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Abstract 
Introduction: Gliomas are infiltrative primary brain tumours that account for approximately one-third of all central nervous 
system tumours. The more recent discovery of isocitrate dehydrogenase (IDH) mutations in the gliomas represented major step 

forward in the molecular characterization of gliomas. IDH mutated glioma have better prognosis and more chemosensitive. MR 
perfusion is another way of assessment of gliomas which analyse the tumor vascularity. Present study was planned to see any 
association between MR perfusion parameter (rCBV) and IDH mutation status of gliomas.  
Material and methods: This prospective observational was done at a tertiary care hospital. Study included 24 patients of brain 
glioma. Preoperative MRI brain with MR perfusion done in all cases.  Post operative immunohistochemistry for IDH mutation 
done in all cases gliomas.   
Observation and Results:  24 cases of gliomas were assessed preoperatively by MRI brain and MR perfusion. Regional CBV 
was assessed in all cases of gliomas. IDH mutation was also assessed post operatively.  Mutated group showed the low rCBV 

(mean - 1.34) in tumor on as compared to nonmutated group. (rCBV- 1.95) with significant P value. (p value<0.003). 
Conclusion: IDH mutant gliomas have favourable prognosis and associated with low tumor vascularity as assessed by MR 
perfusion. Thus Perfusion MRI can be used as non-invasive means of obtaining functional information about brain tumor 
vascularity and IDH mutation status. Prediction of IDH mutant status can be done by rCBV values obtained by MR perfusion in 
future, however more studies with large number of subject needed for further evaluation.  
Keywords:  rCBV, IDH mutation, MR perfusion, glioma  
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Introduction  

Cancer of the brain is relatively rare, representing only 

slightly more than 1% of all new cancer cases, it is a 

disproportionately common cause of cancer-related 

death and morbidity (1). Gliomas are infiltrative 

primary brain tumors that account for approximately 

one-third of all central nervous system tumors (2). 

Gliomas traditionally have been categorized by the 

World Health Organization (WHO) grading system into 

4 Histopathologic grades, denoted as I to IV, which 

describes them in terms of histopathologic lineage as 

either astrocytoma, oligodendroglioma, or 

oligoastrocytoma (3). The WHO classification provides 

prognostic information and guidance on treatment, such 

as radiation therapy and chemotherapy after surgery. 

However, especially for the diagnosis of grade II and III 

gliomas, classic histopathologic evaluation is notorious 

for its interobserver variation (4). Despite the confirmed 

value of the WHO grading system, accumulating data 

show that molecular analysis of gliomas is far more 

informative than is classic histopathologic evaluation. 

(5-8). 

The more recent discovery of isocitrate dehydrogenase 

(IDH) mutations in the large majority of grade II and III 
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diffuse gliomas represented another major step forward 

in the molecular characterization of gliomas (9,10).  It 

was shown that IDH-mutated tumors have a much more 

favorable prognosis than do tumors of similar lineage 

and grade that express IDH gene wild type (IDHwt) and 
may even allow identification of chemotherapy 

sensitive subgroups of patients (11). 

IDH is a major enzyme in the citric acid cycle and may 

also play an important role in the cell's defence against 

oxidative stress. Both mutant IDH1 and IDH2 result in 

the production of 2-hydroxyglutarate (2-HG), which is 

considered an oncometabolite and may serve as a 

biomarker for assessment of tumor progression and 

response to treatment (12). 

In addition, recent technological advances in diagnostic 

imaging have paved the way for quantitative, 

multiparametric assessment of tissue at the cellular and 
molecular level, with clear potential to further define 

imaging phenotypes of the various glioma genotypes. It 

can be expected that techniques that have already been 

explored, such as the various perfusion (rCBV, K trans) 

and diffusion parameters, will find increased value and 

application. Some further implementations of interest 

include vessel size imaging, tensor decomposition, and 

chemical exchange saturation transfer imaging.  

Perfusion MRI provides information about tissue 

vascularisation, in vivo tumor angioneogenesis, and 

microcirculation. Perfusion MRI offers information 
about tissue blood volume, blood flow, and oxygenation 

of tissues. The signal changes in arteries/veins, which 

occur with the passage of paramagnetic contrast agent 

are used to create relative cerebral blood volume 

(rCBV), mean transit time (MTT), and cerebral blood 

flow (rCBF) parameters [13, 14]. Perfusion parameters 

have been correlated with histopathologic measures of 

micro vascular density, proliferation and hyperplasia 

[1–5] 

MR Perfusion imaging provides a measure of tumour 

vascularisation and is closely associated with the 

genetic expression of genes involved in tumor hypoxia 
and angiogenesis (e.g., vascular endothelial growth 

factor). The commonly used parameter rCBV is an 

indirect reflection of these processes, which can be 

quantified more accurately with vessel size imaging. 

This is based on the principle that the vascular bed is 

selectively sensitive to whether a gradient or spin echo 

sequence is used. Thus MR perfusion parameter can be 

used to described the glioma genotypes (IDH mutant 

status). Present study was planned to see any 

association between MR perfusion parameter (rCBV) 

and IDH mutation status of gliomas.  
 

Material and Methods 
Study design-This prospective observational study 

included patients of brain glioma who had not received 

any treatment (surgery, chemo-radiotherapy or both) 

Place of study-This study was undertaken at 

department of Radiodiagnosis DRRMLIMS in 

collaboration with department of neurosurgery & 

Pathology. 

Study group-Included all the patients suspected with 
brain glioma coming to DR RMLIMS, Lucknow.  Study 

was approved by institutional ethical committee. 

Informed consent was taken from all patients.  

 

Inclusion criteria 
Treatment naive patients suspected of having brain 

glioma. 

 

Exclusion criteria: 

Patient who had undergone surgical intervention, 

chemotherapy or radiotherapy prior to imaging  

Patients without genotyping of brain glioma 

 

Gold Standard 
The results of imaging were compared with 

histopathology findings which served as gold standard 

 

Statistical Method 
STATA 13 software and appropriate statistical methods 

were employed at the end of the study to analyze the 

collected data and to extract the results of the study. 

Level of significance was tested for p-value less than 

0.05. 

 

Equipment used: 
MRI 3T (GE SIGNA 3.0T HDXT-32 CHANNEL) 

 

IHC Methods 
Immunohistochemistry for IDH1 R132H 

 

MR imaging technique 
Subjects underwent in MR protocol that included 

conventional MRI DCE MRI and MRS On a 3T signa 

OT HDXT 32 channel MRI scanner (general electric, 

Milwaukee, WI) using a 12 channel head coil which 
lasted for approximately 40 - 50 minutes. 

Uncooperative patients underwent the examination 

under general anaesthesia if clinically appropriate.  MR 

image sequences and parameters used 

DCE MRI was performed using a gradient echo planar 

imaging sequence with TE/TR of approx.20/2000, flip 

angle of 60°, NEX=1, FOV-28X28cm, 5 mm slice 

thickness, interslice gap of 1.5mm and number of 

phases = 42. At the start of the fourth acquisition, Gd - 

DTPA - BMA 287mg/ml of gadodiamide, OmniScan; 

GE health care) was administrated through a power 
injector (spectris solaris EP, medrad, max. pressure 

325PSI) timing a injector syringe (Optistar Elite, 

Mallincarodt) at 5ml/s using a dose of approx.0.4ml/kg 

body weight, followed by a 30mm saline flush. The 

relative CBV was then obtained by dividing the mean 
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value of CBV in specified region of interest (ROI) by 

the value obtained from a ROI placed on a normal 

contralateral side of the brain. Five ROI of area 40-

60mm each were placed within the areas of tumor 

showing elevated blood flow, with an ROI placed in 
contralateral hemisphere for comparison. The ROI 

showing highest CBV was considered. A post contrast 

FSPGR weighted image was also obtained after DCE 

MRI. 

 

Observation and Results 
Twenty-four patients with various types of intracranial 

glioma were included in this study. The mean age of 
patients was 32 years. Minimum age was 16 years and 

maximum age was 55 years. Out of 24 patients 17 were 

male and 7 were female 

  

 
Fig 1- Gender based distribution study population 

 

The most common histological type of intracranial neoplasm noted was diffuse glioma: astrocytoma phenotype and 
next common ones were diffuse glioma oligodendroglioma phenotype and diffuse anaplastic astrocytoma. The 

tumors encountered with their respective frequency are represented in the chart below. 

 

 
Fig -2 Histological types of gliomas 

 

Regarding the IDH1R132H mutation status it was found that 13 out of 24 patients had the mutation present where 

11 out of 24 patients were wild type.  
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Fig -3 IDH1R132H mutation status in gliomas. 

 

It was noted that the most common WHO grade among all tumor grades was grade II Grade III tumors were next 

most common in frequency 

                          

Table 1-   Association between rCBV (measured by MR perfusion) and IDH mutation 

T test r CBV by (IDHLR132H) 

Two-sample t test with equal variance 

Group Obs Mean Std. err Std dev [ 95% conf. Interval ] 

Mutated 13 1.338462 0.1211793 0.4369181 1.074435 1.602489 

Non mutated 11 1.954545 0.1728708 0.5733474 1.569365 2.339725 

Diff=Mean (Mutated) – Mean (Non mutated) 
Ho: diff =0 

Ha: diff <0 

Pr (T<t)= 0.0034 

  

13 patients out of 24 were IDH mutated. Mutated group 

showed the low rCBV (mean - 1.34) in tumor on MR 

perfusion as compared to non mutated group. (rCBV- 

1.95). T test show the significant difference of rCBV 

between mutated and non mutated group. (p value - < 

0.003). 

 

Discussion 

Perfusion imaging has proven to be exceptionally useful 
in the identification of primary CNS gliomas, [15]. Ac-

curate diagnosis, characterization and prognostication 

with noninvasive imaging is highly desirable. Perfusion 

techniques are well suited to imaging of primary brain 

tumors owing to their highly vascular nature [16]. Fur-

thermore, the degree of vascularity has been correlated 

with glioma grade and genotype[17]. 

The present study demonstrates that DCE -PWI can be 

used to evaluate the IDH mutational status in gliomas.  

At present, genetic and molecular information about 

tumors comes solely from pathologic results However, 

given the importance of genetic information for 

diagnosing and treating glioma, numerous attempts are 

underway to characterize tumor by means of imaging. 

This effort to classify genetic information based on 

imaging findings has been termed radiogenomics.  

Many studies have evaluated tumor location and size 

and other imaging features such as degree of 

enhancement, type of margins, and diffusion 

characteristics, in an attempt to classify tumors on the 
basis of MRI appearance. 

Twenty-four patients with various types of intracranial 

glioma were included in this study. The mean age of 

patients was 32 years. Minimum age was 16 years and 

maximum age was 55 years. Out of 24 patients 17 were 

male and 7 were female. The most common histological 

type of intracranial neoplasm noted was diffuse glioma: 

astrocytoma phenotype and next common ones were 

diffuse glioma oligodendroglioma phenotype and 

diffuse anaplastic astrocytoma. 

Regarding the IDHIR132H mutation status it was found 
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that 13 out of 24 patients had the mutation present, 

where 11 out of 24 patients were wild type. It was noted 

that the most common WHO grade among all tumor 

grades was grade II Grade III tumors were next most 

common in frequency. 
IDH mutation has been one of the most thoroughly 

investigated with respect to imaging features. 

Commonly cited feature of tumors with IDH mutations 

include frontal lobe location (15,16-18).  In our study 

too the most common location of the tumor was 

involving frontal lobe however location of the Tumor or 

multiple lobe involvement had no association with 

IDHIR1321 mutation. In a study by Qi et al (13) it was 

stated that IDH mutated tumors were more frequently 

confined to a single lobe.  

The threshold value of <2.35 for relative maximum 

CBV in the prediction of IDH mutation provided a 
sensitivity, specificity, positive predictive value, and 

negative predictive value of 100.0%, 60.9%, 85.6%, 

and 100.0%, respectively. At perfusion imaging IDH 

mutants have lower cerebral blood volume than their 

IDH wild-type counterparts (20,21). 

 Law et al. (23) reported that DSC-PWI could be used 

to predict the median time to progression in gliomas 

and that a lower rCBV corresponds to significantly 

prolonged progression-free survival. However, these 

authors did not investigate the rCBV-related molecular 

mechanisms such as IDH mutation. Our data suggest 
that rCBVmax values are significantly associated with 

the IDH mutational status. In our study too similar 

findings were noted. rCBV had a statistically significant 

positive condition with IDHIR132H mutation. Similar 

findings were also seen in a study by Valentini et al (22) 

Therefore, our findings are in good agreement with 

prior results and theories.  DSC-PWI has the potential 

to noninvasively provide morphologic, functional & 

genotype information about gliomas 

 

Conclusion  

Perfusion MRI is a convenient, non-invasive means of 
obtaining functional information about the hemodynam-

ic state of a tissue of interest. This is of particular use in 

brain tumour imaging where more aggressive lesions 

typically display greater vascularity.  A combination of   

DSC-PWI techniques produces a high sensitivity, speci-

ficity, positive predictive value, and negative predictive 

value for predicting IDH mutations in grade II and III 

gliomas. The strategy of using advanced, semi quantita-

tive MR imaging techniques may provide an important, 

non-invasive, surrogate marker that should be studied 

further in larger, prospective trials. 
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