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Proton MR Spectroscopy: a Promising Tool 
• Proton magnetic resonance spectroscopy (1H-MRS) allows non-

invasive assessment of metabolic landscape of a biological tissue

A typical 1H-MRS from Normal Brain
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Proton MR Spectroscopy: Limitations
• Generally, proton MR spectroscopy is constrained by poor spectral 

resolution
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Two-dimensional Correlation Spectroscopy (2D-COSY)

F2

F1

Two Types of Peaks on 2D-COSY 
Spectrum

Auto-peak/Diagonal Peak:-
indicates that protons are not J-coupled 
with neighboring protons

Cross-peak/Off diagonal peak:-
indicates spin-spin couplings between two 
protons up to three bonds apart (vicinal 
coupling

In –Phase doublet

Vicinal Protons
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2D-Corelation Spectroscopy from Normal Brain on 7T

5

2D-COSY of Phantom on 3T and 7T: SNR and Reproducibility

Verma G, et al. J Magn Reson Imaging. 2014;40:1319-27.
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2D-COSY of Healthy Volunteers on 7T: a Reproducibility Study

Verma G, et al. J Magn Reson Imaging. 2014;40:1319-27.
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IDH Mutant Grade-III, Anaplastic Astrocytoma

Verma G, et al. J Transl Med. 2016;14:274-81.
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Proton MR Spectroscopy: Limitations
• Widely-used single-voxel or single-slice two-dimensional 1H-MRS 

methods constrained by limited spatial coverage

Single Voxel Single slice multivoxel 
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Whole Brain Spectroscopic Imaging: Metabolite Maps
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Whole Brain Spectroscopic Imaging: Metabolite Maps

N-acetylaspartate (NAA)

Creatine

Choline
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Whole Brain Spectroscopic Imaging: ALS and CST

Govind V, et al. PLOS One. 2012;7(4):e35607.  

12



7/23/22

7

Whole Brain Spectroscopic Imaging: ALS and CST

Govind V, et al. PLOS One. 2012;7(4):e35607.  
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Verma G, et al. Radiology. 2013 ;267(3):851-7.

Whole Brain Spectroscopic Imaging: ALS

14



7/23/22

8

T2 PC T1 NAA Creatine Choline

Whole Brain Spectroscopic Imaging: Brain Tumors
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True Progression (TP)Pseudoprogression (PsP)

Choline/NAA

T2-FLAIR

Whole Brain Spectroscopic Imaging: TP vs. PsP in GBMs
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Chemical Exchange Saturation Transfer- Basic Principle
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Wild-type mouse

Transgenic 
mouse model of 

Alzheimer's 
disease

Haris M, et al. NMR Biomed. 2013: 26; 386-91.  

Glutamate-CEST: Mouse Model of Alzheimer’s Disease
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Haris M, et al. NMR Biomed. 2013: 26; 386-91.  

Glutamate-CEST: Mouse Model of Alzheimer’s Disease
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Glutamate-CEST: Multiple Sclerosis

O'Grady KP, et al. Mult Scler. 2019: 25; 1580-1592.  
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O'Grady KP, et al. Mult Scler. 2019: 25; 1580-1592.  

Glutamate-CEST: Multiple Sclerosis
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O'Grady KP, et al. Mult Scler. 2019: 25; 1580-1592.  

Glutamate-CEST: Multiple Sclerosis
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Thank You!
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