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1D Spectroscopy

> Different metabolites
share similar peaks

> Severe spectral overlap
limits the amount of
useful information

> Limited applicability and
enthusiasm for
spectroscopy




[ R

Frequency (ppra}

Glucose
Taurine




1D MRS




MRS allows non-invasive quantitation of
metabolite concentrations > 0.5mM

Main algorithms for 1D MRS gquantitation:
LC-Model and MRUI

- MRUI: Time-domain fitting using a Graphical
User Interface (Barkhuijsen 1985)

- Frequency Domain fitting using Linear
Combination of Basis-sets




LCModel Fitting
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IDH1 R132H mutation and-BIG

ASomatic mutations of the isocitrate
dehydrogenase 1 and 2 genes (IDH1 and
IDH2) have recently been implicated in

gliomagenesis and are found N
approximately 80% of World Health
Organization (WHO) grade II-lll gliomas and

secondary glioblastomas (WHO grade IV) In
humans.

A/ast majority of IDH1 mutant, high-grade

)



IDH1 R132H mutation producesi2G

Normal isocitrate
dehydrogenase activity
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Smeitnik, J. Metabolism, Gliomas, and Pope et a|_ 2012

IDH1, N Eng J Med 362: 1144-45, 2010 )
Andrenosi et al. 2012
Elkhaked et al. 2012
Choi et al. 2012



IDH1 R132H mutation and-RIG

A recent work by Dang and co-workers reported a
mutation observed N the Isocitrate
dehydrogenasel (IDH1) gene, which occurs in the
majority of grade Il and grade Ill gliomas and
secondary glioblastomas, resulting in significant
elevation of 2HG in these tumors.

Nature
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o LCModel (Version 6.2-1L) Copyright: S.W. Provencher. Ref.: Magn. Reson. Med. 30:672-679 (1993).
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Scanner ; Siemens 3T Trio-Tim
Coil ; 12 Channel receive
Subjects ; 24 brain tumor
Mutant Tumor ; 9 (Mean age 43 years)
Wild Tumor ; 15 (Mean age 59 years)
Tumor Grade ; 14 primary GBM (grade 1V), -~
6 oligodendroglioma (grade lll), and (’\)




A 69 y.0. Anaplastic
oligodendroglioma (WHO grade IIl)
with IDH1 mutation
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Wild Type: CRLB Values > 60 %SD (60-999%)

Mutant: CRLB Values < 60 %SD




Possible Solutions to Signal overlap in 1D MRS

> Subtractionbased spectral Editing sequences (GAB&Iu,
Taurine, GSHmMyo-nositol, etc.)

> Multiple-quantum filter MRS techniques




Spectral Editing Techniques |

The use of longer
echo times will
cause the loss of
not only
macromolecules
such as lipids but
also metabolites
with shorter T2
relaxation times.




Spectral Editing Techniques Il
Simple editing based on J-coupling

Citrate

[.actate

TE = 130 ms = 2/J

TE=65ms =1/

TE =325 ms = 1/2J

TE = 1 ms = "1 pulse”

This J-modulation
results 1n a inverted
doublet at TE = 1/2
R 2) — 1/] —
1/7THz = 144 ms, and
returning to a
positive doublet at
E2) = 2/] =
288 ms. Whereas
the strongly coupled
citrate spin system -
1s negative at 65 ms
and has a maximum
around 130ms.




MEGA Spectral Editing Technigues
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The sequence element MEGA as implemented in STEAM is shown in A. Excitation pulses and gradient waveforms for
the PRESS sequence incorporating MEGA are illustrated in B. Gradients G,, G, and Gs are used for MEGA implementation in
both sequences. For suppression of the water signal only, a single-banded frequency selective pulse is used
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Offset characteristics of MEGA. To demonstrate
that phase sensitive spectra do not exhibit phase distortion
outside the bandwidth of the frequency selective pulses, the oo An edited spectrum from a voxel in the occipital 1998
frequency of the selective pulses in MEGA was varied in area of a human subject acquired using MEGA-PRESS (Fig.
50 Hz increments (+1000 Hz) about the water resonance. 2B). Parameters for the displayed spectrum are : TE = 68 ms,
Spectra were acquired without signal averaging using TR=3 s, voxel size=27 mL, NEX=64, total acquisition
TE=32msand TR=3s time = 6.4 min




GABA concentrations using MEGA-PRESS-IVS in the AC and DLPFC

(x107 1) (%2)

AC 4.85 0.8 13.6% 16.5%
439
7.62

2 7.33 D.2

IU - mstitutional vmts, STD. - Standard Deviation

J Magn Reson Imaging. 2013 August ; 38(2): 460—467. doi:10.1002/jmr1.23997.

Reproducibility of Brain Spectroscopy at 7T using Conventional
Localization and Spectral Editing Techniques

S. Andrea Wijtenburg, Ph.D.!, Laura M. Rowland, Ph.D.", Richard A.E. Edden, Ph.D.2, and
Peter B. Barker, D.Phil.2:3”




Possible Solutions to Signal overlap in 1D MRS

>

> Adding another dimension to 1D MRS




Singlevoxellocalized 2D MRS
. L.COSY and JPRESS



Pioneers of Two-Dimensional Nuclear
Magnetic Resonance Spectroscopy
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Kurt Wuthrich

Richard R. Ernst 2002Nobel Prize
1991 Nobel Prize



Why 2D Spectroscopy?

Verma et al. ISMRM 2014



A gquote from Nobel laureate Richard Ernst

dOnedimensional spectra that are rel
inscrutable because of severe overl
beunravellegy separating interaction
different physical origins, e.g. chem
shift and couplings, thus making it p
to spread the signals in a second fre

dimension much like opening a Ven
bl i nd. o




Localized 2D Correlated Spectroscopy (L- COSY)

- Based on a spin-echo and a coherence-transfer-echo
Hahn (1952) / Maudsley, Wokaun and Ernst (1978) Thomas et al. (MRM2001)
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Brain Phantom 3T MRI/MRS Scanner
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A 2D L-COSY spectrum of Brain Tumor in vivo

- 3T MRI Scanner
-TR/TE=2s/30ms
-26 minutes

3x3x3cms3
-96 t, Incr.
-8NEX/ Dt,

Thomas et al. ( 2010) A 60 yo male diagnosed with GBM



A 2D L-COSY spectrum of Brain Tumor in vivo

- Visible Peaks:

Cross Peaks:
Methine to methylene
(C2 to C3/C4) + Glu/GIn
Methylene to methine
(C3/C4 to C2) + Glu/GIn

- 3T MRI Scanner
-TR/TE=2s/30ms
-26 minutes

3x3x3cms3
-96 t, Incr.
-8NEX/ Dt,

Thomas et al. (  2010)
Poptani (1999)

A 60 yo male diagnosed with GBM
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7T 2D LCOSY of Temporal Lob&anglioma

> Temporal
Lobe

> 20x35x25
mm?3

Verma et al. ISMRM 2014



/T 2D LLCOSY oDcclipital Lobe Low Grade

> Superior
Occipital Lobe

> 25x25x25
mm?3

Verma et al. ISMRM 2014
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Localized 2DJResolved MRS:JPRESS
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2D JResolved Composite Spectrum of Various
Metabolites

- GE 1.5T MRI/MRS scanner
- Quadrature Head MR caoll

- N-Acetyl Aspartate
-Choline
-Glutamine/Glutamate
-Myo-inositol
-Glucose

-GABA

-Taurine

_ -Aspartate

F2 (ppm) : -Alanine

NaA N
Asp S
Ala NN
Giu N
cin S




Absolute Quantitation of 2D MR® Metabolic
Assay



2D JPRESS/ICOSY Quantitation

ProFit (PriorkKnowledge Fitting) is used for
2D guantitation

. . i non-linear l¢ast squares:
Based on a linear combination of the prior

knowledge spectra:

> Part of the fitting is done in time
domain and part in frequency
domain

> Part of the fitting is done using a
linear approach and part using a non-
linear approach

> Divided in three parts: (1) basis set
generation (or prior knowledge
generation), (2) reconstruction, which
is applied both to the basis set and to
the data being fitted and (3) fitting of
the data using the prior knowledge.

Schulte et al. (2006)/ Frias -Martinez et al. (2008)



ror anwledgtgec e_nergtion

GAMMA library in combination wi emical shi
and Jcoupling values reported in the literature
> One set for 3T another for 1.5T (10Gt1, 2000 Hz)
> 15 metabolites Phantom
> 20 metabolites (in vivo):creatine (Cr),
N-acetylaspartate (NAA),
glycerylphosphocholine (GPC),
phosphorylcholine (PCh),
alanine (Ala), aspartate (Asp),
Aaminobutyric acid (GABA),
glucose (Glc), glutamine (GIn),
glutamate (Glu), glycine (Gly),
glutathione (GSH),
lactate (Lac), myainositol (ml),
N-acetylaspartylglutamate (NAAG),
phosphoethanolamine (PE),
taurine (Tau),
scylloinositol (Scy) and
ascorbate (Asc).

<) |Figure 1 E@
Fie b a




3T Human
Braiin
COSY data
processed
using ProFt

3T2D COSY
ProFitaiadida
Ratio/Cr CRLB
Cr303 1+0 0.48t0.26
Cr391 0.87+0.15| 0.97+0.59
NAA 1.4+0.32 | 0.56+0.27
GPC U.11x0.00 4.014.0
PCh 0.11+0.05| 4+4.42
Cho 0.1+0.01 | 2.37+0.77
Ala 0.11+0.0371 5.2£3.03
Asp 0.4+0.1 4.7+34
GABA 0.34+0.27 7.614
Glc 0.28:0.11 | 4.22.9
GIn 0.250.16 | 10+7.1
Glu 1.3740.35 | 2.28t1.77
€)% U.1£4U0.U3 r.3a4
GSH 0.16t0.08 | 4.02+2.9
Lac 0.1#0.08 | 4.6+2.06
ml O.oat0.1 | Z2.041.2o
NAACG N +N 1 1 71+1 22
PE 0.21+0.11 5+0.28
Tau 0.2+0.07 | 4.0A41.31
Scy 0.05:0.00 | 4.6+2.7
ASC U.Z2atU.16 | 35.44dtl.2
NAA+NAAG 1.6:0.23 | 0.2'#0.04
GPC+PCh+Cho 0.29+0.04 | 0.86+0.46
GIn+Glu 1.53t0.34 | 1.790.34

2008 /SIMIRIVY



2D L-COSY/JPRESS enable resolving more
peaks than 1D MRS

+orapplications in cancer and other
pathologies, there is a need for multivoxel
based 2D MRS



2D spectral+ 2D Spatial Encoding
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4D Spectroscopic Imaging

> For greater spatial coverage, 2D
spectroscopy can be combined
with a 2D spectroscopic imaging
sequence to yield enhanced
spatially localized metabolic
Information (2D spatial + 2D
spectral)

> EPCOSI published in 2010
combining EPSI and {COSY

INTERIM EOITOR-IN-GH
Jeffrey |53 Duerk




D EP-COS|

Multi-voxel Based EchoPlanar Correlated
Spectroscopic Imaging (ERZOSI)

SRS
e
S
S
.

Scan time = N (X-Phase Encodings) *N (tt Encodings) TR

Lipnick et al, MRM 2010



4D ERPCOSI PosProcessing

> Result of ERCOSI Is a 4 dimensional data set

> s(k,, ks 15, t;) [for a 8channel Parallel acq.]
512(2*2*2*4)x100x16x16x8 > 3GBytes

> Data is reorganized into a 4D matrix ¢, t;, X, y)

> Must separate signal acquired during positive and negative
gradient acquisitions (signals ceadded at the end to increase
ST

Lipnick et al.
MRM 2010




Singleslice basedimuitvoxel 2D MRS

Total duration foa4D EP-JRESI/EPCOSI scan

for 16kx*16ky, TR = 1s, 64t1 increments and 1
average, the scan time I minutes

How can we accelerate 4D EIRESI|and EPRP
COSImore to be clinically feasible?



