SENSE #: D b3 & IE s T O A

IR

)

T4y TAAF 4 VY AT WA S

FL&®IC

“EoEE/l” 12, MRI OERBEEICK Y
THBEZER 05, KiesRmGRREREZ
7= & 9 SENSE (sensitivity encoding) 1 78
FFRINTLRE, £ ONETERRIG R 208
FLTEY, BEAL—Ty FORE, B
e OFEAE, 22 fEseom Ex EREAOBE =
BOTW5.

SENSEZZERO A NVFEF LoV T
V= (T AAXFTUA) A IVORE ik
FHL TG 2 Em T 5. v y—af
T YRR VAR ICFI A 5 & v D At 10 47
PAERGT 2 GERICIRD BN T\, ZNHOH;
M2 ~DFEERBEBICICA S Ne - 72 Z DR
HIILE L N—F T o 7RI A VD RRE S5 D
IEFEZIIEICIBNT, RENLD 57216 TH
B EORGEFICE->T, COavkT b w
BY A7z in vivo R0 % 2O HI
MWD THE SN/, FD—D)F 1997 4F,
Sodickson 59 2355 | 7= SMASH (simultane-
ous acquisition of spatial harmonics) ¥ T3
D, &9 —22 1998 4|2 Pruessmann 57 73
#¥FL/SENSE L TH 5. SMASHED,
SENSE & & i L 7235/ O K & 7B W i,
7= AR Ko THGAE RS 5 HUET,

TV KZER EOTFT—ZITH L TTIVT Y AL
MHEAT I N5 HIZH 5. SMASH DO RO
—2F, A4 NVDOF+x VT L—v g v/mLTW
CEMEPEMTHBEIN TS EICHS. —
i, o BFET A INVET R ERENCESIL
HINE OV EWSHIREZB AT & TH
%Y. Bt T D ORI & ARk 3 % 7o OBl
PR SN TSR, TNHIEFEARIIC N
LRk 45 SENSE dEICHU L 7= T2 W T
W5,

SENSE ;ZD[R1E

C CTlEdH < £ TSENSE BDOJFBIZ O\ T
ERIEF G572 00FRIC L DB, F
R A HWREOREMIL, 2F M1 %
SR T2 &0,

1. WA Tk

SENSE % ffi> &, vFv—afioad
WHETH % DRRESfEEEOI Y a—FICH
WBZ EILk ST, kZEHOY VTV VTR A
WoL, RGEHEZEMRS LI ENTES.
N#xFig 1k LU Fg 2 T3+ 5. Fig. 1
[3+% 7 FOV TH LN/ E G &, 2 DR
OKZEEY VTSI THL. T TERY YV
TV VT EFHRTRL TS, Fig. 2 Tldvy v

C O/, 229 P HABRILBEAZAKEY VIRV Y A T2 6O MRI| TOMEAFOICE o7

LDTHA.

*—rJ)— kK sensitivity encoding, SENSE, multiple RF receiver, abdominal imaging

37



ERCAPSTS

$22% 25 (2002)

© 0 06 0 0 © o o o
© 06 o 0 0 © o 0o ©
© 0 0 0o 0O 0O 0 0 o
6 6 o 0 0 0 o o o
© 06 06 06 0 06 o o o
o 6 6 0 0 0o o o o
0 6 06 0 0 0 o o o
© 0 0 O 0 0o 0o o o
0 06 o 0 0 0 o 0 o
© 06 06 o 0 6 o o0 o
© 0 o 06 0 0 o o0 o
© 0 0o 0 o o o o o

Fig. 1. The full FOV image is shown on the left with the corresponding
trajectory through k-space for this image on the right. The solid line in k-
space indicates the sampling procedure.
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Fig. 2. Increasing the distance between sampled lines in k-space (right)
results in a reduced FOV and foldover artifacts (left).
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(a) (b) (©)

a4l a1l

S(x.y+Ay)

)  —

Ci(xy+Ay) S(xy+ Ay)

C,(xy) S(x.y)

P](Xay): C 1 (Xay) S(X:y) +C 1 (X5y+ Ay) S(X:y+ Ay)

Fig. 3. (a) This image is acquired using a coil with uniform sensitivity within the desired imag-
ing plane. S (x,y) and S (x, y+4y) are the signal intensity of pixel (x,y) and (x, y+A4y). (b)
Surface coil “coil 1"’ is placed anteriorly on the abdomen. The image intensity is influenced by
the spatially varying sensitivity of coil 1. The intensity of pixels (x, y) and (x, y+4y) can be for-
mulated as C1 (x,y) S (x,y) and C1 (x, y+4y) S (x, y+4y). The C1 (x, y) is coil sensitivity
coeflicient at pixel (x, y). (¢) This image, also acquired by coil 1, has an aliasing artifact because
the number of sampling lines is reduced by half compared with (b). The signal intensity of pixel
(x,y) defined as P1 (x, y) include the contribution from superimposed pixels (x, y) and (x, y+
Ay). Therefore the pixel intensity P1 (x, y) can be writtenas : P1 (x,y)=C1 (x,y) S (x,y) +C1

(x, y+4y) S (x, y+4y).
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Pi(xy)=C1(xy) S(x.y)+C(xy+Ay) S(xy+Ay)

P,(x.y)= Cy(x,y) S(x,y) +Cy(x,y+ Ay) S(x,y+Ay)

a4I)2

Fig. 4. In this case a two elements Synergy coil is used. The signal intensities of pixel (x, y) ob-
tained respectively by coil 1 and coil 2 are defined P1 (x, y) and P2 (x, y). There are two equa-
tions for P1 (x, y) and P2 (x, y) in this figure.
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SENSE R1.0
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SENSE R1.5
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Fig. 5. (Left image) Reduction factor : R is 1.0 (Non-SENSE) and scan time is 20 sec. (Middle
image) R is 1.5 and scan time is 14 sec. (Right image) R is 2.0 and scan time is 10 sec. In the im-
age with R=2.0 minor noise enhancement occurs in the middle part, because the g factor in-
creases. In the image with R=1.5, such noise is invisible.
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Conventional : Total 55308

R : 2988 48%

1885 X5 28%0

Total 343208

RIRESR : 0% 158

148 X5 178

Fig. 6. Comparison for a total abdominal routine study time between the conventional method
and SENSE. With the conventional method, the total study time is 5 min 30 sec while using
SENSE it is 3 min 20 sec (Courtesy : Kurashiki Central Hospital, Japan)
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Fig. 7. 3D T1W fast field echo: 3D T1 FFE (TR/TE 4.1 ms/1.3ms), SENSE (+), R=2.0,
matrix 256 x 256, number of slices 26, scan time 3.5 sec/1 dynamic, 6 dynamics within 21 second
(1 time breath hold) (Courtesy : Kurashiki Central Hospital, Japan)
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Fig. 8. 3D T1W fast field echo: 3D T1 FFE,
SENSE (+), R=2.0, matrix 512 x512, num-
ber of slices 72, 1-2-1 PROSET (1-2-1 binomi-
al pulse to excite the water selectively), CEN-
TRA (sampling starts from the central part of
k-space), scan time 2min 2sec (Courtesy :
Tokyo Metropolitan Police Hospital, Japan)

Dynamic

Fig. 9. Multi slice fast field echo: MS FFE (TR/TE 202 ms/4.2 ms), SENSE (+), R=1.8,
matrix 352 x 210, slice thickness 5.0 mm, number of slices 18, 1-2—1 PROSET, scan time 20 sec/
1 dynamic (Courtesy : National Cancer Center East Hospital, Japan)
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T 4
AP -47 ant

Fig. 10. 3D turbo spin echo : 3D TSE (TR/TE 1800 ms/700 ms), turbo factor 110, echo space
6.8 ms, SENSE (+), R=2.0, matrix 256 x 215, slice thickness 0.6 mm, number of slices 50,
SPIR, scan time 1min 23 sec (Respiratory Triggering) (Courtesy: Hobara Central General

Hospital Minami Clinic, Japan)
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SENSE : Current Status and Future Development in Particular for
Applications in Abdominal Imaging

Makoto OBARA

Philips Medical Systems Japan
Philips Bldg. 13-37 Kohnan 2-chome, Minato-ku, Tokyo 108-8507

A new approach for fast acquisition using multiple RF receiver coils with independent RF path-
ways, known as ‘‘phased array’’ or ‘‘synergy’’ coils is discussed. Until now, this combination of multi-
ple receiver coil elements has been utilized primarily to improve image quality, specifically signal-to-
noise ratio (SNR). The information contained in the spatial sensitivity profiles of the individual
receiver coil elements is not exploited.

Since 1988 many researchers have tried to change this. It was not until 1997 that Sodickson
presented the first realistically workable implementation, called SMASH. Soon thereafter Pruess-
mann et al introduced the SENSE technique. At present, only Pruessmanns technique has been im-
plemented successfully in a clinical routine system. Both SMASH and SENSE algorithms reconstruct
missing data to obtain an image without backfolding artifacts. The way that this is actually done
represents the main difference between the two techniques. SMASH will perform this calculation on
the raw data, before the Fourier transform, while SENSE will work with the images obtained from
the respective coils.

In the three years since the SENSE technique has become available at clinical sites, the number of
applications where parallel imaging made a real difference has been remarkable. In particular, in ab-
dominal imaging SENSE can be used advantageously because of the need for breath hold or respira-
tory triggering scans. Scan time for a 3D high spatial resolution scan can be made shorter than 4 sec-
onds.

SENSE has established itself as a routine technique in many hospitals already. A broad range of fu-
ture applications are being considered and even implemented in the clinical environment.
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