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MAGNETIC RESONANCE SPECTROSCOPY em'sm

m NMR Spectroscopy
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MAGNETIC RESONANCE SPECTROSCOPY

7 NAg

* In Vivo MR spectroscopy (MRS)

. Measurement of different metabolites- metabolism

- Different organs

. Different nuclei: 1H, 13C, 31P, 15N, ..

- Different magnetic fields

- Different acquisition parameters

© CIBM | Center for Biomedical Imaging



FITTING & QUANTIFICATION .‘"
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m MRS - principal goal — quantification of changes in concentration of known metabolites

vvvvvvvvvvvvvv

e Frequencies e Frequencies

e Amplitudes J iurfaczI i

e Damping factor e Linewidths

e Phase e Zero order phase.

e Beginning time e first order phase
I S N N TR
5
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WHY IN VIVO 1H MR SPECTROSCOPY ? .4"
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Neurochemical Profile at 9.4T — at high magnetic field (9.4T)

>18 Markers of :

Myelination/Cell proliferation
Energy metabolism
Osmoregulation
Neurotransmitter metabolism
Antioxidants

— ultra short TE (2.8ms)

- in vivo
- non invasively

PCr Glu
Asc PE
GSH PCho
pcr ASP Gin GPC

- localized in hippocampus

NAA

Voxel 2x2.8x2 mm?3

I D N i

4.0 3.5 3.0

Frequency (ppm)

N N A - A N

- Maximize the neurochemical information
- Increase precision, accuracy — quantification
- Increase the reliability of obtained concentrations

© CIBM | Center for Biomedical Imaging CD Rae et al, Anal Biochem. 2017; CD Rae .Neurochem Res. 2014; V Rackayova et al 2017; JMN Duarte 2012
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METABOLIC MAPPING via MRSI
+

31 x 31 matrix

C

Voxel 2x2.8x2 mm3

2mm slice

| FID- MRS
Position1 | . 2 , 0.7x.0.7x2mm3
13 min @14.1T

2 MRS4Brain Toolbox

Menu | MRSl | SVS  DWS

https.//www.epfl.ch/labs/mrs4brain/ressources/
[ =2 @MRMHRMN Toolbox

4} | =] mrs4brain-toolbox/

[E Bruker data folder ] NAA Iw =10.2 Hz

® , ,

Study name 35 3 25 2 16 1
e : Relative metabolite map: Relative metabolite map: Relative metabolite map:

- g steps.
umber sices | 1[=] [ POF dorument Glu Rel. Ins Rel. tCho Rel.
e Crorsoomer ) ) ‘ . Concentration . ) Concentration . ‘ Concentration
[ Lipkl supprassion ] [ Filgans ] ........ m s AEOQAR L+R Whole Brain Region 14 L+R Whole Brain Region 12 L+R Whole Brain Region

.

Show Results

oot sice (1 v | []Customregions ~Side [L+R | [;@] { h ] l

o Region  [Whoeran v | Mk
I MRSI Wetabolte  [Ins v | [Relaive v o o o

Hoalysis B LR T [ o) H N ] [li, 1

0 01020304 0506070809 1

© CIBM | Genter for Biomedical Imaging B Alves, et al, NMR Biomed, 2024; D Simicic et al, NMR Biomed 2025 cristina.cudalbu@epfl.ch
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Terminology and concepts for the characterization of in vivo

MR spectroscopy methods and MR spectra: Background and
experts' consensus recommendations

Roland Kreis © | Vincent Boer?® | In-Young Choi® | Cristina Cudalbu®

Robin A. de Graaf’ | Charles Gasparovic® | Arend Heerschap’ |

Martin Krigak® © | Bernard Lanz®'°© | Andrew A. Maudsley**® |

Martin Meyerspeer'>*3© | Jamie Near'*® | GilinOz*®® | Stefan Posse'®® |

Johannes Slotboom®” © | MelissaTerpstral® | IvanTkac®>© | Martin Wilson® |
Wolfgang Bogner'” | Experts' Working Group on Terminology for MR Spectroscopy
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WHY HIGH MAGNETIC FIELD ? eclsm

® More signal
® More spectral resolution

® And more sensitivity

T
3T 1
Bo=1.5T
NAA
Gl C
water gﬁH P{:r
Cr Glu 1
Clho Ghn Ce : ho
ml §

LL (Lac+Lipids) . ? .
— ~ 7 - AENER

© CIBM | Center for Biomedical Imaging Ralf Mekle et al’ (2009) MRM 50. 1279 9
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WHY HIGH B,? em’sm _

m Enormous progress 15T

— 1 SNR & — 1Y

— 1 chemical shift dispersion — 1 resolution &€

— decreased strong J-coupling effects

3 2
— Improve quantification precision and accuracy 3T M
— | T,*- T spectral lwinHz & JL

40 35 3.0 2.5 2.0 ppm

7T

L

4.0 3.5 3.0 2.5 2.0 ppm
Courtesy of | Tkac

B N e cuCr

0Oz G, et al., Clinical proton MR spectroscopy in central nervous system disorders. Radiology. 2014
Wilson M, et al., Methodological consensus on clinical proton MRS of the brain: Review and recommendations. Magn Reson Med. 2019

© CIBM | Center for Biomedical Imaging
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X NUCLEI MRS - 94T

In vivo '"H MRS
3 >
< g S Gl |2
= s |x NAAG:,
3 £ |3
A g |5 é
cE , B9 5
pcr | € £ U] ‘25
Ny 7 A = Glu 00 PCho -
"I S natl § PE lF'i GPC
A L"M MM
4 3 2 1 10 5 0 -5 -10 -15 -20
Frequency (ppm)

Frequency (ppm)

In vivo 13C MRS In vivo 15N MRS

Glu-C4
5-5NGIn
Glu-C3
i Urea 5
Glu-C2 GABA-C] CIn-C4 2-*NGIn+Glu
LEI n::si o GABA-C4 ASD-CSL T A .w'm‘w»h.m)bwmw%ﬁw.qh\'vaw,vm. "
Gly (ref)
T e 5 5 4 40 3 30 25 20 £ T £ g =
Frequency (ppm) Freguency (ppm)
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CLINICAL VS PRECLINICAL DATA pCiBM

Preclinical Clinical

Subjects Animal (rat/mouse) - Human — no anesthesia
anesthesia

Motion © ?70

Time for © ®

scanning Shim, WS, OVS, ...

@scanner MRS experts Not necessary MRS experts

Amount of data +++ +++++++

(Lots) Data with gnetimes artifacts

Need to be identified ® Draw incorrect decisions
Corrected or data discarded ® Standard quantification software — NO

Preprocessed ‘ quality check
Fitted & Quantified

® CRLB .....

© CIBM | Center for Biomedical Imaging 12
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CLINICAL VS PRECLINICAL DATA pCo/BM
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t, + 4 months

= ChOfcr 50,000
2,000 1 )
o : 40,000
1,500 1 L
S 10007 Z 20,000
500 | 10,000
0 0
6.0 55 5.0 45 4.0 3.5 3.0 25 20 15 1.0 05 0.0 6 5 4 3 2 1 0
ppm ppm
— Absorp Blue — .&bsorDBlue[ﬁt,‘:f — Absorp Blue — Absorp Biue(ﬁt]l

7,500
5,000

v
2 2500

>
0
-2,500

6.0 55 50 45 4.0 35 30 25 20 15 10 05 0.0 . 5 4 3 2 1 0
ppm ppm
|—Absa|D Blue — Absorp Blue[ﬁt)[ — Absorp Blue — Absorp m:e{ﬁt}|

Example showing two Cho/Cr maps of a Glioma patient acquired 4 months apart.
Siemens Aera 1.5 T, 2D-PRESS, 12x12 interpolated to 32x32, TE/TR 135/1500n

From N Barros et al, Analytical Biochemistry, 2017

Contents lists available at ScienceDirect

Analytical Biochemistry

ELSEVIER journal homepage: www.elsevier.com/locate/yabio

Quality management in in vivo proton MRS @cﬂ,ssm

Nuno Pedrosa de Barros *"*, Johannes Slotboom "
* University of Bern, Switzerland
" Support Center for Advanced Neuroimaging. Inselspital, Bern, Switzerland

© CIBM | Center for Biomedical Imaging 13
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Chemical shift artifact
Bad water
suppression
Bad shimming
OVS contamination
Eddy currents gtc

Quantification
Algorithm

‘ Unreliable metabolite
concentrations

ISMRM 2010, Potentials and Challenges at High Field MRS
R Kreis, NMR Biomed 2004, 17:361
Tkac I, et al, Appl Magn Reson. 2005 29:139.

© CIBM | Center for Biomedical Imaging



DISTORTIONS OF 1H NMR SPECTRUM OF THE HUMAN BRAIN AT 7T .‘!fgm

‘en’rerfor Biomedical Imaging
low signal-to-
noise ratio
poor shimming

poor water
\ suppression
\ lipid

\ contamination

\
\.\ Av‘[‘, V.
baseline \\ //\\

SN /
\.\__/ distortion

© CIBM | Center for Biomedical Imaging TKAC, University of Minnesota




IS RELIABLE QUANTIFICATION OF GABA AND GLU POSSIBLE? .‘!I'Bm

“en’rerfor Biomedical Imaging

GLUTAMATE? DIFFICULT, LIMITED PRECISION
GABA? IMPOSSIBLE FROM THIS TYPE OF SPECTRA!!

1 @DQ

S~ Vv \/ N A/ N N\

© CIBM | Center for Biomedical Imaging TKAC, University of Minnesota



GOOD QUALITY DATA AT SHORT TE &
'enTerforBiomedicaIImaging

* Shimming: e.g. FASTMAP, MAPSHIM

GPC, PCho, PE

pPcr Cr

Gln, Glu, GSH, Asc

 Pulse sequence at short TE ins

Provide undistorted multiplets and no T, weighting

High spectral resolution

Increased no of metabolites %
I | T | T | T ‘ T | 1
Improved quantification w40 38 36 34 32 S Glu, NAAG
D-.. 5
S
Efficient :
water suppression
'.: %
)
E‘ |
Glu i Localization performance
G 1
I 1
Ala  Lac
Flat baseline
| ' | ' |
3 2 1

SPECIAL, TE=2.8ms, 10 min

© CIBM | Center for Biomedical Imaging R Kreis 2004 C Cudalbu 2013 (450) Qua“tv Of MRS/MRSI YOUTUbe - I TkaC



https://www.youtube.com/watch?v=Bt1U7VaVTuo

Received: 11 November 2019 | Revised: 29 March 2020 | Accepted: 30 April 2020 "’
DOI: 10.1002/nbm.4325
NMR
ACQUISITION SEQUENCES s Whooe wiey W CIBM
Magnetic resonance spectroscopy in the rodent brain: Experts’

' Center for Biomedical Imaging
consensus recommendations

LAMNZ ET AL NMR .
INBIOMEDICINE—YV 1 ]—EYJ—

FIGURE 3 Example '"H MR spectra obtained in rodent brains at 9.4 T (ﬂ]
with STEAM (A), SPECIAL (B) and LASER (C) sequences. A, STEAM

spectrum: rat brain, 2.3 x 1.3 x 2.5 mm- voxel placed in the hippocampus,

. GOOd |Oca|ization : TR =55, TE = 2 ms, TM = 20 ms, number of averages = 448, Spectrum is

shown with Gaussian factor = 0.15. B, SPECIAL spectrum: rat brain, 2 x
2.8 % 2 mm® voxel placed in the hippocampus, TR = 4, TE = 2.8 ms,

. number of averages = 160. C, LASER spectrum: mouse brain, 1.7 x 2.25 x
- dou ble " OVS+Seq Or LAS E R 2.25 mm? voxel placed in hippocampus, TR = 4 s, TE = 27 ms, number of
averages = 384. The STEAM spectrum was provided by van Tkat

m Strong crusher gradients ®) speciaL
m Good WS

Received: 23 March 2020 | Accepted: 23 November 2020 Received: 15 March 2019 l Revised: 29 October 2019 Accepted: 7 November 2019 MJM ’M

DOl: 10.1002/nbm.4459 DOI: 10.1002/nbm.4236
MR Diane WILEY ©)
SPECIAL ISSUE REVIEW ARTICLE INBIOMEDICINE SPECIAL 1SSUE REVIEW ARTICLE WILEY N%?AEDI(INE LASER
Water and lipid suppression techniques for advanced *H MRS Advanced sinele voxel 'H magnetic resonance spectrosco
and MRSI of the human brain: Experts' consensus v . ' gle vox g' ! P . Py
recommendations techniques in humans: Experts' consensus recommendations \/M
lvanTkae'@ | Dinesh Deelchand®® | Wolfgang Dreher’® | Hoby Hetherington® |  Giilin Oz' @ | Dinesh K. Deelchand @ | Jannie P. Wijnen? | Vladimir Mlynarik® | . : : | | | , | | |
Roland Kreis*© | Chathura Kumaragamage®© | Michal Povazan®® | Lijing Xin*© | Ralf Mekle® | Ralph Noeske® | Tom W.J. Scheenen”® | Ivan Tka¢® | W0 45 40 30‘:’1 $'U| hz_: 20 1% 10 05
. N N emical s m
Daniel M. Spielman’ | Bernhard Strasser®® | Robin A. de Graaf® the Experts' Working Group on Advanced Single Voxel 'H MRS ! ift (ppm)

© CIBM | Center for Biomedical Imaging 20



RF COILS

Signal intensity (a.u.)

-ijﬂmzmwuu’rm” :

9.4T — Cryogenic coil

Water power (a.u.) Water linewidth (Hz)

50

G Striatum 9.4T

Signal intensity (a.u.)

Hippocampus 9.4T

35 3 25 2 15 1 05

Chemical shift (ppm)

© CIBM | Center for Biomedical Imaging
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Signal intensity (a.u.)

SNRyaa (-)

Water power (a.u.)

Signal intensity (a.u.)

Signal intensity (a.u.)

Chemiecal chift (nnm)

T T T T T T

14.1T — Room temperature coil

Water linewidth (Hz) SNRyaa ()

Striatum 14.1T

Hippocampus 14.1T

35 3 25 2 15 1 05

Chemical shift (ppm)

50
[3
40
<30
20 d
Im
0

15 1 05

25
Chemical Shift (PPM)

o0 pted: 30 April 2020

NMR
NgoMiaNe WILEY

roscopy in the rodent brain: Experts’
ns

CIBM.CH

cristina.cudalbu@epfl.ch 2



MINIMUM QUALITY CRITERIA

= | "
Clinical Proton MR Spectroscopy [Ej .
in Central Nervous System
Disorders’ [\ c I B m

Received: 15 March 2019 | Revised: 29 October 2019 | Accepted: 7 November 2019 ]Il’lg
DO 10.1002/nbm 4236

Radiology

SPECIAL ISSUE REVIEW ARTICLE WILEY MIB\I’(I)'»‘AEDI(INE

Advanced single voxel *H magnetic resonance spectroscopy
techniques in humans: Experts' consensus recommendations

SNR >3 for major resonances

Giilin ©z' ® | Dinesh K. Deelchand®® | Jannie P. Wijnen? | Vladimir Mlynarik® |
Lijing Xin® ® | Ralf Mekle® | Ralph Noeske® | Tom W.J. Scheenen”® | Ivan Tkac? |
the Experts' Working Group on Advanced Single Voxel *H MRS

Lineshape — symmetric Slg nal
WS

No lipid contamination

Linewidth - shimming

No other visible artifacts
- Not so obvious artifacts (Chemical shift artifact, localization inaccuracies,
signal cancellation, etc)

CRBs Quantification

Residuals with unexplained features

© CIBM | Center for Biomedical Imaging

ISMRM 2010, Potentials and Challenges at High Field MRS http://www.ismrm.org/workshops/Spectroscopy16/program.htm
R Kreis, NMR Biomed 2004, 17:361 2nd TRANSACT Workshop, University Bern: Quality Issues in Clinical MRS 2014
Tkac |, et al, Appl Magn Reson. 2005 29:139. The MRS Consensus Group. (2014), Radiology, 270(3):658-79.



http://www.ismrm.org/workshops/Spectroscopy16/program.htm

QUALITY CONTROL e!I.Bm

enter for Biomedical Imaging

° Quallty Control — detection of artifacts (rejection or correction)

« Signal Quality Control
Quantification Quality Control
« Automatic (semi-automatic)

Analytical Biochemistry 529 (2017) 98—116

Contents lists available at ScienceDirect

A Analytical Biochemistry
https://mrszozz'CIbm'Ch/agenda/ ]| SEVIE \3 journal hemepage: www.elsevier.com/locate/yabio

Quality management in in vivo proton MRS @Cm ek

Nuno Pedrosa de Barros * ™", Johannes Slotboom "

" University of Bern, Swilzerland
" Support Center for Advanced Neurvimaging, Inselspital, Bern, Switzerland

© CIBM | Center for Biomedical IRp§¥8 iy et al, Analytical Biochemistry, 2017



| Menu MRSI  SVS  Dws

"

‘en’rerfor Biomedical Imaging

ciBm

$cem MRSZABRAIN Toolhox

Welcome to the MRS4Brain Toolbox, Please select one of the following spectroscopy modalities

Magnetic resonance spectroscopic imaging MRSI
Single voxel spectroscopy SVS
Diffusion weighted spectroscopy DWS

© CIBM | Center for Biomedical Imaging
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& CIDIVI [ CETILET TUT DIUTTTIEUiCdar mimaging

1SS
Fregquency range [ppm] . min




[#) Load SVS/DWS

[ Datafoider | [ POF document |  Mame base

F0TTI0IT_SHAMTOT weaksd

N exp |saved name

T | 2022103 1_SHAMTOT _weakd_T

&|20221031_SHAMTOT_weeks_35

@

20221031_SHAMTDT _weakd_10

o

20221031_SHAMTOT _weakd_12

@

2021V 1_SHAMTOT _weak+_15

@

20221031_SHAMTOT_waekd_18

7 [20221031_SHAMTOT_wesk4_17

20221031_SHAMTOT_weekd_19

i

202TTNI1_SHAMTOT _weakd_waier

22| 20221021_SHAMTO? _weakt_22

23| 20221031_SHAMTOT_week4_23
24 | 20221031_SHAMTOT week4_24

28| 20221031_SHAMTET _weakd_25
26| 20221001_SHAMTOT _weekd_28

NERRRROOCODOOOOO §

-

Close

Load data |

(R

& SVS/DWS

$4% Preferences SVSIDWS

| Lcmodelpath | | Basisset |

Licence

[ usmauL PPMstart | 43

Configs [ DWS_14T_1H_isisoff

Ohiner | Cenier for Eiomefical Imaging, Lausanne

[IWITRO
[FINRATIO

PPMend | 02]
— Key
DKNTMN | 025

Relztiva metabokte Cr+PCr
Relative concenlralion | B

— Combination

210387309

Config name | DWS_14T_1H_isisall

Use

~— Omission
NCOMB

_-ﬂ NOMIT |

NUSE 7=

Combination Omitted

NAA*NAAG -CreH2

I

Index | Used
NAA E

GFC+PCho

Gin
FCr

1
2| Glu+Gin
3
4

Cr

Ins
Tau

1
2
3

Cr=PCr 4|Lip13a
5
]
i

Pa | oon | on | B g R |

ECho T

— Pre ing
Line Eroadening 12

Frequency range [ppm] - min 7| max 8|

Rejection threshokd

Maimum time |

15

a ]

© CIBM | Center for Biomedical Imaging

2 MRS4Brain Toolbox

Menu MRSI Svs DWS
ciBm
@ €O yrsliarAN Toolbos
~ Data management
[[i Result folder ] @
Study name
| DWS_test l
Load DWS data ]
— Experiments
Reference data
[20221031_5HAM?0?_week4_water v J
Metabolite data
On/Off | Experiment
[l 20221031_SHAMTOT weekd 22
> 20221031_SHAMTOT weekd_23
Wl 20021031_SHAMTOT weekd_24
Wl 20221031_SHAMTOT weekd_25
m 20221031_SHAMTOT weekd 38
[l 20231031_SHAMTOT woskd_37
W 20221031_SHAMTOT _woehd_28
] 202103 1_SHAMTOT weekd_29
[ 20E21031_SHAMTOT _weekd_30
[l 20221031_SHAMTOT weekd 31

[ Select all ] [ Deselect all ]

[ Choose selection ]

[DataPmcessinq J [ Quantification ]

4} ons s |

0.09 T T

0.08 -

0.06 -

v

-0.01 . l
4 15

3 25

ppm scale

Experiment [20221031_SHAM?D?_'M29K4_22 v

Results | Fitting

-

Metabolte [NAA

v)

Diffusion coefficient
Oriented sticks model

Apparent Diffusion
Coefficient (ADC)
Kurtosis model

Apparent Kurtosis
Coefficient (AKC)
Kurtosis model

0.1145

0.02332

1.682e-10

S5y

09
08
0.7
06
05
04

0.3
0

15 1

05

e (aies )

(e ] (

Fit ] [ Baseline ]

Diffusion fitting

20

Imaging



@ MRS 4BRAIN TD 0 | |:| 0X https://github.com/AlvBrayan/MRS4Brain-toolbox

https://www.epfl.ch/labs/mrs4brain/ressources/mrs4brain-toolbox/

‘en’rerfor Biomedical Imaging

=

Read the Bruker MRSI data format

1024

2.  Brain mask — Water power mask Power,, = Z Ispectral point|

i=1

3. HSVD water removal

Lipid suppression MWMW
= ABj and linewidth map (water signal) - SNR map (NAA peak hight / o noise) _ | |

5.  Quick data assessment maps ,ﬁhw\rnu!m,wrlw‘wﬁm

35 3 25 2 15 1 05

P

- linewidth and AB, map (water signal)

- SNR map (NAA peak hight / o noise)

L WWW*

'353252 15 1
ppm

»

LCmodel (Version 6.3-1N) \4B,0] [Ha] LW [Hz] SNR

4 D
. . . . ¢% Display settings
7. Quality selection criteria -

LCModel QC (Only for SNR)

— Quality controls

> SNR(75% of SNR ), FWHM (125% of FWHM ) and CRLBs (<40%) enn e

[ Minimum SHR v] | 3]
8. Metabolic maps and atlas based automatic segmentation (SIGMA atlas) WIFWHM  Mean FWHM
[Maximum threshoid v | | 125

Max CRLB limit [%]
Interpolation  OFf -/) on

Manualmax Mazx concentration B Alves & G Br[and

concenlrallon

© CIBM | Center for Biomedical Imaging cristina.cudalbu@epfl.ch



https://github.com/AlvBrayan/MRS4Brain-toolbox
https://www.epfl.ch/labs/mrs4brain/ressources/mrs4brain-toolbox/

MRS4BRAIN TOOLBOX : MRSI (QUALITY CONTROL) .‘!?Bm

‘en‘rerfor Biomedical Imaging

m 4 Quality Metrics reported :
Signal-to-noise ratio (SNR),
linewidth (Iw or FWHM), B,
shift & Cramer Rao lower
bound (CRLB)

m Quality check before fitting
(no masking)

m  Quality control after fitting
(masking of unwanted data)

https:.//www.epfl.ch/labs/mrs4brain/ressources/

%RSZIBRMN Toolbox mrs4brain-toolbox/

© CIBM | Center for Biomedical Imaging



i

MRSI — quality control S
| Center for Biomedical Imaging

B Alves

m Bo shimming — shim larger regions — significant Bo inhomogeneities

Linewidth map (mean = 47.0345 Hz) : NSlice = 1 Linewidth map (mean = 68.7358 Hz) : NSlice = 1

31 x 31 matrix

 —
2mm slice
Received: 23 March 2020 I Accepted: 23 November 2020
DOI: 10.1002/nbm. 4459
NMR - - NSlice = #t ma (in Ha) - NSlice = S Hi . NSlice =
SPECIAL ISSUE REVIEW ARTICLE INBIOMEDICINE W[ LEY Absolute BO Drift map (in Hz) : NSlice = 1 BO Drift (over 228 voxels) : NSlice = 1 Absolute BO Drift map (in Hz) : NSlice = 1 5 BO Drift Histogram (over 273 voxels) : NSlice = 1

Water and lipid suppression techniques for advanced H MRS
and MRSI of the human brain: Experts' consensus

60
50
40
30
20
10
0

recommendations

IvanTkac'® | Dinesh Deelchand®® | Wolfgang Dreher? ® | Hoby Hetherington® |

Roland Kreis* | Chathura Kumaragamage® | Michal Povazan® |

Daniel M. Spielman’ | Bernhard Strasser®® | Robin A. de Graaf® : s %

Frequency [Hz]

Frequency [Hz]

=

© CIBM | Center for Biomedical Imaging https.//www.epfl.ch/labs/mrs4brain/ressources/live-demos/ cristina.cudalbu@epfl.ch 30



3D METABOLIC MAP S

ciBm

'en’rerfor Biomedical Imaging

[Tau]/[Cr+PCr]

— Time — CS (AF=4, 119min—>28min), 1.19 uL to 0.59 L
— PSF & Resolution 3
— Lipid contamination -- Saturation bands
— Post processing

I B B N BT

© CIBM | Center for Biomedical Imaging



(B) Mildly lipid-contaminated map  (C) Severely lipid-contaminated
map

r
AB,| [Hz 60
50
40
30
20
10

Voxel Selection after QC

Accepted
Voxels
[NAAJ[Cr+PCr] R [NAAJ/[Cr+PCr] C ot | Aeoapand

35 3 25 2 15 1
PPmM

B N e cuCr

© CIBM | Center for Biomedical Imaging



QUALITY CONTROL IN MRS4BRAIN TOOLBOX

https.//www.epfl.ch/lab
s/mrs4brain/ressource
s/mrs4brain-toolbox/

© CIBM | Center for Biomedical Imaging

Ivienu

MES] SV LwWs

Bruker data folder

|
(=

Study name

| 01112024 _MewBasis_2DFIDMRSI_AD1300

Result folder

J
()
|

— Processing steps

Mumber slices =

[ Lipid suppression ] [ Fillgaps ]

[] 3DMRSI

—— Data specific
. 9.4T (for MRI) Reco. Nb
Experiment number folder

2
PDF document

NMetabofites Ref Image range
L v [ s 7] [ 1]
MRI Slice Number
MR central slice 1 27
Options
m Analysis

Metabolite

Overlap

Current mask d 0
Power Map
SNR map
-4 60
Linewidth map
Mac
Cr - 50
4 40

Glu

GIn

Ala

Asc

Asp

GABA

Glc []Job0 Recon.

G Side (LR v ‘@ ‘ j h ‘ Metsbolites
Lac - | Concentrations e ekt Concariratioss

SNR map v| [Reiative — —

|IIII|IIII|IIIIIIIII|IIII|IIII|IIII|IIII|IIII|IIIII ‘ ¢¢ ‘ ‘ @ ‘ ‘l&l ‘
01020304050607 08089

SR [au]

| G

o

ciBm

enter for Biomedical Imaging




# 1MRS4Brain Toolbox

Menu ME:SI1 t=1"k] WS

li Bruker data folder J & MRS4Brain Toolbox - O x '
e , ‘ .
[E Result folder ] @ @y Display settings & .
|

ciBm

MRS} BRAM Taokos
[+] LCModel QC (Only for SMR) . . .
Center for Biomedical Imaging

— Quality controls

SNR Mean SNR

[ Minimum SNR v] | 4|

FWHM Mean FWWHM 0.03975

(Maximum threshold v | | 1.25|

Masx GRLE limit [%]
- o
Interpolation  Off -,\) On

Manual max Max concentration

conceniration
14

Study name

| 01112024_MewBasis_2DFIDMRSI_AD1300

— Processing steps

[] 3D MRS Number slices =

Lipid suppression ] [ Fillgaps ]

— Data specific
9.4T (for MRI) Reco. Nb

Experiment number fold
2
FPDF document

s | o — { httos.:.//www.epfl.ch/l
MRl Siice Number abs/mrs4brain/resso
MRI central slice 1 27 @ .
,,,,,,,,, urces/mrs4brain-
& toolbox/
., s
— shSOI_W ne-’m:til [ Cust ) []Job0 Recon. /
Ice v Ustom regions

options Region [Whole Brain v | Sioe :| w_h ‘ Matehol tes

50

Concentrations
MRSI Metabolite | SNR map v | [Relative v |
oA Analysis E— 08
P |IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII| g
M 01020304 0506070809 1

© CIBM | Center for Biomedical Imaging 34
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Choose a directory *
4 s ThisPC s cudalbu_biblio (\\cibrmaitsrvl.epfl.ch) (Z:) » DATA » CS| 5 94T-FIDCSI-Data » 20241101_091603_011124_Ferm_MRSI2D3D_SVSMM_011124_Fer_MRSIZD3D_SVSMM_1_1 > w @ | Search20241101_091603_0111... ©
Organize « MNew folder == - 9
R & ™ Name - Date moedified Type Size -~
Jessie_DWSdata * ' s e
1 01/11/2024 11:05 File folder
MM_DIR-1R_2018 * 10 01/11/2024 11:04 File folder
JMRUI_v7.0_build3 g 1 01/11/2024 11:04 File folder
. scannerdata - 12 01,/11/2024 11204 File folder
DWMRS_Waorkshop_2023 13 01,/11/2024 11:04 File folder
Outlook 14 01/11/2024 11:48 File folder
Projects 15 01/11/2024 11:05 File folder
16 01/11/2024 11:05 File folder
protocels 17 01/11/2024 13:03 File folder
e Creative Cloud Files 19 01,/11/2024 13:03 File folder
20 01/11/2024 13:03 File folder
@ OneDrive - epfl.ch 21 01/11/2024 13:19 File folder
[ This PC 2 01/11/2024 13:03 File folder
_'.j 3D Objects 23 01/11/2024 14:47 File folder
24 01/11/2024 14:31 File folder )
pesktop 5 O Fiefolder https://www.epfl.ch/labs/mrs4brain/ressources/
Documents 2% 01/11/2024 17:59 File folder .
¥ Downloads 2 01/11/202417:59 File folder mrS4braln'tOOlbOX/
MRS 2022 Warkshop 30 01/11/2024 15:57 File folder
B Music EY 01/11/2024 15:47 File folder
[&] Pictures 35 01/11/2024 17:59 File folder
B Videos 6 01/11/2024 17:59 File folder
20 Local Dik(C) 7 01/11/2024 17:59 File folder
19 01/11/2024 17:59 File folder
o Data2024 (E) - )
40 01/11/2024 17:59 File folder
=g PhysioSheets (\\sh1files\LIFMET) (L:) M 01/11/2024 18:16 File folder
=% Kasia (\\cibmaitsrv1.epfl.ch) (Q) 1 01/11/2024 17:59 File folder
= Animal Facility (\\cibmaitsre1) (T:) 43 01/11/2024 17:59 File folder
= lifmet (\\sbifiles) (U:) 45 01,/11/2024 17:39 File folder
= Valumetry (\\cibmaitsre1,epfl.ch) (V) AdjProtocols 01/11/2024 11:05 File folder
= Volumetry (W cibmaitsry) (W8 AdjResult / 01/11/2024 17:58 File folder
e Linewidths 22711/2024 14:47 File folder
= BDL (\\cibmaitsrv.epfl.ch) () Masks — 01/11/2024 18:17 File folder
= glioma (\icibmaitsnT.epfl.ch) (¥:) PowerMaps 01/11/2024 18:07 File folder
= cudalbu_biblio (\\cibmaitsrv1.epfl.ch) (Z:) registration 01/11/2024 12:00 File folder
E" Metwork shims 01/11/2024 17:59 File folder
N W SMR_maps / 22/11/2024 14:42 File folder W

Folder: | Linewidths

Select Folder Cancel




PREPROCESSING STEPS e!I.Bm |

* Phase offsets (0 and 1st order)

« Subject motion

« Scanner drift

* Eddy currents

 Alignment of spectra that need to be added/subtracted
« WWater contamination

||||||||||||||||||||||||||||||



PREPROCESSING STEPS em’sm _

m Why ?
— quantification algorithms do not account for all of them

— Lead to errors in the quantification process

m Requirements:
— Automated methods

— Included in the quantification software

© CIBM | Center for Biomedical Imaging



ET AL "MH o
s NBONEDNg-W 1 LE Y- L2202 "'
FIGURE 4 lllustration of two . c I B m

example processing pipelines, applied to ' _ _ _
the same raw data. The dataset was Center for Biomedical Imaging

obtained from a rat brain using the
PRESS sequence at 7 T with Tg = 11 ms. [ Raw Data ]JW

Processing pipeline B [dark red boxes,

Ch:m-m shift l:m:rnl

right-hand side) includes only basic steps

to combine the coils and transients .

[similar to the standard processing Preprpce_SSI ng Preprocessing
pipeline provided by clinical scanner F' [ pEI mne A p| pe | ne B
vendors) HNESI.HE p_:pelme A [mﬁ!n Rermnoval of motion == RF coil combination |

boxes, keft-hand side) involves additicnal corrupted transients —

steps to remove motion-corrupted N [RF coil combination |
averages, toretmspectu'rfeh correct Frequency and phase —

frequency and phase drift, and to remove drift correction --[ Combining aueragesj |

eddy current artefacts. Pipeline & l | Combining averages ]

resulted in several noticeable
| .
improvements in spectral quality, [ Water peak removal |« Eddy current correction |

including reduced water contamination Pd )
forangs svows], and Ingroved vieal [ Zero-filling || Apodization |==[Phase carrection| [Phase correction]
definition of most spectral peaks,
including lactate (1.3 ppm, dark blue
arrows), glutamate-H4 (2.3 ppm, purple
arrows), tCho (3.2 ppr, light blue arrows),
taurine (3.4 ppm, red arrows) and myo- ——Pipeline A
inositol (3.5 ppm, pink arrows). These
improvements highlight the importance
of using an appropriate processing
pipeline. Mote that, as stated in the
recammendation tables, zero-filling and
apadization may be used to improve the
visual appearance of the spectrum, but
should not be performed pricr to spectral
analysis

—PFipeline B

Chemical shift (ppm)

© CIBM | Center for Biomedical Im 38



= MR54Brain Toolbox

Menu MRS SVS DWs

§oon @Mﬂslmﬂmu Toalhox . ."’

ciBm
— Data management ‘

enter for Biomedical Imaging

[i Bruker data folder ] 0.9
[E Result folder ] @

0.3

Study name

— Processing steps oo
" [=]
[] 23D MRsI Mumber slices -

‘ 4085

A Lipid suppression

‘ Fillgaps -

1

=

o
Concentration JCr+PCr

https.//www.epfl.ch/lab

404 .
— Data specific S/mrS4braln/ressourCe
. 9.4T (for MRI) Reco. Nb )
Expeanl:t._rfulm‘llJt_ef.folder — 03 s/mrs4brain-toolbox/
SR Slice
Metabolites [v/] Ref  Image range
|20 2| w] [ ] 02
MRI Slice MNumber
MRI central slice 1 H]
01
o
— Show Results -
Slice E] Custom regions e - )
i e S|de __: ""'_’_"," || —
Region S Concenirations Al
H OUEI’laD IIIII|IIIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII| 08.
A"alvsm 0 01020304050607 0809 1 \—l 'L‘*

39




© CIBM | Center for Biomedical Imaging

4 SVS/DWS preferences

ﬂ Preferences SVS/DWS

[ LCModel path ] [ Basis set

[ NSIMUL

PPM start
PPM end

[IviTRO DKNTMN
NRATIO WCONG

Relative metabolite

NRATIO

] Configs [STEAM_Brayan_TestsJ31121.'124

Licence

Cwmer | Center for Biomedical Imaging. Lausanne

Key |

210387309 |

Config name | STEAM_Brayan_Tests_13112024

Relative concentration [ Save ] [ Delete ]
— Combination — Omission — Use
NCOME = NOMIT | 152 NUSE | =
Index |Combination Index |Omitted Index |Used
1| NAA+NAAG 1|-CrCH2 - 1|NAA
2| Glu+Gin 2| Gua 2|GIn
3| GPC+PCho 3| Ser J|PCr
4| Cr+PCr 4 (Lip13a 4(Cr
5| Lipt3b 5(Ins
G| Lip09 G| Tau
7| MMOG 7|FCho
& |Lip20
9| MM20
10| MM12
11 [MM14 . 1
— Pre processing &
Fid-A steps :  [] Align averages [ ] Qutliers removal [+]Small Voxel
Line Broadening ‘ 12| Rejection threshold | 1.5|
Frequency range [ppm] . min | ?| max | B| Maximum time | 0.5|

'

‘erﬁerfor Biomedical Imaging

https.//www.epfl.ch
/labs/mrs4brain/res
sources/mrs4brain

-toolbox/

CIBM.CH

40






QUANTIFICATION S \ [ 4
ciBm

'enTerforBiomedicalImaging
MRS - principal goal — quantification of changes in

concentration of known metabolites

« Accurate and precise quantification:
 Signal quality
« Hardware performance
» Pulse sequence design & adjustment

» Data (pre)processing (estimate the signal amplitude or peak area)
« Quantification strategies ( — tissue content)

 Final Goal:
« Maximize the neurochemical information
* Increase the precision and accuracy of quantification
« Maximize the reliability of neurochemical data

© CIBM | Center for Biomedical Imaging



QUANTIFICATION ."’
gcem

enter for Biomedical Imaging

water

- GABA

@
c

—
- ]
o

5 4 3 2 1 ppm 5 4 3 2 1 ppm

Gambarota_Giulio (07.03.07-16:42:34-53TD-1.3.12.2.1107.5.2.34.18931) Series/Acg=31/1 (2007.11.05 18:04
TR/TE/NS=4000/30/64, 8.0mL (M D42Y, 80kg) RALF Spectroscopy

Data of: Center for Biomedical imaging, Lausanne
LEMode] (Version 6.1-4) Copyright: S.W. Provencher. Ref. Magn. Reson. Med. 30:672-679 (1993},

e e D e s e ameat]

Oms

] cisv.cH

© CIBM | Center for Biomedical {ragiis R, et al. Magn Reson Med 61, 12791288, % = = il 7 = » e '

Chemical Shif (aarm) 43

I




QUANTIFICATION ."’
ciBm

‘ nter for Biomedical Imaging

Signals are different (acq param, Bo, nucleus, etc)

— quantification is also different

THE ALGORITHMS ARE AUTOMATIC
BUT NOT FULLY PUSH-BUTTON
NEED TO BE ADAPTED

____ CiBM. CH

||||||||||||||||||||||||||||||



QUANTIFICATION S \ [ 4
ciBm

'en’rerfor Biomedical Imaging

In vivo spectra - high B, — Increased - sensitivity

- spectral resolution
- short TE

is difficult;

Complexity of the spectra:
- many resonances
- peak overlap
- contribution of macromolecules and residual water

Unpredictable lineshape :
- residual eddy currents
- field inhomogeneity
Unpredictable baseline:
- macromolecules

—ﬂ%—

© CIBM | Center for Biomedical Imaging



QUANTIFICATION

In vivo spectra - high B,

-short TE

7T NAJ
Glu Cr
GIn PCr
GSH

)

——_~Scyllo

_ “t

i

‘en’rerfor Biomedical Imaging

Increased - sensitivity
- spectral resolution

Gambarota_Giulio (07.03.07-16:42:34-STD-1.3.12.2 1107.5.2.34.18931) Series/Acg=31/1 (2007.11.05 18:04
TR/TE/NS=4000/30/64, 8.0mL (M 042Y, 80kg) RALF Spectroscopy
Data of Center for Biomedical Imaging, L ausanne

LCModel (Version 6.1-4} Copyright: 5.W. Pravencher. Aef” Magn. Reson Med 30°672-679 (1993).

: 'I‘ T T T T T T T
© CIBM | Center for Biomedical Imagi  § l 4 3 2

Lk e ateL

WA

E=30ms

nnnnnnnnnnnnnnn

Ralf Meakle R Ciuillio CGamhbarota



QUANTIFICATION S \ [ 4
ciBm

'en’rerfor Biomedical Imaging

®Vendors software - visualization of spectra
®Peak fitting - "'l Overlapping peaks ®
©X nuclei

©"“Basis-set” fitting — In vivo MRS spectrum is modelled as a linear
combination of individual metabolite basis spectra

* Experimentally

 Simulated

« User-friendly software packages: NMRScopeB, Vespa, GAMMA,
GAVA, ...

* Macromolecules contribution
* Lipids contribution (i.e. malignant brain tumors)

© CIBM | Center for Biomedical Imaging



SHORT DESCRIPTION OF THE ALGORITHMS

i

‘en’rerfor Biomedical Imaging

Mode 1D / Time Series

individual component

estirnate

HLSVD
quantification
Amuplifude s, Amn,

i HAE.38 02707
i BYE. 74 01729
i 333.53 2.40
I 140.71 06707
I 1.8971E4 09626
i 1111E3 a.45
I 1.455E3 214

479.78 138.56
i 47513 34,35
I 42084 46 61
i 551.35 13.94
I gav.73 11.491
i 351.08 22613
I 1.112E3 02797
i a3.12 0.0265
i F14.40 0.0131

© CIBM | Center for Biomedical Imaging
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QUANTIFICATION WITH A BASIS SET SO

ciBm

‘en’rerfor Biomedical Imaging

In vivo spectrum @ 14.1T

PCr

Lac
Glu

GIn
tCho




4 MRSI parameters - X "’
a

940 MRSI parameters NRATIO @ ' ciBm
C

254 AN "ol enter for Biomedical Imaging

Criginal Q

I

LCModelpath | | Basisset |  Configs |MASTERCOURSE_DEMO_Config v

PPM start Licence

[ NsI
FPM end Cwner | Center for Biomedical Imaging, Lausanne |

VITRO DKNTMN Key | 210387309 |
NRATIO [ 0] \eone

Relative metabolite Config name | MASTERCOURSE_DEMO_Config |
Relative concentration [ Save ] [ Delete ]

M

\

— Combination — Omission — Use httpS// www. epf/ ch
o DS NowrT | 15[55 NUSE | 7SS /labs/mrs4brain/res
Index | Combination Index | Omitted Index | Used sources/mrs4brain
1| NAA+NAAG 1]-crcHz - 1{NAA - -toolbox/
2 [ Glu+Gin 2| Gua 2| Gin
3|GPC+PCho 3|ser 3|pcr
4| Cr+PCr 4(Lip13a 4(Cr
5/Lip130 5|Ins
6| Lip0g 6| Tau
7 nmog - 7lPcho -
Reqgistration

‘ Segmentation labels

‘ Template with skull ‘ ‘ Template Brain ‘ ‘ Anatomical ‘

mask segmentation

1 I ] ciBmcCH

© CIBM | Center for Biomedical Imaging 50




QUANTIFICATION SOFTWARE .‘"
wC'Bm

enter for Biomedical Imaging

@ MRSHUb Home Learning MRS Software & Code Forum Data Links News Q E

Type Preprocessing Simulations Lineshape
of data model
Vespa free all yes yes yes yes
TARQUIN free all yes Yes — basic Voigt Baseline —TD
Add
JMRUI free all yes yes Lorentzian Add
1D
LCModel  Yes all yes No estimated Splines
Basis sets

Anke Henning. eMagRes, 2016, Vol 5: 981-994. DOI 10.1002/9780470034590.emrstm1472

Dirk van Ormondt, et al, eMagRes, 2015, Vol 4: 651-662. DOI 10.1002/9780470034590.emrstm1427 https://Imrs2022.cibm.ch/agenda/
Jamie Near, Magnetic Resonance Spectrscopy Elsevier 2014

Jamie Near, et al, NMR Biomed, 2020 https://doi.org/10.1002/nbm.4257

© CIBM | Center for Biomedical Imaging



https://doi.org/10.1002/nbm.4257

FURTHER READING e!I.Bm

® MRSH“b Home Learning MRS Software & Code Forum Data Links News Q E

@ MRSHUb Home Learning MRS Software & Code Forum Data Links News
SOFTWARE & CODE Software & Code

How to access code

Contribute your code H ow tO daccess COde

SOFTWARE PACKAGES You can browse the various software packages by clicking on a topic in the column to

COMPLETE LIST the left. Each topic takes you to a list of associated software packages.
Analysis & Quantification
Data Simulation & Basis Set

Generation Links in each package entry will take you to either an external web site (typical for

Deidentification applications that already have a website) or to various GitHub repositories that ‘live’ on
neuoutet the MRSHub.

Processing
Reconstruction

Reproducible Workflows You don't have to be familiar with GitHub to download code from this site. Three quick
Visualization . .
clicks and you can have a ZIP file downloaded to your computer:
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QUANTIFICATION (ABSOLUTE) em.sm _

Signal amplitudes Concentrations
Peak area ——) mmol/kg,,,

 External concentration reference

* Internal concentration reference
» Ratios to tCr or NAA or Cho - They might change — disease
« Water internal reference
» Corrections for T1, T2 and water content
* Very short TE — T2 correction could be neglected

* Fully relaxed signals —long TR — T1 neglected ... »
o MT sssssssssssssssssssssssss N WiLEY

Preprocessing, analysis and quantification in single-voxel
magnetic resonance spectroscopy: experts' consensus
recommendations

Jamie Near'? | Ashley D. H 45 | Ch toph Juchem | Roland Krei
M ig orzata M fiska® es Slotboom? © |
| Cha rles G aaaaaaa i cu

http://www.ismrm.org/workshops/Spectroscopy16/program.htm
© CIBM | Center for Biomedical Imaging 2nd TRANSACT Workshop, University Bern: Quality Issues in Clinical MRS 2014
The MRS Consensus Group. (2014), Radiology, 270(3):658-79.
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QUANTIFICATION QUALITY CONTROL .4"
‘ ch:rgm'e.:i.cgl Imaging
* CRLB - theoretical estimation

* Assumes that the model is perfect

e R Kreis, MRM 75, 2016 — CRLB % !l —low conc
metabolites

e CRLB vs mean CRLB in normal cohort

* Fit residuals

____ CiBM. CH
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QUANTIFICATION: RESULTS DISPLAY SO

ciBm

‘en’rer for Biomedical Imaging

E.airer;tl ré.atm;e ‘ anonymous _ ion number : 26 9967 Series des L B \ E .rar'lr'tler Ij."?Ee
ate 3ir : { cho time

Patient ¢ : M Study e : 20 = Series time : 155149.015000 Repetition time TR S00000
Patient ID : Voxel dimension : [ 15, 15, 15]

Metabolite Concentration comp) [mmolkg (2 comp) [mmol/kg

Choline {Cho}
Creatine (Cr)
Glutamate {(Glu)

Glutamine (Gin)

For scientific pu

Report created v

CIBM.CH
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SUMMARY & ACKNOWLEDGMENTS pCiBMm

MRS & MRSI is incredibly rich & versatile ©

Thank you for listening! Questions?
For any question yon might have later on, please write me an email:

cristina.cudalbu@epfl.ch

B N e cuCr
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