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ABSTRACT 
Background: MRI is the modality of choice for characterization of intracranial space occupying lesions. However, a 

sizeable proportion of non-enhancing gliomas turn out to be malignant and conversely, some low-grade gliomas, show 

avid enhancement. Significant overlap for imaging features on conventional MRI, therefore, limit it as a definitive 

predictor of grade in clinical practice. Advanced MRI techniques such as Diffusion weighted imaging (DWI) and 

Magnetic Resonance Spectroscopy (MRS) offer a promising alternative for the purpose. 

Objectives: To determine diagnostic accuracy of magnetic resonance spectroscopy and magnetic resonance diffusion 

in grading of gliomas with histopathology as gold standard. 

Methods: It is a cross sectional study conducted at Department of Radiology, Mayo Hospital, Lahore in 06 months. 

One hundred patients fulfilling selection criteria were enrolled in the study. Then all patients underwent MRI including 

conventional sequences as well as DWI and MRS using a spin echo sequence (SE) with short TE (35 mm/s) and long 

TE (144 mm/s). Patients were labeled as positive or negative (as per operational definition). Subsequently patients 

underwent biopsy under general anesthesia. Reports were assessed and patients were confirmed as positive or negative 

according to operational definition. All of this information was recorded in a predesigned Performa. 

Results: Total number of patients in the study were one hundred. Mean age of the patients were 38.61(years) +11.40 

whereas there were 43 (43.0) male and 57 (57.0) female patients included in the study. The diagnostic accuracy, 

sensitivity, specificity, PPV and NPV of magnetic resonance spectroscopy was 84.00%, 89.86%, 70.97%, 87.32% and 

75.86% respectively whereas diagnostic accuracy, sensitivity, specificity, PPV and NPV of diffusion weighted imaging 

was 75.00%, 78.26%, 67.74%, 84.38% and 58.33% respectively. 

Conclusion: Diagnostic accuracy of MRS is more helpful and reliable than DWI in grading of gliomas taking 

histopathology as gold standard. Future studies at multiple setups must be conducted which could help in deciding 

whether to rely on MRS or DWI for determination of gliomas grading.  
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INTRODUCTION 
Central nervous system tumors are global health 

problem with an increasing trend over the past two 

decades1. Out of these, gliomas are the most common 
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primary brain tumor. They are graded according to 

World Health Organization along a continuum from 

grade I which includes pilocytic astrocytoma to grade 

IV which is glioblastoma multiforme. Tumor grading 

is important for deciding management as it helps 

decide appropriate treatment strategies2.  

MRI is the modality of choice for characterization of 

intracranial space occupying lesions. Conventional MRI 

has not only been traditionally used for differentiating 

primary brain neoplasms from metastasis and infective 

processes, but also predict the grade of tumor. Features of 

contrast enhancement like heterogeneity and degree of 

enhancement, amount of edema and mass effect and 

amount of necrosis, as seen on conventional MRI, are 

usually associated with grade of the tumor3. However, a 

sizeable proportion of non-enhancing gliomas turn out to 

be malignant and conversely, some low-grade gliomas, 

show avid enhancement. Significant overlap for imaging 

features on conventional MRI, therefore, limit it as a 

definitive predictor of grade in clinical practice4. 

Advanced MRI techniques such as Diffusion weighted 

imaging (DWI) and Magnetic Resonance Spectroscopy 

(MRS) offer a promising alternative for the purpose. 

Diffusion weighted MRI (DWI) is frequently performed 

in routine clinical practice to image changes in cellular 

density and motion of the molecules5. A meta-analysis 

showed high sensitivity and specificity of ADC values at 

b-values of 1000 s / mm2 as well as 3000 s / mm2 in 

differentiating low grade and high-grade gliomas6. MRS 

is a technique that relies on changes in biochemical 

activity of pathological tissue. Low grade primary tumors 

depicted low lactate and lipid peaks and high-grade 

tumors depicted increasing levels of lipid & lactate peaks 

(indicating necrosis) with marked difference7.  

However, different studies have shown variable results 

for the purpose of grading gliomas. A study showed 

MRS as having better PPV, NPV, sensitivity, specificity 

and accuracy compared to DWI8. One study reported 

that the specificity and sensitivity of MRS in grading 

gliomas were 60% and 75%, respectively9 but another 

study showed that the specificity and sensitivity of MRS 

in grading gliomas were 86% and 86%, respectively10. 

The sensitivity and specificity of DWI in grading 

gliomas were 71% and 87%11. While another study 

showed specificity and sensitivity of DWI in grading 

gliomas were 90% and 90%12.  

The objective of this study is to determine diagnostic 

accuracy of MRS and DWI in grading of gliomas 

taking histopathology as gold standard. Literature has 

showed contradictory results regarding accuracy of 

MRS and DWI in differentiating high- and low-grade 

gliomas. Moreover, there is a dearth of local data on 

this subject. This data will surely help to improve our 

practice and guide about further management. 

 

METHODS 
It is a Cross Sectional Study conducted at Department 

of Radiology, Mayo Hospital, Lahore in 06 months 

(Sep, 2018 to February 2019). Sample Size of 100 

cases was calculated with 95% confidence level, 

taking expected percentage of high-grade glioma i.e., 

59% with MRS sensitivity 86% with 9% margin of 

error and MRS specificity 86% with 11% margin of 

error taking histopathology as gold standard. One 

hundred patients of age 20-60 years, presenting with 

suspicion of SOL brain and showing suspicion of 

glioma on CT scan were selected by non-probability 

consecutive sampling. Recurrent cases (medical 

record), Post-chemotherapy or radiotherapy (on medical 

record), Claustrophobic patients not willing to undergo 

MRI, Patients not willing to undergo biopsy were 

excluded. Informed consent was taken. Demographic 

detail (name, age, gender, duration of symptoms) was 

noted. Then all patients underwent MRI including 

conventional sequences as well as DWI and MRS 

using a spin echo sequence (SE) with short TE (35 

mm/s) and long TE (144 mm/s). Patients were labeled 

as positive or negative (as per operational definition).  

Then patients underwent biopsy under general 

anesthesia. All intervention was performed by a 

senior neurosurgeon and samples were sent to the 

histopathology department. Reports were assessed 

and patients were confirmed as positive or negative as 

per operational definition. All this information was 

recorded in pre designed proforma (attached). 

The data was organized, and analyzed using SPSS. Age 

of the patient and duration of symptoms was presented as 

mean ± SD. Gender of the patient and grade of glioma 

(on MRS, DWI and histopathology) was presented as 

frequency and percentage. Data were stratified for age, 

gender and duration of symptoms. Post-stratification, 2x2 

tables was generated to calculate the PPV, NPV, 

sensitivity, specificity and accuracy of MRS & DWI 

taking histopathology as gold standard. 

 

RESULTS 
Mean age of the patients was 38.61 years with 

standard deviation of 11.40. 43 % of the patients were 

male and 57 % were female. According to MRS 

findings, 71 % of the lesions had Cho/Cr ratio of 

greater than 2.0 and categorized as high-grade 

gliomas. According to DWI, 64 % of the tumors had 

ADC value more than 1.0x10-3/mm2 and therefore fell 

into the category of high-grade gliomas. Tables 1-4 
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show sensitivity, specificity and diagnostic accuracy 

of MRS and DWI for grading gliomas and the effect 

of modifiers on them. 

 

Table. No. 01 2 x 2 table showing Diagnostic 

Accuracy of MRS findings in gliomas keeping 

Histopathology as Gold Standard 

MRS 

Findings 

Histopathology Findings  

Total Positive Negative 

Positive 
62 9 71 

89.9% 29.0% 71.0% 

Negative 
7 22 29 

10.1% 71.0% 29.0% 

Total 69 31 100 

Sensitivity:   89.86 % 

Specificity:   70.97 % 

PPV:    87.32 % 

NPV:    75.86 % 

Diagnostic Accuracy:     84.00 % 

Table. No. 02 2 x 2 table showing Diagnostic 

Accuracy of DWI findings in detecting in gliomas 

keeping Histopathology as Gold Standard 

 

DWI 

Findings 

Histopathology Findings 
Total 

Positive Negative 

Positive 
54 10 64 

78.3% 32.3% 64.0% 

Negative 
15 21 36 

21.7% 67.7% 36.0% 

Total 69 31 100 

 

Sensitivity:    78.26% 

Specificity:    67.74 % 

PPV:     84.38% 

NPV:     58.33% 

Diagnostic Accuracy:     75.00% 

 

 

 

Table. No. 03 Effect modifier like Age stratification and comparison with diagnostic Accuracy of MRS findings 

in detecting in gliomas keeping Histopathology as gold Standard 

Age Group 
MRS 

Findings 

Histopathology Findings 
P-value Diagnostic Accuracy 

Positive Negative 

 

 

 

 

20 - 40 years 

Positive 
42 7 

0 

Sensitivity: 93.33% 

Specificity: 58.82 % 

PPV:85.71 % 

NPV:76.92 % 

Accuracy: 83.87 % 

93.3% 41.2% 

 

Negative 

3 10 

6.7% 58.8% 

 

 

 

40 - 60 years 

Positive 
62 9  

 

 

 

0 

Sensitivity: 89.86% 

Specificity: 70.97 % 

PPV: 87.32 % 

NPV: 75.86 % 

Accuracy: 84.00 % 

89.9%   29.0% 

 

Negative 

7 22 

 10.1% 71.0% 

 

Table. No. 04 Effect modifier like Age stratification and comparison with diagnostic Accuracy of DWI findings 

in detecting in gliomas keeping Histopathology as Gold Standard 

Age Group 
DWI 

Findings 

Histopathology Findings 
P-value Diagnostic Accuracy 

Positive Negative 

20 - 40 years 

positive 
38 7 

 

0.001 

Sensitivity: 84.44% 

Specificity: 58.82 % 

PPV:84.44 % 

NPV:58.82 % 

Accuracy: 77.42 % 

84.4% 41.2% 

negative 

7 10 

15.6% 58.8% 

40 - 60 years 

positive 
54 10 

 

 

0.000 

Sensitivity: 78.26% 

Specificity: 67.74 % 

PPV:84.38 % 

NPV:58.33 % 

Accuracy: 75.00 % 

78.3% 32.3% 

negative 

15 21 

21.7% 67.7% 

 

DISCUSSION 
Management of gliomas, particularly timing and use 

of chemotherapy and radiotherapy, depends on a 

number of factors including age, performance status, 

histopathology, molecular markers and previous 

therapy13. For low grade gliomas treatment strategies 

may include simple observation instead of more 

aggressive treatment since the potential benefits of 
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treatment must be weighed against the potential risks 

of treatment14. High grade gliomas require more 

aggressive treatment although outcomes are still 

usually poor with no significant change in outcome 

over the last decade15. Hence the need for accurately 

predicting the tumor grade before treatment. Biopsy 

serves the answer but is invasive. MRI serves as a 

non-invasive alternative. 

While conventional MRI can quite accurately 

differentiate gliomas from other intracranial lesions, 

its role in further characterization as low versus high 

grade is limited due to overlap in tumor 

characteristics. Use of advanced techniques improves 

this weakness of MRI. 

A meta-analysis done in 2014 showed moderate 

diagnostic performance of MRS in differentiating 

low- and high-grade glioma16. This reported 

sensitivity and specificity of MRS for this purpose as 

80.58 % and 78.46 % respectively. The difference 

from our results is likely due to the fact that this 

meta-analysis was done on all brain neoplasms rather 

than gliomas alone and also did not differentiate 

between the various metabolite ratios in each study. 

Another study showed sensitivity and specificity of 

MRS in differentiating low grade and high-grade 

gliomas as 81.8 % and 51.7 % respectively and the 

diagnostic accuracy as 71.4% 17.  However, this study 

was done on pediatric population only and took a cut 

off value of Cho Cr ratio of 2.6 for categorizing low- 

and high-grade gliomas which could account for the 

difference. Another study also showed sensitivity and 

specificity of Cho/Cr for this purpose to be 83.3 % 

and 85.8 % respectively18. However, this study also 

used a different threshold level of 1.35. Another study 

done in China showed sensitivity and specificity of 

Cho Cr ratio to be 86.7 % and 85.7 % respectively 19.  

One of the other techniques that have been explored 

to help determine the grade of glioma non-invasively 

is diffusion weighted imaging that relies on the 

differential Brownian motion of hydrogen in different 

tissues. A recent meta-analysis concluded ADC 

analysis of DWI to have high accuracy in 

differentiating low- and high-grade gliomas6. The 

pooled sensitivity and specificity of DWI in 

accurately categorizing the grade of glioma in this 

meta-analysis was 0.81 and 0.87 respectively ay b 

value of 1000s / mm2 and 0.80 and 0.90 respectively 

at higher b value of 3000s / mm2. This analysis 

however did point out various factors that could 

account for the heterogeneity of the data such as 

magnetic field strength, different b values and 

different cut-off values. A study done in Norway 

reported sensitivity of quantitative DWI for making 

this differentiation to be 79.7 % which is very similar 

to our study 18. However, the specificity was different 

at 60.0 % which could be due to multiple factors pointed 

out in the meta-analysis, including the fact that threshold 

level in the study was slightly different from our study. 

Another study done in China has reported values of 82.1 

% and 83.3 % for the sensitivity and specificity of DWI 

in declaring a glioma as low grade or high grade 19. 

Another study on pediatric patients showed different 

sensitives and specificities using different cut off values 

of ADC, ranging from 73.4 % to 86.0 % and 80.3 % to 

90.9 % 17. 

This study also highlights the limitation of variable 

sensitivities and specificities at different ADC cut off 

values. 

 

CONCLUSION 
The study concluded that diagnostic accuracy of 

MRS is more helpful and reliable than DWI in 

grading of gliomas taking histopathology as gold 

standard. More studies with larger sample size using 

different metabolite peaks in MRS and different ADC 

values for DWI, must be conducted which could help 

in deciding whether to rely on MRS or DWI for 

determination of gliomas grading.  
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