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Brief introduction to MRS

e Collecting signals from chemical compounds in the body.
e Each compound has one or more resonance frequencies

e Essentially the same as NMR.

e MRS: water suppression RF pulses, followed by 3 localization
pulses, followed by detection

e Only signal coming from the intersection of the 3 planes
contribute to the signal
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Metabolites

Table 2. Ranges of MR-observable metabolite concen-
trations reported for normal adult human brain and
biopsy tissues obtained using a variety of analytical
techniques including in vivo MRS. Values have been
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rounded to one decimal place

Concentration
range

Metabolite (MMol/KEww) References
Acetate 0.4-0.8 31
NAA 79 16.6 50,72

(average 10.3)
NAAG 0.6-2.7 59
ATP 3.0 63
Alanine 02-14 72,161,162
GABA 1.3-1.9 72,161
Aspartate 1.0-14 72,162
Choline (total) 09 235 50,161
Creatine 5.1-10.6 50,72,161
EBthanolaminc 3.3 16
Glucose 1.0 90
Glutamate 6.0-12.5 72,76,161,162
Glutamine 3.0-58 14,72,162
Giulathione 2.0 162
Glycerol <0.1
Glycerophosphorylcholine 1.0 74
Glycine 04-10 161,162
[listamine <0.1% 118
Histidine 0.09 162
Homocarnosine 0.23 162
Myo-inositol 3.8 8.1 50,72,161
Seyllo-inositol 0.3-0.6 137
Lactate 04 161
Phenylalanine <0.1 162
Phosphocreatine 32-55 63,77
Phosphorylcholine 0.6 74
Phosphorylethanolamine 1.1-1.5 74,777,162
Pyruvate 0.2 31
Serine 0.4 162
Succinate 04 31
Taurinc 09-15 72,161,162
Threonine 0.3 162
Tryptophan <0.1 163
Tyrosine <0.1 162
Valine 0.1 162




The Problem
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MR Spectroscopy Registration

Manual voxel replacement
» 8cc voxel (20x20x20mm)
* Visually correct placement
* Mis-aligned by 4mm
* Occurs out of plane
* Rotated voxel reduces overlap

Voxel repositioning error:
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Image Registration

Mutual Information
Joint Entropy of two random variables, A & B:
H(A4,B) = /pﬁtg(ajb) logpapl(a,bydadb
If A & B are independent:
pas(a,b) = pa(a)pp(b)
H(A,B) = H(4)+ H(B)
If there is any dependency:
H(4,B) < H(A)+H(B)
Maximize the “Mutual Information” equation:

I1(4,B) = H(A)+ H(B) —H(A4,B)
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P.Violaand W. M. Wdls1Il. Mutual information:

An approach for the registration of object models
and images. Inter. J. Comp. Vis., 1997.
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Application to MR Spectroscopy: 1.5T

Register

]

a)-Baseline Scan b) Manual-Followup

c) Difference
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Retrospective Evaluation

Jul 22 2003
06:56:56 AM
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Jul 22 2003
06:56:56 AM

Follow up
Actual placement
Slice: 45

Center: R4, P29, S14

Jul 22 2003
06:56:56 AM

Follow up

Predicted location
Slice: 44

Center: R3, P31, S10
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Results

Volunteer 1 |2 |3 |4 | Average | Avg. Displacement

Manual Overlap (%) | 84 | 86 | 87 | 89 | 86% 1.85mm

Automatic Overlap (%) | 94 | 94 | 94 | 94 | 94% 0.79mm

Cr Glu | Glu/Cr | ml ml/Cr
M anual 3.84 | 740 | 6.96 6.18 5.7
Automatic | 2.76 | 6.23 | 6.89 6.01 | 5.15

Cho | Cho/Cr | NAA | NAA/Cr
M anual 4.53 5.33 4.32 3.65
Automatic | 4.82 4.73 4.22 4.12

Table: Intra-session average coefficient of variation for manual and automatic MRS voxel
placement. Underlined values indicate > 10% improvement for automatic placement.
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Registration for CSI

e Continuation of MGH collaboration
e Automatic CSI grid placement

e Joint ISMRM abstract
— Drs. Gonzalez and Ratai

- Martinos Ctr. For Biomedical Imaging, MGH

CSI grid Center

voxel
Visual repos. overlap 83 67
Automatic repos. overlap 95 89

Table 2: % overlap between baseline and f/u CSI
orids and individual. interior center voxel.

Cr Cho Cho/Cr NAA NAA/Cr
% SD visual repos. 19.0 19.6 13.7 16.8
% SD automatic repos. 13.5 11.8 13.4 12.5

Table 1: Average % SD for all the voxels and volunteers included in the study.
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Musculoskeletal Registration

e UCSF
collaboration

e Musculoskeletal
registration

Auto-prescription
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Status & Next Steps

Published
- NMR in Biomedicine

Software
- Host registration software
- Custom PSD to acquire triple oblique
- Improved workflow in 12M4

Collaborations
- Installed at: MGH, UCSF, Mayo, AMC
- In use for Pfizer trial at AMC
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>~10mM in a normal human
brain

»NAA is predominantly
intra-neuronal: marker of
neuronal density

>also correlated to the
rate of mitochondrial
phosphorylation

»generally, regarded as a
marker of neurometabolic
fitness
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>~7.5mM in a normal
human brain

»>Cr peak is a sum of Cr and
PCr

»>reserve for high energy
phosphates, buffers
cellular ATP/ADP ratios

»Cr signal generally
reflects the health os
systemic energy use and
storage
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>~7.5mM in a normal
human brain

myo-Inositol >mysTer'ious sugar alcohol-
structure similar to
glucose

»MI acts as a marker of
glial cell numbers,
osmoregulator,
intracellular messenger,
detoxification agent in
the brain and liver
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»Glu/GIn ~12.5/5mM in a normal human brain
»hard to distinguish in a spectrum- linked together through

the TCA cycle

Blood Bilood-brain barrier

imagination at work

» Glu: principal excitatory
neurotransmitter in the brain

» heurotransmission=>temporary
Increases in Glu,, taken in by
glial cells and converted to Gin,
transferred back to neurons

» increase in Glu,=>cell death
(increasein Ca, freeradical an
NO production)
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»STROKE

> increased Lac/Cr, decreased NAA/Cr. Recovery from stroke
accompanied by normalization of metabolite levels.

> identify patients who respond to drug tfreatment

»BRAIN TUMORS

> avoid morbidity associated with biopsies

» attempt diagnosis (fumor management resection/chemo/rad therapy
based on the particular type of tumor)

»>benign vs. malignant
»different cancer types
»>invasiveness- rapidly proliferating or slowly growing
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» lipid, macromolecule and lactate levels play an important role in assessing
grade of tumor

> increased lipids, mm and lac are correlated to fumor grade (a measure of

the invasiveness of the tumor), consistent with progression from hypoxia
to necrosis
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> ImI, | Cr meningiomas
» 1mI grade 2 astrocytomas
> 1 Cho increases with grade for astrocytomas, but highly variable for GBM
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NAA Cho

Parietal white matter or Astrocytoma Il . por NAA

Lac+ L1

Metastases f Glioblastoma multiforme

FIG. 1. Mean and SD (vertical lines) of normalized STEAM (TE = 30 ms) spectra: NWM (N = 6); meningioma (N = 8); metastases (N = 6);
astrocytoma grade Il (N = 5); anaplastic astrocytoma (N = 7); glioblastoma (N = 13).

> obvious differences between certain types of fumors, less obvious between
other types. MRS will not replace biopsy in all cases, but maybe in some

» clinical validation for using MRS as a decision maker for certain type of
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»>EPILEPSY

» maps of focal seizure regions prior to surgery
> | of GABA (major inhibitory neurotransmitter in the brain), | NAA

»>DEMENTIA

» AD, reduced NAA, increased myoinositol, decreased Glu

Exam #431-4 ID=MRS-I1 05/01/2003 10:51 presscsi TE/TR/NS=35/2000/512 TG/R1/R2=142/11/30 6.0mL P56320.7 Exam #498-4 ID=MRS_|4 06/11/2003 09:58 presscsi TE/TR/NS=35/2000/512 TG/R1/R2=139/11/30 5.6mL P12288.7
Data of: Molecular Imaging Group, GE CRD, Niskayuna Data of: Molecular Imaging Group, GE CRD, Niskayuna
S LCModel (Version 5.2-2) Copyright: S.W. Provencher.  Ref. Magn. Reson. Med. 30:672-679 (1993). Fri Jun 13 14:20:17 2003 @ LCModel (Version 5.2-2) Copyright: S.W. Provencher.  Ref.: Magn. Reson. Med, 30:672-679 (1993). Fri Jun 13 14:22:58 2003
2 8
& Conc. %D /Cr  Metab. & /cr  Metab.
0.500 110% 0.128 Ala 0.000 Ala
o 0.000 999%  0.000 Asp . 0.650 Asp
3.918 7% 1.000 Cre 1.000 Cre
g 3.295 51%  0.841 GaBA 0.668 GABA
X 0.312 179% 0.079 Gle 0.276 Gle
x 3.831 30% 0.978 Gln 0.206 Gln
4.830 18% 1.233 Glu 1.855 Glu
1.135 7% 0.290 GPC 0.288 GPC
0.000 999% 0.000 PCh 0.000 PCh
0.416 90%  0.106 Lac 0.386 Lac
3.314 13% 0.846 mI 0.637 mI
4.603 10% 1.175 NAA 1.118 NAA
1.226 50% 0.313 NAAG 0.102 NAAG
0.000 999% 0.000 Scyllo 0.000 Scyllo
0.000 999%  0.000 Tau 0.000 Tau
5.829 7%  1.488 NAA+NAAG| 1.219 NAA+NAAG
1.135 7%  0.290 GPC+ECh 0.288 GPC+PCh
8.661 178  2.210 GlutGln 2.061 GlutGln
DIAGNOSTICS DpragrosTICs
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MISCELLANEOUS OUTPUT 6 info's RFALSI 11
FWHM = 0.090 ppm s/m =12
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Data shift =-0.010 ppm
e % i Ly FWHM = 0.097 ppm s/N = 15
Data shift = 0.000 ppm
INPUT CHANGES Ph: 357 deg -2 deg/ppm

deltat= 2.000e-04

doece= T

dows= F

fealib= 1

filbas= ' /home/hancu/ . lcmodel
/test /output/press_te3s_3t_

INPUT CHANGES
deltat= 2.000e-04
T

fealib= 1
filbas= ‘/home/hancu/.lcmodel

0la.basis’
hzpppm= 1.2773e+02 /test /output/press_te35_3t_
ipage2= 0 0la.bas
T T T T T T T T T T T T T T 1ps= 8 hzpppm= 1.2773e+02
40 38 86 34 32 30 28 26 24 22 20 18 16 14 12 10 T T T T T T T T T T T T T T ipage2= 0
Chemical Shift (ppm) Leable= 7 40 38 36 34 32 30 28 26 24 22 20 18 16 14 12 1o PO
RGeS 0 Chemical Shift (ppm) Tenbiie=
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»High levels of Cho containing compounds for malignant
breast tissue (high Cho/Cr ratios)

»alternative approach: wash-in-wash-out of paramagnetic
contrast agent (GdDTPA)
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Fig. 11. "H MR at 360 MHz of findings of breast fine-needle biop-
sies from unequivocally benign versus infiltrating carcinoma. Data
are grouped on the basis of the final histopathologic findings in
tissue specimens. From: Ref. [102].
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