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I n t r o d u c t i o n  
About eighty-one percent of malignant brain lesions 

are gliomas, the most prevalent primary intracranial 

lesion.1 Of all gliomas, glioblastoma is the most 

frequent (45%) and has a 5% 5-year survival rate.1 

Grade IV Astrocytoma, another name for 

glioblastoma, was previously referred to as 

glioblastoma multiforme. Tissue diagnosis and 

histological grading are currently the gold standards 

for the clinical care of brain tumors and they have 

a direct impact on patient survival rate.2,3 However, 

there are certain disadvantages to histopathology. 

The first possibility is sampling error, an inevitable 

mistake that could lead to a false diagnosis. Second, 

histopathology cannot reach any tumor remnants.4  

Magnetic resonance spectroscopy is a non-invasive 

method of measuring tissue metabolite levels. MR 

spectroscopy makes it possible to compare the 

chemical composition of normal brain tissue and 

aberrant tumor tissue. Glioblastomas and other 

intracranial lesions can now be accurately diagnosed 

due to the advancement of magnetic resonance 

Objective: The aim of this study was to ascertain the diagnostic accuracy of magnetic resonance spectroscopy (MRS) 
in the diagnosis of glioblastoma, using histopathology as the gold standard.  
Methodology: In total 83 participants were engaged in this six-month cross-sectional descriptive study, carried out 
at the Department of Radiology, Shifa International Hospital in Islamabad. For each of these individuals, a single voxel 
approach was used for MR spectroscopy. To locate the lesion, post-contrast conventional MR imaging was first 
performed. A voxel was then placed on the region of interest. The pathology department at Shifa International 
Hospital in Islamabad received specimens from patients undergoing intracranial biopsies for histopathological 
investigation. The results of the MRS were then compared with the histopathology report.  
Results: The average age of patients was 52.2±12.6 years with 34 females (51%), and 49 males (59%). The average 
length of the illness was 2.0±1.7 years, and the average lesion size was 54.3±26.9 mm. The results of MR spectroscopy 
diagnostic accuracy in the diagnosis of glioblastoma were 91.5%, with sensitivity, specificity, positive predictive value 
and negative predictive value of 90.7%, 94.4%, 98.3%, and 73.9% respectively.  
Conclusion: Magnetic resonance spectroscopy is a valuable tool for glioblastoma diagnosis. 
Keywords: Diagnostic Accuracy, Glioblastoma, Histopathology, MR spectroscopy, Sensitivity, Specificity. 
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imaging in recent years. However, a lot of brain 

cancers lead to differential diagnosis because of 

MRI's great sensitivity and limited specificity. 

Magnetic resonance spectroscopy has been added 

to magnetic resonance imaging as an additional 

approach to increase its specificity.5  While MRI is 

used to visualize anatomical structures, MRS adds 

the ‘spectroscopy’ element to MRI resulting in 

determination of the underlying chemical 

composition within tissues and is thus crucial in 

distinguishing similar tumor types based on their 

biochemical composition.6 In terms of identifying 

tumors, MRS has a 77% sensitivity and a 84.2% 

specificity in distinguishing glioma grades.7 

For the ultimate diagnosis of glioblastoma, doctors 

still prefer biopsies, however, the MRS can help limit 

the differential and avoid unnecessary biopsies. 

Thus, evaluation of MRS's effectiveness and 

prospective application as a less intrusive, less 

expensive, and preferred substitute for biopsy are 

necessary. The objective of this study is to evaluate 

MRS's diagnostic efficacy and accuracy in identifying 

glioblastoma tumors relative to histopathology, the 

gold standard. 
 

M e t h o d o l o g y  
This cross-sectional study was conducted in the 

Department of Radiology, Shifa International 

Hospital in Islamabad, from December 2020 to June 

2021). Before conducting this study, an ethical 

approval was obtained from the Institutional Review 

Board and Ethics Committee, Shifa International 

Hospital. The research involved the enrollment of 83 

patients in total. The sample size was determined by 

utilizing the WHO calculator to compute the 

sensitivity and specificity, taking into account the 

45% prevalence of gliomas, the 91.7% sensitivity of 

MRS for glioblastoma, the 94.3% specificity, and the 

9% prevision level (8). A non-probability, 

consecutive sampling strategy was used in the 

investigation. All patients with suspicion of 

Glioblastoma on MR (as per-operational definition) 

from 30-70 years, both genders were included in the 

study. Patients who lost follow-up, patients with 

history of previous brain surgery, with MRS 

incompatible prosthesis or cardiac pacemaker 

holders, patients with claustrophobia history, 

pregnant and breastfeeding females and patients 

not willing to undergo biopsy of intracranial lesions 

were excluded from the study. 

Patients with suspicion of glioblastoma on MRS, who 

met the inclusion/exclusion criteria were referred 

from the neurosurgery department, neurology 

departments and outpatient department were 

selected for the study.  For each of these individuals, 

a single voxel approach was used for MR 

spectroscopy. To locate the lesion, post-contrast 

conventional MR imaging was first performed. A 

voxel was then placed on the region of interest. 

Following water suppression, the results were 

acquired with settings comprising TE (echo time) 

and TR (repetition time) of 135 and 1500, 

respectively, using a point-resolved spectroscopy 

(PRESS) approach for localization. Consultant 

radiologists (having completed at least five years of 

post-fellowship training) evaluated all of the 

pictures to determine whether or not the signs of 

glioblastoma were present (according to the 

operational definition). The pathology department 

at Shifa International Hospital in Islamabad received 

specimens from patients undergoing intracranial 

biopsies for histopathological investigation.  

 

 
Figure 1: Detection of various chemicals on the 

spectroscopic spectrum 
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The results of the MRS were then compared with the 

histopathology report.  Every conclusion was 

compiled and entered on a proforma. SPSS version 

20.0 was used to analyze all of the data. Age, length 

of illness, and lesion size were examples of 

quantitative variables for which mean and standard 

deviation were computed. For the qualitative 

variables like gender, malignant or benign 

intracranial lesion frequency and percentage were 

computed. Using histology as the gold standard, a 

2x2 contingency table was utilized to determine the 

diagnostic accuracy of MRS in identifying 

glioblastoma. Age, gender, length of illness, and 

lesion size were among the effect modifiers that 

were managed using stratifications and the use of a 

2 x 2 table following stratifications. The following 

calculations of sensitivity, specificity, diagnostic 

accuracy, PPV, and NPV were made by comparing 

the MRI findings using a 2x2 table. ROC and 

likelihood ratio was also calculated. 

 

R e s u l t s  
In total 83 patients were included in the study. Their 

age range was from 30 to 70 years with mean age 

was 52.2±12.6 years. 34 females (51%), and 49 

males (59%) were present. The mean duration of 

disease was 2.0±1.7 years, and the mean lesion size 

was 54.3±26.9 mm.  Sensitivity, specificity, positive 

predictive value, negative predictive value, and 

diagnostic accuracy of MR spectroscopy in the 

diagnosis of glioblastoma were 90.7%, 94.4%, 98.3%, 

and 91.5%, respectively.  

 

Table I: Comparison of Magnetic resonance 

Spectroscopy 

Magnetic 

resonance 

Spectroscopy  

Histopathology  

(Gold Standard) 
Total 

Positive Negative 

Positive 59 (TP) 1 (FP) 60 

Negative 6 (FN) 17 (TN) 23 

Total 65 18 83 

Table I shows diagnostic accuracy of MRS compared 

to Histopathology for glioblastoma. As shown in the 

table 59 patients were True positive, one False 

positive, six were False Negative and 17 cases were 

True Negative. The ROC curve analysis was carried 

out and the Area under the curve was observed as 

0.91 as shown in Figure 2. 

 
Figure 2: Area under the curve (AUC) is 
calculated out to be 0.91 as shown by the ROC 
curve analysis. 

Stratification of diagnostic efficiencies with regard to 

age, gender, duration of disease and size of lesion 

was carried out and provided individually in Table II. 

 

D i s c u s s i o n  
Glioblastomas multiforme (GBM) is one of the most 

common brain tumors (54% of gliomas) in adults. 

Grade IV glioma (according to the World Health 

Organization) is the most fatal brain tumor.8 Its one-

year survival rate is 30%,9 while its five-year survival 

rate is  7.2%.10  Histological grade is a very important 

predictor of malignant gliomas.11 Stereotactic 

needle biopsy is a frequently used method to get a 

tissue diagnosis of brain lesions.12 Heterogeneity in 

gliomas may comprise of a complex mixture of 

malignant, necrotic, inflammatory and benign 

tissues. 
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Glioma biopsies taken in different places may 

therefore result in different histological grading. 

Stereotactic needle biopsy and glioma excision are 

further complicated due to concerns about possible 

neurologic effects from disruption in motor and 

expressive brain regions.13 Therefore, taking into 

account this issue in prognosis, it is important to 

develop non-invasive means for detection of a 

suitable place with possibly the highest histological 

grading before a biopsy or resection. While 

increasing Cho is a sign of rapid cell turnover and is 

elevated in disorders with enhanced cellular 

proliferation, such as malignant glioma, reduced 

NAA level indicates neuronal death.14,15  

According to studies, neoplasms could be identified 

with a sensitivity of 77% and specificity of 84.2% at a 

cutoff value of 1.6 (NAA/Cr ratio of 1.7421), and 

high-grade gliomas could be distinguished from low-

grade gliomas with a sensitivity of 74.2% and 

specificity of 62.5%.16,17 With a median lifespan of 

6.9 months, glioblastoma (GBM), the most prevalent 

and deadly primary brain tumor in adults. It has 

significant molecular characteristics that makes it 

unavoidable to progress following standard 

therapy.18 Despite the severe standard first line 

treatment consisting of radiation and temozolomide 

usage (RT and TMZ), tumor recurrence occurs in 

nearly all patients.19However, GBM recurrence often 

shows radiologic characteristics similar to therapy 

related changes including a pseudoprogression (PsP)  

 

on conventional MRI. As a result, early and precise 

diagnosis of GBM relapse is essential. This is 

particularly important because of the growing 

number of potentially beneficial drugs being studied 

for salvage treatment. When compared to typical 

structural MRI techniques,  

advanced imaging methods such as proton MR 

spectroscopy (MRS) and diffusion-weighted imaging 

(DWI) with apparent diffusion coefficient (ADC) 

mapping provide a deeper, non-invasive insight into 

the understanding of brain lesions. It increases the 

level of specificity in diagnostic imaging.20 

Precise evaluation of the response to the initial 

treatment is crucial, and the most important 

prerequisite for an effective salvage therapy is the 

fast and correct detection of a tumor relapse. The 

current RANO (Response Assessment in Neuro-

Oncology) criteria,21 already reflect the difficulties in 

distinguishing between GBM recurrence and 

treatment-related effects, such as pseudo 

progression from combined RT and TMZ therapy or 

pseudo response from angiogenesis inhibitors.22 Our 

results are further aligned with two more 

investigations conducted by Sahu et al and Amin et 

al.23,24 The MRS seems to be a promising method 

that can be used to increase the diagnostic accuracy 

of the brain tumor imaging procedure besides the 

widely used structural MRI. The findings of the 

current study revealed that MRS has very high 

sensitivity (90.7%) and specificity (94.5%) in 

Table II: stratification of diagnostic efficiencies with regard to age, gender, duration of disease and size of lesion 

Characteristic Age 
(30-50 
years) 

Age 
(51-70 
years) 

Gender 
(Male) 

Gender 
(Female) 

Duration 
of Disease 
(≤ 4 year) 

Duration 
of Disease 
(> 4 year) 

Size of 
lesion  
(≤ 
50mm) 

Size of 
lesion (> 
50mm) 

Sensitivity 85.2% 96.7% 92.6% 87.5% 91.2% 87.5% 96.7% 85.2% 

Specificity 100% 92.3% 100% 90% 93.3% 100% 90% 100% 

Positive 
Predictive Value 

100% 96.7% 100% 95.4% 98.1% 100% 96.7% 100% 

Negative 
Predictive Value 

50% 92.3% 72.3% 75% 73.6% 75% 90% 61.5% 

Accuracy 87.1% 95.4% 93.8% 88.2% 91.6% 90.9% 95.1% 88.1% 
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diagnosing glioblastoma. The diagnostic accuracy 

was 91.5%, with a positive predictive value (PPV) of 

98.3% and a negative predictive value (NPV) of 

73.9%. These results align with those reported by 

Alshammari et al.25 

 

C o n c l u s i o n  
The gold standard for diagnosis of Glioblastoma is 

Histopathology, however there are certain 

limitations to it. MRS offers a minimally invasive, 

spectroscopic alternative to biopsies. In this study 

we tried to establish the diagnostic efficiency of MRS 

compared to the gold standard i.e., histopathology. 

Our results indicate that MRS can offer a minimally 

invasive reliable alternative to histopathology and 

should be used in clinical settings. 

Limitations: The first limitation is the limited 

generalizability of the results due to a small sample 

size from one tertiary care center in Pakistan. 

Moreover, the study was conducted in a short span 

of 6 months which can affect the acquisition of long-

term trends in patient characteristics. 

Disclaimer: The current manuscript is part of Dr. 

Ahson’s MS thesis project. 
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