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PART B – TECHNICAL DETAILS 

1 Title of the dissertation ROLE OF MR SPECTROSCOPY IN 

EVALUATION OF INTRACRANIAL BRAIN 

TUMORS. 

2 Introduction   

A. Problem statement  

 

Intracranial brain tumors are a significant health problem and present several imaging 

challenges. These lesions include primary neoplasm (high and low grade), secondary  

 



(metastatic) neoplasm, lymphoma, tumefactive demyelinating lesions, abscesses and 

encephalitis Brain tumors share some features and challenges for diagnosis and therapy with 

tumors elsewhere in the body, but they also pose specific issues that are related to the unique 

properties of the organ they sit in. 

B. Rationale 

 

Imaging plays an integral role in intracranial tumor management. Magnetic resonance (MR) 

imaging in particular has emerged as the imaging modality most frequently used to evaluate 

intracranial tumors. 

In addition to conventional MR imaging techniques, a variety of advanced techniques have 

found their place in clinical practice or are the subject of intense research. These advanced 

techniques offer more than the anatomic information provided by the conventional MR 

imaging sequences. Among the current advanced techniques , MR spectroscopy is used to 

generate physiologic data and information on chemical composition and  integration of 

diagnostic information from advanced MR imaging techniques can further improve the 

classification accuracy of conventional anatomic imaging. 

C. Novelty 

 

Proton magnetic resonance spectroscopy (H-MRS) may be helpful in suggesting tumor 

histology and tumor grade and may better define tumor extension and the ideal site for biopsy 

compared with conventional magnetic resonance (MR) imaging. A multifunctional approach 

with diffusion-weighted imaging, perfusion-weighted imaging, and permeability maps, along 

with H-MRS, may enhance the accuracy of the diagnosis and characterization of brain tumors 

and estimation of therapeutic response. Integration of advanced imaging techniques with 

conventional MR imaging and the clinical history help to improve the accuracy, sensitivity, 

and specificity in differentiating tumors and nonneoplastic lesions.8 



D. Expected outcome and application  

3 Research question(s)  

4 Research hypothesis (es), if any  

5 Objectives of the Study: 

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. 

6 1. Review of literature 

2.  

3. Magnetic resonance spectroscopy (MRS) is a means of noninvasive physiological imaging of the 

brain that measures absolute and relative levels of various brain tissue metabolites. MRS and MRI 

differ only in the manner in which the data are processed and presented. In MRI, the data is 

collected in the time domain of free induction decay [FID] signal to obtain information about the 

nuclear relaxation time namely T1 and T2, which is processed to generate an anatomic image. In 

MRS, time domain information is converted to frequency domain information via Fourier 

transformation of the FID time domain signal. 

4.  

MRT allows the anatomical visualization of intracerebral space-occupying lesions, and when 

magnetic resonance spectroscopy (MRS) is used in routine clinical practice it can give more 

information and be helpful in the diagnosis of such lesions. In MRS with long echo times for nerve 

tissue there are five metabolites that are particularly significant: N-acetyl aspartate (NAA), 

creatine, choline, lactate, and lipids. NAA levels are lowered in the presence of intracerebral 

tumors. Creatine is lowered in situations of hypermetabolic metabolism and elevated in 



hypometabolic conditions, but remains constant in many pathologic states and can be used as a 

reliable reference value. With malignant tumors there are usually elevated choline concentrations, 

reflecting increased membrane synthesis and a higher cell turnover. The lactate level rises 

following a switch in metabolism from aerobic to anaerobic glycolysis, and this is frequently 

observed in the presence of malignant tumors. The occurrence of lipid peaks in a tumor spectrum 

suggests the presence of tissue necrosis or metastases.11 

 

ROLE OF MRS IN BRAIN TUMORS :  

Magnetic resonance spectroscopy facilitates non-invasive determination of metabolic changes in 

vivo. The main metabolites are the neuronal marker N-acetylaspartate (NAA), cholines reflecting 

membrane turnover, creatine, lactate, and mobile lipids. Primary brain tumours exhibit reduced 

NAA and increased choline resonances compared to normal brain, and these abnormalities increase 

with higher malignancy. Increasing choline resonances on follow-up studies correlate with tumour 

progression, whereas the reduction of initially increased choline resonances indicates a transition 

from viable tumour to necrotic tissue. Metastases as non-neuroectodermal tumours lack NAA, but 

demonstrate elevated choline, lactate and lipid resonances. Lymphomas are characterised by 

massively increased lipid resonances with markedly elevated choline. Prominent alanine 

resonances are often observed in meningioma. Cystic/necrotic lesions demonstrate elevated lactate 

regardless of their aetiology. The characteristic finding of prominent resonances from acetate, 

succinate, and alanine, of leucine, isoleucine and valine in untreated bacterial abscesses allows the 

differentiation of bacterial abscesses from cystic/necrotic brain tumours.12 

Qun Wang, et al studied thirty articles comprising a total sample size of 1228 patients. 

Quantitative synthesis of studies showed that the pooled sensitivity/specificity of Cho/Cr, 

Cho/NAA and NAA/Cr ratios was 0.75/0.60, 0.80/0.76 and 0.71/0.70, respectively. The area under 

the curve (AUC) of the SROC was 0.83, 0.87 and 0.78, respectively. MRS demonstrated moderate 



diagnostic performance in distinguishing HGGs from LGGs using tumoral metabolite ratios 

including Cho/Cr, Cho/NAA and NAA/Cr. Although there was no significant difference in AUC 

between Cho/Cr and Cho/NAA groups, Cho/NAA ratio showed higher sensitivity and specificity 

than Cho/Cr ratio and NAA/Cr ratio. MRS should be combined with other advanced imaging 

techniques to improve diagnostic accuracy in differentiating HGGs from LGGs.4 

Andrès Server et al got a significant differences in the peritumoral Cho/Cr, Cho/NAA, and NAA/ 

Cr ratios between high-grade gliomas/GBM/AA and metastases. ROC analysis demonstrated a 

cutoff value of 1.24 for peritumoral Cho/Cr ratio to provide sensitivity, specificity, positive (PPV), 

and negative predictive values (NPV) of 100%, 88.9%, 80.0%, and 100%, respectively, for 

discrimination between high-grade gliomas and metastases. By using a cutoff value of 1.11 for 

peritumoral Cho/NAA ratio, the sensitivity was 100%, the specificity was 91.1%, the PPV was 

83.3%, and the NPV was 100%. The results of this study demonstrate that MRS can differentiate 

high-grade gliomas from metastases, especially with peritumoral measurements, supporting the 

hypothesis that MRS can detect infiltration of tumor cells in the peritumoral edema.10 

Chan AA, Lau A, Pirzkall A, et al. conducted a study in 26 patients with WHO grade IV gliomas 

treated with gamma knife surgery showed that patients in who the volume of metabolically active 

lesion defined by 1H MRSI was mostly within the radiosurgically treated volume had a longer 

survival time than patients with a lesser overlap.13 

Carles Majo´s et al got a result as tumor classification was slightly better at short TE (123 [81%] 

of 151 cases correctly classified) than at long TE (118 [78%] of 151 cases correctly classified). 

Meningioma was the only group that showed higher sensitivity and specificity at long TE. 

Improved results were obtained when both TE were considered simultaneously: the suggested 

diagnosis was correct in 105 (94%) of 112 cases when both TE agreed, whereas the correct 

diagnosis was suggested by at least one TE in 136 (90%) of 151 cases.14 

https://pubmed.ncbi.nlm.nih.gov/?term=Server+A&cauthor_id=20092374


7 5. Methodology  

A. Study design Hospital based descriptive study 

B. Study participants (human, animals or 

both) 

Human 

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.   

     

 

                                                            

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 

C. Sampling  

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 

D. Randomization details (for interventional studies)- Intervention details with standardization 

techniques (drugs / devices / invasive procedures / noninvasive procedures / others) 

E. Ethical Clearance from the Institution’s Ethics Committee Obtained? (Copy to be Attached) 

F. Study procedure 

Patients coming to the Department of Radio-diagnosis, SDM Medical College and Hospital, 

Dharwad with requisition for Magnetic Resonance Spectroscopy will be interviewed and details 

of the patients like name, age, sex, detailed clinical history will be obtained.  Imaging will be 

done on a 1.5 tesla MRI scanner (GE Signa 1.5T). The sequences evaluated will be plain study 

on - T1W ,T2W, FLAIR, GRE, DWI  and POST CONTRAST MRS with coils. 

G. 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 will be interviewed and details of the patients like   

        name, age, sex, detailed clinical history will be obtained.     

     

H. List of statistical tests to be used for data 

analysis 

Statististical analysis will be performed using 

Statistical Package for Social Sciences (IBM SPSS) 

software version 20. Sensitivity and specificity of 

the data obtained is calculated. 

I. If it’s a Clinical Trial: Clinical Trials  



Registry of India or equivalent 

registration number to be mentioned 

8 6. List risks and benefits of the study Benefit- Magnetic resonance spectroscopy 

facilitates non-invasive determination of metabolic 

changes in vivo. 

 7.   
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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. 

 

 

ರೋಗಿಯ ಮಾಹಿತಿ ಪತ್ರ  

ಇಂಟ್ರರ ಕ್ರ ೋನಿಯಲ್ ಮೆದುಳಿನ ಗೆಡೆ್ಡ ಗಳಲಿ್ಲ  ಎಮ್ಆರ್ ಸೆ್ಪ ಕ್್ಟ ರೋಸ್ಕ ೋಪಿಯ ಪಾತ್ರ ವನ್ನು  

ಕಂಡುಹಿಡಿಯಲು ಈ ಅಧ್ಯ ಯನವನ್ನು  ಮಾಡಲಾಗುತ್ತ ದೆ. ವಯಸ್ಸು  ಮತ್ತತ  ಲ್ಲಂಗವನ್ನು  ಲೆಕ್ಕಕ ಸದೆ 

CT ಅಥವಾ MRI ಯಲಿ್ಲ  ಆಕಸಿ್ಮ ಕವಾಗಿ ಪತ್ತತ ಯಾದ ಇಂಟ್ರರ ಕ್ರ ೋನಿಯಲ್ ಗೆಡೆ್ಡ ಗಳಿಂದ 

ಬಳಲುತಿತ ರುವ ರೋಗಿಗಳಿಗೆ ವಿವರವಾದ ವೈದ್ಯ ಕೀಯ ಇತಿಹಾಸವನ್ನು  ಕೇಳಲಾಗುತ್ತ ದೆ ಮತ್ತತ  

ಅವರನ್ನು  MR ಸೆ್ಪ ಕ್್ಟ ರೋಸ್ಕ ೋಪಿಗೆ ಒಳಪಡಿಸಲಾಗುತ್ತ ದೆ ಮತ್ತತ  ದಾಖಲ್ಲಸಲಾಗುತ್ತ ದೆ. 

ಇಂಟ್ರರ ಕ್ರ ೋನಿಯಲ್ ಗೆಡೆ್ಡಯ ಜೋವರಾಸಾಯನಿಕ ಗುರುತ್ತ ಪತ್ತತ ಹಚ್ಚು ವುದು ಬಹಳ ಮುಖಯ  

ಏಕ್ಂದರೆ ಅದು ತ್ವ ರಿತ್ ಚಿಕ್ಕತ್ತು ಗೆ ಕಾರಣವಾಗುತ್ತ ದೆ. 

 

 

 

                                                  

                                                                   

 



                                                      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 

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 

                                                                  



                                                                     ಒಪೆಿ ಗೆ ಪತ್ರ  

 

ಪಾಲ್ಗೊಳ್ಳು ವವರ ಹೆಸರು: ____________________________________________ 

ಪರ ಧಾನ ಸಂಶೋಧ್ಕನ ಹೆಸರು: ____________________________________ 

ಸಂಸೆ್ಪಯ ಹೆಸರು: ಎಸ್ .ಡಿ.ಎಮ್ ಕಾಲೇಜ್ ಆಫ್ ಮೆಡಿಕಲ್ ಸೈನು ಸ್, ಮಂಜುಶ್ರ ೋ ನಗರ್, ಸತ್ತತ ರ್, 

ಧಾರವಾಡ -580009 

       ನಾನ್ನ, _______________________________________________, ಈ ರೂಪದಲಿ್ಲ  ಮಾಹಿತಿಯನ್ನು  

ಓದಿದೆದ ೋನೆ (ಅಥವಾ ನನಗೆ ಓದಲು ಮಾಡಲಾಗಿದೆ). ನಾನ್ನ ಯಾವುದೇ ಪರ ಶ್ನು ಗಳನ್ನು  ಕೇಳಲು ಉಚಿತ್ ಮತ್ತತ  

ಅವರು ಉತ್ತ ರಿಸ್ಮದಾದ ರೆ. ನಾನ್ನ 18 ವರ್ಷಕ್ಕಕ ಂತ್ಲೂ ಹೆಚ್ಚು  ವಯಸ್ಮು ನವಳಾಗಿದೆದ ೋನೆ ಮತ್ತತ  ಆಯ್ಕಕ ಯ ನನು  

ಉಚಿತ್ ಶಕ್ಕತ ಯನ್ನು  ವಾಯ ಯಾಮ ಮಾಡುತ್ತತ ೋನೆ. ಈ ಅಧ್ಯ ಯನವನ್ನು  ನಾನ್ನ ವಿವರಿಸ್ಮದೆದ ೋನೆ. ವಿವರಿಸ್ಸತ್ತತ  

ನಾನ್ನ ಈ ಅಧ್ಯ ಯನಕ್ಕ  ನನು  ಒಪೆಿ ಗೆಯನ್ನು  ನಿೋಡುತ್ತತ ೋನೆ " - “ಇಂಟ್ರಾ ಕ್ಾ ೇನಿಯಲ್ ಮೆದುಳಿನ 

ಗೆಡೆ್ಡ ಗಳಲಿ್ಲ  ಎಂಆರ್ ಸೆ್ಪ ಕ್್ಟ ಾ ೇಸ್ಕ ೇಪಿಯ ಪಾತ್ಾ . ” 

ನಾನ್ನ ಈ ಒಪೆಿ ಗೆ ಫಾಮ್ಷ ಮತ್ತತ  ನನಗೆ ಒದಗಿಸ್ಮದ ಮಾಹಿತಿಯನ್ನು  ಓದಿದೆದ ೋನೆ ಮತ್ತತ  

ಅಥಷಮಾಡಿಕ್ಟಂಡಿದೆದ ೋನೆ. 

1. ನನಗೆ ಒಪೆಿ ಗೆಯ ಡಾಕ್ಯಯ ಮೆಂಟ್ ಮತ್ತತ  ಅಧ್ಯ ಯನದ ಪರ ಕೃತಿಗಳನ್ನು  ವಿವರಿಸ್ಮದಾದ ರೆ. 

2. ನನು  ಹಕ್ಯಕ ಗಳ್ಳ ಮತ್ತತ  ಜವಾಬ್ದದ ರಿಗಳನ್ನು  ನನಗೆ ತ್ನಿಖೆದಾರರು ವಿವರಿಸ್ಮದಾದ ರೆ. 

3. ನಾನ್ನ ತ್ತಗೆದುಕ್ಟಳ್ಳು ತಿತ ರುವ ಎಲಿಾ  ಚಿಕ್ಕತ್ತು ಗಳ ಮಾಹಿತಿಯನ್ನು  ತ್ನಿಖಾಧಿಕಾರಿಗೆ ನಾನ್ನ ತಿಳಿಸ್ಮದೆ. 

4. ಯಾವುದೇ ಕಾರಣವನ್ನು  ನಿೋಡದೆಯೇ ನಾನ್ನ ಯಾವ ಸಮಯದಲಿಾದರೂ ಈ ಅಧ್ಯ ಯನದ 

ಆಯ್ಕಕ ಯಂದ ಹೊರಗಿರಲು ಸಾಧ್ಯ ವಿದೆ ಮತ್ತತ  ಆಸೆ ತ್ತರ ಯಲಿ್ಲ  ನನು  ಭವಿರ್ಯ ದ ಚಿಕ್ಕತ್ತು ಯ ಮೇಲೆ ಪರಿಣಾಮ 

ಬೋರುವುದಿಲಿ್  ಎಂಬ ಅಂಶವನ್ನು  ನನಗೆ ತಿಳಿದಿದೆ. 

5. ಪಾರ ಯೋಜಕರು, ನಿಯಂತ್ರ ಕ ಅಧಿಕಾರಿಗಳ್ಳ, ಸಕಾಷರಿ ಸಂಸೆ್ಪ ಗಳ್ಳ ಮತ್ತತ  ನೈತಿಕ ಸಮಿತಿಗಳಿಗೆ ಈ 

ಅಧ್ಯ ಯನದಲಿ್ಲ  ಪಾಲ್ಗೊಳ್ಳು ವಿಕ್ಯ ಪರಿಣಾಮವಾಗಿ ನನಿು ಂದ ಪಡ್ಡದ ಮಾಹಿತಿಯನ್ನು  ಬಡುಗಡ್ಡ 

ಮಾಡಲು ನಾನ್ನ ಈ ಮೂಲ್ಕ ತ್ನಿಖೆದಾರರಿಗೆ ಅನ್ನಮತಿ ನಿೋಡುತ್ತತ ೋನೆ. ಅವರು ನನು  ಮೂಲ್ 
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