL /UL ZRFI T, B

TOXS e EM 2 T\ 5.
1) A2V ZRFNE, FEARIC I gradient
echo %4 7O EPI G 5. L7 L convention-
al EPI L/ K& S Bk 5 AlL, ‘skip-echo’ se-
quence T R% &> TVWHRTH 5.

Conventional EPI Ti3 U — F7 7 MARR
573 cross over ¢ ABRICM IV a—F 4
7 blip #@& L, U—F7 7 MERESS posi-
tive & 7z {1 negative T—EfH & 7 - T\ 5[4
r—a2%ET 5 (Fig. 1a).

Zhic L, R OVARFITIIAET V3 —
T4 V7 blip PBHEINLDIIV—FT T b
TERMEEES 75 positive D721 C, F— X I3fA
A3 2 negative & 7z > TWARICIE X h
% (Fig. 1b).

ZDFHRIL, ghosting 7 —F7 7 7 &
#1945 728 D reference scan® & NHE & &,
F—RNBPRBTHHT &, ToufEol
BRESTbNhA WS EBHS. LrLE
Fre& LTiE, SNR BRRETFTLTLEDIED,
conventional EPT I kR T4 L TF — & B
Bond, BEBEFEAELZ>TLED LWV
RIEND 5.

2) BB % EME X ¥ 5 7T half Fourier
BrRBAVTWA. THIC KD 7 — X IR
B AEFITETEMINASS, RFDINnd
SNR ZE T X R 5HER & 757,

3) A Tld k-space ZFIET HDIT, FFEH
DARNFLER 2 B RO i@\ DB [ 20 -

199944 A 156 A® 199947 B 27 HEGET

BIFIEERSE T650-0046 FETHHREAS R 4-6 MR FRTEBEMEENR #Ex B
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V-

Gy I T T T O O Y A3
L |
phase encoding blipped gradients rewinders
Gz /\4— slice encoding gradient
a \/
e A ATATATATATATIS
Gy I N N WA NN NN BN B A
\/ 1 )

phase encoding blipped gradients

spectral-spatial pulse
b RE __asilin,*
Fig. 1. Schematic representation of the pulse
sequence timing diagram of (a) conventional
EPI and (b) ‘skip-echo’ EPI
In this pulse sequence, data is acquired only
during one polarity of the readout gradient, and
spectral-spatial pulse is applied before slice en-
coding gradient.

TS5 —& & RI%E T 5 centric phase encoding J5
KO% L > TWAhH. THICED BiF Te*ayv
FSAMBBBENS T &M B, functional
MRI®H FVU =7 LAEEH % B\ 7 suscep-
tibility contrast imaging IZ 1z FF| & E 2 b1
5.
4) —&iZ EPI Ci3fgR5 © chemical shift 7 —
F7 77 FRESBENAERLD Y, BIES
OMFNDPIBI R TH B, T DIZDITHE ~ InHitk
MEREINTWELIN, KETIHKZT 2ER
HIIC B2 3 5 spectral spatial pulsel® % F\ T
W5,

MR EFE

A L7/ MRI ZEB X —REREAKTH 5
Signa Horizon 1.5T ver. 5.5.2 (GEYMS) T%
5. ZfEa4 VB OBETHEER/NN— Fr—
Vil Head oA V&R L7z
1. EFMEBBHIKERZHA L7-EERH 16 cm
DEE7 7/ P ARSI ELE L8 EOE
BEfTo7. T L THRLONE®RP 67 7/ b

Fig. 2. Phantom image and multiple regions of
interest (ROIs) of 1059 mm?

LWFBIC 4 &R &AM DNy 7 75T/ FIC
2 BT OR.L L (ROI; 1059 mm?) % 3% &
L, TOESREOEBREZHES S LT
MRI ¥ 25 A B RO R EN: # 3 L7z (Fig.
2).

#1585 A — 12 FOV 20%20x6 cm, TR/
TE/flip angle=45.6/19.9(ms) /20, Z{5/NV
R g 32 kHz, matrix 96 X96x12, A5 4 A&
5mm, EEEH (NEX) 2, shot 8 & L7-.
2. KOWTHERS VT4 7T eRRICHEE
Tole. BBERISBIZMEEE LY B
OUFRE T TH 5. BT A =X, A
54 AR 5mmICEE L7 kT, shot #,
FOV, matrix, NEX Z 2t X} 7R EF—F %
IEE L, ERRAVEHIICE Y rEE A/ E b 55
B2 RITEBMICHRR Lz, TOBE, 1hHN<
BEeRETERT A LS EED—D & L.

] R

1. 77V Faeflio THLNIEEREZR
— BRI T LI &L » TR &N
Roni (Tablel). TNy 77570 FE
S THORBEOEZFOEFHHELTWER, W
N BRI +2 SD OFBIPUTIER L7z,

2. BERT VT 4 T ERRIC L-EmEBETHE,
WENOLHTHESTIETH AEIRIED R T
2L WEBROZERPD B A (distortion) 238

441



HREESE 5519% 75 (1999)

Table 1. Signal Intensity Values in Each ROIs of Phantom and Background

scan No. ROI A ROI B ROIC ROID ROIE ROIF
1 1327.1 1302.9 1359.9 1374.4 37.6 42.5
2 1322.6 1305.6 1355.8 1363.1 39.8 47.4
3 1346.1 1312.6 1371.3 1371.3 38.2 45.3
4 1339.1 1307.7 1375.1 1375.3 43.1 42.9
5 1345.3 1315.1 1373.7 1381.9 38.2 42.0
6 1329.5 1308.4 1372.3 1371.0 40.8 43.8
7 1347.4 1327.9 1383.3 1367.7 37.1 454
8 1350.4 1316.6 1372.2 1369.9 39.7 47.9
mean 1338.4 1312.1 1370.4 1371.8 39.3 44.7
SD 10.61 7.92 8.71 5.58 1.97 2.22

ROLI: region of interest, SD: standard deviation

ZIN/Eh, BB &3 chem-
ical shift 7—57 7 7 3B L, #BE
NG A =2 DOFPFIC L VRO K 5 Ir R P BIEE
hiz.

Shot #ic B L7-84, 4 shot LT Tt dis-
tortion 23k CIAFEEIC IBL 95 DITH L,

8 shot A ETid A5 A4 AMEE &K, BT
C & CHEIREHMIC & B AR 2 18 5 Hi il
BB LN .

225 RBED BT, FOV 20X 20 cm, ma-
trix 96x96 D A EH® &, FOV 24x24
cm, matrix 128 x 128 O A& ¥ Tid, WR
I REZZ RN o/, Tl E
matrix ZH L Cd, HmEBREISERT 51T
MY T L, O distortion IZHFINTL
TV, FHTEREBESOIEETH - 72
(Fig. 3).

fgl5 D chemical shift 7—57 7 7 i spec-
tral spatial pulse 1T & % FIRAIFIREIC L D 7k
DRIy (Fig. 4). LrLZDBERND
TR/TE B EL 725 Z & LREBRH LR
$TAH5Z &I A. FOV 20x20 cm, matrix 96

X 96x28, 16 shot D&M Ci, HaRFINEIET
#%CH/NTR/TE 78 17.6/9.6 7 & 40.9/13.51
FL, BEREL 18IS 420 F TEE
L7z, ZZTTNEX #2556 11T L THE
OB TR -7/ 25, R SNRITETF
LicbhDo, E2LVWEEKTIEZZ L, BKH
W4 lIC i 2 b A EEPE LN
(Fig. 5). 7272L, COBBEFCLILLDL
7, BBEROLE LHCREEHEW®, FEHTRE
ST T AEEG LHEREEIN .

DIk, BHEBEMyt - BEBREMOE & D% Ta-
ble 2 IZ/R7.

% 23

EPI {3 1977 4212 Mansfield IZ & > THID T
BAINDAB, MR EEBICH LTHRD CRE
OFEMEERS S &6, —BEKHE MR
48 T EPI OILADBIA £ - 72 Did 1980 A
Bl ThbDI ETHAS. LR EPLITE
RSB N— R 2 7R L TR ER AR 2T
BHHDTHAHD, Fx Dz 3D-EPI i3 2D-

Fig. 3. 3D-EPI images (24 cm FOV, 128 X 128 X 12 matrix, 2 NEX)
a, b : Obtained in 4 shot (TR/TE=168 ms/99.1 ms)

¢, d : Obtained in 8 shot (TR/TE=31.9 ms/21.3 ms)

e, f : Obtained in 16 shot (TR/TE=21.2 ms/12.8 ms)
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Fig. 3
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Fig. 4. 3D-EPI images with or without fat-suppression technique (20 cm FOV, 96 x 96 matrix,
2 NEX)

a, b : No fat-suppressed images
¢, d : Fat-suppressed images showing the reduction of chemical shift artifact

EPI LD S FICV AT ALEREELERT 5.
SRIOER T, KRNTITH—HIFO7
7V b AHRB T, ROIDIPALIC LV EHES
HBEICEODERAONY, BERS VT4
T R LI RE T L, BREEBROMAIC
Lo THEG LA UABENEEI N, &
NOEBHEFRD SE 2 GRE 1Tl & A ER
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BICblnpo 7288 ThH Y, »D>3D-EPIT
FHFRE NS A — X ICEBIRIC C OBR BB L
TWAEIEMS, MRIEBOS 7Ry FER
% B0 O — DD REFR &7 > TWAH
HEMSE2 DNDS. TOHE, KE LTIH
L FIORE O &\ shimming'™® L E RS 28
DETHHHB, NIBREGIEEORBEICH
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Table 2. Investigated Imaging Parameter Sets of 3D-EPI and Acquisition Time

shot

imaging

FOV (cm) matrix Sﬁce(t}nrfgness TR/TE(ms) FA NEX ShOf U088 TA(s)
20%x20x6  96x96x12 5 45.6/19.9 20 2 8 StF 12
24x24x12  128x128 % 24 5 168/99.1 20 1 4 ED 23
24%24%12 128 128% 24 5 31.9/213 20 1 8 ED 8
24x24x12 128x128% 24 5 21.2/128 20 1 16 ED 1
20x20x12  96x96x 24 5 176/ 96 20 2 16 ED 18
20%20x12  96%96x 24 5 40.9/135 20 2 16  StF,ED 42
20%20x12 96X 9624 5 40.9/135 20 1 16 StF,ED 21

FOV: field of view, TR: repetition time, TE: echo time, FA: flip angle, NEX: number of excitations, TA: acquisi-
tion time, StF: fat suppression, ED: extended dynamic range

Fig. 5. 3D-EPI image with the reduction of
number of excitations (24 cm FOV, 128 x 128
matrix, 1 NEX) demonstrates some deteriora-
tion of signal-to-noise ratio

o T AHETH 5.

727 7V PAERGICLIRET, Wih
DO ROL THEFBRENIER L & SICEFH LT
WAHH, TIUIEREES Y AT AORHEIAE
EWIC L ATREMEREZONS. L1 LEDE
BiFi% =2SD OFHEAAN T, ARNICIIT LA
PHFTEZWLA)LTH Y, dynamic perfu-
sion imaging 7z ¥ IERIEL A BE T 5 K D7
FERZWHE IG5 & LTh, EMERIFHEIC

BETHEIZELVWERE TRV D LD
N5, WIFNIKLTa IhbD MRI EEH &
ICERAT ARBIESAIL, SD-EPIOEAIC L - T
WD THLENL IR 572D THY, N—TFTx
TO—BOBRBEREENSLIATHA.

EPI TiZJgl5 D chemical shift 7 —F7 7 7
PRIV a— FARIICOENA. Shift &
BRBOBILFOVICHAIL, NV FiER
matrix size IZH B HO105, SEIOHFRE
ST 31 5 shift BT/ BV ET
5hDOTERTEIL\. TODIRHMHEIEL
BALE 255, P TROERBNE &I
Lo, BERELERL, EOmERERE
L LTRAFTHA. HxDERTLFOV
20 x 20 cm, matrix 96x 96, 16 shot D&
T, BEEFEIIIEMEIE 18 B 5 42 B
ERIBICERE L. WK ELTNEX %205
TCEETHILT, HEVEEYHLEES
T R TIZIEER IS LN TE
7o, Thll koGRS RE & LT, &
B ERMICE L\ % 3k S 7\ C shot £
RS PR DI S FIENIC, rectangular FOV
%E M L7V, k-space trajectory & Tk 9
B Y, HOBOFEDOHA GO BNHE
THAHD. T EPLIIRATN LRSS ORE)—
(susceptibility effect) IZHR®O THEMTH D,
TR 5 distortion 7 —F7 7 7 + b8
CHNA. BAEMICITRTERACARER T & O
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AR

EREORE TEGPE S OB L/, HEE
B ¥ ORI 138 Y Tt %\ . Perfusion
imaging 7 ¥ BEOBSRERIZ I 217 > 11T &%
AN—FDORBRCTH LB, BEDOL I AMH
B L7V 7 7 7 78 oblique-axial TH O£
IR LTI Ead D, Fxr DRAE
ERTI, BEOEBMUMEBRET 54, £
PYPOBAZERD A SOD, BEERHEICH 2 5N
BOFEVENAREEZER Y FTELD b
FRlOBEICEEI N/, L LEEKERES
2 HARBEBERHRMAE, FEKERL DS
S OEHEIFAN—LTED, BRTLEESH
DHMICIDABEREBR CX 5 L Bbhi.
HBEXY, BRCIIE2MR TN EREAR
SERHFEETHLO0, FFERMITIN—F7
7, V7 Py T OBMETORRRMZ bR S
Z 8T, MOAREPRBRIN N BRI I3t
LC, 3D-EPI AR THERALFERLEVEBS
TREMR D 5 EE 2 bz,
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Clinical Application of Three-dimensional Echo Planar Imaging. Part I :
Theory and Basic Study

Satoshi MASUNAGA!, Nobuo HASHIMOTO?, Viswanathan SESHANS

Department of Neurosurgery, Kobe City General Hospital
4-6 Minatojimanakamachi, Chuo-ku, Kobe 650-0046
2Department of Neurosurgery, Kyoto University Graduate School of Medicine
3Application Research Gr., GE Yokogawa Medical Systems, Ltd.

We developed three-dimensional echo planar imaging (3D-EPI) pulse sequence as a new magnet-
ic resonance (MR) imaging technique and evaluated the possibility of this method for clinical use.
The general 1.5 tesla MR unit was used for this new pulse sequence database. Imaging conditions in
conventional spin-echo, gradient-echo, or two-dimensional EPI sequence could not be applied to 3D-
EPI sequence as they are, bacause of its new data-sampling technique. Then we obtained 3D-EPI im-
age data from water phantom and the brain of healthy volunteer with some different imaging
parameters, and determined the most appropriate imaging parameter set for clinical estimation.

All 3D-EPT images showed distortion of image around the air cavity such as frontal sinus or
mastoid cell caused by susceptibility effect, but this artifact was not so serious in 8-shot or more. Sig-
nificant difference of image quality in the spatial resolution was not seen between the condition of
24 % 24 cm field of view (FOV), 128 X 128 matrix and that of 20 x20 cm FOV, 96 X 96 matrix. Fat
suppression technique using spectral spatial pulse is essential to prevent chemical shift artifact.
Meanwhile, the serial images of water phantom showed the fluctuation of signal intensity, which
seemed to be caused by the instability of the gradient of MR unit. However, this signal fluctuation
was relatively small for the purpose of quantitative analysis.

Although the improvement in both hardware and software is required, 3D-EPI is expected to be
useful in the brain imaging.
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