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Chemical shift

Ø www.imaios.com/en/e-Courses/e-MRI/Image-quality-and-artifacts/chemical-shift

http://www.imaios.com/en/e-Courses/e-MRI/Image-quality-and-artifacts/chemical-shift


Chemical shift 
and MR spectrum

Ø www.imaios.com/en/e-Courses/e-MRI/Image-quality-and-artifacts/chemical-shift

Fourier
Transform

Received Signal Image

http://www.imaios.com/en/e-Courses/e-MRI/Image-quality-and-artifacts/chemical-shift


1H NMR 
spectra

ü Peaks pattern 
is footprint of 
molecules 

ü Peak area is 
proportional to 
the number of 
1H nuclei 



Proton spectroscopy

Ø The water signal has to be suppressed

H2O

lipids
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Water suppression

Spectrum without and with water suppression
Different scaling



1H MRS metabolites



Brain spectroscopy

Ø Occipital cortex

In vivo 1H spectrum

ATP

PCr

Pi

PDE
PME

NAA
CrCho

Ø The 1H (or 31P) nuclei in different molecules have 
slightly different resonance frequencies

Ø Each peak is related to a molecules (metabolite)
In vivo 31P spectrum



In vivo biochemistry



1H spectroscopy



1H spectroscopy



31P spectroscopy



31P MRS
In vivo 31P spectra acquired from 

the human occipital lobe at (B) 
4 T and (C) 7 T:

Ø PE phosphoethanolamine
Ø PC phosphocholine
Ø Pi inorganic phosphate 
Ø GPE 

glycerophosphoethanolamine
Ø GPC, glycerophosphocholine
Ø PCr phosphocreatine 
Ø ATP adenosine triphosphate 
Ø NADP nicotinamide adenine 

dinucleotide phosphate

Qiao T. et al Magn Reson Imaging. 2006 24:1281-6



muscle 31PMRS
Ø Muscoli gastrocnemi normal subject

rest exercise

Pi

PCr

ATP



Signal localization
In in vivo MRS the signal 
localization is mandatory

1H MRS



Signal localization
Ø In in vivo 
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localization is 
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1H MRS



Volume selection

www.imaios.com/en/e-Courses/e-MRI/Magnetic-Resonance-Spectroscopy-MRS/single-voxel-spectroscopy

üThe localization of the MRS signal 
is essential for in vivo application
üGradients are used localized 
spectroscopy
üThe simplest localization technique 
is the use of the surface coil

http://www.imaios.com/en/e-Courses/e-MRI/Magnetic-Resonance-Spectroscopy-MRS/single-voxel-spectroscopy


Spectroscopic imaging
(Chemical shift imaging CSI)

üCSI is an acquisition 
sequence that allows 
the acquisition of a 
spectrum per each 
voxel
üThe acquisition time 
is large (> 10 minutes) 
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Spectroscopic imaging
(Chemical shift imaging CSI)
üCSI is an acquisition sequence that allows the 
acquisition of a spectrum per each voxel
üThe acquisition time is large (> 10 minutes) 

AJNR 22, 4 (2007)



Spectroscopic imaging
(Chemical shift imaging CSI)



Spectroscopic imaging
(Chemical shift imaging CSI)



Quantitative data analysis  



Applications 

Preliminary evidence of the ability of 1H fMRS to detect 
changes in glutamate during various perceptual, motor, 
and cognitive tasks.



Applications 

Summary
Thalamic proton MRS measures acquired soon 
after birth in neonatal encephalopathy had the 
highest accuracy to predict neurodevelopment 2 
years later.
 

Magnetic resonance spectroscopy assessment 
of brain injury after moderate hypothermia in 
neonatal encephalopathy:
a prospective multicentre cohort study 
Peter J Lally et al for the MARBLE consortium 

Lancet Neurol 2019; 18: 35–45 



Applications 

Methods
ü 3.0 Tesla scanner 
ü single 15×15×15 mm3 voxel centred on the 

left thalamus 
ü 1H MRS metabolite peak area ratios (7 min)
ü 1H MRS metabolite absolute concentrations 

(25 min) 
üdiffusion weighted MRI (DW MRI; 7 min)

Magnetic resonance spectroscopy assessment 
of brain injury after moderate hypothermia in 
neonatal encephalopathy:
a prospective multicentre cohort study 

Lancet Neurol 2019; 18: 35–45 


