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in vivo MR Spectroscopy (MRS) (24 14k7»
CIEBEMICRBBEREBH LB TEDHD
T, %< OBEKMHEPEEINTWAS. LirL
ka5t E L4 5 NMR BIEOSEICITREE
OALFESHT ERRD, T FEEERE LTEL
WA 20 K4 C & (FEEER) AEREIN 5.
C I REABE L, FRICHT AR
PDERINS.

MRS OFEBEREIT L E L 2 2IC5EIN
B, —OLERBRETHD, 5—203F5
LEETH 5. BIRFEEIERES % 20 7R
FECHEDOREETE > RFELTREL, CO
BEHINTHE T 5o D A & EIREN B 3
5. TOFBEEME - b DI X DRESS
(Depth-Resolved Surface-coil Spectroscopy),
STEAM (Stimulated Echo Acquisition Mode),
PRESS (Point Resolved Spectroscopy) 33
5. BEEiIZEmEfFE (Tva—F) &
5L TCRBOBERZRET 5. Fourier &
#ay:it CSI (Chemical Shift Imaging) IZ,
Hadamard Z#akid ISIS (Image Selective In
vivo Spectroscopy) IZffH N 5.

—ICIE TN & OTEBERYE & RIRHIC HBUE
HAEHDETHEY, 3RTONRHERZE ) H
ER
LITF, 4~ OBEREREIC O W CREBNCHRE
5.

SEEGEICE O BAMTEIRES

1) FERBhECE

B 5 A5 A AEICEE I ERBEE %
Z, BEORWEE CREF )NIVAERET5 L,
S—ET7RERZEOBHOABHIEIND
(Fig. 1).

SRR 2 — RO RITHEAE LI/ VA —
4/ AW DRESSY 3, ®7-=FEIT#EMA L7
HDIZ STEAM, PRESS 3% 5. T b DN
WAy —4 /A% Fig. 2 {Z7x3. DRESS (3—
Fi A% R E THIR L, flo=F Mm% RF
a4 VORESMCHIETAS. L»L, RF o
A NWVORESZIC L5 BRI H T L%
W, —REREMEL R AR S TOBREDK
EVWDT, FEOBESEIREVLLTHS
(Fig. 3). & T, #I5R% ERph THIFR
L, ®aHEE 1D CSI CHBEd A7 F DTk
BrINTEY, K, OE~NOFH CHRES

*—TJ)— kK spectroscopy, localized MRS
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slice A
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Fig. 1. Slice selection
Slice is selectively excited by RF radiation of Larmor frequency.
Slice thickness is controlled by gradient strength during RF excitation.

a
w —h—
—\—

Gy

A

T

M

Gz — _— Y B W

d e

RFW\—\A,—M—MLLL
(M
M —
M pn

x ML

!

Gy

é

Gz
Fig. 2. Pulse sequence timing chart
a: DRESS, b : DRESS-1D CS], c: ISIS,
d: STEAM, e : PRESS
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MRS DR EZIE &R

HF T\ 5 (Fig. 2b)?. STEAM, PRESS i
FICHMRS icFEHASINS. STEAM {1 3 {@
D 90° SOV AEE, ThZnd RF RERHC
By puhh ERpR T 5Y. PRESSIZ2EA
DAYV Ia—%EARTLOT, 90° /LA
X BFERFEE 2 0D 180° IV AL X HE

S(S#MRS10CD

Fig. 3. Selectivity of DRESS

RREIC L VEHEOFER (R v) 280
H44. STEAM, PRESS #£{C#IR L7127 &
WD S SEERRBATHRREELSD 5,
spoiler gradient % {5 T & T/ D OEPFHIZD
BRD5.

BIRFIZE TS 5 5 7 588 OFIRER

GE Yokogaws Medical Tyz

DRESS select the volume utilizing decay of RF coil sensitivity. But total
power of signal from the low sensitivity volume can not be neglected.

o ppm

slice a

AL =B0 - ¢ /Gslice

Fig. 4. Slice displacement

G: Gradient

L . ______-_-__l_

/
k-

AL: slice displacement

Slice displacement (AL) is proportional to the ratio of the chemical shift ¢ (ppm) to magnetic

field gradient strength
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1T9 &, BV T M X DS BIERAS
4 ZDFh (slice displacement) 74 | %5
(Fig. 4) . Slice displacement DK & X3, 1k
VT FESEEGERIC AW AEAREERE O
HWicHfl3%. MRSiZ, < ORGH Ol 5
WEDANRYT PIVEBNT$ 5D BIIEDT
C ORI TR BARRAEE 2
TAa LS. 15T OEET10mT/m OEFRE
G i > CEIRIR L7cBa, A5 AL
BT 0.15 mm/ppm ¥h 5. ThAKZ\W\H)
LVPEZEOFERHBEMICL > TRZSN, Th
PR OMBTIREI > TWAZ LiT4->TE
SAEMDB 5. Slice displacement |3 EAIREE
BELYHBTAI LTI TES. ERBE
BIRIT EPI OB B LICE W E T E Iz
> TEY, FERORBLIZHS .
BRI TIX A S5 4 AR OTRESL X i
BICeh. BROASA AR EB/BICE,
Sinc BB DO TIEHRE & E> RF ¥ (Sinc %) %
A9 575, Sinc EEHFRREHCTITHE 5 &
ATGA ATGRTBEEHT - 72 DI H BB D 4l
720T5H. AT AREERIE ST 5121
Sinc f# TE 52T REMBH T 5088 %

LW, TEZFALTu48< LcHFHBSNR &
mTES. COMRTHEREH/-T 720
2, BRADTERPZINTWA.

2) BBk

B b — A7z 1L Fourier i Ch 5.
CHEMRI®CSIO~y BV ICHWDN S
THET, fBEOEHRE BEE & THEL
720, InERMIZ, BOoNERORER
MAHDOEHR» OEEORERERET S T L5
T&%. MRS OB&ICIHREIERNS B FICIHE
BB OEND 578, (MBEFBILT5EE
HEOMICBEBIRERASRIY, avyIx—
VavDRRELS.

BIE Xt & D22 i% Fourier Z#ap: ¢ E21k
L, SOICHIBRERDELD LBEIE LR T
37 567%WDT, MRSiZMRI X HIEDO®R
TA—D@E\. 2D CSI DB4, Zefi% 2 kG
AR B LS 5 &, 2%k CSIEE & &
LICEART VIVIC I 5 AT PV B LR,
HFEF3RTOBHEAEONS (Fig. 5). A
A LIZREREE 2 KIBICE 3+ 50T, 2D
CSlzv MICHER L7284 I1ICid H T 32x%x32,
SIPC16X16 LA EDO< b 7 A9 4 RIZEH

Fig. 5. NAA mapping of proton CSI with water suppression.
2D spatial resolution is determined by 2D phase encoding (16 x 16).
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Fig. 6. Voxel profile in Fourier encoding.
Signal from the target voxel contains a large
amount of signals from outside.

Voxel profile is described by a Sinc function.

EEhnime.

Fourier Z#113, 22 % Sinc B§E D SR
BOBEHEOFR E L TEDLTDT, —D>—2DDR
7B ERICIEA BEBEEEATWS. —D
ORI VAL ERPI0%NDEBSEH > TE
D, TOBEIRINTA ABPKELEBIT
ONTEAC LS. —BRICWDNBRZ LY
A Rk, SincB#OniEEIEL T\ 5 (Fig.
6). R7ZvIVT AL XL, TOEFEPITAXRT b
WTF—ZDSNR, N—¥ % VR 2 —ALTH
LAEBORALLEHELTEY, FEFICKY
TINSGA—=2TH5%.

Fourier B THEHICRFELEZTO &<
v VI A 2R, ZORBS 25D
AA T (wrap around) & EDEFICER-> T
LES. Thepicid, bEofBIcExh
LEEATER e 5 AER TS LT A hE
N A, EEEEZ, FOV (field of view) %k
27 EEEE LTRSS ICEEThIT L v,

SNR (signal to noise ratio) IZD>WTE 2z 5.
BEEE 22 /RIfThN T 5DT,

Slice selective gradient

gradient ON

gradient OFF

Fig. 7. Phase cycling of ISIS

Phase cycling of ISIS is explaind as an Hadamard encoding.
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Fourier ZF#tk% A\ /- HIECTE O N/cEBD
SNR X, 2o REOFHE, 74bb
Jencode step X number of excitation, IZ 6
T5.

Hadamard Z#: T&F5 L9 5 & DIZISIS 73
H5. SISk, ERE?» L X 5EZEK

a)

(Walsh B8%0) AR CTZEMZHFBILLTT—2%
REL, ThEEE, ¥E#BRITLIETIy
V73 A8, Fig. TIZISISIc BT AR 7 b
FEIREAER( L. —%&TD on/off 2 $HIE
132 BOFBILTHBETE DT, 3KILOH
i1 23(=8) EOHFBIBVBETHS. BE
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Fig. 8. RF pulses design.

(a) Conventional Sinc pulse and crafted RF pulse in envelope.
(b) Corresponding slice profile.
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HICiE 180° 7V A% 3 EMfiE » THBILL, #
DB LIk < 90° 7YV ATHIE, HiETS. B
LNI-8BOFEEEM - WETHI LITLD
—DDORT N5 HETS. 8BODTF—4 %
PO ERBRI VL LOEEEEBL L
X C &7\, Fourier Z#atk & R4, SNR
Ep o IR OF SR (V8 ) ICHBILT
BL7%%. ISIS3ERpETCHZ/ILL TS
DT, RZVIVEALAPGDIAVRIFX—V g/
BAGH, %Y 7 Mk 5RS5E D slice
displacement [ X5 7\ .

BERREOYE

AT A XK DOHKE L, SLR (Shinner-
Le Roux) &7z &0, FfEFtHEIC X% RF G
HRRORBRET DB TH Y, BICBHE~OE
ADBHEATWAED., SLREZHES & RF %
FERFFICERETLC, TERZEXRB T 41
A54 AR EHET S R TES (Fig.
8).

Fourier Z#kICEA ORIBETH 5, Sinc B
BEWOR T TR Vi 5OEBOR
AZEP ST LR TERWD, FH O (=<
FUZAPA X)) #ELTBEILICES>TED
BERROTIENTES. L LAEEEIE
R72BDT, IPIIZAYA X ZiFEKRE

without

RFAHTLRFTERN. IJFILa—ELRFE-
T, —EORRTEEDT — X2 RETHI L
HEZONBED, AXNT VO RS e
(1~2Hz BE) #HRTHCEIRVT—FI
HREEZNE L T 5720, ZERISMHEE & B
SBEELD FU— P BAELBY.

Elz, RERRT VIV A RFN— % VR
Ua—AILLAEERBADELS. EELIIT
EARRFKERFTY 7 AT A ATCSL5—
FEREL, BOoREOERE®REY T4 FIT
ROI&%E L, ROIND CSI A7 bV &
LTWB). 1HORT7 V%NS LTRY
TIVRON—Y % )R 2 — AL KX BHEBEA
BRIz, POEOMPICBELERE FL—A
LTCZDOAFORZ L NVTF—FmMEL T
SNR ODBFWARY PV EHBHLTLNRTES.

BTxEZ

FEINFHE T4 U 5 slice displacement 2 5
A ARORIEL, ERBSEREOMER k&
RE 7SOV ARREHEOHESIT & b7\, ¢ TII»
20 O THRRINT NS,

FIREIRMEE LD B T 57200 —FDOMRk
K3, HEROSNR 2B +5Z2ThHA.
SNR BRIFHIE, R7 NI Af X&/PhEL T
5. RZEVT A XBNIFNIECSI DR

with

Fig. 9. An example spectrum of hetero decoupling.
Leg muscle is observed by phosphorus with low power RF radiation of proton frequency.
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7 U HFED Sinc BB DIER D 2, /N—V %
WRY) 2 —LDEEL D7 {7x5h. PRESS,
STEAM ® ISIS DB EIT /38— v VIR Y
2= LB 7%, ki, SNR OR EEH
EREMOBMICEZIE, SIS ErDE—V 3
VT—F T 77 b Ml THIEHTES.

SNR # kiF A1z, Phased Array coil D
A, NOE (nuclear Overhauser effect) < de-
coupling HMTOEA, EWEEBEOFERA L &L
MBE % 5 5. Phased Array coil #FI|fH L7z
1H MRS CiZ UCSF @ Vigneron & 73, #70.2
cc OIR 7 ¥ U & NAA, Creatine, Choline 73
EERBEH L T\WAW, NOE % decoupling % {#
- 761 & L Ti¥, Huntington Medical Re-
search Institute @ Ross 53t Fign 50 31P
ANRT PV EBTOWAD. HRNTHABREA
KET, ZOFEM%EE- 2P, BCMRS OB
FRED SN TS (Fig.9) . NOE ®
decoupling TiZ RF BHIC L A RHEORIEN
HHB, WURST 2 Y OF LWy —F7 VAT
FLEWRFET I NN AT OBE TLH2 5
WREME R B A1, F/z, EMEBERD slew
rate ¥ KX T 5L TEZE R TEADT,
SNR B L5 & &EBITTe DE VRS DR
HTE5E51C7k5. 3STHULOBHREICTS
ZERT—F 7 77 FREEMICHE LS,
SNR O L BER S FreOr B Y, BE
LRI

INLOEMEFES &, HEMICITHT
0.lccBEDORZ L)Hh 5 10ms LT TE
T STEAM, PRESS 28w]BEIC /2% . 1P THHE
Kk L0EINTE TORY VT a—JIENATRE
{27 %. /o CSI DHFBAICIL 64x64 BEDO
FUZAT3IEILEDRY 2 —LAF ¥ /RO
WF A5 A AMPRRRICIE 5.

L L, invivo MRS iZ4b255#7 F§ NMR &
EV, EEGERSNERC &, BB —ED
B\ k, RF oA VaEE» bEEN/ZATIC L
PETEVWT &, SHIEBEERMSERE OGN T
WhHI Y, BEWERREE TSI Lk ERIEC
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Most of the differences between i vivo MRS and i vitro MRS comes from their objects of the
measurements. I vitro, excised objects or extracted solution are used for the measurements. But
vivo measurements of human or animal, we can’t cut out the targeted volume beforehand. We usual-
ly select volume of target, non-invasively, by electro-magnetic ways during measurements.

There are two categories in the methods of volume selection. One is selective excitation method,
and the other is encoding method. Although the former is the method widely used in MRI for slicing,
it makes specific problem when it is applied to MRS. The authors talk about slice displacement and
give its quantitative guideline by an example. The latter is also the method of MRI. The most fa-
mous one is Fourier encoding. It treats space as an ensemble of Sinc functions, which turns out that
every voxel has infinite width of Sinc function. Another one of the famous is Hadamard encoding,
which could explain the principle of phase cycling for ISIS.

The authors emphasize the importance of SNR for the improvement of volume selectivity, which
is especially true in CSI, and show some technologies for it. But the necessity of volume selection
and some other difficulties prevent the measurements of iz vivo MRS to get as good accuracy as i
vitro MRS in quantitation.
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