=®kixra—75F—i: (3D-EPI) QKGRI :

i HE B I 5\ D ik FH
Hx M1, #AE F£2 Viswanathan Seshan?

LR T S R T B BT R S R

PR SR S R AR AR

SGE B A T 4 VY AT A

FL®IC

&AL D MRI OEERISAE, SEEBEER#TO
EHITH, BICHRBRZINICE S 267,
B« e BBRRE R 2B X 5 LT ARABTTDH
20H5. MRICBLTE 2, ZoRENED
D7, functional MRID R L &R FAE & (dif-
fusion weighted imaging)?3), ¥EUiE#: (per-
fusion weighted imaging ; PWI) T 5. HT
SO, MR MEER2 T T <,
&« OEHZENRZE O IC B 1EH 2 1R 4E 4
HHDTHA. T L, fEROMMITREIE
¥ & L CTid Xe-CT © SPECT, PET 7z ¥ A%
ELTRWHLNTEL. ThOOBERSENTFE
REEMOHE Th A REBEMEOHEL LicbD
TH5HD, BHPERIAITTREORD T OIEZHE S
b, FERTELMBIIR SN T LrL
FF, MRIZEEDRL K OMERICER L TET
¥0, MRIC X 2MEHE, Thbb
PWIicx3 A8 EmE > TE TV 5.

PWIICEARE RV —Y—¢ LTHFY =
v INTx 8 ORERF 571 (susceptibility
contrast dynamic perfusion imaging ; SCD-PI)
L, M¥ B {k% labeling L CTHEMK L —Y
— & L CTHW5 STAR #9 2 FAIR 5 2 %
5. ZODb, FiFFIhE T TOEEICH

7z GRE ¥£9 2 £ OZE T % SPGR D9,
FLASH #9197 P 3% AWV 5N T & 7228,
R CIEERBRRE S L(Ta—F5F—
(EPD) DIGHbRALNTETWAD,

B2 3 KIC=% T EPL & (3D-EPI) O¥7-
IV ARFNERRFE L, T OHEBEIBRN 21T -
7212, 3D BBREI A S A AR DOTF# (cross-
talk) &B/NCHIZ 7RG, WO THNZTA
A LICSBURET 5 2 & #TTREICT 5
i Th 558, THITh 2 TARE T k-space
DFEHEEEAIHE encoding blip % B3 = & T,
T BRI R LD, T—F 777 FOIE
WAL 575 &, F—RIEEICTEZTRD A
NTV5E. COLIREGEFEEND, TOEE
2R Lok« ZEERIGCADE 2 bh AR, 4
| %1%, o 3D-EPI % SCD-PILIZJ&H L,
BEEHOEHBILERAS & EBIT, FOKFHA
AR L.

SCD-PI ; MRI [Z & % B R sF 4%

WBEOMRIAA FU = AEFEHIE T8
DR & T iR 2 AR L - ThD, —
TRICIRTEEOWBE ZFIH L BEEH & LT
W5 Z &%\, —J, SCD-PLiZ#gEOK
BARFIHALIZSDTH L. BEEIRMEICZERS

F—"J— K three-dimensional EPI, perfusion study, gadolinium, cerebral blood flow
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NEEHIO “Di-x 07 BEKROEMME
Nzidld 58, mEREOMMED 73 T
vV EDOMICE L 5 BRSO #E— (mag-
netic susceptibility effect) 12 & - T T2 (XiZ
T2*) SREER CEBMET I 5. EH B
ﬂimﬁﬂw&’@éﬁ@fc IR S MBS IR
HLzWeD, EEFlER—F ABET S
LT, Bilﬁ{ﬁ@,m@itda FETFEE—TF
B (first pass), FEEESIBEEIN, Zhic
ko THMREIRE % 335 D TH 5.
SCD-PI # a3 AIC/z»> T, Te*a v b
SAMCEELRIT /35 A =23 T a—k
(TE) £7 0y 7A (FA) Thy, BERR
FEHEBEELATANTA—XTEDER LEH
(TR), matrix #, BEE$ (NEX) TH5.
—f%1Z GRE #l o EPI Gl TE TRV A T2*
IVEFSALERDBIENTESLD, Bbh
HESHENNI LA ID, FERHESTHL
(SNR) METF 9 5. /cFAINSENTR
BHERTAH b, BEREIELRD,
EREECHES LI AF v V% 1T 5 dynamic
imaging IZIEARF &7 5. E/FAIZO>WT
i3, NIWAEE AW AT R ORERLD
EZPDIe L, TiRRABHEZIHTEBH, ®

Table 1.

B IhbBoOoNsEETRENLNILED,
SNR DIET#HEERE S, L7 > T,

BE&HEEREBEILT HICIE, BOhAEBREY T
B LR b, ThHONRFA—X A
R LAOVNERHS. SEITERHEICH 2
5 % i C matrix & NEX ZJ U7z 28 &

TE & FA R DICRBEZHRERT S5 LICL
7z,

MR EFE

fiff L7- MRI &% Signa Horizon 1.5T
(GEYMS) TH 5. K& & LIZER % Table
LioRd. BRRMICIEE LW KT B R A
FAELEW EHEE I N ARESI 5 Bl &2 W RIC,
SCD-PI #fT->7z. ZD5H 1 FlITAREIE L
THE D 2D-GRE tkx H\V, ThItD 4 6l
{2 >WT 3D-EPL #3# M L7z. 2D-GRE O##
X5 A —x1L, TR/TE/FA=33 ms/25 ms/
10, FOV 21 x 21 cm, matrix 128 X256, A5 A
A& 8 mm, 1 NEX T, HREREITHTHTH
5.

& 7- 3D-EPI O /N5 A —ZIZDOWTIH,
#F D GRE 7 ¥ TRA DN T E G5l

Summary of Investigated Cases

imaging parameters

(I)\?se AgeS (yrs), Clinical  pulse R TE 1 ;. o acqulsztl)on
0. ex diagnosis sequence ip slice time (s
(ms) (ms) angle shot (mm) matrix size (cm) NEX
oligoden-
1 58, F droglioma 3D-EPI 45.6 19.9 20 8 5 96x96x12 20 2 12.5
2 23,M THPle 3pppr 456 199 20 8 5 96x96x12 20 2 125
3 5, M ﬁgmm'3nmn 476 263 10 8 5  96x96x12 20 1 75
4 36, F LIH 3D-EPI 47.6 26.3 10 8 5 96x96x12 20 1 7.5
5 8L M i;i‘t:h“"id oDGRE 333 25 10 — 8  256x128 21 1 7

TR: repetition time, TE: echo time, FOV: field of view, NEX: number of excitations, ICH: intracerebral hemato-

ma, LIH=Iymphocytic infundibulo hypophysitis

19994:4 A 16 B 19994 7 A 27 HHE]
RIRIFER

F650-0046 PHFHFRKAESFE 4-6 WAL FRTRFEMAEAR #k R
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BBE, ChEBERT A TT-7. BEH
IZi%, TR, TE, FA, NEX #Z{L3 ¥, BN
TREREZIE L) blEEGORH LR
Hic. ThPAoEEBE NS A —xiL, FOV
20x 20 cm, matrix 96x96x12, A5 AE5
mm T, shot X 8B % L, spectral spa-
tial pulse IZ J 5 fat suppression ¥ % & F T Hf
AL

SCD-PL OE I, % FHEIRIC 20~
22G OIS AXECTMERRL, EFHAEY
VY - A vy ey Z— (BETHRER) 128
fe L7z, £ L CEFATO scan % 1 [BIfT - 7=
#®, RHEIRLD TPV = nEEH (HEYT
X F ; Omniscan®) 0.1 mmol/kg % 5 B LI T
SEBEL, EHICHEMR L T7EOscan &
Tole. BEmMITITNT, L oEEBER D
O AR T B B BT CTh 5 .

BEREHMG T 1Y, 25 DRI KB IR KB
B PR 38 Uit 55 L IR O KM BB IT &+ #9100

Fig. 1. Two circles indicate ROIs of perfusion

mm? OBILEER (ROD) #HREL, TOREE imaging, which is located on the border area be-
M OB LA BI%E L C time intensity curve % tween anterior cerebral artery and middle
Y 5T & T 7 (Fig. 1). ¥7f5 8% cerebral artery.

{EDOBEIIKRAD LD IC LTRDT-.
signal change rate (SCR) =Sn/S0x 100(%)

(Sn; ZREHIC B HEBHME, SO; &R
) L
3D-EPI OFEICY /- - T, TEASHLZTHE ZROIOFEEHREZHAE LT D%
BEETI®FICERB CTscan BT 75 2 Table 2 {273, WFEGIE LA-GREEICEL A
E, U CERAORMINE R BRRICHEE 2 fF Case 5 Ti, B HIH 5% 21 B T first pass

SEBEONSL L AEE L.

Table 2. Results of Susceptibility Contrast Dynamic Perfusion Imaging

Case 1 Case 2 Case 3 Case 4 Case 5
RC LC RC LC RC LC RC LC RC LC
TTP(s) 25 25 25 25 30 30 225 225 21 21
SIV on non-contrast image 576.4 610.7 519.2 515.8 556.6 439.6 434.6 421.7 105.2 106.2
SIV at TTP 541.1 582.4 5079 502.1 498.1 395.3 386.0 3748 90.4 975
maximum SCR (%) 939 954 978 973 895 899 838 889 8.9 918

RC: right cortex, LC: left cortex, TTP: time to peak, SIV: signal intensity value, SCR: signal change rate
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signal change rate (%)

sec

Fig. 2. Time intensity curves of Case 5 demon-
strate significant signal reduction at 21 s, con-
sidered to be first pass.

5

°

signal change rate (%)
g2 8

[—+—Rt. cortex
— m—-LL cortex
2.0

0.0 125 250 375 50.0 625 75.0 87.5
sec

Fig. 4. Time intensity curves of Case 1 show
the peak of signal reduction at 25 s, considered
to be first pass.

Fig. 3. Two-dimensional gradient echo images of Case 5 (TR/TE/FA=33.3/25/10)

a : Non-contrast image.

b : Enhanced image at the time to peak. Significant signal reduction is seen mainly on cerebral

cortex and major vessels.

LEZONLHEHFETABEEIN, SCRITHKE
K 86% 1 E T L (Fig. 2). H/EEED
B LT, & L TAMEECERZESD
ETAmR N/ (Fig. 3).

3D-EPIIC & % scan i3, & ¢#HRE/NNS A —
2% TE/FA=19.9 ms/20 ICFRE L TR AT.
Co%e, TR OFAR/NREREIL 45.6 ms T,
1EOREREIIsIZ 12568 i/,

DE&EBETSCD-PL #7728 A, EEH2
Bl @ scan, $7bb 25 FHE TROI DES
MEIREELZRL, R TEFID 90% 5
5B ETHEBEDETHBEEIN, TORE
C first pass ZE L TWA LD L ¥/
(Fig. 4). WHRAIIC & KB4 BUE 2 AP IC B
TESOETAHRI N (Fig.5). LiL
COFEETRESEORE LB/ S W
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Fig. 5. 3D-EPI images of Case 1 (TR/TE/FA=45.6/19.9/20)

a : Non-contrast image.

b : Enhanced image at the time to peak. Signal reduction is seen as well as the two-dimensional

gradient echo image.

signal change rate (%)

0.0 15 150 225 30.0 375 450 525

Fig. 6. Time intensity curves of Case 3 show
the peak of signal reduction at 22.5 s. Note that
the signal change rate is larger than Case 1
(Fig. 3).

7o, THRFAZRZFEICHD 5/-0, FA
NS+ 5EH, TEREE L, TR/TE/
FA=47.6/26.3/10 & L7z. TOHB4, WBRE
ICE/DNTR bIER L TREREBELS kb
®, NEX % 1 & L CIREBRR 28T 5 &
L, BRELTHRGERBIINTSH ko
7. T LTCSCD-PL%#fT-72b 5, HEHE
3EE”G 4B HDscan, T7xbb 22 BEH
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530 BBICEEE I REMERL, HKT
EEMOWNBE T TREEETHLRDONL
(Fig. 6). NEX (6 Lo SiIc kB8 L
TiE, SNRBRRET L7z DD, HEEFHE
O ETRELVWERE AT L3k
SCD-PI ® By & L T4 FHMIC T 2 5 5 HE
AL ENTEL (Fig. 7).

% 23

MRI i & % WD K HETR M & L Cid,
€3 X D MR angiography (MRA) 233 % 28,
ChidEE L THIEOHRRBEHHTHLDT
B0, LrdMREEDOR, HEHIRWmE
LiEH LGS, REFEROERRBOFHIEIC
FHEY LIS 27\, ik L, SCD-PIit
MRI (T X % @8 OE\ BRI & LT,
MRI DEERIEHANDFREEZKE AT 5 D
DTH5H.

SRR IMR ORI 1L, R’k &V SPECT
RPPET L Wo ItBEZNFELXe B A
CTWi FOFERD D, EIRANC SRR
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Fig. 7. 3D-EPI images of Case 4 (TR/TE/FA=47.6/26.3/10)
a : Non-contrast image.

b : Enhanced image at the time to peak. Signal reduction is seen more clearly than Case 1 (Fig.
4).

T B 1fn it 8 rrCBF <0 48 kf #9 J&y P B 1f 9% =&
rrCBV 7z &, 1MfTEhRE% 20 7% ) IEREICHIE T
E LMl & L CRICHEL L T 5. LnLC
NOOFBETH £ V=S FEIAEVETE X
EE D, BRI GR CREER 2 b O
Xe HAZMERT 5720, 4070 & bHFkRE
NORERORIENRD D, BITRAOREEL
TITHEHMERREOR D T\ B LTIk T O
HREZ T 5% E, BEOAZ U —Z VIR

ELTHREVEENSDTHS.

—7J5, MRIZ & % SCD-PI Cit, —#ERIK
ZUREE A Y o L2EFRE ZOE 5
FATELD, BEEPEVWEIZ, BEDI—
FUBE L FRHCHIT S5 Z L ATRETH D,
FIZ MRI O & DZEHSBREOR S WD A
BhRs L, FEROMMMTHEE & X THE
ICEFEE 2 5.

SCD-PI OE &N, B 5 ZEILORERT
25t 5 time-intensity curve #{ER T 5 2 &
T, rrCBF ® rrCBV #EH ¥ 5 Z L BAJEET

BAHEWR, ZOlOITiTE\ RS REE & E
SHEOBEMELLHETHS.

FD M, Fx DRV 3D-EPI {3 conven-
tional GRE I kX CHRERFH A LB E
WEWDIRERDSH. K DSPGR % R
FLASH# % # M L7-SCD-PI Cit, 1~2®
BE ORED HEERB SN TV AR, 4
[\l 3D-EPL I & A A Tid, 1 [EO#HREGRHR
PERETH7.5H &, BURTid dynamic imag-
ing #1795 DICARHOEA LD THAH. Thic
B L Cid, EBRABRFHOBETLMNL LD
12, BT — X WMEELR EICTRBUBETD
D, N—=F7 7 &V7 M7 OWETOH
ROBSGHOFBETH 5.

EBBHEOH TA 5 L, MRI B %E
ERICEHE ABRICIE, BEBEBOREN, T
Thb< 7%y b2 RF RO BO - Bl ©
ERBEE O —M - REWPEETHS. BRI
EPI Cilli@mEDEMEBE O RELER I N
A%, $ERD SE < GRE #E CIIRIEIC %
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BIxip o le KD 7a/N— T = 7 ONRREN B
LT B EBREZDLNS. L LESE
&« ORAA Tz SCD-PIL 1T RIS 5L H )
o dc b, EEERIBREOBICH LR - 7
EDICHRBEHRONRN—AS5 L VI BIEEHRE
DOEEERLRE N /2, T4k ERNE
EPBONTWS LRIEVEL, BEDEIs
TEEAREEDOEBEILD b first pass # 7t
A & - T time-to-peak (TTP) #%Ef{Hld %DM
FRACTHS. 7272 L, conventional GRE i
& % SCD-PI ¢, BmMAEKICB W TEEEE
BN o le b THHRED LB, 5L
B EEILEDOKNP, TTP OBEOHFEN
MR R IR L i AR AE 2 5
Nn5. mz<, 3BD-EPLiZzoHE L, —EIZ
BHHDOASA ABBLN, B\ 2RISR &
SNR #ifff¥s L DO DR WREEH A H/X—T &
BEWOIKEGFMRE D> TS, TOTEn
b, EERICITLLAA, BBEBOHRBIC
o TEEMIC D, RFTMMAEREEE & LTo
3D-EPI OFERMRE LN S & B+5IC iR
s LEbni.

T BEENTRICHRI R I 2 e dp o 7208, BRSE
1Z1%, SCD-PI #1751 Y/ THHET5ER
FOBESRSE - HEERELERINAINE
HH W2 AW SCD-PIOFEE L, #HHT5
FEEHIT, FhiT k- TH DN 5 magnetic
susceptibility effect 2358\ T K8 & LW 23,
BAEHRIh WA MR BEEAIL, BEIC
Fo TZDHREBPBP RIS, T/t EE
L, SEOERTHEA L7z 0.1 mmol/kg &\ 5
Bl BONIEBEELENLELT, 2
YT EL LS HBbNns. EEOLWHFA
Tl A< bolus % /- OOBETEBE
BEEELSEBRFTREEE 2 O

kD kS, BURTIIERKRAFHEICIT %72
HPBHHLOD, FFRICEIN—FU 7, V
7 FU 2 7 OMETOBRRESIZS5NE T &T
3D-EPI 3 SCD-PI OBF 7 FBRICHEET 5 b
DEEZ LN
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Eil 2
AL GE B A5 4 WIVV AT L EDH
B RICESHDTH 5.

a2 BITY/20, BFFRICOWTEED

S, MR\ & LA R
HHEREAS NGB, EOIEREEL T2 &
F L7 AR R B E OB AT,
ZTOMEBEEB I EZBHY £ L7z GE B A 7 4
AWV AT ABBRITRICESEH WLk
7.
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Clinical Application of Three-dimensional Echo Planar Imaging. Part II :
Cerebral Perfusion Imaging

Satoshi MASUNAGAL, Nobuo HASHIMOTO?, Viswanathan SESHAN3

IDepartment 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 database as a new
magnetic resonance (MR) imaging technique. The object of this study is to evaluate the possibility
of clinical application for the susceptibility contrast dynamic perfusion imaging (SCD-PI) of the
brain with this imaging method. We performed SCD-PI on five patients having no cerebral vascular
disease previously. Four patients were examined with 3D-EPI protocol in various imaging
parameters, and one patient with conventional gradient echo (GRE) protocol as the control case.
SCD-PI studies were performed as eight sequential dynamic images were obtained before and im-
mediately after rapid injection of the contrast medium (Gadodiamide).

Significant signal reduction presumed to be due to the first pass, was observed about 25 s after ad-
ministration of the contrast medium in any patients. In 3D-EPI studies, the long echo time (TE) and
the small flip angle (FA) were advantageous for the large signal reduction, but minimum acquisition
time by 3D-EPI was 7.5 s, which was relatively long and considered not to be satisfactory for SCD-
PL.

3D-EPI sequence can provide Tz*weighted multiple thin slices with good signal-to-noise ratio
(SNR) and will be helpful procedures for the evaluation of cerebral hemodynamics, although this se-
quence requires longer sampling time than conventional GRE sequence and further improvement is
essential in MR imaging technology.
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