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m From MRS to MRSI — the magic formula
m Spatial encoding for MRSI
m MRSI| advantages and challenges

m From square maps to full brain coverage
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FROM MRS TO MRSI - THE MAGIC FORMULA




WHAT DO WE MEASURE: H MRS ?
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— in vivo
- non invasively
- localized in hippocampus

NAA
— at high magnetic field (9.4T)

— ultra short TE (2.8ms)

Voxel 2x2.8x2 mm?3

NAAG
Cr GIn Glu
. . GABA GSH
Neurochemical Profile at 9.4T Asc PE
GSH PCho
>18 Markers of : PCr Aé‘: Gln GPC
Myelination/Cell proliferation PE Glu
Energy metabolism Ascflg
Neurotransmitter metabolism
Antioxidants
| ' | ' | ' | ' | ' | ' | '
4.0 3.5 3.0 25 2.0 1.5 1.0
Frequency (ppm) SPECIA- I 22t - Maximize the neurochemical information

- Increase precision, accuracy — quantification
- Increase the reliability of obtained concentrations
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BASICS OF MRS N

Metabolites (<10 milliMolar)
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Ivan Kirov, ENIGMA-U

https.//www.youtube.com/playlist?list=PL1T . . . .
aLgCueZ_DgangKde_ﬁqJRKgUU,-QO J BRAIN METABOLISM - in-vivo and non-invasively I Mosso

B N e cuCr
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MAGNETIC RESONANCE IMAGING -> SPECTROSCOPY e!fsm |

MRI:
Imaging 'H of water Water suppression

fl Brain  75% Water ; {
Blood 83% Water
Heart  79% Water
Bones 22% Water
pH Muscles 75% Water
o Liver  85% Water
Kidneys 83% Water ~55 M

MRS: usgg.g.ov
Measuring 'H of biomolecules

As chemical NMR...
but in vivo

P .
- glutamate J
I 7z i p p m
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UNTIL NOW
7 ‘enTerforBiomedicalImaging

+: gradients isocenter

STEAM
T, weighted image of the rat
brain: VOI in the hippocampus RF

B N e cuCr
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SPATIAL ENCODING — SLICE SELECTION
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S x ﬂ p(x,x)dx dy
slice

0z
YG,




SLICE SELECTION

m Gradient is applied during an
RF-pulse, which is
characterized by its excitation
bandwidth (BWx)

FT(8,))
_—

e
A

Frequenc§

oore [0 ) BWey

1
1
Q) .
" | orr=YG,2Z
:
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* The slice thickness can be changed either by
adjusting the pulse length or the gradient
amplitude




UNTIL NOW e!fsm
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High spectral resolution

£ i
Pcr Cr 3 Tau o
& (W]
g " = SPECIAL sequence
Ins
180°(on,off) 90° 180°
< T, weighted image of the rat
—— —— Z brain: VOI in the hippocampus i WS Acq(+)
L 40 38 36 3.4 32 5 Glu, NAAG RE__| N Pt ¥
_ 2 -.. VAPOR [\/_/'\ n
(&)
Efficient ] G +
water suppression *, [\ I_\ ﬂ
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3 o, Ovs
= i
2| Localization performance [\ / \
s | (cT
i 1
Ala  lac
Flat baseline
| j |
2 1
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UNTIL NOW

High spectral resolution

GPC, PCho, PE

T, weighted image of the rat
= brain: VOI in the hippocampus

Efficient
water suppression

Localization performance

Flat baseline
-
T T T T T
5 4 3 2 1
180°(on,off) 90° 180°
.
Acq(+,-
i ws A q(+.-)
RF__| SN AN A

VAPOR [\/_'/‘\ n
G 4
Gy—| OVS /\_I—\_ﬂ
ol N[
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Gray Matter White Matter

NAA §

Control

GSH, Glu, GIn, Asc
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BUT WHAT IF .....
U 'en’rerfor Biomedical Imaging

What to do —any idea ?

post-contrast T1lw

Multiple voxels? With multiple spectra inside ?

Extract each metabolite and have a color map

| |
180°(on, off) 90° 180° E
n u

Acq(+.-) H

Ws

VAPOR

N N
NN

|| IIIIE WU JEED . ANEE [}

HEEE (EFL N EE L A
G /\ / \ EEEEEEEEEEENSSsEESassEEEEEEEEEE
Advanced magnetic resonance spectroscopic N =I::EE...............E..EE:.IEE
neuroimaging: Experts' consensus recommendations - . N NEEENEEEm—
Maudsley - 2021 - NMR in Biomedicine - Wiley Online Miynarik V, et al, MRM 2008

Library

B N e cuCr
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https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/10.1002/nbm.4309
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https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/10.1002/nbm.4309

BUT WHAT IF .....
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Extract each metabolite and have a color map

31 x 31 matrix

e
2mm slice

Relative metabolite map:
Glu Rel.

Concentration
14

L+R Whole Brain Region

Position 1

12

10

SNR =32
NAA lw =10.2 Hz

SNR =34
NAA lw =10.2 Hz

36 3 256 2 16 1 3.5 3 25 2 1.6 1

Relative metabolite map:
Ins Rel.

Concentration

L+R Whole Brain Region 12

10

Relative metabolite map:
tCho Rel.

Concentration
4

L+R Whole Brain Region
3.5
3
25
2
15
1

0.5
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SPATIAL ENCODING FOR MRSI




v
ciBm

Center for Biomedical Imaging

.

BASICS OF MRI

Conventional 2D acquisition @

<

90° ; ; ; 1180°

MR spectrum — frequency encoded

H.J -
T . 8 TO
2] 2 s (f):((
O] o lo O,Z pd
= o 32
O] $) o5
[ (3 e o c
&) n.(% 2 Tau O 5
o p ns —= <
w —— 2
e 10) Alaa| ac
4.0 3.5 3.0 2.5 2.0 1.5 1.0

iz‘ * Slice selection Phase encoding 18|0c> gDefOCusing gradient Frequency encoding iRefocusing gradients

B N e cuCr
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SPATIAL ENCODING — PHASE ENCODING wo oo
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— In a single acquisition, frequency encoding indicates the position in one dimension. Encoding 2" and 3™ dimension is usually
accomplished via phase encoding (position is encoded in the phase of the NMR signal)

PHASE ENCODING

T
X G, AG, \
X w=yG,y Tacq t
1 & X
o =vG x t
R t=0
Yi Y2 ¥ YO
s, A AN >
VRYAVAVRY t
VG xt
5 MANAA e
: VV VUV :

I B B S BT
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PHASE ENCODING Sciem

— In a single acquisition, frequency encoding indicates the position in one dimension. Encoding 2" and 3™ dimension is usually
accomplished via phase encoding (position is encoded in the phase of the NMR signal)

T
X G, AG, \
X w=7G,y Tacq t
I R .
w=vG x t,
R t=0
22 YAG YT iyG xt
s, L\ /\ ANAANN € °

\VARVA VATATATAY i
IWAG T [ xlt
s I ANANANL €™
’ NZRTAVATAY

7

t
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PHASE ENCODING FOR MRSI h‘ of

ciBm
'en’rerfor Biomedical Imaging
(C)
180° o Chor NAA
A H N H b —HTEfE TE/ = s e
»
=W 4.0 3.0 2.0
Pnsﬂmn {cm] Chemical shift (ppm)

m Frequency encodes metabolites — we cannot encode spatial position
with frequency, but ...

m ... we can convert any MRS sequence into an MRSI sequence by
adding phase encoding gradients!

B N e cuCr
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PHASE ENCODING FOR MRSI- QUALITATIVE EXPLANATION &%
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| PN BV

d(y) = yyG,t
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2D FOURIER TRANSFORM em.sm _

F(G If r,o)e”  dr

JJL M 4/\_1- _ k = yGt . k-space formalism

v - H 4
e el & |
5 | . [ £ zkr
i@ || 8 F(k,0 f r,0)e™ dr
—Q A 4 0 5
E— 2§
. Fourier transformation
- - - - - -4
4.0 3.0 2.0

Chemical shift (ppm) | f (r, a)) _ +j30F (k’ . ) e_ikr d}"
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SAMPLING —Kgpace- FT e

m The signal is not continuously sampled in the k-space

m Digitalization rate in the spatial frequency— phase encoding steps -- if too many —
too much time ®

m Nyquist sampling criterion — avoid aliasing maximum phase shift between two
gradient increments over the whole FOV needs to be 27

2T 21
m2n =y FOVAGt - FOV_M_E

FoVv
m Al = el nominal voxel size

B N e cuCr
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SPATIAL RESOLUTION &PSF pCiBM

m  We cannot efficiently collect a large k space grid in a reasonable time

m Small number of k space frequency components cause ripples in spatial localization (described by the
Point Spread Function)

m signal is contaminated with the signals from other nominal voxels

Image credit: gaussianwaves.com

15 Square Wave Partial Sum: n=3 Error =0.10027 15 Square Wave Partial Sum: n=7 Error =0.051357
1 A~ N\ , NP\
N AR = v
05 0.5 \
o 0
0.5 0.5 r T T T d
N L —621/FOV 0 +621/FOV
-1 -1
N (VAR AV : =
k-Space coordinate (radcm™)
15 15
Square Wave Partial Sum: n =15 Error = 0,026283 . Square Wave Partial Sum: n=41 Error = 0.010666 —— |deal voxel

LD ~nf 1 M
A vvv\
Actual voxel

/

05 A AAAAA A -DSH \/ A4 \/ \/ \/ \/ \/ =
-FOV/4 FOV/4
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SPATIAL RESOLUTION g‘!ﬁm _

Extracranial lipids ‘leak’ even into center-brain voxels due to PSF!

Lipids

— 3 2 1

© CIBM | Center for Biomedical Imaging 24




WHAT SEQUENCES TO USE &
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Any type of sequence to which you add phase encoding gradients

90"

180,

§z

Echo

RF

© CIBM | Center for Biomedical Imaging

- 3RF pulses — traditional SVS localization techniques
- 2 RF pulses — what will you be selecting here?

- 1RF pulse — what will you be selecting here?

- 2 pe gradients but you can also have 1pe gradient ©

“———PHESS ——
CHESS " A
|
RF 4 J_

In vivo proton MR spectroscopy of the human brain - ScienceDirect



https://www.sciencedirect.com/science/article/pii/S0079656506000355?via%3Dihub#fig2
https://www.sciencedirect.com/science/article/pii/S0079656506000355?via%3Dihub#fig2
https://www.sciencedirect.com/science/article/pii/S0079656506000355?via%3Dihub#fig2

.‘CI.B m

TEMPORAL RESOLUTION pCciBM

B Theasurement = NA X Ny X Ny X TR

— 1.5T, 16x16x16, NA=1, TR=2000ms --- 136min
— 32x32 — 34min

m SNR is defined as signal per one SD of the noise

— Effective voxel volume and no of averages

— No of phase encoding x NA --- 32x32 with TNA = 1024 averages as the entire VOI is excited each time

SNR
VTtot

m SNR unit of time=

Terminology and concepts for the characterization of in vivo MR spectroscopy methods and MR spectra: Background and experts' consensus recommendations -
Kreis - 2021 - NMR in Biomedicine - Wiley Online Library

B N e cuCr
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https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/10.1002/nbm.4347
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MRSI ADVANTAGES AND CHALLENGES




ADVANTAGES e!I.Bm |

m Multiple locations in the same time / simultaneously

m Direct comparison of metabolic information from muiltiple regions of
interest in a single scan

m 1H but also 31P, 2H, ....fMRSI, DW-MRSI, ....
m phase encoding gradient — no CSDA

m Can be full brain coverage and very fast — next talk

____ C B M. G
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CHALANGES e!ﬁm _

m Bo shimming — shim larger regions — significant Bo inhomogeneities

B Alves

B N e cuCr

© CIBM | Center for Biomedical Imaging
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[Palette IWorkspace Explorer T MRl Acg/Reco Data x]
job0 MNavigator
ME#E] f=RE=)
=5 —— Real E | — Real
] -+ Imag ] —Imag
50 ] 50 ]
0 0 \—k“
-50 ] -50 |
200 400 B0OO BOO 10 20 30 ms
EE
] —|Real
0.8
0.6
0.4
0.2
3000 2000 1000 0 -1000 -2000 -3000Hz
Frequency Offset: ©.01 Hz
Line Width: 17.81 Hz

B,

K0 -

& Bruker TopSpin 4.0.6 on cibmscanner

cm 35605.1
-100%—|

m

adical Imaging

&3
" ) I_CLCQJ [WT Fat Sup T Fov Sat T Sel IR T SatTrans T Flow Sat T Black Elood T Auto Shim me
Ref Instruction Name Status Duration
1 H @ 4 1_Localizer (E1) SUCCEEDED 00:00:00 &
2 H g 4 1_Localizer (E2) SUCCEEDED 00:00:00
3 H g 4 2_Localizer (E4) SUCCEEDED 00:00:00
4 H @ 4 3_Localizer_multi_slice_10_s SUCCEEDED 00:00:00
5 H - 4_T2_TurboRARE_6_54K_18! SUCCEEDED 00:00:00
6 H -$* 6_STEAM_highres_JM_1109:2 SUCCEEDED 00:00:00
7 H -$* 6_STEAM_highres_JM_1109:2 SUCCEEDED 00:00:00
8( fl  $5T2TurboRARE 6591 SUCCEEDED 00:00:00 https://www.epfl.ch/labs/mrs4brain/links/standardized-preclinical-mrs-
9 H -$* 6_STEAM_highres_JM_1109:2 SUCCEEDED 00:00:00U .
10 # 4 6_STEAM_highres JM 1109z SUCCEEDED 00:00:00 a-multi-cente IP_StUdy/
11 H ¥ 465 STEAM_highres M 1109z SUCCEEDED 00:00:00
12 H ¥ 465 STEAM_highres M 1109z SUCCEEDED 00:00:00 ¥ C H
2 09:00:24 —W Setup l System J Reconstruction l Single Pararneter J Instruction J i
‘ @ MR | Foutine l Contrast l Resolution l Geometry

30

& ParaVision 360 V1.1

@ # - 01:54 PM



High spectral resolution

CHALANGES .

Ins

Tau
Ins ——

i

‘en’rerfor Biomedical Imaging

GIn, Glu, GSH, Asc
GPC, PCho, PE

m Bo shimming — shim larger regions — S|gn|flcanf Bo inhomogeneities

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

60

31 x 31 matrix

—_—

2mm slice

20

BO Drift Histogram (over 228 voxels) : NSlice = 1 Absolute B Drift map (in Hz) : NSlice = 1 BO Drift Histogram (over 273 voxels) : NSlice = 1

Absolute BO Drift map (in Hz) : NSlice = 1

B Alves

-100 -50 0 50 100
Frequency [Hz] Frequency [Hz]

© CIBM | Center for Biomedical Imaging 31
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CHALANGES e!ﬁm _

m \Water suppression — is done on the signal coming from the entire
organ where the resonant frequency (due to Bo inhom, Bo drifts, .
can not be the best one

Linewidth m:

60

TE U
WS "BEE B E. : R
oVS - B L B Alves

BO Drift Histogram (over 273 voxels) : NSlice = 1

© CIBM | Center for Biomedical Imaging 32
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4 g 4 3 _Localizer_multi_slice 10 < SUCCEEDED 00:00:00
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7 H -4 6_STEAM_highres_M_11002 SUCCEEDED 00:00:00
g H -4 5_T2_TurboRARE_6_S4K_181 SUCCEEDED 00:00:00
0.4 g el -4 6 STEAM_highres_JM 11| SUCCEEDED 00:00: 00
— . - — Determines when RX array phases are adjusted.
10 =l -4 6_STEAM_highres_M_11092 SUCCEEDED 00:00:00 Parameter PUM_ArrayPhasead Hode
11 #4265 STEAM highres M_1109: SUCCEEDED 00:00:00
12 #4265 STEAM highres M_1109: SUCCEEDED 00:00:00
0.2 13 427 STEAM highres M_1109: SUCCEEDED 00:00:00
14 427 STEAM highres M_1109: SUCCEEDED 00:00:00
15 428 STEAM highres M_1109: SUCCEEDED [ 00:00:00|3
I 00:00:00 H
Sequence Setup | system |  Reconstruction | Single Parameter | mstruction
3000 2000 1000 4] -1000 -2000 -3000Hz L Routine l Spectroscopy l Preparation l Optimization

& Bruker TopSpin 4.0.6 on cibmscanner & Paravision 360 V1.1 ¢ o @ ] 01:55 PM
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3D METABOLIC MAP ; 3m

gl

Tan Toi Phan B Alves TLe

[Tau]/[Cr+PCr]

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

I B B N BT
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C HALAN G E S ‘ ner for Biomedical Imaging

m low concentration of metabolites, long measurement times,

m low signal-to-noise ratio (SNR)

m hardware limitations (B, and gradient strength, RF coils, B,
iInhomogeneities)

m requirement for advanced pulse sequences that need to be
developed in-house

____ C B M. G
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CHALLENGES em'sm _

m CSDA s present as we localize the signal at some extend using slice selection
gradients

m PSF - contaminations
— Hamming filter

— Increase the resolution

— Weighted acquisitions, not necessary post-acquisition as they decrease the spatial resolution
(increases the FWHM of PSF) and sensitivity per unit time (high Kspace coordinates are
suppressed)

— Low concentration of metabolites

I R I I BT
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@ M RS 4 E R AI N TD 0 | |] 0Xx https://github.com/AlvBrayan/MRS4Brain-toolbox

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

‘en’rerfor Biomedical Imaging

1. Read the Bruker MRSI data format

1024

Power, , = Z |spectral point|
i=1

2. Brain mask - Water power mask

3. HSVD water removal

4. Lipid suppression WMW
= AB, and linewidth map (water signal) - SNR map (NAA peak hight / o noise) _ |
15
l Ww‘wmww
(10

35 3 2. 5 2 1 5 1 0.5
i iy WWW%
|4B,0| [Hz] LW [Hz] - SNR ‘ 35 3 25 2 15 1

ppm
. . o . q% Display settings
7. Quality selection criteria st

LCModel QC (Only for SNR)

5. Quick data assessment maps

- linewidth and AB, map (water signal)

> SNR map (NAA peak hight / o noise)

6. LCmodel (Version 6.3-1N)

— Quality controls

> SNR (75% of SNR ), FWHM (125% of FWHM ) and CRLBs (<40%) . o

m]5Te

[ Minimum SNR v] | 3]
8. Metabolic maps and atlas based automatic segmentation (SIGMA atlas) WIFWHM  Mean FWHM
[Max\mum threshold v | | 1,25|

Max CRLE limit [%] —
| |
Interpolation Off -/) Cn I L ™ -.

Manualmax Max concentration B Alves & G Br[and

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



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

https://github.com/AlvBrayan/MRS4Brain-toolbox
MRSABRAIN Toolhoy B anm.cat cotabsimssbrin s mrsisinobon <
® MRS4Brain T

oolbox = x
&'ciem
r . Center for Biomedical Imaging
cham S0y s ABRAIN Toolbo =

— Data gement
|E Bruker data folder |
-  — 12
|E Result folder | |E|
Study name
|3"0:02';_I'_||-.-£-1-ru::-.- omeFille |
- 10
— Processing steps
[] 3DMRsI Number slices -
‘ Lipid suppression ‘ ‘ Fillgaps ‘ 43 g
z
L J L J 3
5
£
=
8
46 5
(=]
— Data specific
. 9.4T (for MRI) Reco. Nb
Experiment number folder 2
| PDF document |
|7| Slice
Metabolites Ref Image range
16 17 8 1
MRI Slice Number
MIRI central siice 1 6 2

—— Show Results

Job0 Recon. ( T
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FROM SQUARE MAPS TO FULL BRAIN
COVERAGE




CHALLENGES g‘!ﬁm _

m Overall we still do not get full brain coverage and we are limited to
squares inside the brain as we are using SVS localization techniques

9.4 T Anatomical image+  Acquired spectra Computed metabolic maps Computed metabolic fluxes
SPE ctrngcupir_: |magmg gnd P ri A e I!.e_l'm-n-_ini‘u.a:i.ur L5 h of infusion 5.5 hof infusion  mmelky

S

Ml glulammime synthesis Mux ook

tCholine/tCr

FOV=24x24mm?, Matrix:32x32
Resolution: 0.75x0.75x2mm3—1.1pl
1 axial slice

Acquisition time {metabolites+H,0) = ~4h

Lijing Xin

B N e cuCr
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9.4T Anatomical image+  Acquired spectra Computed metabolic maps
Spectroscopic Imaging grid < vwsv e uien Before infusion 2.5 h of infusion 55hof infusion  w
cortex -

FOV=24x24mm? Matrix:32x32
Resolution: 0.75x0.75x2mm?3—1.1pl
1 axial slice

Acquisition time (metabolites+H,0) = ~4h

W Bogner et al, NMR Biomed , 2011
https://www.epfl.ch/labs/mrs4brain/ressources/live-demos/ 3.4x3.4x12 mm?, within 30 min

FID-MRSI: negligible J-coupling and T, related signal loss, better suitability for fast MRSI at UHF in preclinical settings
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excitation

52°

FID

m Around 200977
m Short TR (200-800ms) ----Low EXxcitation Flip Angle

— \||||".".w'~“ '

TE=1.3ms ||||‘ ﬂ

RF

m Ultra short TE (~ 1-1.3 ms ) — no J evolution, not too much signal
loss due to T2 relaxation, but 15t order phase in the spectra

I

m Short acquisitions — 13min (31x31 with TR=811ms) but can go even
lower ---- increase number of phase encoding steps — better PSF Gire

RN P PRAA RNl
—

TR=813ms

m in plane spatial resolutions of 1.7-10 mm for humans

https://www.epfl.ch/labs/mrs4brain/ressources/live-demos/

FID-MRSI: negligible J-coupling and T, related signal loss, better suitability for fast MRSI at UHF in preclinical settings
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The single-slice FID-MRSI was
acquired in 6 min with 6-fold
accelerated phase-encoding,
voxel size of 3.4 x 3.4 x 8

mm?3 and TR/AD of 600/1.3 ms.

Key clinical benefits of

neuroimagingat 7 T -
ScienceDirect
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TEMPORAL RESOLUTION e!I’Bm

MRSI SVS
B Theasurement = NA X Ny X Ny X TR B Theasurement = NAXTR
— 1.5T, 16x16x16, NA=1, TR=2s —136min — ~5min — human (cm)
—  ~10-15min — preclinical (mm, SE sequence)
NAA
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SPECIAL ISSUE REVIEW ARTICLE m'B\IIE)T\‘nEDICINE WILEY

Accelerated MR spectroscopic imaging—a review of current
and emerging techniques

Wolfgang Bogner! | Ricardo Otazo? | Anke Henning®*

short TR

acquisition of multiple k-space points per TR (e.g. spatial-spectral encoding)
k-space undersampling (e.g. Pl, CS)

data reconstruction using spectral or spatial prior knowledge

____ C B M. G
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METABOLIC MAPPING via MRSI
4
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FID-MRSI

Water Power Map
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RESULTS : METABOLITE MAPS & c/iapu Toolhox o

. Center for Biomedical Imaging
Relative Relative Relative

NAA+NAAG concentation tCho concentration INS  concentration m FID-MRSI provided an increased
brain coverage even after the
application of quality control criteria
(min. SNR, max. FWHM, max.

FID CRLBs limits)

m  Minor differences in metabolite
concentrations were noted between
the two sequences (underestimation
for PRESS-MRSI) which might be
related to the lack of metabolite T,
and T, corrections, etc, something

requiring further investigations.
PRESS

MRSZBRAIN Toalbox
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Axial slice - Watermap _ Coronal slice — Water map
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SUMMARY & ACKNOWLEDGMENTS pCiBM

MRS & MRSI is incredibly rich & versatile ©
THANK YOU - D Simicic and B Alves:; B Lanz and G Briand

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

cristina.cudalbu@epfl.ch
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