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What you need for learning MRS

➢MRI and MRS basic physics

➢Chemistry 

➢Anatomy and physiology 

➢Pathology 

➢Image and signal processing and Analysis 

H.Mohammadi 2



Overview

➢ Basics of MRI physics

➢ Principles of Magnetic Resonance Spectroscopy 

➢ Different MRS methods

➢ MRS Applications in Neuroimaging

➢ New methods of MRS for Neuroimaging 
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Basics of MRI physics
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Basics of MRI physics

What is Magnetic Resonance Imaging (MRI)?

➢ Magnet 

➢ Radio Frequency = Resonance 

➢ Imaging 
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MRI Active Nuclei

▪H1

▪ C13

▪N15

▪O17

▪ P31

➢ Due to unpaired protons acts as tiny magnets 
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Nuclei direction in body 
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Gyromagnetic ratio

𝛾 = 𝑄/2𝑚
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Pressition

𝜸 = 𝑸/𝟐𝒎
𝝎 = 𝜸𝑩𝟎
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Basics of MRI physics
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MRI Vs MRS
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Chemical shift / Frequency 

absolute -in Hz (field dependent)

relative -in ppm or [δ]

Reference mulecules:

In vitro: tetramethylsilane (CH3) .…….. 0 ppm

In vivo: N-acetylaspartate (CH3)……... 2.01
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Chemical shift / Frequency
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Spin-spin coupling
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MR Spectrum
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Different MRS methods

➢Single voxel Spectroscopy (SVS)
▪ STEAM (Stimulated Echo Acquisition Mode)

▪ PRESS (Point RESolved Spectroscopy)

➢Multivoxel Spectroscopy
▪Chemical Shift Imaging (CSI)
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Single voxel Spectroscopy (SVS)

➢ In SVS, the signal is received of a volume limited to a single voxel

➢ This acquisition is fairly fast (1 to 3 minutes) and spectrum is easily obtained

➢ The analyzed volume is selected by a succession of three selective radiofrequency pulses (accompanied by 
gradients) in the three directions in space
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Single voxel Spectroscopy (SVS)
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Single voxel Spectroscopy (SVS)
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STEAM (Stimulated Echo Acquisition Mode)
The stimulated echo is recorded from the cumulated effect of the three pulses, thus corresponding to
the signal from the only voxel of interest. The TE of the stimulated echo corresponds to double the
time interval between the first two pulses. The delay between the second and third RF pulses is the
mix time TM. This technique is particularly adapted to short TE spectral acquisitions.
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PRESS (Point RESolved Spectroscopy)

In the PRESS method, the RF pulses have flip angles of 90° - 180° -
180°. The signal emitted by the voxel of interest is thus a spin echo. The
amplitude of this spin echo is two times greater than the stimulated echo
obtained by STEAM. The PRESS technique thus offers a better signal-
to-noise ratio than STEAM. It can be used with short TE (15 – 20 ms)
or long TE (135 – 270 ms).
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PRESS (Point RESolved Spectroscopy)
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Multi-voxel Chemical Shift Imaging (CSI)
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Multi-voxel Chemical Shift Imaging (CSI)

➢a larger total coverage area (since the size of the entire multivoxel slab is greater) 

➢higher spatial resolution (since the individual voxels are smaller)
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SVS Vs CSI
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MR spectrum

normal human brain spectrum at 3T
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Water signal suppression 
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Artifacts 
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Short TE vs Long TE
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Repetition and Echo Times (TR & TE)
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Number of excitations 
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MRS Applications in Neuroimaging

➢ Detection and quantification of tissues chemical compounds 

➢A powerful tool to access brain composition, metabolism and 
function

➢What can be measured in brain?

▪Water 

▪Macromolecules (phospholipids, proteins, DNA, RNA)

▪metabolites (NAA, Creatine(Cr), Choline(Cho), Lipids)

▪ neurotransmitters (acetylcholine, norepinephrine, dopamine, 
serotonin)
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MRS Spectrum processing and Analysis Softwares
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Quantification of MRS spectrum
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Kandel ER, Schwartz JH, Jessell TM, Siegelbaum S, Hudspeth AJ, Mack S, editors. Principles of neural science. New York: 
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Partial Volume Effect & Tissue Correction
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T1 Weighted Structural Images & Brain Extraction 
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CSF & Gray Matter 
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White Matter 
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Proton MRS main metabolites

❑ N-Acetyl Aspartate(NAA) at 2 ppm: Marker of neuronal 
density and viability

❑ Creatine(Cr) at 3 ppm: Energy metabolism, generation of 
ATP

❑ Choline(Cho) at 3.2 ppm: Pathological alterations in 
membrane turnover, increased in tumors

❑ Lipids (Lip) between 0.8 –1.5 ppm: Breakdown of tissue, 
elevated in brain tumors -lipids indicate necrosis
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Proton MRS main metabolites

❑Lactate (Lac) at 1.3 ppm, inverted at 144ms: produced by an anaerobic 
metabolism, found in tumor containing zones of necrosis
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MRS Applications in Neuroimaging

▪Research

the only noninvasive technique that can reliably quantify in vivo 
concentration levels of key metabolites

▪Clinic

metabolic changes in brain tumors, strokes, seizure disorders, 
Alzheimer's disease, depression and other diseases affecting the brain 
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Glioma

▪MRS can help increase our ability to predict grade. As the grade
increases, NAA and creatine decrease and choline, lipids and lactate
increase.

▪ In the setting of gliomas, choline will be elevated beyond the margins
of contrast enhancement in keeping with cellular infiltration.

▪Cho/Cr ratio of more than 1.5 was used as a marker of tumor presence
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Astrocytoma
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▪Non-glial tumors

May be difficult but in general non-glial tumors will have little, if any, 
NAA peak.

▪ Radiation effects 

Distinguishing radiation change and tumor recurrence can be 
problematic. In recurrent tumor choline will be elevated, whereas in 
radiation change, NAA, choline and creatine will all be low.

▪ Ischemia and infarction 

Lactate will increase as the brain switches to anaerobic metabolism. 
When infarction takes place then lipids are released and peaks appear.
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▪ Infection 

As in all processes which destroy normal brain tissue, NAA is absent. 
Within bacterial abscess cavities, lactate, alanine, cytosolic acid and 
acetate are elevated/present.

▪White matter diseases

progressive multifocal leukoencephalopathy (PML) may demonstrate 
elevated myoinositol

Canavan disease characteristically demonstrates elevated NAA
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▪ Hepatic encephalopathy 

Markedly reduced myoinositol, and to a lesser degree choline. Glutamine is 
increased.

▪ Mitochondrial disorders

Leigh syndrome (psychomotor regression): elevated choline, reduced NAA and 
occasionally elevated lactate

My: Myo-inositol 3.5

Cho: Choline 3.2

Cr: Creatine 3.0

NAA: N-acetylaspartate 2.0

L: Lactate 1.3
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New methods of MRS for Neuroimaging 
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Thanks for your attention

There is no failure, only feedback!

hosseinfg73@gmail.com
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