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Fig. 1. What is CSI ?

Shown are (a) MRI (water/fat image), which reflects proton density
distribution, (b) 'H-MRS (proton spectrum graph), which reflects local
proton molecular densities, and (c) 'H-CSI (proton metabolite images),
which reflect proton molecular density distributions.
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(b) Sequence of volume-selective CSICPRESS-CSI) Excited volume
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Fig. 2. Sequences of MRS and CSI

Shown are (a) Sequence of MRS (PRESS type) consists of three RF
pulses, three slice-selective gradients, and signal detection with no read-
out gradient, and (b) Sequence of volume-selective CSI (PRESS-CSI
type) consists of the similar RF pulses, gradients, and signal detection of
MRS, and 2D-phase-encoding gradients.
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()] Field strength t 15T
TR/ TE : 1500 / 35 ms
Number of matrices : 12x12 (=144)
Pixel size : 15%x15% 15 mm
Number of slices |
Scan time ¢ 7.2 min.

Fig. 3. Measurement results of PRESS-CSI
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Following images and spectrum were measured from the brain of healthy volunteer. Shown are
(a) Scout image for positioning of 2D-CSI target region, (b) choline (Cho) image, (c) creatine
(Cr) image, (d) N-acetylaspartate (NAA) image, (e) Metabolite spectrum, and (f) Scan

parameters.
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Gz 48
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(b) ex. Scan parameters of 3D-CSI

Excited volume

Fig. 4. Sequence of 3D-CSI (PRESS-CSI)

TR/ TE 1 1500 / 35 ms

Number of matrices : 16X 16X 8 (=2048)

Pixel size : 125%126%125 m Very long for clinical use D
Scan time * 51.2 min.

Shown are (a) Sequence of 3D-CSI (PRESS-CSI type) consists of
“yolume selection”, “‘3D-phase-encoding gradients’’, and ‘‘signal detec-
tion with no read-out gradient”’, and (b) Example of scan parameters of

3D-CSI.

Table. The Chronological Table of Research on CSI

Year Measurement method Proposer
1975 CSI (Line-scan) P. C. Lauterbur
Phase Encoding CSI (2D/3D-CSI) : Basic type A. A. Maudsley
1983 Echo Planar Shift Mapping (EPSM) P. Mansfield
Projection Reconstruction Echo Planar (PREP) P. Mansfield
1984 Echo Planar CSI (EPCSI) : EPI type S. Matsui
SSFP CSI D. G. Norris
1993
Multi-spin echo CSI : FastSE type J. H. Duyn
3D-EPCSI S. Posse
1994
BURST CSI P. M. Jakob
1995 Spiral 3D-EPCSI E. Adalsteinsson
1999 Parallel CSI : SENSE type U. Dydak

T EIhDIESH L, 1975 FI Lauterbur K235
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WL, Edobish, ROFHAKRFEAMNEE &
WOENED 5 b OD, BE, kLEEICH

ONLERIY —r v 2 & L TOMM % 7 L
TW5.

ZLC, AU 1983 FELIEICIE, KWV EHlks
[l % fAE 3 A8k 4 i@ B L FEOBFR AT H
N, BAOEECSI & LT, &EE xR
BeREsR vV FrSVI Va7
Whra—J/bAF—247 (EPI#) OF
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(a) Sequence of 2D-EPCSI
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Fig. 5. Sequence and scan trajectory of 2D-EPCSI

Shown are (a) Sequence of 2D-EPCSI consists of “volume selection”,
“1D-phase-encoding gradient”’, and ‘‘signal detection with echo-planar
read-out gradient”, (b) Comparison of scan time between 2D-CSI (left)
and 2D-EPCSI (right), and (c) Comparison of scan trajectory of k-space
between 2D-CSI (left) and 2D-EPCSI (right).
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Field strength 15T

TR/ TE : 1500 / 35 ms
Number of matrices : 12%12 (=144)
Pixel size : 15X15%15 mm
Number of averages : 6 times

Scan time : 1.8 min.

Fig. 6. Measurement results of 2D-EPCSI
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Following images and spectrum were measured from the brain of healthy volunteer. Shown are
(a) Scout image for positioning of 2D-EPCSI target region, (b) choline (Cho) image, (c) crea-
tine (Cr) image, (d) N-acetylaspartate (NAA) image, (e) Metabolite spectrum, and (f) Scan

parameters.
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A

(d){ Field strength D 15T TR/TE : 2300/ 272 ms
Number of matrices : 16X 16 X 8(=2048) Pixel size : 10X10X10 mm
Number of averages : 4 times Scan time : 19.6 min.

Fig. 7. Measurement results of 3D-EPCSI

Following images and spectra were measured from the brain of healthy
volunteer. Shown are (a) Scout image for positioning of 3D-EPCSI tar-
get region, (b) N-acetylaspartate (NAA) images, which are the center
five images in 8-slice-measurement, (c) Metabolite spectra, and (d)
Scan parameters.

(a) Sequence of 2D-Multi-spin-echo CSI
Volume seleoton

RF {SHE
| &
Gx - 3|
5| 2
Gy H| £
— =3 -
Gz 1@ s Division phase-encoding gradients for 2D spatial encoding
© -
=\

A/D

IS 11 111 1
jon of chemical-shift| =1
(b) Scan time

/ [
#kx-ftky-TR 2D-Csl 2D-Multi-spin-echo CSI |

= 16x16x2s = 8.5min, HUEEIEDRTY #kx-fky- TR/#echo = 16x16x2/4 = 2.1min.

N -

|kl
g orc echo

(c) Scan trajectory
of k-space

T A

kx

Fig. 8. Sequence and scan trajectory of 2D-Multi-spin echo CSI
Shown are (a) Sequence of 2D-Multi-spin-echo CSI consists of “‘volume
selection”, ““inverting RF pulses”, ‘“‘division 2D-phase-encoding
gradient”’, and “‘signal detection with no read-out gradient”’, (b) Com-
parison of scan time between 2D-CSI (left) and 2D-Multi-spin-echo CSI
(right), and (c) Scan trajectory of 2D-Multi-spin-echo CSI.
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Acquisition
with 6 coils

U. Dydak et al.,
Magn. Reson. Med. 46(4), 713-722, 2001.

Cilx.y)

: Total signal intensity consists of signals superposed

by aliasing ( i : Coil number (1~86) )

Pi(x,y) = Ci(x,y) S(x.y)
+ Cilx,y+Ay) S(xy+Ay)
+ Ci(x+ Axy) S(x+Axy)

+ Cilx+ Axy+Ay) SO+ Axy+Ay)

— 6 equations with 4 unknowns

6 folded
datasets

FOV&Scan time: 1/4

Full metabolite image

Similar
reconstructio
n algorithm to
SENSE(MRI)

t‘l

Fig. 9. Reconstruction method of Parallel-CSI
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U. Dydak et al., AUINR Am J Neuroradiol. 27(7), 1441-1446, 2006.

Fig. 10. Measurement results of Multi-spin echo (MSE) CSI and hybrid

of MSE CSI and Parallel CSI

—
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Y. Bito et al., Magn. Reson. Med., 45, 568-574, 2001.

Fig. 11. Application example to measurement of time variation of CSI
Following images were measured from the brain of rat with right Middle
Cerebral Artery Obturation (MCAO). Shown are (a) Lactate images
measured with 2D-EPCSI at a prescribed time interval, and (b) ADC im-
ages of water measured with 2D-EPDWI at a prescribed time interval.
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(b) Patient 1 §
(MA)

(c) Patient 2
(MAplus) R

Sandor et al., Cephalalgia 25(7), 507-518, 2005.

Fig. 12. Application example to functional CSI

Shown are (a) Visual stimulation achieved by the projection of a blue
and yellow checkboard, reversing at 8 Hz, (b) Functional CSI results
from the brain of the migraine patient with pure visual aura (MA), and
(c) Functional CSI results from the brain of the migraine patient had
visual aura associated with at least one of the following : paraesthesia,
dysphasia or paresis (MAplus). Each orange area shows an increase in
Lac/NAA during the beginning of stimulation.

A. A. Maudsley et al., MRM. 61, 548-559503, 2009.

Fig. 13. Application example to whole brain measurement

Selected axial slices at 10-mm spacing following the voxel-based group analysis (Synthesis of
3D-EPCSI data of 88 healthy volunteers). Shown are (a) The spatial-reference MRI, (b) Mean
NAA image, (c) Mean Cr image, and (d) Mean Cho image.

Fald, Bl 7y —4 v ZAEELOT D # CIEME I RNTEER T VR 2 ML 352
AL, AT & ARG A bR Jo M AT LICk - T, MELAOEHEZEH T HBI%

BWEHER T ViR Z v EHEBRHINCE 27D, T HED TN B8,
LCModel'? & M:En % EkE Ty — V& & F/z, MOPFFEHKEIICBE\WTh, Y= 27V
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_ Measurement work flow

(__Scout image measurement )
(_Global higher-order shimming ),

C Parametelar setting

(__Global frequency search )
(__Local low-order shimming )
(__Local frequency search )
(RF power adjustment for WS¥)
_( Receiver gain adjustment )
-( Non-WS* measurement )

(____ WS* measurement )
msRsursh

( Measurement data )

Condition setting

Pre-scan

Main-scan

< One button measurement |

3 WS : Water suppression
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Analytical work flow

C_JMﬂ@ﬂﬂ&_J
(_Conversion of data format )
( Transmission of data )
( LCModel analysis )
(__Display of analysis result )
(_Saving of analysis result )
(__Output of analysis result )

Diagnosis support (Database)

Fig. 14. Measurement workflow and analysis workflow of MRS/CSI
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Magnetic resonance spectroscopy (MRS) and chemical shift imaging (CSI) are used to detect

metabolite information and assist differential diagnosis of brain disease and prognosis of treatments

of breast and prostate cancers. We review MRS and CSI sequences, which control measurement time

and data quality, and introduce recent application data using high speed CSI.
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