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m Introduction of MRS (chemical shift and J-coupling)
m Localization techniques

m B, Shimming

m B,* calibration

m \Water suppression

m Outer volume suppression







RESONANCE FREQUENCY e!ﬁ,m
7T Center for Biomedical Imaging
300MHz

Resonance frequency of a nucleus @ = ¥YBy

The Dependence of a Nuclear Magnetic Resonance
Frequency upon Chemical Compound*

G!Utamate W. G. ProcTor AND F. C. YU

Department of Physics, Stanford University, Stanford, California
January 18, 1950

OOC (I)H—CH —CH2 {ololo

+NH
> f

nuclei in a molecule resonant at different frequencies
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SHIELDING AND RESONANCE FREQUENCY em.sm

Lactate

R @ @ Electronegativity

ol | | |
JCH d@” L

+ frequency -
BefszO_Be = By(1—o0) )

o , the shielding constant - O S
low electron density high electron density

n
>

wo =yBy(1—0)

Electrons around the nucleus shield Resonance frequency depends on the
it from the applied field chemical environment of the nucleus
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CHEMICAL SHIFT e!I.Bm

CH,4
Chemical shift in parts per million CH
(magnetic field independent) 300.001230MHz Reference
_ 7T
§ = L el g 1230Hz 300MHz
Wref h t -

600.002460MHz

4 35 3 RHHZ) 15 1 05 ppm
14T
~ 2460Hz 600MHz

4 35 ?: 2.I5 f(H%I) 1.I5 1 05 cI) ppm
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J-COUPLING .‘!fsm

J-coupling (spin-spin coupling, scalar coupling) l Center for Biomedical Imaging
Interactions between neighboring nuclear spins

te it W : L -
Mt 1 G - AE=hv
tit it

Lactate

Number of splitting peaks: n+1
n: the number of neighboring identical nuclei
J: coupling constant in Hz

ST Pascal's triangle
414 412 41 4.08 4.06 1. 36 1. 34 1. 32 1. 3 1. 28 1. 26
Chemical shift (ppm) 1
1 3 1 1
1 2 1
. 1 3 3 1
Integral of resonances « number of nuclei 146 4 1

1 51010 5 1
1 6 152015 6 1
1 721353521 7 1
1 8 2856 70 56 28 8 1
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MORE ABOUT J-COUPLING .‘cl’Bm

'en’rerfor Biomedical Imaging
m Jis independent of the magnetic field |
1 =20Hz
|V1 'Vzl JL
o 40Hz
m Peak splitting le
— Weakly coupled (|v; — v,| > J132), €.9. "H-3C, product 1oonz N
operator formalism 200Hz T[ I
— Strongly coupled (roof effect): e.g. "TH-"H, density matrix 1200Hz || I
formalism T "
1 2
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FINGERPRINTS OF MOLECULES em.sm

NAA

A

S\ Jﬁ\//\\ Glu

A AN AU Gln

Chemical shift G o
Jcoupling | ¢ con
PCr \

Ins

DN GABA

_/L_/M/Lk ) myo-Ins
Ji NAA

NN Tau
. Lac

4.0 35 3.0 25 2.0 15 1.0 05 PPM
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J-EVOLUTION WITH TE e!I.Bm

Creatine Glutamate
. 1 non-coupled TE J-coupled
= 08
= J 2 ms
2 06 Creatine
] ‘
£ 04t 20 ms
[
i%o 02! Glutamate
40 ms
% 100 200 300
TE(ms)
60 ms
9(Q° 180°
80 ms
}\ A 110 ms
424038 363432302826 4 :;_5 3 2I_5 2 1I_5
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LOCALIZATION WITH SURFACE COIL em’sm

Lipid contamination

surface coil

ASPC3 GLNC4

GLCC6 GLU+GLN C2

70 20

Valette et al., Anal. Biochem., 529,.216-228, 2017
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PRINCIPLE OF LOCALIZATION em’sm

MRS
7 : ) H
_’\/\f *{Wﬁ*ﬁﬂ? 55 T a
____________ il
ﬂ / \
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L OCALIZATION SEQUENCES - &

] -
VAPOR| TE2 ™ TE/4 ' . . .
Center for Biomedical Imaging

ovs
G

semi-adiabatic SPECIAL
AFP

Non-echo Echo formation based or (mm
Image Selected In vivo Stimulated Echo Acquisition Mode VAPOR

Spectroscopy (ISIS) (STEAM) G, ﬂl_r\ Hﬂ ﬂ
Outer Volume Suppression Point RESolved Spectroscopy o OV n H Hﬂ ﬂ
(OVS) (PRESS) -
for Short T2 Semiadiabatic localization by G. Il ﬂ—ﬂﬂ—ﬂ
metabolites adiabatic selective refocusing
(SLASER) semi-LASER
3z 9° AFP  AFP __AFP AP e
s 0. Semiadiabatic spin echo full RE
z | intensity acquired localized ] At WV“'
g0 Creatine spectroscopy .. VAPOR’_[\ H I
E 0. E (SSPEC|AL) L+ \_I u
g ’ \
& 02 Glutamate G,  ovs [
Short TE
100 200 300 Long TE for spectral editing G: | l \ ‘ l
TE(ms) U
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CHEMICAL SHIFT DISPLACEMENT (CSD) ERROR :m’gm

Different resonances may experience different slice selection in the localization
sequence due to limited excitation bandwidth of the RF pulses

'\ —
>
\'ﬁ

CSDE (%): Ax _ Af

X BW

G, =0.24 mT/m G, =0.48 mT/m

e.g. 10% error along one _ s ,
axis | Jotmr e Jotmr i

. 3
Origin VOI: Lo | |l
1*1*1cm3=1cm3 1m:IkHzIE ;;% ;// 1m1kHZI: ;g;%
0.9*0.9*0.9cm?3=0.73cm3

= Broadband RF pulse |

= Strong gradient

B N e cuCr
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CSDE FOR J-COUPLED METABOLITES em'sm

TE =144 ms TE=144 ms TE=144 ms

TE=144ms 1

wa |
Lol sl g g

T T ! u 4 I 3 250 2 \ P 0 3 s 2 Yo /1
4 d 2 Frequency (pnr\ﬁ)ﬂ'/{l

A Frequency (ppm) B C Frequency (ppm)

Radio-frequency pulse bandwidths for the selective refocusing pulses vary between vendors in the range of 874—2300 Hz.

Lange et al, Am J Neuroradiol 27,2006.
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CSDE FOR J-COUPLED METABOLITES

Tg

A o

180° 180°

. T2 | Te2 T2 "vnvA Tgol2 "

i
o—"mM

N N

Lactate

1 ?OO—.
- G,
rmé?ﬂ4 "y

J=7Hz

15t180°pulse  CH3

CH O
° o NN "

D
TEO °l TE 144

PRESS

2nd 180° pulse

CH|

Edden et al, Main Reson Med, 56, 2006

© CIBM | Center for Biomedical Imaging

(CH3)

I ra——
‘ TE=144ms °0

80

N

D —

T T T T T T T
4 3.50 3 2.50 2 1.50 1
g C Frequency (ppm) 80

4o
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EXAMPLE OF CSDE IN MRSI e!I'Bm

Water__" semi-LASER

© CIBM | Center for Biomedical Imaging



SUMMARY FOR REDUCING CSDE b‘ of

ciBm
'enTerfor Biomedical Imaging

Ax  Af ‘ |
CSDE (%): = = Bw Af

B| f fl ~fo.x)
| G,=0.24 mT/m G, =0.48 mT/m “f(oax)
m Broadband RF pulse oo Tow 2
- il 4 .
I - gt - ) iBW I % ’ 1 j IBW
L] [ - - B r 7 - ral -
m Strong gradient e et [5]
[ 1m g g b 1 mm %:%
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IMAGE SELECTED IN VIVO SPECTROSCOPY (ISIS) - of

ciBm
'en’rerfor Biomedical Imaging
Multiple scans with add/subtract scheme

1D ISIS
3D ISIS
o 180° 180° 180° 90°
S / a b c
out 3 "
S’ 90 RF
A
RF;&W‘ 2, . 578,45 ox —
> = +
/// Swt 1 out A Gy
d / \
o K G
180° 20 ‘
# a b c
RF 1 | OFF | OFF | OFF
#2 Sx_ S 3.=S -S 2| ON | OFF | OFF
/_\ L e— 2 out A | 3 OFF ON OFF 5
Gx 4 | OFF | OFF | ON | -
5 ON ON OFF +
7 OFF | ON | ON
S=§,-5,=2S5, 8 | ON ON ON
[ Pros [ Cons
— No signal loss due to T, and J-evolution — Sensitive to motion during addition and
subtraction

— Signal loss due to T, relaxation

© CIBM | Center for Biomedical Imaging



POINT-RESOLVED SPECTROSCOPY (PRESS) em’sm |

Three slice-selective pulses form a double spin echo — one-shot technique

| TE
A 900 1800 180°

. AAf e /2 \Af Te2  Tgyl2 J\ T2 |

»l
Lg |

m Pros: -full signalintensity detected
- insensitive to motion
m Cons: -ratherlong echo times

- sufficient B, peak power necessary for 180° pulses

© CIBM | Center for Biomedical Imaging



STIMULATED ECHO ACQUISITION MODE (STEAM) :m’gm |

Three slice-selective pulses form a stimulated echo — one-shot technique

90°

O

0°

o, /\/\
6, —— V\

<

m Pros: -shortecho time (relative to PRESS)
- insensitive to motion
- less sensitive to B, inhomogeneity than PRESS

m  Cons: -only one half of the magnetization available

© CIBM | Center for Biomedical Imaging



SLICE-SELECTIVE LOCALIZATION BY ADIABATIC SELECTIVE <
REFOCUSING (semi-LASER) gcusm

Center for Biomedical Imaging

Slice-selective excitation + 2 pairs of slice-selective adiabatic refocusing pulses

semi-LASER

90° AFP  AFP __AFP AFP
ACQ

’_f\ ﬂ ﬂ Adiabatic pulses generate a nonlinear phase variation
S . across the slice and must be applied in pairs to obtain

! \ \:] H a slice-selective spin echo
Gy Ovs

= Pros: - full signal intensity available = Cons: -Longer echo time leads to T, weighting of signal
- longer minimum echo time but suppressed J-evolution - high B, peak power necessary for 180° pulses
- insensitive to B, inhomogeneity in two dimensions

B N e cuCr
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SEMI-ADIABATIC SPIN ECHO, FULL INTENSITY ACQUIRED <
LOCALIZED SPECTROSCOPY (sSPECIAL ) §ciem

Center for Biomedical Imaging

Spin-echo based add/subtract scheme - two shots technique
semi-adiabatic SPECIAL

AFP .
(on/Off)Ws 90 AFP 1 AFP

o .o 1l
o ™[l ﬂr\ H

ACQ

:

= Pros: - full signal intensity available = Cons: -two scans necessary for localization
- short TE (minimal signal loss due to T, and J-evolution) - more sensitive to motion than single-shot methods
- insensitive to B, inhomogeneity in two dimensions - high B, peak power necessary for 180° pulses

B N e cuCr
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MAGNETIC FIELD INHOMOGENEITY e!I.Bm

enter for Biomedical Imaging

Ex vivo spectrum of brain extract
creatine, CH, creatine, CH; NAA, CH;

PCr, CH,

PCr, CH,

L

Anal. Chem. 83, 216-224 (2011)

In vivo spectrum of a rat brain

NAA

CrtPer

2ho+5PC

Magn Reson Med 41:649-656 (1999)

© CIBM | Center for Biomedical Imaging 27



ORIGIN OF MAGNETIC FIELD INHOMOGENEITY :m'gm

m magnetic susceptibility difference between air and tissue

— Brain tissue(70-80% of water): diamagnetic

http://mriquestions.com

— Oxygen: paramagnetic

e.g. prefrontal cortex (close to nasal sinus cavity, Diamagnetic  Para/Ferromagnetic
air-tissue surface —~~
’ - =
Ca---Tissue 0, Gd---------Fe
xX<0 x>0
Water O,
Fat
tissues
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MAGNETIC FIELD INHOMOGENEITY em’sm

Ex vivo spectrum of brain extract
creatine, CH, creatine, CH; NAA, CH;
PCr, CH,

Anal. Chem. 83, 216-224 (2011)

In vivo spectrum of a rat brain

CrtPer

Higher magnetic susceptibility
gradient in living tissue

Magn Reson Med 41:649-656 (1999)

B N e cuCr
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B, SHIMMING: OPTIMIZE FIELD INHOMOGENEITY em’gm

Poor shimming!

FT
WN‘ _JL
FWHM = —
o 2*
Time domain Frequency domain
FWHM ! ! >
~ = »
nT;, =T, 0

Compensated by shimming

© CIBM | Center for Biomedical Imaging



B, SHIMMING: OPTIMIZE FIELD INHOMOGENEITY er_u'gm

Better shimming!

FT
o ﬁ
1
FWHM =
T, *
Time domain Frequency domain
FWHM ! 1
J— D,
~ == »
nT;, =T, 0

Compensated by shimming
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B, SHIMMING: OPTIMIZE FIELD INHOMOGENEITY em’gm

Great shimming!

i

FT
ﬁ

FWHM = —
T 2*
Time domain Frequency domain
FWHM ! 1 >
~ _ I3
nT;, =T, 0

Compensated by shimming
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EFFECT OF B, INHOMOGENEITY ON SPECTRAL RESOLUTION :m.Bm

T

A Gin MM

Glu+GlIn *

FWHM= 3 Hz

rwhM=9nz S\ J‘/\/L
FwaM=12Hz S\ J/\/L
FWHM=20Hz ____ _N\__ M

4 35 3 2.5 2 1.5 ppm

____ BIBN-CF

© CIBM | Center for Biomedical Imaging




EFFECT OF B, INHOMOGENEITY ON SPECTRAL RESOLUTION ‘m.Bm

'en’rerfor Biomedical Imaging

Inhomo-
geneous By

NAAG
PCr \i
\ / Ala
\ Homo-
geneous B,
I ' I ' | ' I '
4 3 2 1 ppm

____ C B M. G
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WHY: B, SHIMMING g‘!ﬁm

m Improved SNR
m |Improved spectral resolution

m Efficient water suppression, outer volume suppression and
editing performance (especially for MRSI) Frequency-Position Mapping

---------------------------------------------------------

m Avoiding mislocalization and distortion of localization profile

Frequency (kHz)

Dotted line: frequency-position mapping without BO inhomogeneities

Solid line: frequency-position mapping with superposition of metal = ok oS ¢ ¢ °
induced field inhomogeneities

W. Lu et al. Magn Reson Med 62, 2009.

© CIBM | Center for Biomedical Imaging
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SPHERICAL HARMONICS FOR B, FIELD S

m Magnetic field can be described as a linear r: Vector to spatial location (x,y,z) in the magnet

combination of spherical harmonics

Bo(r,0,8) = ) (1% ) (kum * Win($,6))

w..(#,0) :Angular functions based on spherical harmonics

K,, : Coefficients of expansion

n ¢,0 : fixed for a given projection
Ficld Generated by Low-Order Shims and Associated Spherical Harmonic Functions
in Spherical and Cartesian Coordinates®
Spatial dependence r" W, (4, ¢)
Shorthand Coefficients?
" m notation (Kpm) Spherical Cartesian
—_
1 0 A C rcosd ; :
st ! z

15t order L ye A  sin  cos . Gradient coils

1 1 Y B rsin 8 sin ¢ ¥

2 0 Z2 C, (3 cos?8 — 1)2 247 + )2

2 | X7 34 2sin ]
an order 21 F<sin  cos B cos ¢ Xz

2 1 YZ 3By, r*sin 8 cos 0 sin ¢ yz

2 2 Xy 34,5, r*sin?f cos 2¢ xt—y?

2 2 2XY 3B r*sin?f sin 2¢ 2x . .

> Shim coils

3 0 VA C; r3(5 cos’f — 3 cos 8)/2 z[z% — 3(x? + v2)/2]
3rd order 3 1 Xz? §A31 risin 6(5 cos% — 1)cos ¢ x(4z2 — x2 = %)

3 1 YZ? 3By, r¥sin #(5 cos®8 — 1)sin ¢ y(dz? - x?—yh

3 2 Z(X?P—YH 1345, rsin’f cos § cos 2¢ 2(x? =Y

3 3 X3 1545, r¥sin®0 cos 3¢ x3—3x?

3 3 Y? 15855 r3sin*4 sin 3¢ 3x%y - y? Gruetter et al, JMR,96 (1992)

© CIBM | Center for Biomedical Imaging
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SHIM COILS ecl'sm

Each shim coil produces magnetic field corresponding to one spherical harmonic field.

_—
' 15t order
&
21
% " E @ @ —_ 5 2" order
Z2 ZX ZY X2ye

B N e cuCr

© CIBM | Center for Biomedical Imaging de Graaf R. In Vivo NMR Spectroscopy: Principles and Techniques.1998.



S

B, SHIMMING METHODS Sciem
enter for Biomedical Imaging
m B, can be measured from the phase differences of
magnetization during a given period of free precession Experiment 1: M(0)

m Manual shimming

— Time-consuming

m  Automated shimming methods (quantitative, accurate and fast)

W (r 1) = W, o)
— 3D field mapping ApH(r,T) = yBo(r, 0%, )T

— projection based mapping: e.g. FASTMAP (high spatial sampling, preferred
for small volume optimization)

B N e cuCr
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EXAMPLE OF IN VITRO WATER SHIMMING RESULTS :c|'3m

All shims set to zero 1st-order shimming 2nd-order shimming

FWHM = 3.8 Hz

|

FWHM = 147 Hz FWHM = 7.4 Hz

400 200 200 400 50

Tkac, University of Minnesota

© CIBM | Center for Biomedical Imaging



Effect of 2"d-order shimming at 7 T >

IBM

nter for Biomedical Imaging

STEAM TE=6 ms, VOl =2 x 2 x 2 cm?®, occipital lobe, FASTMAP shimming

FWHM = 25 Hz

XY, Z
XY, XZ,YZ,Z2, X2Y2
FWHM =12 Hz
50 45 40 35 30 25 20 15 10 05 ppm

IBM.CH
Tkac, University of Minnesota
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B,” CALIBRATION em.sm

m Why?
— Achieve the required flip angle a = yB,T
— Maximal signal intensity

— Optimal slice profile to reach the best localization performance

m B,* Calibration is critical before each scan

— Different B, distribution for different subjects and coils

B N e cuCr
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B,” CALIBRATION e!I.Bm

m Flip angle calibration a = yB,T

B N e cuCr
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B,” CALIBRATION e!I.Bm

m Flip angle calibration a = yB,T

Sl =sin (@)

B N e cuCr
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B,” CALIBRATION e!I.Bm

m Flip angle calibration a = yB,T

Sl =sin (@)

B N e cuCr
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B,” CALIBRATION em.sm

m Flip angle calibration a = yB,T

S| = sin (a) ﬁ» Y @
. B,

JL o JL_

signal intensity

flip angle -

B N e cuCr

© CIBM | Center for Biomedical Imaging Keeler, Understanding NMR Spectroscopy,2002



B,” CALIBRATION

1

ical Imaging

m Surface coill

— Calibrate local RF power for B,*

m Volume coll

— Destructive and constructive interferences from
standing waves at high magnetic fields (RF
wavelength < sample size) lead to inhomogeneous
B, distribution

— High permittivity dielectric pad

— B;* shimming using transmit arrays is desirable to
achieve maximal local B4*

L
n o
Fractional Available B,

© CIBM | Center for Biomedical Imaging Emir et al., NMR Biomed., 2011; PLOS One, 2014 Mar 12;9(3):€91318. MRIquestions.com 47






WHY SUPPRESS WATER e!I.Bm

[Water;, ivol = ~ 44,000 mM

m Water is about 10000 times

bigger than metabolites sidebands \[J sidebands
m Vibration induced water
sidebands

m Baseline distortion
WM [metabolite] = 1-12mM

9 8 7 6 5 4 3 2 1 o Ppm

verical scale
x 3000

de Graaf R.A. (2012) Principles of 1TH NMR Spectroscopy In Vivo. In: Choi Y., Gruetter R. (eds) Neural Metabolism In Vivo.

B N e cuCr
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WATER SUPPRESSION MODULE S

CHEmical Shift-Selective (CHESS)

Frequency selective pulse for water
resonance T
0.6 -
/ \ 04 |-
/\ o 0.2 |-
=
RF I o
02 +
G 04 n=1
N h
. . L N
Spoiling gradient "~
-0.8
— =6
-1 1 1
0 20 40 60 80 100 120 140 160 180

Flip angle(degree)

B N e cuCr
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VAriable pulse Power and Optimized Relaxation delays (VAPOR) .‘!I’Bm

‘en’rerfor Biomedical Imaging

1.78p3 1.78p 1.78f3
13.n p ,,ﬂ 4]\ B'ﬂ n B'ﬂ n
* Multiple CHESS R 8 4 ow i 5 dely
« Variable delays 10
« Variable flip angles s
06 -
04 | | water Mz =0
o | prior to localization
E\ 0.2 ] B:9OO Ii /
02 | | |
04
06 -
08 -
-1.0 | ' 1 1 ' 1 ' 1 ' 1 ' ‘
0 100 200 300 400 500 600 700
t (ms)

© CIBM | Center for Biomedical Imaging Tkac et al., Magn Reson Med 1999



COMPARISON WITH OTHER WATER SUPPRESSION METHODS

Residual water magnetization M, /M,

o
\™)
T

=
—
|

o
o

=
—
|

O
N
T

“ @ with equal delays (60ms)

\
\ o ! w
. ;
a S -
- L - i ""._ %

3 CHESS (CHEmical Shift Selective) pulse

WET B—-1.25*%3—0.85+B—1.98*3
4 CHESS with equal
delays(60ms) l

1
L

X e .\.
VAPOR (7 CHESS with
variable delays)

B
o

© CIBM | Center for Biomedical Imaging

60 80 100 120 140 160
nominal flip angle (p)

52






OUTER VOLUME SUPPRESSION (OVS) e!fam

. . Spurious echo
Sinc pulse Imperfect slice profile P
6 5 :1 3 2 1
Frequency (ppm)
Water from elsewhere
T

Spoiling gradient

mriquestions.com; Carlsson et al.,Magn Reson Mater Phy 24, 2011.

© CIBM | Center for Biomedical Imaging 54




VAPOR water suppression STEAM  ACQ .‘ \ | 4
™ ] 1 ' c I B m

TE/2 TE/2 enter for Biomedical Imaging

Jr”un “}”’f n“AH Nﬂnnu,,

"

I
I

I

1

I

I

1

I

I

I

]

I
J

Q
<
w

e

O
<
w
O
<
w

Py,
M
—
(=
=
> .
>-.

P

G, ” allmle m 1S
G, I\ Iz = 1 I FTHH\ ﬂ

G: ” m =l = HHH qﬂ

Application of several blocks of slice selective pulses saturating regions adjacent to the VOI. For a
surface RF coil, variable amplitudes of the saturation pulses are useful.

© CIBM | Center for Biomedical Imaging Tkac et al. Appl Magn Reson, 2005



FINALLY, MR SPECTRUM QUALITY CONTROL e!fgm

High SNR

Shim performance

Spectral resolution
PCr

Cr
Efficient water suppression /
v
[\ I
T JMM\. T W
"W

© CIBM | Center for Biomedical Imaging



o

' Center for Biomedical Imaging

THANK YOU FOR YOUR ATTENTION

\\\\\\V ‘

A\

&= UNIVERSITE I_m Hopitaux.
(AL ): s niversitaires
¢ DE GENEVE Genéve




	Basics of MR spectroscopy
	outline
	Chemical shift and J-coupling
	Resonance frequency
	Shielding and Resonance Frequency
	Chemical shift
	J-coupling
	More about J-coupling
	Fingerprints of molecules
	J-evolution with TE
	Localization methods
	Localization with surface coil
	Principle of localization
	Localization sequences
	Chemical shift displacement (CSD) error
	CSDE for J-coupled metabolites
	CSDE for J-coupled metabolites
	Example of CSDE in MRSI
	Summary for reducing csde
	Image Selected In vivo Spectroscopy (ISIS)
	Point-RESolved Spectroscopy (PRESS)
	Stimulated echo acquisition mode (STEAM)
	Slice-selective Localization by Adiabatic Selective Refocusing (semi-LASER) 
	semi-adiabatic SPin ECho, full Intensity Acquired Localized spectroscopy (sSPECIAL )
	B0 shimming
	Magnetic field inhomogeneity
	Origin of Magnetic field inhomogeneity
	Magnetic field inhomogeneity
	B0 shimming: optimize field inhomogeneity
	B0 shimming: optimize field inhomogeneity
	B0 shimming: optimize field inhomogeneity
	Effect of B0 inhomogeneity on spectral resolution 
	Effect of B0 inhomogeneity on spectral resolution 
	Why: B0 shimming
	Spherical harmonics for B0 field
	Shim coils
	B0 shimming methods
	Example of in vitro water shimming results
	Slide Number 40
	B1 calibration
	B1+ calibration
	B1+ calibration
	B1+ calibration
	B1+ calibration
	B1+ calibration
	B1+ calibration
	Water suppression
	Why suppress water
	Water suppression module
	Slide Number 51
	Comparison with other water suppression methods
	Outer volume suppression
	Outer volume suppression (OVS)
	Slide Number 55
	Finally, MR spectrum quality control
	Slide Number 57

