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INTRODUCTION 

Magnetic Resonance imaging (MRI) plays a crucial role 

in evaluating intraaxial brain tumours. It is the most 

crucial non-invasive technique for cerebral tumour 

identification, pre-surgical planning, and treatment 

response evaluation. Although conventional MRI 

provides a variety of imaging sequences and great soft 

tissue characterization, it cannot provide information on 

the grading and infiltration of malignancies.1 

It is frequently challenging to distinguish between low-

grade and high-grade gliomas and neoplastic from non-

neoplastic brain masses using conventional MRI, and 

many instances necessitate biopsy or follow-up 

imaging.2,3 In addition to conventional sequences, 

advanced MR sequences such as MR spectroscopy 
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ABSTRACT 

 

Background: Magnetic Resonance imaging (MRI) is essential for assessing intracranial malignancies, but 

conventional MRI has limitations in tumour grading and infiltration information. Advanced Magnetic Resonance 

(MR) sequences, such as diffusion-weighted (DW) and Magnetic Resonance spectroscopy (MRS), can differentiate 

between low-grade and high-grade tumours, aiding treatment decisions. This study aims to evaluate the efficacy of 

diffusion-weighted imaging and magnetic resonance spectroscopy in grading intra-axial brain tumours and correlating 

the results with histopathology.  

Methods: This retrospective study involved 45 patients over one year at Apollo Hospital. MR imaging included 

conventional sequences, DW, and MRS with localizers in all three planes. DWI and ADC maps were obtained using 

specific b-values. Standard mean Apparent Diffusion Coefficient (ADC) values were automatically calculated for 

intra-lesional and peri-lesional regions. 

Results: Intralesional ADC values did not significantly differ between high-grade primary tumours (0.4-1 x 10-3 

mm2/s, mean 0.7) and metastases (0.4-0.8 x 10-3 mm2/s, mean 0.7). However, peri-lesional ADC values were lower in 

primary tumours (0.3-1.3 x 10-3 mm2/s, mean 0.8), indicating peri-lesional infiltration, while higher in metastases 

(1.2-1.6 x 10-3 mm2/s, mean 1.4) due to the absence of peri-lesional infiltration. Additionally, intralesional ADC 

values showed a significant difference between low-grade tumours (1-2 x 10-3 mm2/s) and high-grade tumours (0.4-1 

x 10-3 mm2/s), allowing for their distinction. There were significantly increased Cho/NAA and Cho/Cr ratios in high-

grade tumours compared to low-grade tumours.  

Conclusions: MR spectroscopy and DWI with computation of ADC values can enhance the diagnostic effectiveness 

of MR imaging in detecting and grading malignant brain tumours.  
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(MRS) can increase the effectiveness of MR imaging in 

diagnosing such tumours.2 Magnetic resonance 

spectroscopy can study metabolites and metabolic 

activity in the brain or neoplasms, giving information on 

the lesion nature, brain tumour grading and follow-up 

with treatment responsiveness in these lesions.4 This 

technique is a multi-parametrical molecular imaging 

method that can enable the identification of biochemical 

patterns of different brain tumours.5 Diffusion-weighted 

imaging (DWI) allows us to study more about the brain 

by observing the minute movements of water molecules. 

DWI has been utilized to identify the cellularity of brain 

tumours and distinguish between high- and low-cellular 

brain tumours.6 With advanced MR imaging, we can 

anticipate the chemical makeup of substances, 

hemodynamic properties, microvascular integrity, and 

water molecule movement restriction within the mass 

lesions using MR spectroscopy and diffusion imaging.7 

MR imaging techniques, such as MR spectroscopy and 

DWI, can increase the accuracy of diagnosing these 

tumours. MR Sequences, such as DW and MRS, can 

distinguish between low-grade and high-grade cancers, 

aiding the clinician in treatment planning and prognosis 

assessment.8 Most studies discuss using an integrated 

strategy that includes DW imaging, MRS, and 

conventional sequencing in grading and defining the size 

of intra-axial brain tumours and their correlation with 

clinical follow-up and histopathology. 

The study's main objectives were to explore the potential 

of diffusion-weighted imaging (DWI) and MR 

Spectroscopy (MRS) in differentiating between low-

grade and high-grade brain tumours, examine the 

conventional MRI features associated with cerebral 

tumours, and establish correlations between imaging 

observations and final histopathology diagnoses. By 

achieving these aims, the research aimed to contribute 

valuable insights into brain tumour grading and 

diagnostic accuracy.  

METHODS 

This retrospective study, conducted at Apollo Hospitals 

Chennai over one year from January to December 2022, 

focused on clinically diagnosed or suspected patients 

with intra-axial brain tumours. After applying specific 

inclusion criteria, 45 patients were selected for analysis. 

Excluded from the study were cases without intracranial 

mass on MRI and those with claustrophobia, metallic 

implants, cardiac pacemakers, and metallic foreign 

bodies. Additionally, patients with brain tumours caused 

by infections were not included in the data interpretation.  

Data collection  

Patients were subjected to a multiplanar, multisequential 

MRI scan of the brain on an INGENIA 3T MR Machine 

by Philips in the department of radiodiagnosis and 

Imaging. The institutional ethical committee accorded 

ethical clearance to this study. The confirmation of the 

diagnosis was done histopathologically. 

After proper positioning of patients, localisers were taken 

in coronal, sagittal, and axial planes. The MRI protocol 

consisted of the following sequences: 

In the axial plane: Turbo spin echo (TSE) T2W sequence 

[repetition time (TR)/echo time (TE)/number of 

excitations (n) = 3607 ms/100 ms/3], Turbo field echo 

(TFE) T1W sequence (TR/TE/n = 483 ms/15 ms/1), 

FLAIR-Fluid attenuated inversion recovery sequence 

(TR/TE/n = 6000 ms/120 ms/2; inversion time, 2000 ms), 

SWI sequence (TR/TE= = 23 ms/20 ms), FLAIR 

sequence in coronal plane and T2W sequence in sagittal 

plane, contrast-enhanced T1W sequence, diffusion-

weighted (DW) imaging using echo planar imaging (EPI) 

sequence with TR/TE = 3034 ms/100 ms, field of view = 

23 cm x 23cm, number of excitations = 3, slice thickness 

= 5 mm, inter-slice gap = 1.5mm, matrix size = 256 x 

256. Diffusion-sensitizing gradients were applied along 

the three orthogonal directions with diffusion sensitivity 

values of b = 0 and b = 1000 s/mm2. Multi-voxel MR 

spectroscopy was performed using a spin echo mode 

sequence (SE) with long TE (144 mm/s) and short TE (35 

mm/s). Water suppression was achieved with the point-

resolved spectroscopy (PRESS) technique. The voxels 

were placed on the lesions away from CSF and scalp fat 

to avoid contamination, and the voxel was placed in the 

normal region. The metabolites were identified, including 

the following: N-acetyl aspartate (NAA) at 2.0 ppm, 

creatine (Cr) at 3.0 ppm, choline (Cho) at 3.2 ppm, lipid 

at the range of 0.7-1.3 ppm, lactate at 1.33 ppm, and 

myoinositol at 3.56 ppm. The ratios were calculated, 

including Cho/NAA and Cho/Cr in intralesional regions. 

The size and position of the voxel were carefully selected 

to place it well within the lesion, and the spectra were not 

affected by surrounding healthy tissue. 

Statistical analysis 

The data was recorded in a proforma and analyzed using 

descriptive statistics. Various numerical tools like the 

mean, standard deviation, and p-value were used to 

analyze the data. 

RESULTS 

Thirty-three cases were histopathologically diagnosed as 

gliomas. For analysing the imaging characteristics, 

glioblastoma Grade IV, oligodendroglioma Grade III, 

astrocytoma Grade III, and astrocytoma Grade IV were 

taken as high-grade, and astrocytoma Grade II, 

oligodendroglioma Grade II, pilocytic astrocytoma, 

medullary glioma were considered high-grade (Table 1). 

Nine cases were histopathologically diagnosed as 

metastasis. Three were histopathologically diagnosed as 

lymphoma. 
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On analysis, it was observed that the peak incidence for 

metastases was in the higher age group (41-50 years), as 

the case for high-grade glioma with the peak incidence in 

the age group 51-60 years (Table 2).  

Table 1: Distribution of patients according to histopathological diagnosis (n=45). 

Type of lesion No. of lesions Percentage 

Metastases 9 20 

High grade 

glioma 

Glioblastoma grade IV 13 28.9 

Oligodendroglioma grade III 2 4.4 

Astrocytoma grade III 1 2.2 

Astrocytoma grade IV 2 4.4 

Low grade 

glioma 

Oligodendroglioma grade II 5 11.1 

Astrocytoma grade II 7 15.6 

Pilocytic astrocytoma 2 4.4 

Medullary glioma 1 2.2 

Lymphoma 3 6.7 

Table 2: Age wise distribution of the lesion (n=45). 

 
                     Age groups (years) 

0-10 11-20 21-30 31-40 41-50 51-60 61-70 >70 

High grade glioma - - 1 2 3 6 5 1 

Low grade glioma 1 2 3 4 2 1 2 - 

Metastasis - - 1 1 3 2 2 - 

Lymphoma - - - 2 1 - - - 

Table 3: Imaging characteristics of intra axial brain tumours. 

Parameters 

Tumour grade, N (%) 

P value# Glioma 
Metastasis Lymphoma 

High grade Low grade 

T1      

Hypointense 14 (77.8) 12 (80) 5 (55.6) 3 (100) 

0.783 ISO intense 3 (16.7) 2 (13.3) 3 (33.3) - 

Heterointense  1 (5.6) 1 (6.7) 1 (11.1) - 

T2      

Hyperintense 6 (33.3) 13 (86.7) 7 (77.8) 2 (66.7) 

0.011 
Heterointense 12(66.7) 2 (13.3) 1 (11.1) - 

Hypointense - - - 1 (33.3) 

ISO intense - - 1 (11.1) - 

Flair       

Hyperintense 6 (33.3) 13 (86.7) 7 (77.8) 2 (66.7) 

0.011 
Heterointense 12(66.7) 2 (13.3) 1 (11.1) - 

Hypointense - - - 1 (33.3) 

ISO intense - - 1 (11.1) - 

Diffusion Restriction      

Present 17 (94.4) 3 (20) 9 (100) 3 (100) 
<0.001 

Absent  1 (5.6) 12 (80) - - 

Blooming SWI      

Present 13 (72.2) 1 (6.7) - - 
<0.001 

Absent  5 (27.8) 14 (93.3) 9 (100) 3 (100) 

Contrast enhancement 

Peripheral  10 (55.6) 5 (33.3) 6 (66.7) 1 (33.3) 

0.143 Hetero  6 (33.3) 4 (26.7) 3 (33.3) 2 (66.7) 

Absent  2 (11.1) 6 (40) - - 
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Out of 15 cases of low-grade gliomas, 13 (86.7%) were 

hyperintense on T2WI, and 14 (93.3%) were ISO/ 

hypointense on T1WI. Blooming on SWI imaging was 

seen in 1 case (6.7%). On contrast enhancement, 

heterogenous enhancement in 5 (33.3%), peripheral 

enhancement was seen in 4 (26.7%) and was absent in 6 

(40%). Out of 18 cases of high-grade glioma, 17 (94.5%) 

were isointense/hypointense on T1WI, and 12 (66.6%) 

were heterogenous on T2WI. Blooming on SWI was 

noted in 13 (72.2%), diffusion restriction in 17 (94.4%), 

heterogenous enhancement in 6 (33.3%), peripheral 

enhancement in 10 (55.6%) and absent in 2 (11.1%). Out 

of 9 cases of metastases, 8 (88.8%) were 

isointense/hypointense on T1WI, and 7 (77.7%) were 

hyperintense on T2WI. Blooming on SWI was noted in 4 

(44.4%), diffusion restriction in 9 (100%), heterogenous 

enhancement in 3 (33.3%) and peripheral enhancement in 

6 (66.6%) cases. All cases of lymphoma showed 

diffusion restriction and no blooming on SWI. Lactate 

peak was seen in 7 (77.8%) cases of metastasis, 10 

(55.5%) cases of high-grade glioma and 2 (13.3%) cases 

of low-grade glioma (Table 3). 

Table 4: Comparison of MR Spectroscopy findings with final histopathological diagnosis. 

Histopathology 

MRI spectroscopy, Mean±SD (range) 

N-Acetyl Aspartate Choline Creatinine 

Lesion Control 
P 

value* 
Lesion Control 

P 

value* 
Lesion Control 

P 

value* 

High grade 

glioma 

3.1±1.6  

(1.3-8) 

11.1±3.2  

(7.5-17) 
<0.001 

12±3.2  

(6.2-17.4) 

3.4±0.7  

(2.3-4.8) 
<0.001 

4±1.8  

(1.9-8) 

3.4±0.5  

(2.2-4.6) 
0.096 

Low grade 

glioma 

5.4±1.8  

(3.1-8.4) 

10.9±2.1  

(7.3-14) 
<0.001 

8.8±2.6 

(4.2-14.3) 

3.9±0.9  

(3.2-6) 
<0.001 

5±1.7  

(3.1-8.5) 

3.8±0.8  

(2.8-5.7) 
0.012 

Metastasis 
2.6±0.4  

(2.2-3.4) 

10.7±1.9  

(7.8-14) 
<0.001 

9.4±1.4  

(7.3-12) 

3.2±0.5  

(2.5-3.8) 
<0.001 

2.9±0.3  

(2.1-3.3) 

3.2±0.6  

(2.3-3.8) 
0.206 

Lymphoma 
2.3±0.4  

(1.9-2.6) 

10.3±1.7  

(8.6-12) 
0.001 

11.6±3.4  

(8.5-15.3) 

3.1±0.7  

(2.4-3.7) 
0.014 

3±0.8  

(2.1-3.6) 

3.2±0.5  

(2.8-3.8) 
0.781 

Table 5: Intralesional Cho/NAA and Cho/Cr ratio among studied cases. 

Ratio 

Tumour Grade 

P value# Glioma 
Metastasis Lymphoma 

High Grade Low Grade 

Cho/NAA, Mean±SD 

Range  

4.3±1.5 

1.8-7  

1.7±0.6 

1.1-2.7 

3.7±0.9 

2.7-5.2 

4.8±0.8 

4.4-5.7 
<0.001 

Cho/Cr, Mean±SD 

Range  

3.4±1.0 

1.3-5.2 

1.8±0.5 

1-2.7 

3.2±0.3 

2.6-3.6 

3.8±0.8 

2.9-4.5 
<0.001 

 

 

Figure 1: MR spectroscopy graph in a case of 

Glioblastoma grade IV showing markedly elevated 

choline peak with very low NAA peak and Cho/NAA 

ratio is 3.1. 

MR spectroscopy was done in all cases. Statistically 

significant increase in choline and reduction in NAA 

levels with significantly elevated Cho/NAA and Cho/Cr 

was found in high-grade glioma compared to low-grade 

glioma (Table 4, 5) (Figure 1). 

In metastases, a significant reduction in the NAA levels 

was noted. In lymphoma cases, reduced NAA and raised 

choline were also seen (Table 4). 

Apparent diffusion coefficient (ADC) values of tumoural 

and peritumoural regions were compared. Patients with 

high-grade glioma and metastases had significantly lower 

ADC (mean= 0.7x 10-3mm2/s) in the tumoural region as 

compared to low-grade gliomas (mean= 1.4 x 10-3mm2/s) 

with p-value <0.0001. ADC values of lymphoma (mean= 

0.5 x 10-3mm2/s) were lower than that of high-grade 

glioma in the tumoural region (Table 6) (Figure 2A, 2B). 
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Figure 2: ADC map. 2A) ADC map in a case of 

glioblastoma grade IV shows reduced ADC value of 

0.8 suggesting high grade lesion. 2B) ADC map in a 

case of oligodendroglioma grade II shows elevated 

ADC value of 1.3 suggesting low grade lesion. 

Perilesional ADC values calculated around tumour areas 

were higher in metastasis, denoting no perilesional 

infiltration (1.4x10-3mm2/s) than high-grade primary 

tumour (0.8x10-3mm2/s), denoting perilesional 

infiltration (Table 6). 

Table 6: Comparison of ADC values with final 

histopathological diagnosis. 

MRI diagnosis 

DW imaging 

ADC, Mean±SD (Range) 

Tumour Peritumour 

High grade glioma 
0.7±0.3  

(0.4-1) 

0.8±0.3 

(0.3-1.3) 

Low grade glioma 
1.4±0.3  

(1-2 ) 

1.5±0.2  

(1.1-1.9) 

Metastasis 
0.7±0.1  

(0.4-0.8) 

1.4±0.1  

(1.2-1.6) 

Lymphoma 
0.5±0.1  

(0.5-0.6) 

0.6±0.1 

(0.5-0.7) 

DISCUSSION 

For the initial assessment of intra-axial brain tumours, 

conventional magnetic resonance imaging is still the 

basic imaging required as it provides fundamental details 

about these tumours’ anatomical characteristics, such as 

oedema, mass effect, and pattern of enhancement.10 

The use of invasive diagnostic techniques like brain 

biopsies is limited by MRS. MRS offers a qualitative 

study of a number of compounds within the brain, in 

contrast to the structural data offered by MRI.11 These 

compounds show characteristics of the growth or 

degeneration of cell membranes, energy consumption, 

and necrotic transformation of brain or tumour tissue.12 

According to our MRS findings, all of them displayed 

varying degrees of elevated choline peak and CHO/NAA 

ratios using long TE (144 msec), with considerable 

increases from both low-grade and high-grade tumours, 

with no discernible difference between primary high-

grade tumours and metastatic brain tumours. This was in 

accordance with the findings of Martinez-Bisal and Celda 

and Shokry that increased CHO/NAA ratios in lesions 

could only distinguish between low-grade and high-grade 

primary tumours.13,10 The results of Delorme and Weber 

were further supported by the decreasing Cr peak found 

in all cases, with a substantial increase from low-grade to 

high-grade tumours but without a discernible difference 

between primary and metastatic brain tumours.14 

In the short (TE 35 ms), the lactate levels did not 

significantly differ between primary and metastatic brain 

tumours, but they did significantly differ between low-

grade and high-grade tumours. This conclusion was 

consistent with Van der Graaf's assertion that lactate 

peaks typically indicate aggressive tumours, showing 

enhanced anaerobic metabolism and cellular necrosis and 

that the pathogenesis of primary and metastatic brain 

tumours is quite similar.15 Short (TE 35 ms) demonstrated 

greater lipid peaks in metastatic brain tumours. This was 

in agreement with Shokry, Opstad et al, and Van der 

Graaf, who suggested that cancer cells of various origins 

contain mobile, spectroscopically detectable lipids in 

their cell membranes, which could account for the higher 

lipid levels in metastatic lesions.10,16,15 Another 

significant finding from this study was that intralesional 

voxels in primary tumours displayed various degrees of 

CHO/Cr ratios, which increased as the tumour's grade 

increased.  

As a result, CHO/Cr ratios have consistently predicted 

tumour grade. A substantial difference between high- and 

low-grade tumours was found when comparing CHO/Cr 

ratios between the two groups. The difference between 

the CHO/Cr ratios reported in high-grade and low-grade 

tumours was substantially connected with the expression 

of proliferating cells, according to Chen et al and Faria   

et al.17,18 

In this study, there is no significant difference in 

intralesional ADC values between metastatic and primary 

brain tumours, and we cannot differentiate metastatic 

brain tumours from primary brain tumours by 

intralesional ADC values only. This result matched with 

Pavlisa et al, Lee et al and Ohba et al, which referred to 

this result due to the increase in the cellularity of all these 

lesions to the level that DWI could not differentiate.19-21 

Another important finding was that intralesional ADC 

values were significantly different for low-grade and 

high-grade tumours, ranging from 1 to 2 x 10-3 mm2/s for 

low-grade tumours and 0.4 to 1 x 10-3 mm2/s for high-

grade tumours. Therefore, we could distinguish between 

low-grade and high-grade tumours in our investigation 

using ADC values. This finding was consistent with 

Ohba et al, who also noted that ADC values could be 

used to grade primary tumours.21 

A B 
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In this study, perilesional ADC values were elevated in 

metastatic brain tumours than in primary high-grade 

tumours, with significant ADC value changes between 

these tumours. Perilesional ADC values calculated 

around the lesion were higher in metastasis (vasogenic 

oedema), denoting no perilesional infiltration (1.2-1.6 x 

10-3 mm2/s) than high-grade primary tumours (0.3-1.3 x 

10-3 mm2/s) denoting peri lesion infiltration. So in the 

current study, we can differentiate primary from 

metastatic brain tumours based on peritumoral ADC 

values. This was consistent with the findings of Faria et 

al, who attributed these findings to the perilesional 

infiltration of primary high-grade tumours, which 

increases cellularity in the perilesional area, as opposed 

to metastatic tumours, which exhibit no perilesional 

infiltration and shows increased ADC values in 

perilesional oedema.18 In our study, high-grade malignant 

tumours exhibited the lowest ADC values based on 

primary tumoural area calculations. The ADCs of the 

various tumour types in the same grade did not differ in 

any way, according to our study. Clinical significance: 

Conventional MRI sequences are limited in their ability 

to grade tumours and define tumour infiltration, which 

makes surgical removal and post-operative care more 

difficult. The present study suggests that characterising 

tumours and surrounding tissue using sophisticated MRI 

techniques like DW Imaging and spectroscopy is possible 

based on water diffusion and the presence of metabolites. 

This information aids clinicians in better-managing 

malignancies and also helps with differential diagnosis in 

ambiguous tumours. 

Our study's main limitation was its small sample size, 

particularly when the information was evaluated 

independently for various tumour types. More research is 

required to identify the cutoff values of ADC, metabolite 

concentrations, and ratios in specific cancers.  

CONCLUSION 

According to the results of our study, MR spectroscopy 

and DWI with computation of ADC values could increase 

the diagnostic effectiveness of MR imaging in detecting 

and grading malignant brain tumours. Intralesional ADC 

measurements are not useful for distinguishing between 

primary and metastatic tumours. ADC levels at the 

perilesional region can distinguish between primary and 

metastatic brain tumours. Lesions that exhibit similar 

characteristics on conventional MRI may be 

distinguished using MRS. The most precise marker for 

intracranial tumours is choline. Increases in choline levels 

and choline/NAA ratios strongly signal that the neoplasm 

is malignant and should be graded and monitored to 

determine tumour response to treatment. 
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