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Abstract 

The term “Intra-cranial space occupying lesion” (ICSOL) is used to represent any neoplasm, 

benign or malignant, primary or secondary, as well as any inflammatory or infectious mass 

lying within the cranial cavity. It also includes haematomas, different types of cysts, and 

vascular malformations Magnetic resonance spectroscopy is a simple, easily available, non-

invasive, cost effective and easily reproducible investigation modality for intracranial 

pathologies. After undergoing this study, prompt and accurate diagnosis may help in better 

management. 

Materials and Methods: The present study was conducted at Department of Radio-diagnosis, 

Basaveshwara Teaching and General hospital attached to M. R. Medical college, Kalaburagi. 

The study design was a one and half year observational study. The present study was conducted 

from December 2014 to June 2016. 

Result: We found the predominant cause of intracranial space occupying lesions to be 

neoplasms (64%). Of the neoplastic lesions 65% were intra-axial and 35% were extra axial. 

Gliomas (14 cases) were the most prevalent intra-axial neoplasms and meningiomas (6 cases) 

the most prevalent extra-axial neoplasms. Infections comprised 30% of all cases most of which 

were tuberculomas. The rest 6% of cases were formed by tumefactive demyelinating lesions of 

multiple sclerosis. Irrespective of cause, the predominant presenting symptoms were headache 

and neurological deficits, seen in 22 patients each, followed by seizures (20 patients). Even in 

infections, whether tuberculomas or abscesses, many of the patients did not present with fever 

or meningismus making the diagnosis difficult clinically. 

Conclusion: Magnetic resonance spectroscopy is a newer non invasive modality which 

provides biochemical information about different tissues that cannot be obtained by 

conventional MRI alone even after contrast administration. It complements MRI and is 

particularly useful when the MRI findings are inconclusive. It characterizes lesions based on 

metabolite patterns and ratios. Choline, N-acetyl aspartate, creatine, lactate, lipids, alanine, 

amino acids and myoinositol are the major metabolites studied. 
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Introduction 

The term “Intra-cranial space occupying lesion” (ICSOL) is used to represent any neoplasm, 

benign or malignant, primary or secondary, as well as any inflammatory or infectious mass 

lying within the cranial cavity.1 It also includes haematomas,2 different types of cysts,3,4 and 

vascular malformations.1,5,6 Primary space occupying tumors of the central nervous system and 

its coverings account for about 9% of all primary neoplasms of the human body. Among the 

intracranial neoplasms, those of central neurogenic origin claim priority in number and 

complexity. These are the tumors derived from parenchymal neuroepithelial elements of 

central nervous system excluding the microglia; and they account for 40-50% of all the intra-

cranial space occupying tumors.7,8 Systematic study of tumors of the central nervous system 

began when Baily and Cushing started their studies in the early 1920’s. Over the past three 

decades, many reports have suggested that both incidence and pattern of intracranial neoplasms 

are subject to considerable geographic and racial variations.9Accurate diagnosis is essential for 

proper clinical management of patients with intracranial space occupying lesions. When a 

patient comes for evaluation of a focal brain lesion, it is often difficult to differentiate between 

neoplastic and non-neoplastic brain lesions as they can present with a similar clinical picture 

and this frequently creates a dilemma for physicians and surgeons for further management.10 

Hence, it is important to distinguish tumors from non-neoplastic mimics as the appropriate 

treatment is quite different in each pathology. Routine computed tomography (CT) and 

magnetic resonance (MR) scanning are the first line imaging modalities for evaluation of space 

occupying lesions. Magnetic resonance imaging (MRI) is highly sensitive for detecting and 

localizing abnormalities. Although magnetic resonance imaging is important for the diagnosis 

of intracranial diseases, sometimes the appearances of ICSOLs on conventional MRI may not 

be specific even after contrast administration. This limits the accuracy and capability of MRI 

for distinguishing tumor from non-neoplastic conditions and benign from malignant disease. 

Conventional imaging techniques also do not provide sufficient information about vascularity, 

cellularity and metabolism of the mass lesion.10,11  

 

Materials and Methods: 

The present study was conducted at Department of Radio-diagnosis, Basaveshwara Teaching 

and General hospital attached to M. R. Medical college, Kalaburagi. The study design was a 

one and half year observational study. The present study was conducted from December 2014 

to June 2016. 

 

Source of Data:  

The main source of data includes clinically suspected patients of intracranial space occupying 

lesion and findings on MRI brain (Plain/contrast) or CT scan, referred to Department of Radio-

Diagnosis for MRI and MRS from Neuro-Surgery, Medicine and Paediatric Department at 

Basaveshwara Teaching and General Hospital, Kalaburagi. 

 

Results:  
In the present study of the 50 patients 28 (56%) were females and 22 (44%) were males. The 

male to female ratio was 1:1.27and most of the patients (34%) were aged between 31 to 45 

years. In the remaining 30% were aged between 46 to 60 years and 10% each presented with 

age between 15 to 30 and more than 60 years. 16% of patients were aged less than 15 years,the 

commonest presentation was headache and neurological deficits reported by 44% of patients 

followed by seizures in 40% of the patients. 
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Table 1: Single / multiple lesions 

Lesions 
Distribution (n=50) 

Number Percentage 

Single 31 62.00 

Multiple 19 38.00 

Total 50 100.00 

 

 
In the present study of 50 patients, 31 (62%) had a single lesion while 19 (38%) had multiple 

lesions. Multiple lesions were usually seen in patients with metastases, infections or multiple 

sclerosis. 

   
Table 2: Etiology of space occupying lesions 

DIAGNOSIS DIAGNOSIS 

Number Percent 

Neoplasms Intra-axial HGG 8 16.00 

  LGG 6 14.00 

  Metastasis 5 10.00 

  Lymphoma 2 4.00 

 Total  21 42.00 

 Extra-axial Meningioma 6 12.00 

  Others 
(Craniopharyngioma, 
Macroadenoma, 
Schwannoma) 

5 10.00 

 Total  11 22.00 

Total   32 64.00 

Infectious Tuberculoma  8 16.00 

 Neurocysticercosis  3 6.00 

 Abscess  3 6.00 

 Others (Toxo)  1 2.00 

Total   15 30.00 

Others Multiple sclerosis  3 6.00 

TOTAL   50 100.00 
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Graph 3. Complaints
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In the present study, the commonest presentation was headache and neurological deficits 

reported by 44% of patients followed by seizures in 40% of the patients. 

 

Table 3: MRI findings – Enhancement intensity 

Findings 
Distribution (n=50) 

Number Percentage 

Intense 27 54.00 

Moderate 15 30.00 

Mild 6 12.00 

No 2 4.00 

Total 50 100.00 

In this study, on contrast administration there was intense enhancement in 54%, moderate in 30% 
and mild enhancement in 12% of patients. Two of the cases did not show any contrast enhancement. 
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Table 4: MRI findings – Enhancement pattern 

Findings 
Distribution (n=50) 

Number Percentage 

Peripheral 25 50.00 

Heterogenous 11 22.00 

Homogenous 9 18.00 

Patchy 3 6.00 

No enhancement  2 4.00 

Total 49 98.00 

 

 
 In the present study the MRI enhancement pattern was found to be peripheral in 50% (mostly 
in high grade gliomas, abscesses and granulomatous lesions), heterogeneous in 22%, homogenous in 
18% (mostly in meningiomas) and patchy in 6% of patients.  
                 

Table 5: Average metabolite ratios in various lesions 

Lesions 
Choline to Creatine 

Choline to N-acetyl 
aspartate 

N-acetyl aspartate to Creatine 

Mean SD Mean SD Mean SD 

HGG 4.58 1.07 4.98 0.30 0.92 0.22 

LGG 1.88 0.51 1.85 0.77 1.07 0.26 

Lymphomas  3.70 1.27 1.85 0.07 1.95 0.78 

Metastasis  3.50 1.32 2.96 0.90 1.18 0.38 

Meningiomas 6.90 1.96 7.38 3.10 0.98 0.19 

Infections  1.47 0.36 1.43 0.46 1.06 0.26 

Others (MS)  1.40 0.30 1.38 0.56 1.00 0.43 
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In this study the mean Cho/ Cr & Cho/ NAA ratios were elevated in the neoplastic lesions as 
compared to infections & multiple sclerosis and were highest among meningiomas and high grade 
gliomas while NAA/Cr was found to be inconclusive and did not follow any set pattern amongst 
neoplastic and non neoplastic lesions. 

 

Table 6: Other metabolites detected in tumors by MR spectroscopy 

Lesions Total 
Lactate Lipids Alanine Amino acids 

No. % No. % No. % No. % 

HGG 8 6 75.00 5 62.50 0 0.00 0 0.00 

LGG 6 1 16.67 0 0.00 0 0.00 0 0.00 

Metastasis 5 4 75.00 2 40.00 0 0.00 0 0.00 

Meningiomas 6 2 33.33 1 16.67 2 33.33 0 0.00 

 

 
 
In the present study 75% cases of HGG and metastases had lactate. Lipids were seen in 62.5% cases 
of HGG and 40.0% cases of metastases. In meningiomas 40% of patients had alanine which was not 
seen in any other tumor. Myo inositol was seen in just one schwannoma (not shown here). 
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Table 7: Comparison of the Spectroscopy findings in Gliomas and Metastasis 

Lesions 
Choline to Creatine 

Choline to N-acetyl 
aspartate 

N-acetyl aspartate to Creatine 

Mean SD Mean SD Mean SD 

HGG 4.58 1.07 4.98 0.30 0.92 0.22 

LGG 1.88 0.51 1.85 0.77 1.07 0.26 

Metastasis  3.50 1.32 2.96 0.90 1.18 0.38 

 

 
The high grade gliomas clearly had higher Cho/Cr and Cho/Naa ratios as compared to the low grade 
gliomas. There was a considerable overlap in the spectroscopic findings of metastases and high grade 
gliomas which both showed elevation of Cho/Cr and Cho/Naa ratios. However these ratios were 
slightly higher in high grade gliomas than metastases. The Naa/Cr ratio was non specific and did not 
show any specific pattern among these lesions. 

            

Table 8: Mean metabolite ratio in neoplastic and non-neoplastic lesions 

Lesions 

Choline to 
Creatine 

Choline to N-acetyl 
aspartate 

N-acetyl aspartate to Creatine 

Mean SD Mean SD Mean SD 

Neoplastic  4.10 1.98 4.07 2.35 1.03 0.39 

Non neoplastic 1.45 0.34 1.41 0.45 1.05 0.28 

p value <0.001 <0.001 0.826 

 
In the present study the mean choline to creatine and choline to N-acetyl aspartate ratios were 
significantly high in neoplastic lesions when compared to non neoplastic lesions (p<0.001) whereas N-
acetyl aspartate to creatine metabolite ratio was of no significance. (p=0.826).  
 

           Table 9: Mean metabolite ratio in HGG and LGG 

Lesions 

Choline to 
Creatine 

Choline to N-acetyl 
aspartate 

N-acetyl aspartate to Creatine 

Mean SD Mean SD Mean SD 

HGG 4.57 1.07 4.98 0.30 0.91 0.21 

LGG 1.88 0.51 1.85 0.76 1.06 0.25 

p value <0.001 <0.001 0.272 
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In this study mean choline/creatine and choline/N-acetyl aspartate ratios were significantly high in 
HGG as compared to LGG (p<0.001) whereas N-acetyl aspartate/creatine metabolite ratios were 
comparable in HGG and LGG and cannot be used to distinguish between the two. (p=0.272). 

 
Table 10: MRI findings – signal intensity T2 

Findings 
Distribution (n=50) 

Number Percentage 

Hyperintense 25 50.00 

Mixed intense 20 40.00 

Hypointense 5 10.00 

Total 50 100.00 
 

 
In the present study T2 weighted MRI sequence revealed hyperintense lesions in 50% of patients and 
mixed intense lesions in 40% of patients. 

 
CASE 1: GLIOBLASTOMA MULTIFORME 
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Photograph 1: MRI T2wt(A, B) and T1wt(C,D) images showing mixed signal intensity lesions with 
perilesional edema and central necrosis in right basal ganglia and right temporal lobe extending into 
mid brain causing mass effect over mid brain and ipsilateral lateral ventricle resulting in 
hydrocephalus. 
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CASE 2- LOW GRADE GLIOMA (PILOMYXOID ASTROCYTOMA)  

 
 

        

 
Photograph 4:  MR spectroscopy of the lesion shows elevated choline and lipid-lactate with reduced 
NAA peak. 
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CASE 3: GRANULOMATOUS LESION(ABSCESS) 

 

 
 
Photograph 3: Smal multi-cystic lesion with septations showing hyperintense signal on T2 weighted 
imaging(A) and true restriction on DWI(D) noted in Parafalcine area of bilateral frontal lobes which is 
showing peripheral enhancement on post contrast study(B,C). 
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Photograph 3: MRS showing high lipid lactate peak in the above lesion with near normal choline level. 
 

Discussion: 
Magnetic resonance imaging has already established its superiority over CT and is undoubtedly 

the most important diagnostic tool for the evaluation of intracranial space occupying lesions. 

Multiplanar acquisition and high contrast resolution between different tissues have made MRI 

very sensitive in tumor detection and localization. However, the gains in sensitivity have not 

been paralleled by gains in specificity. Recent advances in MRI like diffusion weighted 

imaging, perfusion imaging and MR spectroscopy have further enhanced our ability to 

visualize parenchymal anatomy and function as well as identify the pathological processes in 

an even better way.  Magnetic Resonance Spectroscopy is a new and emerging imaging 

modality which offers a detailed biochemical analysis of tissues thereby giving us a glimpse of 

in-vivo human brain metabolism. It not only compliments the information available by 

magnetic resonance imaging, but also helps in assessing the prognosis and response to 

treatment. Numerous studies have been carried out and are still being carried out to determine 

the applications of MRS in neuroradiology. We observed that MR Spectroscopy can be very 

useful in the diagnosis and characterization of various intracranial space occupying lesions. 

Besides differentiation of neoplastic and non neoplastic lesions, it also helps in the 

differentiation of high and low grade lesions. In this study we found that excellent signal to 

noise ratio is obtainable in the human brain with a standard 1.5-T MR imaging system and a 

good spectra can be obtained in a reasonable amount of time without causing any 

inconvenience to the patient. Multivoxel 1H MRS, using STEAM, at intermediate TE was used 

in most of the cases. Single voxel 1H MRS and short & long echo times were used when 

required based on the clinical scenario and MRI findings. In 8 patients the spectra obtained 

were poor as the lesions contained extensive areas of calcification or hemorrhage and were 

located too close to the calvarium, CSF or paranasal sinuses, these patients were excluded from 

the study. In few of the cases with very small lesions particularly those with neurocysticercosis 

and tuberculomas the minimum size of the voxel was bigger than the lesion. This can lead to 

partial averaging from the normal brain parenchyma12.13 and might have been an unavoidable 

source of error in few of our cases.In the present study, 56% of the patients were females and 

44% were males. The majority of the patients presenting with intracranial space occupying 

lesions were between 30 to 45 years of age. We found the predominant cause of intracranial 
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space occupying lesions to be neoplasms (64%). Of the neoplastic lesions 65% were intra-axial 

and 35% were extra axial. Gliomas (14 cases) were the most prevalent intra-axial neoplasms 

and meningiomas (6 cases) the most prevalent extra-axial neoplasms. Infections comprised 

30% of all cases most of which were tuberculomas. The rest 6% of cases were formed by 

tumefactive demyelinating lesions of multiple sclerosis. Irrespective of cause, the predominant 

presenting symptoms were headache and neurological deficits, seen in 22 patients each, 

followed by seizures (20 patients). Even in infections, whether tuberculomas or abscesses, 

many of the patients did not present with fever or meningismus making the diagnosis difficult 

clinically. These observations were in concordance with the findings of Grand S et al.14All 

neoplasms (32 cases) revealed elevated choline. In earlier studies increased Cho has been 

observed in most brain tumors and is believed to be due to increased membrane turnover and 

cell proliferation.15 All neoplasms also had decreased NAA and Creatinine (Cr) which resulted 

in an elevated Cho/Cr and Cho/Naa ratio. The Cho/Cr ratio was lower in the non neoplastic 

inflammatory and infectious lesions. The mildly elevated choline in infectious lesions may be 

due to partial volume averaging or membrane degradation products. In our study among the 

neoplasms the mean Cho/Cr and Cho/NAA ratio was significantly elevated in 8 patients with 

high grade gliomas (mean Cho/Cr - 4.58) as compared to six cases of low grade gliomas (mean 

Cho/Cr - 1.88). Higher ratios indicated increasing grade of malignancy. So it can be concluded 

that Cho/Cr and Cho/NAA ratios can be used in the grading of malignancies and the same was 

suggested by Ott D et al,13 Fountas KN et al14 and Sutton LN et al.16However, there was no 

significant difference in the NAA/Cr levels between low and high grades of gliomas (p > 0.05). 

and the same conclusion was drawn in studies conducted by Sutton LN et al16 and Ott D et al.13 

Thus the present study has shown that MRS can differentiate between neoplastic and non-

neoplastic intracranial space occupying lesions, and help in diagnosing various lesions based 

on the metabolite spectrum and ratios.  

 

Conclusion: 

Magnetic resonance spectroscopy is a newer non invasive modality which provides 

biochemical information about different tissues that cannot be obtained by conventional MRI 

alone even after contrast administration. It complements MRI and is particularly useful when 

the MRI findings are inconclusive. It characterizes lesions based on metabolite patterns and 

ratios. Choline, N-acetyl aspartate, creatine, lactate, lipids, alanine, amino acids and 

myoinositol are the major metabolites studied.In this study magnetic resonance spectroscopy 

was helpful in differentiating neoplastic from non neoplastic lesions. It also helped to 

differentiate high grade gliomas from the low grade ones. Metabolites like amino acids helped 

to differentiate abscesses from similar appearing lesions and alanine was specific for 

meningiomas.  
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