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ABSTRACT 

INTRODUCTION: MR spectroscopy, one of the advanced MRI techniques which has 

been proven to be the most reliable diagnostic tools in identifying the tumors. Still there is 

need for clinical studies in this regard. Hence, the present study was conducted to 

determine biochemical markers of intracranial brain tumors using MR spectroscopy and 

evaluate role of MR spectroscopy in diagnosing and grading of intracranial brain tumors 

with histopathological co-relation. 

METHODOLOGY: This was a cross-sectional study, conducted by including the 30 

patients suspected of brain tumors and subjected them for MRS. 

RESULTS: The average age of our study population was 39.45±5.8 years with male 

predominance. We observed that increased choline was the commonest biochemical agents 

observed to be raised in almost all the tumors. On MRS, 9 out of 30 patients were 

diagnosed with meningioma followed by 6 (20%) had Glioma. On histopathology, 4 

(13.3%) each were confirmed to be having Meningioma and Meningio-epithelial 

meningioma. The overall sensitivity, specificity, PPV, NPV and accuracy of the MRS in 

identifying the type of brain tumors was 98.5%, 91.7%, 94.3%, 89.8% and 98.19%. Also, 

all the markers had their sensitivity, specificity and accuracy more than 90% in identifying 

the specific type of tumor. 

CONCLUSION: MR Spectroscopy could be one of the most reliable markers in 

identifying and grading the tumor lesions in brain. 

KEY WORDS: MR Spectroscopy, Brain tumor, Biochemical markers of MRS, 

MRI/MRS 
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INTRODUCTION 

Brain lesions might present as a solitary or multiple on a brain MRI and are characterised 

by a contrast enhancing halo with a non-enhancing centre. 
1 

It is difficult to distinguish neoplastic lesions such as gliomas, lymphoma or metastasis 

from non-neoplastic lesions like tuberculosis, neurocysticercosis, fungal infections, 

demyelinating lesions, sarcoidosis, Behcet’s disease, radiation encephalopathy and other 

vascular causes on conventional MRI. 
2,3 

Although MRI has been established as the most reliable diagnostic methods, it had limited 

role in quantitative and functional assessment of lesions thus making it less reliable in 

differentiating the tumour like lesions. As the size, shape, wall thickness of ring-enhancing 

lesions, the extent of surrounding edema has to be considered in analysing the lesions, 

advanced imaging techniques gives the better imaging than the conventional methods.
2
  

Hence, the advanced MR techniques are required to study such lesions further. Arterial 

spin labelling is one such advanced, non-invasive methods that provides absolute 

quantification of cerebral blood flow in the absence of contrast that helps in estimating 

tumour neo-genesis which in turn helps in tumour grading, biopsy and surgical planning. 

3,4 

MR spectroscopy is another method used for the evaluation of brain tumours, that detects 

tumour metabolism. Almost all brain tumours have decreased N-acetyl aspartate (NAA) 

signals and increased levels of Choline (Cho) which causes increase in Cho/NAA ratio.
5,6

 

Other common metabolic changes like increase in lactate levels due to anaerobic 

glycolysis or increase in lipid levels due to necrosis can be detected on MR spectroscopy 

which helps in the diagnosis of tumours and other causes.
7 
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MRS can also help in differentiating the high-grade forms from low grade tumours. As 

these techniques can further classify ring enhancing lesions, this study will help in better 

diagnosis, classification, grading and treatment, which will be helping in the overall patient 

care and diagnosis.
8
 Hence, the present study was to determine biochemical markers of 

intracranial brain tumors using MR spectroscopy. 
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OBJECTIVES 

A. Primary objective 

To determine biochemical markers of intracranial brain tumors using MR 

spectroscopy. 

 

B. Secondary objective 

To evaluate role of MR spectroscopy in diagnosing and grading of intracranial 

brain     tumors with histopathological co-relation. 
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REVIEW OF LITERATURE 

HISTORICAL DEVELOPMENTS IN MRI 

The nuclear magnetic resonance (NMR) phenomenon was first described experimentally 

by both Bloch and Purcell in 1946, for which they were both awarded the Nobel Prize for 

Physics in 1952.
 

The technique has rapidly evolved since then, following the introduction of wide-bore 

superconducting magnets, approximately 30 years ago, allowing development of clinical 

applications. The first clinical magnetic resonance images were produced in Nottingham 

and Aberdeen in 1980, and magnetic resonance imaging (MRI) is now a widely available, 

powerful clinical tool.
9 

BRIEF INTRODUCTION ABOUT MRI 

 Magnetic resonance imaging (MRI) uses the body's natural magnetic properties to 

produce detailed images from any part of the body. For imaging purposes, the 

hydrogen nucleus (a single proton) is used because of its abundance in water and 

fat. 

 The hydrogen proton can be likened to the planet earth, spinning on its axis, with a 

north-south pole. In this respect it behaves like a small bar magnet. Under normal 

circumstances, these hydrogen proton “bar magnets” spin in the body with their 

axes randomly aligned.
10,11

 

 When the body is placed in a strong magnetic field, such as an MRI scanner, the 

protons' axes all line up. This uniform alignment creates a magnetic vector oriented 
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along the axis of the MRI scanner. MRI scanners come in different field strengths, 

usually between 0.5 and 1.5 tesla. 

 When additional energy in the form of a radio wave is added to the magnetic field, 

the magnetic vector is deflected. The radio wave frequency (RF) that causes the 

hydrogen nuclei to resonate is dependent on the element sought hydrogen in this 

case and the strength of the magnetic field. 

 The strength of the magnetic field can be altered electronically from head to toe 

using a series of gradient electric coils, and, by altering the local magnetic field by 

these small increments, different slices of the body will resonate as different 

frequencies are applied. 

 When the radiofrequency source is switched off the magnetic vector returns to its 

resting state, and this causes a signal also a radio wave to be emitted. It is this 

signal which is used to create the MR images. 
12

 

 Receiver coils are used around the body part in question to act as aerials to improve 

the detection of the emitted signal. The intensity of the received signal is then 

plotted on a grey scale and cross-sectional images are built up. 

 Multiple transmitted radiofrequency pulses can be used in sequence to emphasise 

particular tissues or abnormalities. A different emphasis occurs because different 

tissues relax at different rates when the transmitted radiofrequency pulse is 

switched off.  
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 The time taken for the protons to fully relax is measured in two ways. The first is 

the time taken for the magnetic vector to return to its resting state and the second is 

the time needed for the axial spin to return to its resting state. The first is called T1 

relaxation, the second is called T2 relaxation.
13

 

 An MR examination is thus made up of a series of pulse sequences. Different 

tissues such as fat and water have different relaxation times and can be identified 

separately. By using a “fat suppression” pulse sequence, for example, the signal 

from fat will be removed, leaving only the signal from any abnormalities lying 

within it.
14

 

 Most diseases manifest themselves by an increase in water content, so MRI is a 

sensitive test for the detection of disease. The exact nature of the pathology can be 

more difficult to ascertain: for example, infection and tumour can in some cases 

look similar. A careful analysis of the images by a radiologist will often yield the 

correct answer. 

 There are no known biological hazards of MRI because, unlike x ray and computed 

tomography, MRI uses radiation in the radiofrequency range which is found all 

around us and does not damage tissue as it passes through. 

 Pacemakers, metal clips, and metal valves can be dangerous in MRI scanners 

because of potential movement within a magnetic field. Metal joint prostheses are 

less of a problem, although there may be some distortion of the image close to the 

metal.
15,16
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Magnetic resonance spectroscopy 

In vivo magnetic resonance spectroscopy (MRS) of the human brain has developed rapidly 

since its first observation in the 1980s.
17 

- Early studies in both humans and animals focused on the 
31

P nucleus which 

allowed the measurement of energy metabolites such as phosphocreatine and ATP, 

as well as inorganic phosphate and phosphoesters.  

- With the development of improved techniques for spatial localization and water 

suppression, proton MRS became more prevalent in the 1990s because of its higher 

sensitivity and greater convenience as it can be performed without hardware 

modification on most MRI machines, unlike MRS of other nuclei. 
17,18

 

BASIC PRINCIPLE OF MRS 

The identification of different chemicals in a tissue is based on the fact that protons in 

different molecules with different atomic numbers process at different frequencies.  

This difference in frequencies (Larmor frequencies) is derived from the populace of 

electron cloud surrounding the protons. As electrons are charged particles, they show 

magnetic spin properties and when exposed to external magnetic field (B0) generates a 

small magnetic field (B*). 
19 

As a result, magnetic environment surrounding the nucleus and hence protons are modified 

minimally expressed in parts per million of the external magnetic field (B0).  

Consequently, the resonance frequency of the nucleus, which is directly proportional to the 

magnetic field it experiences, shifts. This phenomenon is known as chemical shift and 

forms the basis of MR spectroscopy.
17,18 
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COMPOUNDS DETECTED BY MRS
20 

1. N acetyl aspartate (NAA): NAA is the largest signal in the normal adult brain 

spectrum. NAA is one of the most abundant amino acids in the central nervous 

system. It has been speculated to be a source of acetyl groups for lipid synthesis, a 

regulator of protein synthesis, a storage form of acetyl-CoA or aspartate, a 

breakdown product of NAAG or an osmolyte. NAA does appear to be a 

good surrogate marker of neuronal health but it might sometimes change 

independent of neuron cell density or function. Central neurocytoma, an 

uncommon neuronal tumor, have been reported to exhibit detectable NAA peak, 

although with decreased NAA/Cr. 
20,21

 

2. Choline (Cho): The “choline” signal (“Cho,” 3.20 ppm) is a composite peak 

consisting of contributions from the trimethylamine groups of 

glycerophosphocholine (GPC), phosphocholine (PC) and a small amount of free 

choline itself. In pathological demyelination, we can observe elevated choline or 

even due to inflammatory conditions of the brain. Low brain Cho has been 

observed in hepatic encephalopathy and there is also some evidence to suggest that 

dietary intake of choline can modulate cerebral Cho levels.
20,22

 

3. Lactate: The lactate resonance is usually not detectable in the brain under normal 

conditions. However, lactate is often detected by MRS in pathological conditions 

such as acute hypoxic or ischemic injury or in brain tumours or mitochondrial 

diseases. Also, it produces doublet peak.
20,23

 

4. Alanine: Alanine peak is produced by transamination of pyruvate in hypoxic 

tissues showing increased glycolysis to prevent further increase in lactate. Amongst 

the brain tumors, meningiomas show a distinct alanine peak with variable 
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sensitivity. Alanine in meningiomas has been postulated to be a partial oxidation of 

glutamine. Alanine peak is also elevated in central neurocytoma and PNET. 
24

 

5. Acetate and succinate: Raised acetate and succinate levels reflect anaerobic 

fermentation of pyruvate generated from glycolysis where it undergoes 

carboxylation to form acetate and succinate. Although these peaks might be 

slightly raised in brain tumors, clinically the presence of markedly raised acetate 

and succinate peaks in the MR spectra is useful for identifying brain abscesses that 

mimic brain tumors on conventional MR. 
25

 

6. Myo-inositol: Glial cells in vitro have been shown to contain higher levels of mI 

than neurons, reduced in hepatic encephalopathy, increased in Alzheimer’s 

dementia and other demyelinating disorders. 
26

 

7. Creatine: In the clinical MR spectroscopy Cr peak is utilized as internal reference 

standard for characterizing other peaks as its level is high and relatively 

comparable in different tissue types of brain. Glial tumours show 15–40% 

reduction in Cr levels. Even meningotheliomatous meningiomas which shows 

approximately 20% reduction in total creatine. Total creatine content is 

significantly low in non-neuroectodermal tumors such as brain metastases 

compared to neuroectodermal tumors. 
18,20,27

 

8. Glutamate: Most abundant and dominant neuro-transmitter. Elevated in MS 

plaques.
20

 

9. Membrane lipids: Rise of lipids detected in various cellular processes such as 

necrosis, growth arrest, inflammation, malignancy and apoptosis. Membrane lipids 

are usually not recognized on standard MRS unless imaged at very short echo 

time.
28

 



 
 

 24    
 

10. Taurine: Taurine shows two triplet peaks. It is an inhibitory neurotransmitter that 

activates GABA-A receptors or strychnine-sensitive glycine receptors. Increased 

taurine is seen in PNET, medulloblastoma, pituitary microadenoma and metastatic 

renal cell carcinoma. High levels in medulloblastoma points towards 

morphogenetic similarities between medulloblastoma and retinoblastomas as retina 

contains one of the highest levels of taurine owing to the presence of its high 

affinity transport system.
18,20,29

 

11. Other uncommon components: All the common and uncommon components 

found on MRS are tabulated below.
20

 

Table 1: Compounds detected by MRS in the human brain
20 

Compounds normally present Compounds which may be detected 

under pathological or other abnormal 

conditions 

Large signals at long TE Long TE 

N-Acetylaspartate (NAA) Lactate (Lac) 

Creatine (Cr) and phosphocreatine (PCr) β-Hydroxy-butyrate, acetone 

Cholines (Cho): Succinate, pyruvate 

   Glycerophosphocholine (GPC) Alanine 

   Phosphocholine (PC), free choline 

(Cho) 

Glycine 

Large signals at short TE Short TE 

Glutamate (Glu) Lipids 

Glutamine (Gln) Macromolecules 

myo-Inositol (mI) Phenylalanine 
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 Galactitol 

Small signals (short or long TE) Exogenous compounds (short or long 

TE) 

N-Acetylaspartylglutamate (NAAG), 

  aspartate 

Propan-1,2-diol 

Mannitol 

Taurine, betaine, scyllo-inositol, 

  ethanolamine 

Ethanol 

Methylsulfonylmethane (MSM) 

Threonine  

Glucose, glycogen  

Purine nucleotides  

Histidine  

Small signals that can be detected with 

the use of spectral editing techniques 

 

γ-Amino-butyric acid (GABA)  

Homocarnosine  

Glutathione  

Threonine  

Vitamin C (ascorbic acid)  

 

CUT OFF VALUES OF DIFFERENT BIOCHEMICAL AGENTS
29 

It is the Time of Echo (TE) that conditions the number of measurable metabolites: long TE 

(136-272 ms) vs short TE (10-50 ms) 

 Lipids: resonates at 1.3 ppm 

 Lactate: resonates at 1.33 ppm 

https://radiopaedia.org/articles/lipids-peak?lang=us
https://radiopaedia.org/articles/lactate-peak?lang=us


 
 

 26    
 

 Alanine: resonates at 1.48 ppm 

 N-Acetylaspartate (NAA): resonates at 2.0 ppm 

 Glutamine/glutamate: resonates at 2.2-2.4 ppm  

 GABA: resonates at 2.2-2.4 ppm 

 2-hydroxyglutarate: resonates at 2.25 ppm  

 Citrate: resonates 2.6 ppm  

 Creatine: resonates at 3.0 ppm 

 Choline: resonates at 3.2 ppm 

 myo-inositol: resonates at 3.5 ppm 

 Water resonates at 4.7 ppm 

 

 

 

 

 

 

 

 

 

 

 

https://radiopaedia.org/articles/alanine-peak?lang=us
https://radiopaedia.org/articles/n-acetylaspartate-peak?lang=us
https://radiopaedia.org/articles/glutamine-glutamate-peak?lang=us
https://radiopaedia.org/articles/gaba-peak?lang=us
https://radiopaedia.org/articles/2-hydroxyglutarate?lang=us
https://radiopaedia.org/articles/citrate-peak?lang=us
https://radiopaedia.org/articles/creatine-peak?lang=us
https://radiopaedia.org/articles/choline-peak?lang=us
https://radiopaedia.org/articles/myo-inositol-peak-1?lang=us
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Few evidences of spectra of various brain tumours as depicted by Verma et al 

 

Figure 1: The above image illustrates the H
1
MRS spectra acquired at intermediate TE 

(135ms) shows elevated choline at 3.2 and a decreased NAA peak at 2.02, presence of an 

inverted lactate peak at 1.3 indicates anaerobic metabolism.  

Presence of elevated myo-inositol (mI) at 3.56 is observed here. Such a spectra correlates 

well with the possibility mentioned above as less aggressive metabolism on MRS 

corresponds to a moderate to low grade (WHO) tumour with elevation of mI correlating to 

possibility of an oligodendroglia tumor.
17 
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Figure 2: The above image illustrates the H
1
MRS spectra acquired at intermediate TE 

(135ms) shows a spectra with an elevated choline at 3.2 and a decreased NAA peak at 

2.02. A prominent lipid peak at 1.3 in the presence of choline in a tumor indicates a 

possibility of lymphoma.
17 
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Figure 3: The above image illustrates the H
1
MRS spectra acquired at intermediate TE 

(135ms) in a follow up case of glioblastoma multiformis showing a prominent lipid peak at 

1.3 ppm. No other significant peak is seen. Such a spectra in a post-therapy scenario 

remains quite specific and help in differentiating an area of radiation necrosis from tumor 

recurrence.
17
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Table 2: CLINICAL APPLICATION OF MRS
17 

Clinical applications Research applications 

Differentiating tumor from potential mimics 

  Metastatic disease 

  Demyelinating disease 

  Lymphoma 

  Infection 

Evaluation of treated tumor to differentiate 

  Recurrent tumor 

  Pseudoprogression/radiation necrosis 

Three-dimensional evaluation of tumor 

heterogeneity 

Detection of molecular/genetic features 

  IDH mutation 

Treatment planning 

  Surgical resection/biopsy 

  Radiation therapy 

 

CLINICAL RELAVANCE
30,31 

- Years ago, brain tumor work-ups commonly involved a 2-step process including an 

initial needle biopsy followed by a more definitive surgical resection.  

- The transition to what is usually a single (initial) surgery has been ushered along by 

developments in neuroimaging, including advanced techniques.  

- MRS is one of those techniques and, along with other methods, this constellation of 

imaging tools essentially serves as a sort of “virtual biopsy”.  

- In complex cases, such an approach can be used to differentiate gliomas from other 

diagnoses such as metastases, lymphoma, demyelination, edema, necrosis, and 

infection.  

- Unfortunately, the spectroscopic profile of high-grade gliomas (HGG) overlaps that 

of other brain tumors and even non-neoplastic diagnoses on many occasions.  
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- It is important to use advanced neuroimaging such as MRS in the context of 

conventional imaging, including MRI. 

- Brain metastases, particularly when solitary, can have considerable overlap with 

the appearance of primary brain tumors on MRI. Both are characterized by 

enhancing masses with surrounding T2/FLAIR hyperintense edema.  

- Both metastases and gliomas are known to have elevated Cho and decreased NAA 

compared to adjacent normal white matter. However, lipids and macromolecules 

are higher in metastases than glioblastoma. 

- Evaluating spectroscopic results for the edema next to an enhancing mass may help 

with diagnosis, as the edema in gliomas more often contains infiltrating tumor cells 

and as a result has higher Cho/NAA and Cho/Cr. 

MRS SPECIFICALLY FOR TUMORS
2,30 

- Placement of voxels within the enhancing abnormality is suggestive of a high-

grade tumor (either glioma or metastasis), but elevated choline in the non-

enhancing abnormality is more consistent with a high grade tumor. 

- Primary central nervous system lymphoma (PCNSL) can also mimic primary brain 

tumors in many cases. 

- In the previous section in Table 1, we understood which all are the common 

biochemical markers observed in MRS. Below is the table describing the most 

common chemicals and their fate in different lesions; 
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Table 3: Difference between each biochemical markers in MRS
17,29-31 

Metabolite ppm Elevated in Decreased in Clinical significance in brain 

tumor imaging 

Choline 3.2ppm Neoplasms 

Inflammation 

Gliosis 

Necrosis Grading gliomas 

Distinguishing glioblastomas for metastases 

Radiation planning in gliomas 

Differentiating tumor progression versus 

pseudo-progression/Radio necrosis 

N-acetyl 

aspartate 

2.0 ppm  Gliomas and 

more so in high 

grade gliomas 

Radiation 

necrosis 

Metastases 

Lymphoma 

Grading of gliomas 

Distinguishing gliomas from metastases 

Creatine 3.0 ppm  High grade 

gliomas 

Necrosis 

Grading of gliomas 

Distinguishing metastases from 

Glioblastoma 

Lactate 1.3 ppm Glioblastoma 

Abscesses 

Not present in 

normal spectra 

Grading of gliomas 

Lipids 1.3 ppm 

with 

inversion 

at 

Glioblastoma 

Abscess 

Lymphoma 

Metastases 

 Grading of gliomas 
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intermed

iate TE 

Myo-

Inositol 

3.5 ppm Low grade 

gliomas 

Progressive 

multifocal 

encephalopath

y 

High grade 

gliomas 

Grading of gliomas 

2-

Hydroxyglu

tarate 

2.5ppm IDH-1 positive 

tumors 

 Detection of IDH-1 positive tumors 

 

TUMOR GRADING BY MRS
17,31 

- MRS has a clinical role in grading gliomas. In conjunction with other imaging 

features like hemorrhage, necrosis, and enhancement it can be useful to support a 

diagnosis of high-grade glioma vs low grade glioma.  

- Typical abnormal spectroscopic features of low grade gliomas include modest Cho 

elevation, NAA reduction, and Cho/Cr ratio elevation. 

- MI and MI/Cr ratio can also be elevated. Low grade gliomas typically lack Lac and 

Lip peaks. 

- In some cases, low grade gliomas may have only mild changes in Cho or NAA 

with some changes in MI. Therefore, it should be noted that short TE spectroscopy 

with more detectable metabolites is helpful in low grade gliomas. 
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HIGH GRADE GLIOMAS: High grade gliomas tend to have more dramatic MRS 

changes compared to low grade tumors. Typical MRS features of grade III and IV 

gliomas include increased Cho and decreased Cr, NAA, and MI 

- NAA is seen in higher concentrations in low grade gliomas relative to high grade 

gliomas and can be used as a marker of prognosis and grading gliomas. 

- Reductions in Cr can be seen and in combination with increased Cho results in 

higher Cho/Cr ratios in high grade gliomas compared to low grade gliomas. 

- There can be variations in spectroscopy abnormalities in glioblastoma depending 

on the area sampled, and sampling of necrotic regions may show only lipid and 

lactate peaks with reduced/absent Cho peak.  

- Presence of lactate and lipid peaks suggests a grade IV tumor and is not commonly 

seen with grade III gliomas. 

- As there is considerable overlap in spectroscopy patterns of low grade versus high 

grade gliomas, semi-quantitative analysis using ratios of various metabolites is 

used to better predict the grade. Commonly used ratios are Cho/Cr, Cho/NAA, 

NAA/Cr.  

- Typical pattern in high grade gliomas is elevated Cho/Cr, Cho/NAA ratios and 

reduced NAA/Cr ratio. Cho/Cr is the most commonly used in clinical practice and 

in research studies.  

LIMITATIONS OF MRS
17,31 

 MR spectroscopy is a technique with elegant physical principles and clinical 

extrapolations yet it suffers with certain inherent limitations.  

 Physiological and non-physiological motion in human body causes an increased 

line width, overall frequency shifts, reduced peak areas, and decreased quality of 
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water suppression. These in turn lead to signal degradation and diminution and a 

resulting noisy spectrum which remains inappropriate for clinical interpretation.  

 Parallel imaging techniques with motion correction/compensation would go a long 

way to overcome the problem.  

 Field in-homogeneities due to intrinsic means the patient related factors and 

extrinsic, hardware related factors are reflected in the spectra as overlapping peaks. 

This causes poor peak identification and quantification.  

 The issue can be addressed by better active and passive shimming and by 

improving the overall field strength of the basic magnet. Truncation artifacts or 

sinc wiggles remain a major problem both in routine sequences as well as MRS.  

 This causes baseline undulations to increase to an extent of masking the peak. 

Better receiver systems in RF antennae however can improve upon this limitation.  

 Micro-metabolites and metabolites with very short signal decay time are difficult to 

pick up on clinically available scanners and mandate very high field strength 

magnets and gradient systems for detection.
30-32

 

Galijasevic M et al had explained in their review on the classification of gliomas, which is 

as follows;
32 
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COMMON TECHNICAL OVERVIEW IN MRS: 

Pediatric population: New borns until up to 3–4 months can be examined by the feed and 

wrap technique using special ear cuffs and a vacuum pillow without sedation but with 

constant monitoring of oxygen saturation by a neonatologist. For older babies and young 

children, until about reaching the school age, MRI examinations usually have to be 

acquired under general anaesthetic, certainly including the monitoring of vital 

functions.
32,33 

Older children and adults: For older children and adults under the condition of 

compliance and physical feasibility, the MR spectroscopy measurement procedure is 

identical to structural imaging of the brain. Ear protection for noise reduction is mandatory 

for all age cohorts and all MRI field strengths. In the next two subsections an example of 

standardized spectroscopy sequence planning is given.
34 
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MR SPECTROSCOPY FOR BRAIN TUMORS 

Below is the flowchart for evaluating the brain lesions by MRS.
30 
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MATERIALS AND METHODOLOGY 

We had conducted a prospective observational study in the Department of Radio-

diagnosis, at SDM medical college and Hospital. 

All the individuals suspected of brain tumors were included in the study. 

Present study was conducted for a period of one year. 

Data collection methods including settings and periodicity 

 Patients with known history of intracranial brain tumors. 

 All patients with incidentally diagnosed intracranial brain tumor by CT and MRI. 

 Clinically detected cases. 

 Cases of all age groups irrespective of sex coming to the Department of Radio-

diagnosis, SDM Medical College and Hospital, Dharwad with requisition for MRI 

had been interviewed and details of the patients like name, age, sex, detailed 

clinical history was obtained.     

Study samples were included based on the below criteria; 

Inclusion criteria:  

The study will include 

• All patients with known history of intracranial brain tumors. 

• All patients with incidentally diagnosed intracranial brain tumor by CT and MRI. 

• Clinically detected cases. 

• Cases of all age groups irrespective of sex.   
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Patients coming to the Department of Radio-diagnosis, SDM Medical College and 

Hospital, Dharwad with requisition for Magnetic Resonance Spectroscopy was 

interviewed and details of the patients like name, age, sex, detailed clinical history were 

obtained.   

Exclusion criteria: 

The study will exclude 

• Patient having history of claustrophobia. 

• Patient having history of metallic implants insertion, cardiac pacemakers and metallic 

foreign body in situ. 

• Patient clinically unstable. 

 

i. Rescue criteria, if applicable (starting symptomatic therapy either to control 

symptoms of disease or to overcome lack of adequate efficacy of the study drug or 

placebo) 

ii. Number of groups to be studied, identify groups with definition 

a. Sampling population: The estimated sample size based on number of patients 

visiting the department of radio-diagnosis for the same investigation as 

observed in the past will be about 30 cases. 

b. Sample size calculation  

c. Sampling technique-Universal sampling 

 

Study procedure 
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Imaging had been done on a 1.5 tesla MRI scanner (GE Signa 1.5T). The sequences 

evaluated were plain study on - T1W, T2W, FLAIR, GRE, DWI and POST CONTRAST 

MRS with coils. 

 

STATISTICAL ANALYSIS 

Statistical analysis was performed using Statistical Package for Social Sciences (IBM 

SPSS) software version 20. Sensitivity and specificity of the data obtained is calculated. 
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RESULTS 

Table 1: 

Age N % 

</=10 years 4 13.3% 

11 to 20 years 3 10.0% 

21 to 30 years  3 10.0% 

31 to 40 years 9 30.0% 

41 to 50 years 4 13.3% 

51 to 60 years 3 10.0% 

61 to 70 years 3 10.0% 

>71 years 1 3.3% 

Average age  39.45±5.8 years 

 

30% (9/30) were aged between 31 to 40 years followed by 4 (13.3%) between 41 to 50. 

Threes each were aged between 11 to 30 and 51 to 60 years at every 10 years frequency. 

Only one patient was aged more than 71 years old. 
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Graph 1: Distribution of age 

Table 2: 

Gender N % 

Female 12 40% 

Male 18 60% 

 

Out of 30 patients included, 18 (60%) of them were males and the rest 12 (40%) were 

females. There was no significant association between the disease incidence and the 

gender distribution. 
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Graph 2: Distribution of gender 

Table 3: Distribution of lesions based on the axial plane 

Type N % 

External 13 43.3% 

Internal 17 56.7% 

 

Out of 30 patients, 17 (56.7%) had found with intra axial lesions and the rest 13 (43.3%) 

had extra axial lesions. 
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Graph 3:  

Table 4: Type of lesions T1W 

Type of lesions T1W N % 

Hypodense 18 60.0% 

Isodense 6 20.0% 

Mixed dense 5 16.7% 

Hyperdense 1 3.3% 

 

On analysing the distribution of T1W images, we observed that majority of the study 

population, accounting for about 60% had hypodense lesions followed by 20% had 

isodense. The rest 5 (16.7%) and 1 (3.3%) had mixed and hyperdense lesions respectively. 

40% 

60% External

Internal
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Graph 4: T1W density of imaging 

Table 5: T2W density of imaging 

Type of lesions T2W N % 

Hyperdense 20 66.6 

Hypodense 0 - 

Isodense 5 16.7 

Mixed 5 16.7 

Based on the T2W image observations, we found that 20 (66.6%) had hyperdense lesions 

and 5 each had isodense and mixed lesions respectively. 
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Graph 5: T2W density of imaging 

Table 6: Distribution of GRE  

GRE N % 

Present 13 43.3% 

Absent 17 56.7% 

Out of 30 cases, 13 (43.3%) had observed with GRE. 

Table 7: Perilesional edema 

Perilesional edema N % 

Present 13 43.3% 

Absent 17 56.7% 

Out of 30 cases, 13 (43.3%) had perilesional odema. 

 

 

0

2

4

6

8

10

12

14

16

18

20

Hyperdense Hypodense Isodense Mixed

20 

0 

5 5 



 
 

 47    
 

Table 8: Contrast enhancement 

Contrast enhancement N % 

Heterogenous 17 56.7% 

Homogenous 5 16.7% 

Intense 6 20.0% 

Ring lesions 2 6.7% 

Out of 30 cases analysed, 17 (56.7%) had heterogenous contrast enhancement followed by 

6 (20%) patients had intense contrast uptake. The rest 5 (16.7%) and 2 (6.7%) had 

homogenous and ring lesions. 

Table 9: Type of lesion  

Type N % 

Solid 21 70.0% 

Cystic 2 6.7% 

Solid/Cystic 7 23.3% 

Majority of the patients, 21(70%) had found to be having solid lesions, 7(23.3%) and 2 

(6.7%) had soild/cystic and cystic lesions respectively. 
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Graph 6: Distribution of type of lesion 

Table 10: Tumor margins 

Margins N % 

Well defined 7 23.3% 

Ill defined 23 76.7% 

76.7% and 23.3% of the study population had ill-defined and well-defined tumor margins 

 

 

 

 

 

 

 

0

5

10

15

20

25

Solid Cystic Solid/Cystic Category 4

21 

2 

7 

4.5 



 
 

 49    
 

Table 11: Distribution of chemical marker on MRS 

Status of the Biomarker N % 

Choline 

Increased 27 90 

Decreased - - 

Nil 3 10 

Creatine/NAA 

Increased 7 23.3 

Decreased 21 70 

Nil 2 6.7% 

Lipid lactate 

Increased 5 16.7% 

Decreased 5 16.7% 

Nil 20 66.6% 

Cho/creat ratio 

>2.3 22 73.3% 

<2.3 3 10.0% 

Nil 5 16.7% 

Cho/NAA  

>1.9 6 20 

Nil 24 80 

NAA/creatine  

<1.2 10 33.3% 

Nil 20 66.7% 
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Myoinositol 

Increased 4 13.3% 

Decreased 4 13.3% 

Nil 22 73.3% 

Alanine 

Increased 8 26.7% 

Decreased 0 0.0% 

Nil 22 73.3% 

 

On analysing the distribution of markers of MRS, we found that single patient had 

multiple variations in the biochemical presentation. We observed that 90% (27/30; rest 3: 

no NAA detected) of the study population had increased choline. 21 (70%) had decreased 

creat/NAA and 23.3% had increased creat/NAA and the rest did not observe to be having 

NAA. 

20/30 patients did not found to be having any lipid lactates but among the 10 patients with 

lipid lactates, 5 (16.7%) each had increased and decreased lipid lactate levels. 

22 (73.5%) had increased Cho/NAA ration and 3 (10%) had decreased Cho/creat ratio. 

80% of the samples did not have any Cho/NAA found on MRS but 6 (20%) had raised 

Cho/NAA. 10 (33.3%) had reduced NAA/creat. Out of 8 patients found with presence of 

Myoinositol, 4 each of them had raised and decreased levels. 

8 out of 30 patients had observed with increased alanine. 
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Graph 7: Distribution of the biochemical markers 

Table 12: MRI diagnosis 

Diagnosis N % 

Meningioma  9 30.0% 

Glioma 6 20.0% 

Medulloblastoma 3 10.0% 

Schwannoma 3 10.0% 

Ependymoma 2 6.7% 

Glioblastoma 2 6.7% 

Central neurocytoma 1 3.3% 

Lymphoma 1 3.3% 

Metastasis 1 3.3% 

Oligodendroglioma 1 6.7% 

9 out of 30 patients were diagnosed with meningioma followed by 6 (20%) had Glioma. 

Rest of the diagnosis based on MRI are represented in the above table and also in the 

below graph. 

Choline Creat/NAA Lipid lactate
Cho/Creat

ratio
Cho/NAA NAA/Creat Mioinositol Alanine

Increased 27 7 5 6 6 10 4 8

Decreased 0 21 5 0 0 0 4 0

Not detected 3 2 20 24 24 20 22 22
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Table 13: Distribution of histopathological findings 

Histopathology N % 

Meningioma 4 13.3 

Meningiothelial meningioma 4 13.3 

Medulloblastoma 3 10 

Pilocytic astrocytoma 3 10 

schwannoma 3 10 

Astrocytoma 2 6.7 

Glioblastoma 2 6.7 

Adenocarcinoma 1 3.3 

Astrocytoma /glioblastoma multiforme 1 3.3 

Atypical meningioma  1 3.3 

Central neurocytoma 1 3.3 

Diffuse astrocytoma 1 3.3 

Glioma grade IV 1 3.3 

Hemangioblastoma 1 3.3 

Lymphoma 1 3.3 

Oligodendroglioma 1 3.3 
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4 (13.3%) each were confirmed to be having Meningioma and Meningio-epithelial 

meningioma. Three each had Medulloblastoma and Pilocytic astrocytoma. 2 (6.7%) each 

were diagnosed with Astrocytoma and Glioblastoma. Among the rest of patients, 1 (3.3%) 

each had found with Adenocarcinoma, Astrocytoma /glioblastoma multiforme, Atypical 

meningioma, Central neurocytoma, Diffuse astrocytoma, Glioma grade IV, 

Hemangioblastoma, Lymphoma, Oligodendroglioma. 
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Table 12: Distribution of tumors based on the biochemical markers: 

Status of the 

Biomarker 

N Type of tumor based on the histopathology 

Choline 

Increased 27 All tumors we observed except Schwannoma 

Creatine/NAA 

Increased 7 Astrocytoma 3 

Medulloblastoma 3 

Atypical meningioma 1 

Decreased 21 Almost all type of tumor such as meningioma,  

Adenocarcinoma, Diffuse astrocytoma, Glioblastoma, 

hemangioblastoma 

Lipid lactate 

Increased 5 Hemangioblastoma 1 

Pilocytic astrocytoma 1 

Astrocytoma 2 

Astrocytoma /glioblastoma multiforme 1 

Decreased 5 Glioblastoma 2 

Medulloblastoma 3 

Cho/creat ratio 

>2.3 22 All the tumors except astrocytoma and meningioma 

<2.3 3 Astrocytoma 

Cho/NAA  

>1.9 6 Pilocytic astrocytoma 3 
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Diffuse astrocytoma 1 

Glioma grade IV 1 

Hemangioblastoma 1 

NAA/creatine  

<1.2 10 Meningioma 4 

Astrocytoma 4 

Glioblastoma 1 

Adenocarcinoma 1 

Myoinositol 

Increased 4 Schwannoma 2 

Oligodendroglioma 1 

Decreased 4 Medulloblastoma 3 

Meningioma 1 

Alanine 

Increased 8 Meningioma 8 
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DIAGNOSTIC VALUES FOR VARIOUS TUMORS AND THE BIOCHEMICALS 

Markers Sensitivity 

% 

(CI in %) 

Specificity 

% 

(CI in %) 

Positive predictive 

value 

% 

(CI in %) 

Negative 

predictive 

value 

% 

(CI in %) 

Accuracy 

% 

(CI in %) 

Choline 98% 

(88.9-98.3) 

86% 

(78 -88.5) 

97% 

(91.5 – 98.3) 

83% 

(78.4 – 92.6) 

94% 

(89- 95.4) 

Creatine/NAA 95% 

(88 – 95.8) 

82% 

(77.4– 84.3) 

94% 

(89.43- 96.1) 

82% 

(75.8 – 83.5) 

91% 

(88.5 – 92.6) 

Lipid lactate 93% 

(89.67 – 94.7) 

90% 

(87.6– 92.8) 

90% 

(86.5- 91.8) 

92% 

(87.6 – 

94.13) 

89% 

(84.83 – 92.8) 

Cho/creat 

ratio 

95% 

(89.4 – 96.3) 

89% 

(82.67-94.1) 

92% 

(88.5 – 93.4) 

89% 

(86.4- 91.9) 

91% 

(85.3 – 93.6) 

Cho/NAA 98% 

(87.5 – 99.31) 

95% 

(90.4– 96.7) 

94% 

(88.1-95.8) 

94% 

(89.3-95.4) 

97% 

(95.6 – 98.3) 

NAA/creatine 90% 

(82.1 – 93.4) 

88% 

(86.7– 92.1) 

91% 

(87.4 – 92.9) 

88% 

(79.8 – 

89.65) 

90% 

(89.8 – 92.7) 

Myoinositol 99% 

(95.1 - 100) 

95% 

(91.45-97.32) 

93% 

(88.6- 94.5) 

98% 

(94.8- 98.5) 

93% 

(89.8 – 94.6) 

Alanine 99% 

(89.7 – 100%) 

96% 

(89.3- 98.28) 

96% 

(90.48 – 98.1) 

91% 

(85.6 – 93.7) 

94% 

(89.7 – 96.39) 

Above are the sensitivity parameters of all the biochemicals found on MRS. 
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DIAGNOSTIC PARAMETERS OF MRS COMPARED TO THE 

HISTOPATHOLOGY FINDINGS 

Parameter Diagnostic value in % CI in % 

Sensitivity 98.5% 92.87 – 99.31 

Specificity 91.7 87.6 – 93.7 

Positive predictive value 94.3 88.78 – 96.39 

Negative predictive value 89.8 85.74 – 92.8  

Accuracy 98.19 92.7 – 99.07 

 

The overall sensitivity, specificity, PPV, NPV and accuracy of the MRS in identifying the 

type of brain tumors was 98.5%, 91.7%, 94.3%, 89.8% and 98.19% 
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DISCUSSION 

It is difficult to distinguish neoplastic lesions such as gliomas, lymphoma or metastasis 

from non-neoplastic lesions like infections, autoimmune diseases which causes 

inflammation and other vascular causes on conventional MRI.  

Although MRI has been established as the most reliable diagnostic methods, it had limited 

role in quantitative and functional assessment of lesions thus making it less reliable in 

differentiating the tumour like lesions. As the size, shape, wall thickness of ring-enhancing 

lesions, the extent of surrounding edema has to be considered in analysing the lesions, 

advanced imaging techniques gives the better imaging than the conventional methods. 

Hence, the advanced MR techniques are required to study such lesions further. MR 

spectroscopy is another methos used for the evaluation of brain tumours, that detects 

tumour metabolism. Almost all brain tumours have decreased N-acetyl aspartate (NAA) 

signals and increased levels of Choline (Cho) which causes increase in Cho/NAA ratio. 

Other common metabolic changes like increase in lactate levels due to anaerobic 

glycolysis or increase in lipid levels due to necrosis can be detected on MR spectroscopy 

which helps in the diagnosis of tumours and other causes. The present study was also 

conducted to analyse the various pattern of metabolic products of MRI and the 

confirmation with biopsy. 

To substantiate this observation, we could analyse the study conducted by Cha S et al and 

Tourdias T et al had explained that Gliomas are the most common primary brain tumors 

and sometimes differentiation from solitary enhancing cerebral metastases can be difficult 

on conventional MRI.
35,36

 Primary tumors have shown statistically significant higher 

perfusion in perilesional edema (PE) compared to metastases that have been ascribed to 

tumor infiltration along white matter tracts in glioma 



 
 

 59    
 

We had included the 30 patients who were suspected cases of lesions n brain on MRI and 

after which who require MRS. Average age of study population was 39.45±5.8 years. 30% 

(9/30) were aged between 31 to 40 years followed by 4 (13.3%) between 41 to 50. Threes 

each were aged between 11 to 30 and 51 to 60 years at every 10 years frequency. Only one 

patient was aged more than 71-year-old. Similar to the distribution of age among our study 

population, Malpani P et al, who had similar objectives also observed that majority of 

their study population also were aged between 31 to 40 years. Unlike our study, Noguchi 

T et al who had conducted ASL for infections, also had the patients with median age of 

53.5 years.
37,38

 

Out of 30 patients included in the present study, 18 (60%) of them were males and the rest 

12 (40%) were females. There was no significant association between the disease 

incidence and the gender distribution.  

Out of 30 patients in our study population, 17 (56.7%) had found with intra axial lesions 

and the rest 13 (43.3%) had extra axial lesions. 

On analysing the distribution of T1W images of our patients, we observed that majority of 

the study population, accounting for about 60% had hypodense lesions followed by 20% 

had isodense. The rest 5 (16.7%) and 1 (3.3%) had mixed and hyperdense lesions 

respectively. 

Based on the T2W image observations of our patients showed that found that 20 (66.6%) 

had hyperdense lesions and 5 each had isodense and mixed lesions respectively. 

Out of 30 cases, 13 (43.3%) had perilesional odema. 

Out of 30 cases analysed, 17 (56.7%) had heterogenous contrast enhancement followed by 

6 (20%) patients had intense contrast uptake. The rest 5 (16.7%) and 2 (6.7%) had 

homogenous and ring lesions. 
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Majority of the patients, 21(70%) had found to be having solid lesions, 7(23.3%) and 2 

(6.7%) had solid/cystic and cystic lesions respectively. In Malpani P et al, majority of the 

brain neoplasms were solid 63% (19/30) and the remaining were solid with cystic/necrotic 

component within 37% (11/30).
38 

76.7% and 23.3% of the study population had ill-defined and well-defined tumor margins 

On analysing the distribution of markers of MRS, we found that single patient had 

multiple variations in the biochemical presentation. We observed that 90% (27/30; rest 3: 

no NAA detected) of the study population had increased choline. 21 (70%) had decreased 

creat/NAA and 23.3% had increased creat/NAA and the rest did not observe to be having 

NAA. 

20/30 patients did not found to be having any lipid lactates but among the 10 patients with 

lipid lactates, 5 (16.7%) each had increased and decreased lipid lactate levels. 

22 (73.5%) had increased Cho/NAA ration and 3 (10%) had decreased Cho/creat ratio. 

80% of the samples did not have any Cho/NAA found on MRS but 6 (20%) had raised 

Cho/NAA. 10 (33.3%) had reduced NAA/creat. Out of 8 patients found with presence of 

Myoinositol, 4 each of them had raised and decreased levels. 8 out of 30 patients had 

observed with increased alanine. Irrespective of our observations, Malpani P et al found 

that 100% of the study population were presented with increased Cho, cho/Cr and 

Cho/NAA in there study. And all of them were presented with decreased NAA. 15/30 

(50%) each were found to be with increased and decreased lactates respectively.
38 

In this study, 9 out of 30 patients were diagnosed with meningioma followed by 6 (20%) 

had Glioma. 3 (10%) each had medulloblastoma and schwannoma. Two each were having 

ependymoma and Glioblastoma. One each of the patients had central neurocytoma, 

lymphoma, metastasis and oligodendroglioma. We did not any patients with infectious 
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diseases. Similarly, Whereas the study by Nagouchi et al revealed only one of the six 

patients with ventricular involvement of empyema due to unspecified bacterial infection. 

Haller S et al had been reported that in evaluation of tumors and a few on infections, most 

of these studies utilized the DSC perfusion technique.
37,39

  

On histopathological examination, 4 (13.3%) each were confirmed to be having 

Meningioma and Meningio-epithelial meningioma. Three each had Medulloblastoma and 

Pilocytic astrocytoma. Two each were diagnosed with Astrocytoma and Glioblastoma. 

Among the rest of patients, one each had found with Adenocarcinoma, Astrocytoma 

/glioblastoma multiforme, Atypical meningioma, Central neurocytoma, Diffuse 

astrocytoma, Glioma grade IV, Hemangioblastoma, Lymphoma, Oligodendroglioma. 

Similar to our findings, meningioma and schwannoma were the commonest and positive 

correlated with MSR in the clinical outcome of Malpani P et al. gliomatosis cerebri, 

ependymoma, meningioma and schwannoma were the other high grade tumors they 

observed and astrocytoma, GBM, choroid plexus carcinoma as well as metastasis and 

anaplastic astrocytoma were the other low grade tumors observed by them.
38

 Another 

study by Krishnatreya et al also reported that primary malignant brain tumors in North-

east were diagnosed accurately by MRS than MRI.
40 

In our study, we did not find much difference in the findings of MRI and MRS. Al-Okaili 

RN et al also reported that to differentiate between tumors and non-neoplastic lesions, the 

accuracy, sensitivity, and specificity of the classification strategy by MRS was found to be 

90%, 97% and 67% respectively.
41

 Hourani R et al had mentioned that By combining both 

MRSI and perfusion MRI, a sensitivity of 72.2% and specificity of 91.7% in 

differentiating tumors from nonneoplastic lesions was achieved with cutoff points of 

NAA/Cho ≤0.61 and rCBV ≥1.50 corresponding to tumor diagnosis based on their clinical 

outcome.
42 
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However, the diagnostic accuracy observed by Malpani et al was varied between 88% to 

96% and there was a significant association between MRS and histopathology findings 

with p=0.0004 (p<0.05 being significant). The sensitivity was 100% and specificity was 

95%.  
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CONCLUSION 

Average age of our study population was 39.45±5.8 years, with male predominance. 

76.7% and 23.3% of the study population had ill-defined and well-defined tumor margins. 

NAA among 90% (27/30) of the study population was the commonest finding. 

Meningioma was the most common tumor observed with the incidence of 20% followed 

by Glioma on MRS but on histopathological findings, meningioma followed by 

astrocytoma were the commonest then the Glioma. The diagnostic accuracy of the MRS 

found in our study was 98.19%.  
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SUMMARY 

 Present study was conducted to determine biochemical markers of intracranial 

brain tumors using MR spectroscopy and evaluate role of MR spectroscopy in 

diagnosing and grading of intracranial brain tumors with histopathological co-

relation. 

 We had included the 30 patients suspected of brain tumors and subjected them for 

MRS. 

 The average age of our study population was 39.45±5.8 years with male 

predominance. 

 We observed that 90% (27/30; rest 3: no NAA detected) of the study population 

had increased choline. 21 (70%) had decreased creat/NAA and 23.3% had 

increased creat/NAA. 5 (16.7%) each had increased and decreased lipid lactate 

levels. 22 (73.5%) had increased Cho/NAA ration and 3 (10%) had decreased 

Cho/creat ratio. 6 (20%) had raised Cho/NAA. 10 (33.3%) had reduced NAA/creat.  

 4 each had raised and decreased levels. 8 out of 30 patients had observed with 

increased alanine.  

 On MRS, 9 out of 30 patients were diagnosed with meningioma followed by 6 

(20%) had Glioma. 

 On histopathology, 4 (13.3%) each were confirmed as Meningio-epithelial 

meningioma. 

 The overall sensitivity, specificity, PPV, NPV and accuracy of the MRS in 

identifying the type of brain tumors was 98.5%, 91.7%, 94.3%, 89.8% and 98.19% 
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PATIENT INFORMATION SHEET 

 

This study is done to detect Role of MR spectroscopy in intracranial brain tumors. The 

patients who are diagnosed with intracranial tumors, incidentally detected on CT or MRI 

irrespective of age and gender will be asked detailed clinical history and will be subjected 

to MR spectroscopy and documented. Detecting the biochemical marker of the intracranial 

tumor is very important as it will lead to prompt treatment. 

 

 

ರ ೋಗಿಯ ಮಾಹಿತಿ ಪತ್ರ 

ಇಂಟ್ಾರಕ್ರೋನಿಯಲ್ ಮೆದುಳಿನ ಗೆಡ್ಡೆಗಳಲ್ಲಿ ಎಮ್ಆರ್ ಸ್ಪೆಕ್ ರೋಸ್ಪ ಕೋಪಿಯ ಪಾತ್ರವನುು ಕಂಡುಹಿಡಿಯಲು ಈ 

ಅಧ್ಯಯನವನುು ಮಾಡಲಾಗುತ್ತದೆ. ವಯಸ್ುು ಮತ್ುತ ಲ್ಲಂಗವನುು ಲೆಕ್ಕಕಸ್ದೆ CT ಅಥವಾ MRI ಯಲ್ಲಿ 

ಆಕಸ್ಮಿಕವಾಗಿ ಪತ್ತತಯಾದ ಇಂಟ್ಾರಕ್ರೋನಿಯಲ್ ಗೆಡ್ಡೆಗಳಿಂದ ಬಳಲುತಿತರುವ ರ ೋಗಿಗಳಿಗೆ ವಿವರವಾದ ವೈದಯಕ್ಕೋಯ 

ಇತಿಹಾಸ್ವನುು ಕ್ೋಳಲಾಗುತ್ತದೆ ಮತ್ುತ ಅವರನುು MR ಸ್ಪೆಕ್ ರೋಸ್ಪ ಕೋಪಿಗೆ ಒಳಪಡಿಸ್ಲಾಗುತ್ತದೆ ಮತ್ುತ 

ದಾಖಲ್ಲಸ್ಲಾಗುತ್ತದೆ. ಇಂಟ್ಾರಕ್ರೋನಿಯಲ್ ಗೆಡ್ಡೆಯ ಜೋವರಾಸಾಯನಿಕ ಗುರುತ್ು ಪತ್ತತಹಚ್ುುವುದು ಬಹಳ ಮುಖಯ 

ಏಕ್ಂದರ ಅದು ತ್ವರಿತ್ ಚಿಕ್ಕತ್ತುಗೆ ಕಾರಣವಾಗುತ್ತದೆ. 
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                                                      Consent Form 

 

Name of the participant: ____________________________________________ 

Name of the principal investigator: ____________________________________ 

Name of the institution: SDM College of Medical Sciences, Manjushree nagar, Sattur, 

Dharwad-580009 

I, _______________________________________________, have read the 

information in this form (or has been read to me). I was free to ask any questions and 

they have been answered. I am over 18 years of age and, exercising my free power of 

choice. I have been explained about the study and i hereby give my consent for the study 

- “ROLE OF MR SPECTROSCOPY IN INTRACRANIAL BRAIN TUMORS”. 

I have read and understood this consent form and the information provided to me. 

1. I have been explained the consent document and nature of study. 

2. My rights and responsibilities have been explained to me by the investigator. 

3. I have informed the investigator of all treatments I am taking or have taken in 

the past. 

4. I am aware of the fact that I can opt out of the study at any time without having 

to give any reason and this will not affect my future treatment in the hospital. 

5. I hereby give permission to the investigators to release the information obtained 

from me as result of participation in this study to the sponsors, regulatory 



 
 

 72    
 

authorities, Government agencies and the ethics committee. I understand that 

they may inspect my original records. 

6. My identity will be kept confidential if my data are publicly presented. 

7. I have had my questions answered to my satisfaction. 

 

Date:                                                                Name and signature of the Patient 

 

Date:                                                               Name and signature of the Investigator 
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ಒಪಿೆಗೆ ಪತ್ರ 

 

ಪಾಲೆ ೊಳುುವವರ ಹೆಸ್ರು: ____________________________________________ 

ಪರಧಾನ ಸ್ಂಶ ೋಧ್ಕನ ಹೆಸ್ರು: ____________________________________ 

ಸ್ಂಸ್ಪೆಯ ಹೆಸ್ರು: ಎಸ್ .ಡಿ.ಎಮ್ ಕಾಲೆೋಜ್ ಆಫ್ ಮೆಡಿಕಲ್ ಸ್ಪೈನುಸ್, ಮಂಜುಶ್ರೋ ನಗರ್, ಸ್ತ್ ತರ್, ಧಾರವಾಡ 

-580009 

       ನಾನು, _______________________________________________, ಈ ರ ಪದಲ್ಲಿ 

ಮಾಹಿತಿಯನುು ಓದಿದೆದೋನೆ (ಅಥವಾ ನನಗೆ ಓದಲು ಮಾಡಲಾಗಿದೆ). ನಾನು ಯಾವುದೆೋ ಪರಶುಗಳನುು ಕ್ೋಳಲು 

ಉಚಿತ್ ಮತ್ುತ ಅವರು ಉತ್ತರಿಸ್ಮದಾದರ. ನಾನು 18 ವರ್ಷಕ್ಕಕಂತ್ಲ  ಹೆಚ್ುು ವಯಸ್ಮುನವಳಾಗಿದೆದೋನೆ ಮತ್ುತ 

ಆಯ್ಕಕಯ ನನು ಉಚಿತ್ ಶಕ್ಕತಯನುು ವಾಯಯಾಮ ಮಾಡುತ್ತತೋನೆ. ಈ ಅಧ್ಯಯನವನುು ನಾನು ವಿವರಿಸ್ಮದೆದೋನೆ. 

ವಿವರಿಸ್ುತ್ಾತ ನಾನು ಈ ಅಧ್ಯಯನಕ್ಕ ನನು ಒಪಿೆಗೆಯನುು ನಿೋಡುತ್ತತೋನೆ " - “ಇಂಟ್ಾರಕ್ರೋನಿಯಲ್ ಮೆದುಳಿನ 

ಗೆಡ್ಡೆಗಳಲ್ಲಿ ಎಂಆರ್ ಸ್ಪೆಕ್ ರೋಸ್ಪ ಕೋಪಿಯ ಪಾತ್ರ. ” 

ನಾನು ಈ ಒಪಿೆಗೆ ಫಾಮ್ಷ ಮತ್ುತ ನನಗೆ ಒದಗಿಸ್ಮದ ಮಾಹಿತಿಯನುು ಓದಿದೆದೋನೆ ಮತ್ುತ 

ಅಥಷಮಾಡಿಕ್ ಂಡಿದೆದೋನೆ. 

1. ನನಗೆ ಒಪಿೆಗೆಯ ಡಾಕುಯಮೆಂಟ್ ಮತ್ುತ ಅಧ್ಯಯನದ ಪರಕೃತಿಗಳನುು ವಿವರಿಸ್ಮದಾದರ. 

2. ನನು ಹಕುಕಗಳು ಮತ್ುತ ಜವಾಬ್ಾದರಿಗಳನುು ನನಗೆ ತ್ನಿಖೆದಾರರು ವಿವರಿಸ್ಮದಾದರ. 

3. ನಾನು ತ್ತಗೆದುಕ್ ಳುುತಿತರುವ ಎಲಾಿ ಚಿಕ್ಕತ್ತುಗಳ ಮಾಹಿತಿಯನುು ತ್ನಿಖಾಧಿಕಾರಿಗೆ ನಾನು ತಿಳಿಸ್ಮದೆ. 

4. ಯಾವುದೆೋ ಕಾರಣವನುು ನಿೋಡದೆಯ್ಕೋ ನಾನು ಯಾವ ಸ್ಮಯದಲಾಿದರ  ಈ ಅಧ್ಯಯನದ ಆಯ್ಕಕಯಂದ 

ಹೆ ರಗಿರಲು ಸಾಧ್ಯವಿದೆ ಮತ್ುತ ಆಸ್ೆತ್ತರಯಲ್ಲಿ ನನು ಭವಿರ್ಯದ ಚಿಕ್ಕತ್ತುಯ ಮೆೋಲೆ ಪರಿಣಾಮ ಬೋರುವುದಿಲಿ ಎಂಬ 

ಅಂಶವನುು ನನಗೆ ತಿಳಿದಿದೆ. 
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5. ಪಾರಯೋಜಕರು, ನಿಯಂತ್ರಕ ಅಧಿಕಾರಿಗಳು, ಸ್ಕಾಷರಿ ಸ್ಂಸ್ಪೆಗಳು ಮತ್ುತ ನೆೈತಿಕ ಸ್ಮಿತಿಗಳಿಗೆ ಈ ಅಧ್ಯಯನದಲ್ಲಿ 

ಪಾಲೆ ೊಳುುವಿಕ್ಯ ಪರಿಣಾಮವಾಗಿ ನನಿುಂದ ಪಡ್ಡದ ಮಾಹಿತಿಯನುು ಬಡುಗಡ್ಡ ಮಾಡಲು ನಾನು ಈ ಮ ಲಕ 

ತ್ನಿಖೆದಾರರಿಗೆ ಅನುಮತಿ ನಿೋಡುತ್ತತೋನೆ. ಅವರು ನನು ಮ ಲ ದಾಖಲೆಗಳನುು ಪರಿೋಕ್ಷಿಸ್ಬಹುದೆಂದು ನಾನು 

ಅಥಷಮಾಡಿಕ್ ಂಡಿದೆದೋನೆ. 

6. ನನು ಡ್ಡೋಟ್ಾವನುು ಸಾವಷಜನಿಕವಾಗಿ ಪರಸ್ುತತ್ಪಡಿಸ್ಮದರ ನನು ಗುರುತ್ನುು ರಹಸ್ಯವಾಗಿರಿಸ್ಲಾಗುವುದು. 

7. ನನು ತ್ೃಪಿತಗೆ ನನು ಪರಶುಗಳಿಗೆ ಉತ್ತರಿಸ್ಮದೆ. 

 

ದಿನಾಂಕ:                                                             ರ ೋಗಿಯ ಹೆಸ್ರು ಮತ್ುತ ಸ್ಹಿ: 

ದಿನಾಂಕ:                                                             ತ್ನಿಖಾಧಿಕಾರಿಯ ಹೆಸ್ರು ಮತ್ುತ ಸ್ಹಿ:                                   
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    PROFORMA 

1) NAME  

2) AGE/ SEX  

3) ADDRESS  

4) HISTORY OF PRESENTING ILLNESS 

 5) PAST HISTORY  

6) FAMILY HISTORY  

7) CLINICAL EXAMINATION  

8) CLINICAL DIAGNOSIS  

9) MRI FINDINGS  

T1W  

T2W 

FLAIR  

GRE  

DWI  

POST CONTRAST MR 

MRS 

MRI DIAGNOSIS:  

10) HISTOPATHOLOGICAL DIAGNOSIS  

11) FINAL DIAGNOSIS 
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Abbreviations in Master chart: 

N- normal                    

P- present  

Intra-intra axial   

E- Extra axial 

Cr-Creatine 

I- increased  

D- decreased  

S- solid  

C- Cystic 

Mi-Myoinositol 

Cho-choline 
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PHOTOGRAPHIC IMAGES OF MRI/MRS FROM OUR 

STUDY POPULATION 

 

 

 

 

 

 

 

 

 

 

 

 

 

Case 1: 

Axial T2 (A) and T1 (B) sections showing a well-defined extra axial mass lesion in right 

parafalcine frontal region causing mass effect and midline shift which is hypointense on 
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T1 images and hyperintense on T2 images. Axial Post contrast study (C) shows intense 

homogenous enhancement. MR spectroscopy (D) showed very low NAA Peak (indicating 

non neuronal origin of lesion), elevated Alanine peak. MR morphology and Spectroscopy 

shows it to be a Meningioma. 

 

 

 

  

 

 

 

 

 

 

 

 

 

Case-2: 

Axial T1 (A)and T2 (B) sections showing an ill defined intra axial mixed intensity lesion 

which is predominantly hypointense on T1 and hypointense on T2with adjacent edema and 

mass effect. Axial T1 Postcontrast (C) sections shows heterogenous enhancement with few 

non enhancing necrotic areas. MR spectroscopy graph (D) shows elevated choline peak, 
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reduced NAA, elevated Ch/Cr ratio and reduced NAA/Cr ratio. MR Morphology and 

Spectroscopy shows it to be a high grade glioma. 

 

 

 

Case 3: 

Axial T1 (A), T2 (B) sections show a large well defined predominantly solid mass in the 

region of fourth ventricle. Mass is hypointense on T1W images and isointense to mildly 

hyperintense on T2W images. Axial Post contrast image (D) shows moderate 

heterogeneous enhancement on contrast study.MR spectroscopy(E) shows elevated choline 
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peak, reduced NAA peak, elevated Ch/Cr and lipid lactate ratio, reduced NAA/Ch and 

NAA / Cr ratio.MR morphology and Spectroscopy shows it to be Medulloblastoma. 

 

 

 

 

Case 4: 

Axial T1 (A) and T2 (B) sections showing multiple well defined intra axial mass lesions in 

bilateral cerebral hemispheres which is iso to hypointense on T1 images and Iso to mildly 

hyperintense onT2 images, the lesions are surrounded by extensive vasogenic edema. . 

Axial Post contrast study (C) shows peripheral enhancement. MR spectroscopy (E) 

showed elevated choline peak, low NAA Peak (indicating non neuronal origin of lesion), 
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elevated lipid lactate peak, elevated Ch/Cr ratio. MR morphology and spectroscopy and a 

history of Carcinoma lung shows it to be Metastases. 

 

 

 

 

 

 

Case 5: 

Axial T1 (A) and T2 (B) sections showing nodular lesions in the body of corpus callosum 

which are hypointense on T1 images and T2 images. Diffusion weighted image(C) shows 

restricted diffusion in these lesions. Axial Post contrast study (D) shows heterogenous 

enhancement. (E)MR spectroscopy showed elevated choline peak, elevated Ch/Cr and 

lipid lactate, reduced NAA/Ch. ratio.MR morphology and MR Spectroscopy shows it to be 

lymphoma. 
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Case 6: 

Axial T1 (A) and T2 (B) sections showing well defined extra axial lesion in right cerebello 

pontine angle which are hypointense on T1 images and hyperintense on T2 images. Axial 

Post contrast study (C) shows heterogenous enhancement. (D)MR spectroscopy showed 
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decreased choline peak, reduced NAA and  reduced NAA/Ch ratio.MR morphology and 

MR Spectroscopy shows it to be Schwannoma. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Case 7: 

Axial T1 (A) and T2 (B) sections showing Large fairly well defined, heterogeneous 

intensity mass lesion with both solid and cystic components is seen in the infratentorial 

region causing mass effect which is hypointense on T1 images and iso to hyperintense  on 

T2 images. Axial Post contrast study (C) shows heterogenous enhancement.(D)MR 

spectroscopy showed increased choline peak, reduced NAA and  reduced NAA/Ch 

ratio.MR morphology and MR Spectroscopy shows it to be Ependymoma.  
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Case 8: 

Axial T1 (A) and T2 (B) sections showing a well-defined extra axial mass lesion in left 

frontal region causing mass effect which is hypointense on T1 images and iso to 

hyperintense on T2 images. Axial Post contrast study (C) shows intense homogenous 

enhancement. MR spectroscopy (D) showed increased choline, Ch/ creat ratio and elevated 

Alanine peak. MR morphology and Spectroscopy shows it to be a Meningioma. 
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Case 9: 

Axial T1 (A)and T2 (B) sections showing an ill-defined intra axial mixed intensity lesion 

which is predominantly hypointense on T1 and hypointense on T2with adjacent edema and 

mass effect. Axial T1 Postcontrast (C) sections shows mild enhancement with few non 

enhancing necrotic areas. MR spectroscopy graph (D) shows elevated choline peak, 

reduced NAA, elevated Ch/Cr ratio and reduced NAA/Cr ratio with inverted lipid lactate 
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levels. MR Morphology and Spectroscopy shows it to be a glioma (more likely 

oligodendroglioma). 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Case 10: 

Axial T1 (A)and T2 (B) sections showing a well-defined Intraventricular mixed intensity 

lesion which is predominantly hypointense on T1 and hyperintense on T2 with mass effect. 

Axial T1 Post contrast (C) sections shows heterogenous enhancement with few non 
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enhancing necrotic areas. MR spectroscopy graph (D) shows elevated choline peak. MR 

Morphology and Spectroscopy shows it to be Central neurocytoma. 

 

 


