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Abstract 
Background: Gliomas represent the most prevalent type of primary brain tumor and are associated with a significant 
mortality rate. The utilization of MR cerebral perfusion proves effective in distinguishing between low-grade and high-grade 
gliomas, surpassing the capabilities of routine MRI. This distinction allows for the timely initiation of surgical intervention. 
We aimed to document the diagnostic accuracy of MR cerebral perfusion against the gold standard of lab-based 
histopathology. 
 

Methods: We conducted this cross-sectional validation study over a duration of six months in the outpatient radiology 
department of a major public sector hospital of Rawalpindi, Pakistan. All patients had MR cerebral perfusion Scan of brain in 
order to differentiate low grade and high grade glioma. Quantitative rCBV analysis was carried out adopting a threshold value 
of 3, above this value the lesion was considered at a high grade. The results were written on specially designed proforma. 
 

Results: A total 230 patients were included in the study with mean age of 50.68+16.36 and there were 135 (58.7%) male and 

95 (41.3%) were female. There were 122 (53.0%) patients presented with low grade glioma and 108 (47.0%) patients 
presented with high grade glioma. The sensitivity, specificity, PPV, NPV and diagnostic accuracy of MR cerebral perfusion to 
differentiate between low grade and high grade gliomas was 85.71%, 70.97%, 88.89%, 64.71% and 81.74% respectively. 
 

Conclusion: This study concludes that the MR perfusion reliably identifies higher-grade features in a tumor that otherwise 
may not appear on standard MRI scan. 
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Introduction 
he most prevalent primary intracranial 

tumors are gliomas, accounting for 

approximately 81% of malignant brain 

tumors. Gliomas originate within glial cells, which 

form the supportive architecture of the brain. 

Among gliomas, glioblastoma is the most common 

type, representing almost 45% of cases. The 5-year 

survival rate for gliomas is approximately 5%, 

indicating their aggressive nature (1-3). 

In the United States, the reported incidence 

rate of gliomas is 6.6 per 100,000, with over 90% of 

cases occurring in adults. Gliomas are histologically 

graded I-IV, with increasing malignancy. Grades I 

and II are categorized as "low-grade gliomas," 

including astrocytomas, oligodendrogliomas, and 

mixed oligoastrocytomas. Diffuse and infiltrative 

low-grade gliomas progress to high-grade gliomas 

in about 50% of patients within 5 years, and they 

become highly resistant to therapy, making patient 

cure rare (4-6). 

The diagnostic accuracy for glioma grade improves 

with the use of MR perfusion scans compared to 

conventional contrast-enhanced MRI. MR perfusion 

scans demonstrate a sensitivity of 89.7% and 

specificity of 95.8% in distinguishing between high-

grade and low-grade gliomas, surpassing the 

sensitivity and specificity of histopathology, which 

range from 99% to 100% (7-8). 

This study aimed to conduct MR perfusion 

scans to reliably identify higher-grade gliomas 

compared to standard MRI scans, facilitating early 

surgical intervention. To our knowledge, no similar 

study has been conducted in our local context to 

systematically analyze all available imaging studies 

on magnetic resonance perfusion for low and high-

grade gliomas. The findings of this study are crucial 

for establishing a diagnostic protocol for our glioma 

patients, where determining the grade of the glioma 

is essential for early surgical intervention. 
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Methodology 
This cross-sectional study was conducted at the outpatient 

department of Radiology, Armed Forces Institute of 

Radiology and Imaging in Rawalpindi from August 2017 to 

February 2018. The sample size of 230 patients was 

determined using the WHO sample size calculator, with a 

confidence level of 95% and a prevalence of 81%. Patients 

meeting the criteria were enrolled through Non-Probability 

Consecutive Sampling. The study included adult patients of 

both genders with a suspected diagnosis of gliomas, 

excluding those with a prior history of brain tumors, 

metastatic brain tumors, compromised immune systems 

with primary CNS lymphomas, and recent tuberculosis 

history. Ethical committee approval was obtained before 

patient enrollment, and informed consent was obtained 

from all participants. 

Detailed histories of signs and symptoms were 

collected, and thorough examinations were conducted. All 

patients were advised to undergo an MR cerebral perfusion 

scan to differentiate between low-grade and high-grade 

gliomas. Reports were prepared by a consultant radiologist, 

and histopathology reports after surgery were followed. 

Results were documented on a specially designed form. 

All MR scans were performed on a 1.5Tesla MR 

scanner with 23 mT/m gradients (Gyroscan ACS-NT PT 

3000, Philips Medical System, Amsterdam, The 

Netherlands). Cerebral perfusion scans were conducted 

alongside conventional techniques, including offset spin 

echo (FSE) images, fluid-attenuated inversion recovery 

(FLAIR) T2-weighted images, spin echo (SE) T1-weighted 

images with and without a contrast agent. Gadolinium, the 

contrast medium, was injected intravenously using an 18 

Gauge needle through an automatic injector at a flow rate of 

5 ml/s. The contrast media dose for all patients was 0.25 

mmol/kg (a bolus of 0.2 mmol/kg preceded by a pre-bolus 

of 0.05 mmol/kg). Perfusion images were processed and 

converted into colored maps on a dedicated workstation. 

Quantitative data from perfusion imaging were 

analyzed blindly by two experienced radiologists using a 

dedicated post-processing workstation. Perfusion cerebral 

blood volume (CBV) maps were evaluated by detecting the 

normalized maximum value of the lesion in relation to the 

contralateral normal white matter value (rCBV). A threshold 

value for perfusion data was established using ROC curves. 

Quantitative rCBV analysis considered a threshold value of 

3, above which the lesion was considered high grade. 

Data analysis 

All the information was recorded on a standardized data 

collection form and then inputted into SPSS-21 for thorough 

analysis. Frequencies and percentages were computed for 

variables such as gender and glioma type. For continuous 

numerical factors like age, mean and standard deviations 

were determined. The findings were both described in text 

and visually presented through tables and graphs. To 

account for factors like age, gender, and types of glioma that 

might influence the results, a stratification process was 

employed. A post-stratification diagnostic accuracy test was 

conducted, considering a significance level of P < 0.05. 

The MR cerebral perfusion scan and EET were 

evaluated for sensitivity, specificity, positive predictive 

value (PPV), negative predictive value (NPV), and overall 

accuracy. Additionally, Receiver Operating Characteristic 

(ROC) analysis and likelihood ratios were computed as part 

of the assessment. 

 

Results 
A total of 230 participants took part in the study, with an 

average age of 50.68 ± 16.36 years. Among them, 135 

(58.7%) were male, and 95 (41.3%) were female. Out of the 

total, 122 (53.0%) had low-grade gliomas, while 108 

(47.0%) had high-grade gliomas. The MR cerebral perfusion 

demonstrated a sensitivity of 85.71%, specificity of 70.97%, 

positive predictive value (PPV) of 88.89%, negative 

predictive value (NPV) of 64.71%, and an overall diagnostic 

accuracy of 81.74%. 

 
Table 1. Demographic Features (n=230) 

 Range Mean 

Age (years) 20-18 50.68 

Gender  

Male 135 58.7 

Female 95 41.3 

Total 230 100.0 

Tumor Grade 

Low grade 122 53.0 

High grade 108 47.0 

Total 230 100.0 

 

To account for factors like age, the study stratified 

participants and compared MR cerebral perfusion with 

histopathology to distinguish between low-grade and high-

grade gliomas, considering histopathology as the gold 

standard. Among those positively diagnosed by both MR 

cerebral perfusion and histopathology, 58 (87.9%) were 

aged between 20 and 50 years, while 86 (84.3%) were 

between 51 and 80 years (p≤0.000). 

Examining gender as a potential modifier, 86 (90.5%) males 

were diagnosed positively by both MR cerebral perfusion 

and histopathology, compared to 58 (79.5%) females 

(p≤0.000). 

Furthermore, considering different types of gliomas as a 

third modifier, the study compared MR cerebral perfusion 

with histopathology to distinguish between low-grade and 

high-grade gliomas. Among those positively diagnosed by 

both methods, 76 (89.4%) had low-grade gliomas, while 68 

(81.9%) had high-grade gliomas (p≤0.000). 
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Table 2. Effect modifier like Age stratification with MR cerebral perfusion with Histopathology as gold standard 

Age Group 

20 - 50 years 

Positive 58 (87.9) 5 (22.7) 

0.000 

Sensitivity : 87.88% 
Specificity : 77.27% 
PPV: 92.06% 
NPV:68.00% 
Diagnostic Accuracy:85.23% 

Negative 8 (12.1) 17 (77.3) 

51 - 80 years Positive 86 (84.3) 13 (32.5) 0.000 

Sensitivity : 84.31% 
Specificity : 67.50% 
PPV: 86.87% 
NPV:62.79% 
Diagnostic Accuracy:79.58% 

Gender 

Male 

positive 86 (90.5) 12 (30.0) 

0.000 

Sensitivity : 90.53% 
Specificity : 70.00% 
PPV: 87.76% 
NPV:75.68% 
Diagnostic Accuracy: 84.44% 

negative 09 (9.5) 28 (70.0) 

Female 

positive 58 (79.5) 06 (27.3) 

0.000 

Sensitivity : 79.45% 
Specificity : 72.73% 
PPV: 90.63% 
NPV:51.61% 
Diagnostic Accuracy: 77.89% 

negative 15 (20.5) 16 (72.7) 

Type of Glioma 

Low Grade 

positive 
76 (89.4%) 

12 (30.0) 

0.000 

Sensitivity : 89.41% 
 Specificity : 75.68% 
 PPV: 89.41% 
 NPV:75.68% 
 DA: 85.25% 

negative 
9 (10.6%) 

28 (70.0) 

High Grade  

positive 
68 (81.9%) 

06 (27.3) 

0.000 

Sensitivity : 81.93% 
 Specificity : 64.00% 
 PPV: 88.31% 
 NPV:51.61% 
DA: 77.78% 

negative 
15 (18.1%) 

28 (70.0) 

 

Discussion 
Gliomas constitute the most prevalent intracranial tumors, 
manifesting in 30% to 40% of individuals diagnosed with 
intracranial tumors, with glioblastomas accounting for 95% 
of these gliomas. The reported incidence of primary brain 
tumors is estimated at 10 per 100,000 individuals annually, 
with a gender ratio of 6:4 for males to females. Gliomas 
typically occur in middle age, peaking in incidence between 
40 and 65 years. While the etiology is primarily sporadic, 
only 1-5% of gliomas are considered hereditary. Despite 
their lower incidence, gliomas bear significant medical 
importance due to their unfavorable prognosis (9-13).  

Neuroepithelial in origin, gliomas are further 
categorized based on the predominant cell type, such as 
astrocytomas (composed of astrocytes), 
oligodendrogliomas (comprising oligodendrocytes), 
ependymomas (consisting of ependymal cells), mixed oligo-
dendroglial tumors (comprising oligodendrocytes and 
dendritic cells), and astrocytic tumors. Additionally, rare 
tumors exhibit both glial and neuronal components (14-16). 

Gliomas typically exhibit diffuse growth, 
infiltrating white matter, which precludes their direct 
visualization as nodular tumors on the brain's surface. 
Instead, they cause filleting of brain gyri, resulting in visible 
thickening and flattening. Notably, 5% to 10% of 
glioblastomas are multifocal at the time of diagnosis, with 
vessels at the periphery often dilated and thrombosed 
vessels found in aggressive tumors (17-19). 

For the neuroradiological evaluation of gliomas, a 

CT scan is initially employed due to its ease of use. However, 
for precise size and extent measurements, three-plane 
display, superior soft tissue contrast, and increased 
sensitivity make MRI more advantageous than CT scans. 
Intravenous contrast medium aids in delineating tumor 
extent, distinguishing tumor tissue from perifocal edema, 
identifying vital and non-vital tumor tissue, and 
differentiating between low- and high-grade tumor portions 
(20-21). 

MR perfusion, reliant on susceptibility-induced 
signal loss on T2*-weighted sequences, provides evidence of 
malignant transformation in low-grade gliomas, aiding in 
prognostication for recurrence-free and overall survival 
times. Management of gliomas is tailored to individual 
tumor histological grade and diagnosis, with prognostic 
factors including patient age, neurological deficits at 
presentation, Karnofsky performance, histological type, and 
tumor grading (22-24). The management of gliomas is 
focused on individual tumor histological grade and 
diagnosis (20). The prognostic factors in gliomas patients 
are age of the patient, neurological deficits at presentation, 
Karnofsky performance by the patient, histological type and 
grading of the tumor (25). 

In our study, MR cerebral perfusion demonstrated 
a sensitivity of 85.71% and specificity of 70.97%. 
Comparable results were found in a study by Munir S, 
indicating sensitivity of 89%, specificity of 73%, PPV of 94%, 
and NPV of 55%. Other studies in Syria and 2012 reported 
varying sensitivity and specificity values, reinforcing the 
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importance of individualized assessment. Our findings 
emphasize MR perfusion's high sensitivity and specificity in 
glioma identification, advocating its use as a first-line 
investigation in suspected cases and highlighting its efficacy 
in differentiating between low-grade and high-grade tumors 
(26-27). 

 

Conclusion 
The study established the diagnostic accuracy of MR 
cerebral perfusion to differentiate between low grade and 
high-grade gliomas. Our study concluded that MR perfusion 
can reliably identify higher grade features in a tumor that 
otherwise not appear on standard MRI scan. This helped in 
identifying more aggressive tumors and hence early 
treatment in these patients which would improve their 
outcome. 
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