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• Also known as Nuclear Magnetic Resonance (NMR).

• First described in 1946 independently by Felix Bloch and 
Edward Mills Purcell - shared the Nobel Prize in physics in 
1952 for their discovery.

• Based on the nuclei's quantum mechanical properties.



• Keep foremost in mind –

– Information provided by MRS is complementary to 
the other imaging data 

– Properly interpreted only when all of the imaging 
(including functional) information is incorporated





FOURIER TRANSFORMATION 

• Decreases the time required for a scan by allowing a range of 
frequencies to be explored at the same time. 

• Performed by irradiating the sample in the magnet with a 
short pulse containing all of the frequencies in the range of 
interest via a coil in which the sample is placed. 

• The magnetic moments of the nuclei begin to process 
together, creating an oscillation in the surrounding magnetic 
field. 

• Oscillation induces current, which can then be observed.



• When the RF energy is removed, the magnetization relaxes 
back to the equilibrium state over time. 

• This decay is known as the free induction decay (FID). 

• A mathematical function known as a Fourier transformation 
converts this time-dependent pattern into a frequency-
dependent pattern, revealing the NMR spectrum.





MAGNETIC RESONSNCE SPECTROSCOPIC 
IMAGING (MRSI)

• Also known as Chemical shift imaging (CSI)

• Allows one to collect the spectral information from a volume 
consisting of many voxels. 

• Like MRI, it produces an image of an object, but now each 
pixel also contains the spectral information. 

• Superior for clinical studies when necessary to obtain 
metabolic information of a large or heterogenous lesion. 

• In addition, spectral information from control regions can be 
obtained simultaneously.





WATER AND FAT SUPPRESSION

• Brain metabolite concentrations are on the order of 10 mM or 
less, compared with the approximately 80 M concentration of 
water protons. 

• Lipids also present in high concentrations within skull, 
marrow, and extra cranial fat . 

• Therefore essential to suppress the water and the lipid peaks 
to reliably measure the metabolite contractions. 



• Water suppression can be accomplished by using a chemical 
shift selective saturation pulse on the water signal at 4.7 ppm, 
thereby suppressing the water signal 1,000- to 10,000-fold. 

• The residual water may then be used as internal reference for 
phasing and frequency correction.

• Lipids can be avoided by placing the VOI completely inside the 
brain, excluding skull, to avoid signal from marrow and 
subcutaneous fat. 



ACQUISITION PARAMETERS

• As with MRI, the choice of TE and repetition time(TR) can 
have an enormous effect on the appearance of the 
information obtained in a proton MRS study. 

• MRS obtained with shorter echo times (approximately 35 ms) 
allow the detection of more metabolites,including glutamate, 
glutamine, and myo-inositol. 

• Disadvantage – complicated baseline due to increased lipid 
and macromolecular background signals. 



• Spectra obtained with longer echo times (135 to 144 ms) 
depict fewer metabolites. 

• However, spectra are easier to process and analyze due to the 
relatively flat baseline. 

• Typical TRs for clinical MRS experiments lie between 1 and 3 
seconds.





LIMITATION OF CLINICAL MRS

• Operator and interpreter dependent.

• Positioning of voxel is a very important step in performing 
MRS, which if not accurate will obtain contaminated or sub 
optimal spectra. 

• Interpreter requires an overall knowledge of the biochemical 
metabolites and the possible differential diagnosis. 

• It is difficult to perform MRS on smaller lesions as partial 
volume averaging will contaminate the spectra. 

• Many disorders have overlapping MRS features.



• Proximity of the VOI to the paranasal sinuses can result in line 
broadening and susceptibility artifacts. 

• Iron and minerals that accumulate in the basal ganglia cause 
susceptibility broadening, resulting typically in lower-quality 
spectra. 

• Proximity of the VOI to the scalp can result in contaminating 
lipid signals. Techniques to suppress lipid signals can minimize 
this problem.

LIMITATION OF CLINICAL MRS



NON-PROTON MRS
• 31P MRS is informative on cellular bioenergetics because it can 

measure ATP and phosphocreatine (PCr). 

• Also used to measure phosphodiester compounds(PDEs), 
inorganic phosphate (Pi), and phosphomonoester compounds 
(PMEs). 

• Infusion of 13C-labeled glucose has revealed details important 
metabolic pathways (47,48).

• 19F has a natural abundance of 100% and has a high intrinsic 
sensitivity, making it an excellent candidate for in vivo 
monitoring of fluorine-containing drugs. 

• Other nuclei used for clinical applications are 23Na, 39K, 7Li, 
and 17O.



MAJOR RESONSNCES & 
CORRESPONDING METABOLITES

N – ACETYL ASPARTATE (NAA) :-

• The most prominent spectral peak originates from the N-
acetyl CH3 group of NAA assigned at 2.02 ppm in the normal 
brain. 

• NAA is a free amino acid synthesized in neuronal 
mitochondria by N-acetyl-L-aspartate transferase. 

• Localized primarily in the CNS and PNS (10 to 16 mmol/kg) 

• Highest concentration of any water-soluble molecule in the 
brain. 

• Extremely metabolically active, with 100% turnover in 
approximately 16 hours. 

• The high concentration and rapid turnover rate indicate its 
importance in normal brain metabolism.



• Believed to act as a storage form of aspartate and as a 
precursor of the neurotransmitter N-acetylaspartylglutamate
(NAAG).

• Probable role as a messenger molecule between neurons, 
astrocytes, oligodendrocytes, and possibly microglia.

• Also demonstrated to be an osmoregulator - serves as a 
means to enhance the efflux of water from intracellular 
compartments within the central nervous system (CNS) into 
the bloodstream.



• NAA within the adult brain is found almost exclusively in 
neurons and serves as a marker of neuronal density and 
viability.

• Thus, is decreased in any lesion that displaces neurons or 
affects their function. 

• Cheng et al. found that NAA concentration correlated linearly 
with neuronal number in a brain from a patient with Pick 
disease. In addition, the same group reported that neuronal 
counts determined by stereology correlated linearly with the 
concentration of NAA measured in brain tissue from both 
Alzheimer disease (AD) and control subjects . 



Reversibile NAA change :-

• NAA levels also reflect neuronal dysfunction rather than just 
neuronal loss.

• For example, recovery of NAA levels has been observed with 
incomplete reversible ischemia and brain injury . 

• Reduced NAA levels have also been observed with MS and 
transient ischemia and in an animal model of neuroAIDS in 
the absence of neuronal loss. 

• In vivo MRS measurements of NAA not only reflect neuronal 
number, but also the density of viable synapses in the CNS. 



Total Creatine :-
• Another important peak in the proton spectrum 

assigned at 3.03 ppm. 
• Composed of resonances from Cr and PCr, and is 

referred to as total Cr (t-Cr) or just Cr. 
• Phosphocreatine - high-energy phosphate reservoir for 

the generation of ATP. 
• Creatine is present in brain, muscle, and blood, and the 

synthesis of creatine takes place in the kidney and the 
liver. 

• Because Cr serves as a marker for energy-dependent 
systems in cells, it tends to be low in processes that 
have low metabolism, such as in necrosis and 
infarctions. 



• However, Cr and PCr are in equilibrium, and thus the Cr peak 
remains stable in size despite bioenergetic abnormalities that 
occur with many pathologies. 

• This peak is also stable with age . 

• Consequently, the Cr resonance is often used as an internal 
standard, and changes in metabolite ratios with creatine as 
the denominator are typically interpreted as changes in the 
metabolite in the numerator. For example, a decline in 
NAA/Cr is usually interpreted as a decline in NAA.



Choline containing compounds :-

• The Cho resonance arises from signals of several soluble 
components that resonate at 3.2 ppm. 

• This resonance contains contributions primarily from 
glycerophosphocholine, phosphocholine, and choline.

• Changes in this resonance commonly seen with diseases that 
have alterations in membrane turnover. 

• Diseases such as neoplasms and leukodystrophies result in a 
substantial increase in MRS-visible Cho . 



• The elevated Cho peak reflects a high steady-state level of 
these molecules that result from increased cellular membrane 
turnover.

• Thus, it is increased in most processes that are accompanied 
by hypercellularity . 

• Also increased in primary and secondary brain tumors, with 
higher Cho/Cr ratios found in malignant tumors. 

• Elevated Cho has also been seen in developing brain and 
inflammatory and gliotic processes 



Myoinositol :-

• A cyclic sugar alcohol with its most prominent peak 
at 3.56 ppm. 

• The function of MI is not fully understood.

• Believed to be an essential requirement for cell 
growth, an osmolyte, and a storage form for glucose . 

• MI is primarily located in glia, and an increase in MI is 
commonly believed to be a marker of gliosis . 



• The identification of MI can be important in the evaluation of 
brain tumors . 

• Usually decreased in high-grade primary brain tumors .

• Elevated MI levels have been associated with Alzheimer 
disease , AIDS dementia, other neurodegenerative diseases, 
and brain injury. 

• In addition, elevated MI has been reported in newborns. 

• Reduced MI is observed in hepatic encephalopathy. 



• So in MR spectroscopy (MRS) :-

– NAA is considered as a good metabolite (as it 
represents neuronal health)

– Choline is considered as a bad metabolite (as it is 
seen in tumors) and 

– Lipid lactate doublet as an ugly metabolite (as it is 
seen in necrotic tumors).



MINOR RESONANCES & 
CORRESPONDING BIOCHEMICALS

Lactate :-

• Under normal conditions, the lactate concentration is very 
low in the adult brain. 

• This resonance (observed as a doublet) occurs at 1.32 ppm.

• Lactate is produced by anaerobic metabolism and has been 
detected in stroke patients . 

• It has been reported that lactate levels after acute stroke 
correlate strongly with ADC values . 

• Increased lactate has been found during hypoxia , 
mitochondrial diseases , and seizures and in the first hours 
after birth. 



• The presence of lactate in brain tumors has received a great 
deal of attention. 

• Occurs in highly cellular and metabolic lesions that outgrow 
their blood supply. 

• The presence of lactate indirectly measures glucose 
utilization. 

• Thus, the presence of lactate often accompanies malignant 
neoplasms . 

• It has been observed that regions containing lactate 
correspond to areas of increased cerebral blood volume (CBV) 
in brain perfusion studies and thus may serve as an indicator 
of angiogenesis, another feature typical of highly malignant 
brain tumors



Lipids :-

• Lipids resonate between 0.8 and 1.5 ppm and may obscure 
the presence of lactate. 

• Mobile lipids are generally found in necrosis and, as such, are 
indicators of high-grade malignancies, both primary brain 
tumors and metastases . 

• Lipids may also be present in the spectra due to 
contamination by subcutaneous fat and fat from marrow of 
the skull.



Glutamate and Glutamine :-

• Glutamate (Glu) - major excitatory neurotransmitter of the 
brain. 

• Excess of Glu surrounding neural cells can be toxic and can 
eventually result in neuronal death. 

• Cerebral Glu concentration is reported to be increased in 
cerebral ischemia , hepatic encephalopathy , and Rett
syndrome . 

• The amino acid glutamine (Gln) is a precursor and storage 
form of Glu and is primarily located in astrocytes. 

• Because they are structurally very similar, it is very difficult to 
separate their resonances at low field strength, and therefore 
the sum of Glu and Gln is commonly referred to as Glx. 

• The peaks of interest resonate between 2.1 and 2.5 ppm (left 
shoulder of NAA).



Gamma Amino Butyric acid :-

• γ-Aminobutyric acid (GABA) is an amino acid and an 
inhibitory neurotransmitter. 

• Proton MRS studies have found reduced or abnormal 
GABA concentrations in several neuropsychiatric 
disorders, including epilepsy, anxiety disorders, major 
depression, and drug addiction.





The in vivo 4T 1H-MRS Brain Spectrum



CLINICAL APPLICATIONS OF MRS

CLASS A APPLICATIONS : Useful in INDIVIDUAL Patients :-

• ICSOL’s – particularly Intra-axial

• Differentiating Brain Neoplasm from Non-neoplastic

• Primary CNS Neoplasm vs Metastasis

• Radiation Necrosis vs Recurrent Tumors

• Inborn errors of Metabolism



CLINICAL APPLICATIONS OF MRS

CLASS B APPLICATIONS : 
OCCASIONALLY useful in INDIVIDUAL Patients :-

• Ischemia, Hypoxia and Related Brain Injuries

– Acute Ischemic stroke

– Cardiac arrest and global hypoxia

– Near drowning

– Hypoxia- Ischemia in Neonates

• Epilepsy 



CLINICAL APPLICATIONS OF MRS

CLASS C APPLICATIONS : 
Useful Primarily in GROUP Of Patients (RESEARCH) :-

• NeuroAIDS

• Opportunistic Infections

• Neurodegenerative diseases –
– Alzeimer disease

– Parkinson disease and plus syndromes, ALS, MS, HD

• Hepatic encephalopathy

• Traumatic Brain injury

• Psychiatric disorders



ICSOL’S
• MRS must always be interpreted within the context of the 

other available imaging information, including structural (T1, 
T2, postcontrast imaging, etc.) and functional (diffusion, 
perfusion) data when available. 

• The typical 1H MR spectrum of a neoplasm :-

– Substantial elevation of Cho

– a reduction of NAA and 

– little or minor changes in Cr. 

• The degree of Cho elevation depends on the metabolic 
activity of the neoplastic cell and the proportion of neoplastic
relative to normal cells within the VOI. 



• The infiltrative nature of CNS gliomas - results in variable 
neoplastic cell densities – leading to variable Cho elevations 
and NAA deficits. 

• So a high Cho/NAA ratio - strong indicator of a higher-grade 
neoplasm.

• But a low Cho/NAA ratio could arise from :-

– low-grade neoplasm

– low neoplastic cellular density or 

– Non-neoplastic processes such as multiple sclerosis. 



• Two approaches to determine whether Cho is elevated. 

• The most rigorous approach is to estimate the absolute 
concentration of the sum of the choline-containing 
compounds giving rise to the Cho signal. 

• Although possible - is difficult and prone to many errors.

• Alternative is to establish the Cho level with respect to an 
internal standard. 

• Both Cho/Cr and Cho/NAA ratios have been studied as 
indicators of the probability of a high-grade neoplasm. 

• A Cho/NAA ratio > 1.3 - reported to have a high accuracy for 
detection of neoplasm. 

• Cho/Cr ratio - less reliable because of more variability in Cr. 

• Another approach is to compare the Cho from the suspected 
mass lesion to the Cho or Cr of normal-appearing brain from a 
similar location in the contralateral hemisphere 







PRIMARY CNS NEOPLASM VS METASTASIS

• This utility derives from the infiltrative nature of most primary 
brain neoplasms, whereas metastatic deposits are more 
localized. 

• Law et al. showed that the gradient of decline in the Cho 
levels extending from the mass can be used to suggest 
primary tumor or metastasis .

• The decline in Cho is typically more abrupt with metastasis, 
whereas the decline in Cho/NAA or Cho/Cr is more gradual in 
most gliomas as spectra are inspected starting from the tumor
mass out to normal-appearing brain



RADIATION NECROSIS VS RECURRENT TUMOR

• True necrosis - an absence of the typical brain metabolite 
signals and an increase in lipid signals. 

• Radiation induced changes - MR spectrum may reflect a brisk 
inflammatory process – MRS measuring signals from the 
activated immune cells that are predominant and are 
characterized by elevated Cho, although not to the extent that 
is seen in high-grade neoplasms. 

• In Radiation necrosis - typically a slight elevation of Cho and 
often the presence of the lipid resonance. 



• To differentiate Radiation Necrosis from Recurrent tumor, 
combination of perfusion imaging with MR spectroscopy can 
be very useful especially when they provide concurrent 
findings.

• For example, low CBV in perfusion MRI and only a slight 
elevation of Cho/Cr in the MR spectrum suggest Radiation 
necrosis. 

• Conversely, high CBV and an MRS displaying high Cho would 
likely represent Recurrent tumor as the predominant process. 

• However, both processes may be occurring, and it may be 
impossible to differentiate one from the other because the 
biology is mixed.



Biopsy guidance in a heterogeneously enhancing mass. A mass in the right hemisphere 
involving the thalamus that enhances irregularly. MRS was performed to help select 
sites of biopsy. Multivoxel spectroscopy demonstrated several areas with very high 
levels of choline, including regions that did not enhance. With this information, a 

biopsy sample was successfully targeted, and a diagnosis of GBMwas made.



Radiation change. Patient is status postresection of an neuroblastoma. Received high-dose 
radiation to right frontal lobe region. Follow-up imaging revealed an irregularly enhancing 
focus in the right frontal lobe with surrounding T2/FLAIR hyperintensity. Perfusion MRI 
revealed low CBV in the right frontal region. MRS demonstrated a high lipid resonance 
consistent with necrosis. Follow-up imaging obtained multiple times over the subsequent 
2 years demonstrated a gradual resolution of the enhancement and tissue loss.





Choroid plexus papilloma.
Lobulated, intensely 
enhancing mass within the 
third ventricle. A biopsy 
resulted in a diagnosis of a 
choroid plexus papilloma. 
Single-voxel spectroscopy 
from the mass reveals a very 
high level of choline.





INBORN ERRORS OF METABOLISM

• MRS is valuable in pediatric brain disorders that are 
due to inborn errors of metabolism :
– Leukodystrophies

– Mitochondrial disorders and 

– Enzyme defects that cause an absence or accumulation of 
metabolites. 

• MRS can be diagnostic for some of these diseases. 

• An example of such a disorder is Canavan disease, a 
childhood leukodystrophy caused by mutations in the 
gene for human aspartoacylase, which leads to an 
abnormal accumulation of NAA in the brain. 









ACUTE ISCHEMIC STROKE

• Most reliable clinical method for identifying the ischemic core 
and penumbra in ischemic stroke is the use of diffusion and 
perfusion MRI. 

• MRS can be useful in assessing the severity of ischemia within 
the region that is being perfused by collateral flow. 

• When collateral flow is adequate to maintain normal 
metabolism, the MR spectrum even in hypoperfused areas 
defined by MR perfusion imaging will appear normal. 

• With further reduction of perfusion, progression to frank 
ischemia will result in the elevation of lactate and the 
reduction of NAA. 





HYPOXIA-ISCHEMIA IN NEONATES
• MRI especially diffusion MRI, is very useful in 

identifying the extent of hypoxic and ischemic 
injury.

• MRS can add additional information. 
• Typical findings include a decline in NAA and an 

elevation of lactate. 
• A persistent high level of lactate despite the 

restitution of normal oxygenated perfusion to the 
brain of neonates – proposed as a reliable sign of 
a poor prognosis.

• Further research still continued.



EPILEPSY

• During seizure, the metabolic demands of brain cells can 
exceed the supply of oxygen and nutrients to the portion of 
the brain that is undergoing enhanced electrical activity. 

• Metabolic changes can be detected by MRS, including the 
production of lactate and, if prolonged, the reduction of 
NAA .

• Abnormalities, including the elevation of lactate, can still be 
observed some time after seizure activity ceases. 

• Not possible during ictal episode.
• More common for MRS to be obtained interictally. 
• The purpose is to help localize the source of the seizures. 
• Most common clinical scenario - Temporal lobe epilepsy 

(TLE). 



Temporal lobe epilepsy. A 
37-year-old male patient with 
a longstanding history of 
medically intractable and 
partial complex seizures. 
Single-voxel MRS shows a 
decrease in N-acetylaspartate
in the left temporal 
compared to the right lobe. 
Based on the magnetic 
resonance imaging and MRS 
exam, the patient underwent 
temporal lobectomy and had 
a good outcome.



NeuroAIDS
• The first reports on the use of MRS in neuroAIDS were 

published the early 1990s. 

• Demonstrated a significant reduction in levels of NAA in the 
brains of these patients . 

• Subsequently it was shown that earlier in the disease, 
elevations of Cho , MI , and sometimes Cr preceded a drop in 
NAA. 

• These findings suggested that a cerebral inflammatory 
process occurred before neuronal injury, and that neuronal 
injury occurred later, after the inflammatory process had 
persisted for some time.

• 1H MRS has been useful in studies on the effects of therapies 
and their mechanism of action. 

• Reversal of the metabolic abnormalities reported with ART. 



OPPORTUNISTIC INFECTIONS

• The most common is toxoplasmosis, which presents as 
enhancing masses or ring-enhancing lesions in the brain. 

• Toxoplasmosis can be difficult to differentiate from primary 
CNS lymphoma and pyogenic abscesses using structural 
imaging alone. 

• Diffusion MRI is very good at differentiating between 
pyogenic abscess and toxoplasmosis abscess. 

• MRS - Toxoplasmosis typically has a significantly lower level of 
Cho than observed with lymphoma.



NEURODEGENERATIVE DISEASES

• MRS in patients with these diseases reflects the pathology.
• Early in the course of the disease no change may be 

detected. 
• Later a decline of NAA may be detected in specific regions 

accompanied by an elevation of Cho and possibly MI. 
• With progression to more severe neurodegeneration, a 

substantial decline of NAA may be observed. 
• MRS has limited clinical utility in individual patients and is 

mostly used in research studies. 
• MRS may become much more important clinically in the 

future when drugs are developed to treat these diseases. 
• In such future scenarios maintenance of NAA levels, or 

even reversal of NAA levels, may provide direct objective 
evidence of drug efficacy.



PSYCHIATRIC DISORDERS





THANK YOU
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