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DIAGNOSTIC ACCURACY OF MAGNETIC RESONANCE PERFUSION IMAGING IN 1 
INTRACRANIAL BRAIN TUMOURS 2 
 3 
 4 

 5 
ABSTRACT 6 
 7 
Background 8 
Intracranial tumours are a major global health burden, with high morbidity and mortality. While 9 
conventional MRI is the primary imaging tool, it has limitations in grading, treatment assessment, and 10 
distinguishing neoplastic from non-neoplastic lesions. Tumour vascularity is a key marker of malignancy, 11 
but conventional MRI reflects BBB disruption rather than true angiogenesis. 12 
Dynamic Susceptibility Contrast (DSC) perfusion MRI addresses this gap by evaluating cerebral 13 
hemodynamics using T2*-weighted signal changes during contrast bolus transit. Key parameters such as 14 
relative cerebral blood volume (rCBV) and flow (rCBF) correlate with tumour grade and aggressiveness. 15 
Although used globally, limited regional data exists from South India, necessitating further evaluation. 16 
Objectives 17 
1. To evaluate intracranial tumours using DSC perfusion MRI and quantify rCBV and rCBF. 18 
2. To assess the accuracy of these parameters in distinguishing low- from high-grade gliomas, using 19 

histopathology as the gold standard. 20 
Methods 21 
A prospective study was conducted on 35 patients with suspected brain tumours. All underwent 22 
conventional and DSC perfusion MRI, followed by histopathological correlation. T2*-weighted perfusion 23 
imaging was performed post-contrast, and rCBV/rCBF maps were generated. ROIs were placed over 24 
enhancing tumour regions and contralateral white matter to compute relative values. Data was analysed 25 
statistically, including ROC analysis. 26 
Results  27 
High-grade gliomas showed significantly elevated rCBV and rCBF compared to low-grade gliomas. ROC 28 
analysis demonstrated high sensitivity and specificity with an rCBV cut-off around 1.75. Limitations 29 
included susceptibility artefacts and dependency on BBB status. 30 
Conclusion 31 
DSC perfusion MRI is a valuable tool for non-invasive assessment of intracranial tumours. Quantitative 32 
parameters like rCBV and rCBF aid in tumour grading, guide biopsies, and enhance diagnostic confidence. 33 
Incorporating perfusion imaging into routine MRI protocols improves clinical decision-making, especially 34 
in glioma evaluation. 35 
 36 
 37 
INTRODUCTION 38 
 39 
Intracranial tumours represent a significant challenge in modern neuroradiology, accounting for 40 
approximately 85–90% of all primary central nervous system (CNS) neoplasms

1
. Globally, over 300,000 41 

new cases are diagnosed annually, with an estimated 250,000 deaths attributed to CNS tumours
2
. In India, 42 

brain tumour prevalence ranges from 5–10 per 100,000 people, with over 28,000 new cases and 24,000 43 
deaths reported each year

2
.  44 

Magnetic Resonance Imaging (MRI) is the imaging modality of choice for evaluating brain tumours due to 45 
its superior soft tissue resolution

3
. However, conventional MRI sequences, while effective for anatomical 46 

localisation, often fall short in tumour grading, assessing treatment response, or differentiating between 47 
tumour recurrence and post-treatment changes³. Additionally, conventional MRI struggles to reliably 48 
distinguish neoplastic lesions from non-neoplastic entities such as demyelinating disease, tuberculomas, or 49 
subacute infarcts

3
. 50 

 51 
Angiogenesis plays a central role in tumour growth and malignancy. High-grade tumours are typically 52 
characterised by increased neovascularisation

4
. However, conventional contrast-enhanced MRI primarily 53 

reflects blood-brain barrier (BBB) disruption rather than actual tumour vascularity
4
. Hence, a more specific 54 

imaging technique is needed to evaluate tumour hemodynamics. 55 
 56 
Dynamic Susceptibility Contrast (DSC) MRI perfusion is an advanced imaging technique that measures 57 
hemodynamic parameters during the passage of a gadolinium-based contrast agent. It utilises T2*-58 
weighted sequences to quantify changes in magnetic susceptibility and derives key parameters such as 59 
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relative cerebral blood volume (rCBV) and relative cerebral blood flow (rCBF)
4
. These values correlate 60 

with tumour grade, making DSC perfusion valuable for preoperative grading, prognostication, and 61 
treatment planning

4
. 62 

 63 
DSC perfusion imaging can detect hypervascular areas even in histologically heterogeneous tumours and 64 
provide better tumour characterisation than standard post-contrast sequences

4
. Its non-invasive nature and 65 

ability to assess microvascular density make it particularly useful when histopathology is delayed or 66 
limited by sampling errors

4
. 67 

 68 
While many international studies support the utility of DSC perfusion imaging in brain tumours, limited 69 
data exists from regional Indian populations, particularly in the South Indian context. This study was thus 70 
undertaken to evaluate the diagnostic accuracy of DSC perfusion MRI in intracranial tumours and to 71 
correlate perfusion parameters with histopathological findings. 72 
 73 
By identifying perfusion thresholds and correlating imaging with histopathology, we aim to establish a 74 
reliable, non-invasive approach for pre-treatment tumour grading. Early and accurate differentiation 75 
between low- and high-grade lesions could significantly impact clinical decision-making and patient 76 
outcomes. 77 
 78 
MATERIALS AND METHODS 79 
 80 
This prospective observational study was conducted in the Department of Radiodiagnosis at a tertiary care 81 
teaching hospital in South India over a period of 18 months. The aim was to evaluate the diagnostic 82 
accuracy of dynamic susceptibility contrast (DSC) perfusion MRI in differentiating various types and 83 
grades of intracranial tumours, using histopathology as the gold standard. 84 
 85 
Study Population 86 
A total of 35 patients presenting with clinical suspicion of intracranial space-occupying lesions (ICSOLs) 87 
were recruited. All patients underwent routine MRI along with DSC perfusion imaging. Final 88 
histopathological diagnosis was obtained in all cases following surgical excision or biopsy. 89 
 90 
Inclusion Criteria 91 
 Patients of any age and gender with suspected primary or metastatic brain tumours. 92 
 Patients willing to undergo contrast MRI and subsequent histopathological evaluation. 93 
 No prior treatment (surgery, radiation, or chemotherapy) for brain tumours. 94 
 95 
Exclusion Criteria 96 
 Patients with contraindications to MRI (e.g., pacemakers, metallic implants). 97 
 Allergy or contraindication to gadolinium-based contrast agents. 98 
 Poor image quality due to motion artefacts or technical limitations. 99 
 100 
MRI Protocol 101 
All patients were imaged using a 1.5 Tesla MRI scanner. Conventional sequences included axial T1-102 
weighted, T2-weighted, FLAIR, diffusion-weighted imaging (DWI), susceptibility-weighted imaging 103 
(SWI), and post-contrast T1-weighted images. 104 
DSC Perfusion Technique 105 
Perfusion imaging was performed using T2*-weighted gradient-echo echo planar imaging (GRE-EPI) 106 
during the first-pass of a bolus of gadolinium contrast (0.1 mmol/kg). Data acquisition started 107 
simultaneously with contrast injection. A series of images were obtained rapidly to capture signal changes 108 
during the passage of contrast through cerebral vasculature. 109 
Post-processing and Analysis 110 
Perfusion maps—rCBV (relative cerebral blood volume), rCBF (relative cerebral blood flow), and MTT 111 
(mean transit time)—were generated using vendor-specific post-processing software. Regions of interest 112 
(ROIs) were manually placed in the solid enhancing component of the tumour and mirrored in contralateral 113 
normal white matter. rCBV values were calculated as a ratio of tumour to normal white matter. 114 
Histopathology Correlation 115 
Histopathological examination served as the reference standard. Tumours were classified and graded 116 
according to the WHO 2021 CNS tumour classification. 117 
Statistical Analysis 118 
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Data were analysed using SPSS software. Sensitivity, specificity, positive predictive value, and negative 119 
predictive value were calculated for rCBV and rCBF in differentiating high-grade from low-grade gliomas. 120 
ROC curves were used to determine optimal cutoff values. 121 
 122 

A B 123 

 124 

C D 125 

 126 

Fig22:AxialFLAIR (A)andsagittalT1+CMRimage(B)show a peripheral ring- enhancing lesion with 127 
marked surrounding oedema in a 54-year-old male. ROI at the peripheral enhancing margin of the 128 
lesion(C-D)shows a mild fall in signal with a near complete return of curve to baseline. 129 
Histopathology:Lymphoma. 130 

  131 

1
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A B 132 
 133 

C D 134 
 135 

 136 

E 137 
 138 
Fig 1: Sagittal T2 and axial T1 contrast images in a 35-year-old female. A high convexity dura-based mass in the 139 
right frontoparietal area (A) enhances homogeneously on contrast administration (B) ROI at the lesion (C and D) 140 
shows a marked signal drop with no return to baseline. Histopathology (E) shows meningiothelial neoplasm with 141 
meningiothelial cells arranged in syncytial and fibrous pattern : Transitional Meningioma. 142 
  143 

16

Page 10 of 14 - Integrity Submission Submission ID trn:oid:::2945:315709600

Page 10 of 14 - Integrity Submission Submission ID trn:oid:::2945:315709600



 

 

A B 144 
 145 

 146 
C D 147 

E 148 
 149 

Fig2:Coronalandsagittal T1+C sections of MRI(A-B).A Heterogeneous mildly enhancing lesion in mid-line 150 
posterior fossa in a13-year-oldmale. (C-D) shows mild signal drop.Histopathology (E): Medulloblastoma. 151 

 152 

 153 
 154 
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 155 
 156 
RESULTS 157 
 158 
This study evaluated perfusion parameters in 35 patients diagnosed with intracranial brain tumours on MRI, 159 
comparing findings with histopathological results. The two main perfusion parameters analyzed were 160 
relative cerebral blood volume (rCBV) and relative cerebral blood flow (rCBF). 161 
1. Age and Gender Distribution 162 
Most tumours (65%) occurred in patients aged over 40 years, with a mean age of 42.7 ± 16.4 years. Males 163 
constituted 54.3%, and females 45.7% of the study population. 164 
2. Tumour Location 165 
Of the 35 cases, 54.3% were intra-axial, and 45.7% were extra-axial tumours. 166 
3. Extra-axial Tumours 167 
Among extra-axial tumours, meningiomas (68.75%) were more common than schwannomas (31.25%). 168 
Mean rCBV was significantly higher in meningiomas (5.57) compared to schwannomas (4.07) (p = 0.002). 169 
Mean rCBF was also higher in meningiomas (2.96) than in schwannomas (2.60), but this was not 170 
statistically significant (p = 0.258). 171 
4. Adult Intra-axial Tumours 172 
These included high-grade gliomas (53.3%), low-grade gliomas (40%), and lymphomas (6.7%). 173 
High-grade gliomas showed significantly higher perfusion values: 174 
rCBV: 5.75 ± 0.91 vs. 2.83 ± 1.84 in low-grade gliomas (p = 0.010) 175 
rCBF: 3.41 ± 1.10 vs. 1.60 ± 0.94 (p = 0.006) 176 
5. Diagnostic Accuracy 177 
rCBV cut-off of 5.15 yielded: 178 
Sensitivity: 75% 179 
Specificity: 83.3% 180 
PPV: 85.7%, NPV: 71.4% 181 
AUC: 0.917 (p = 0.010) 182 
rCBF cut-off of 2.25 yielded: 183 
Sensitivity: 87.5% 184 
Specificity: 83.3% 185 
PPV & NPV: 87.5%, 83.3% respectively 186 
AUC: 0.906 (p = 0.012) 187 
These findings demonstrate the diagnostic utility of perfusion MRI, especially rCBV and rCBF, in 188 
distinguishing between high- and low-grade gliomas. 189 
6. Pediatric Tumours 190 
Among 4 pediatric patients, high-grade embryonal tumours showed the highest perfusion values (rCBV: 191 
4.8, rCBF: 3.8). Medulloblastoma and pilocytic astrocytoma showed moderate values in a comparable 192 
range. 193 
 194 
DISCUSSION 195 
 196 
This study examined the utility of Dynamic Susceptibility Contrast (DSC) MRI perfusion parameters—197 
relative cerebral blood volume (rCBV) and relative cerebral blood flow (rCBF)—in evaluating brain 198 
tumours, with histopathology as the reference standard. 199 
 200 
Extra-Axial Tumours 201 
Among extra-axial tumours, meningiomas demonstrated higher rCBV values compared to schwannomas 202 
(mean 5.57 vs. 4.07; p = 0.002). The increased rCBV correlates with the known hypervascular nature of 203 
meningiomas and their strong vascular stroma, which has been supported in previous perfusion studies

5
. 204 

Although rCBF values were slightly higher in meningiomas (2.96 vs. 2.60), this difference was not 205 
statistically significant (p = 0.258), implying that rCBV is a more reliable perfusion marker in evaluating 206 
these tumours

5
. 207 

 208 
Intra-Axial Tumours – Gliomas 209 
The perfusion parameters rCBV and rCBF effectively distinguished high-grade from low-grade gliomas. 210 
High-grade gliomas showed significantly increased rCBV (5.75 vs. 2.83; p = 0.010) and rCBF (3.41 vs. 211 
1.60; p = 0.006), consistent with literature linking increased angiogenesis and neovascularisation to tumour 212 
aggressiveness

6
,
7
. 213 

 214 
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ROC analysis identified a cut-off value of rCBV > 5.15, achieving 75% sensitivity and 83.3% specificity. 215 
For rCBF, a cut-off >2.25 yielded 87.5% sensitivity and 83.3% specificity. These findings agree with 216 
multiple meta-analyses demonstrating rCBV as a strong predictor for glioma grading, with pooled 217 
sensitivity and specificity exceeding 90% and 80%, respectively

8
,
9
. 218 

 219 
Though rCBF is less widely adopted than rCBV, several studies support its complementary role, 220 
particularly when interpreted alongside morphological and spectroscopic data

10
. However, perfusion 221 

metrics may be influenced by tumour heterogeneity, necrosis, and susceptibility artefacts, making 222 
consistent ROI placement and technical standardisation critical

11
. 223 

 224 
Paediatric Tumours 225 
In paediatric patients, high-grade embryonal tumours displayed higher rCBV and rCBF compared to 226 
medulloblastomas and pilocytic astrocytomas. These observations are consistent with prior reports 227 
showing increased perfusion in aggressive childhood CNS tumours

12
. Due to limited sample size, however, 228 

definitive conclusions remain tentative. 229 
 230 
STRENGTHS AND LIMITATIONS 231 
 232 
The study's strength lies in its correlation with histopathology and inclusion of both intra- and extra-axial 233 
tumours across age groups. Nonetheless, limitations include a small sample size, particularly among 234 
paediatric and low-frequency tumour subtypes, and lack of molecular profiling (e.g., IDH mutation, 1p/19q 235 
codeletion), which is increasingly relevant in glioma classification

13
. 236 

 237 
Perfusion imaging is also susceptible to errors due to contrast leakage, artefacts, and imprecise tumour ROI 238 
selection, especially in heterogeneous lesions. Advanced methods such as leakage correction algorithms 239 
and automated segmentation tools could improve accuracy in future studies

14
. 240 

 241 
CONCLUSION 242 
 243 
Our findings demonstrate that DSC perfusion MRI, particularly rCBV, is an effective non-invasive tool for 244 
assessing brain tumour vascularity and grading. Significant differences in rCBV and rCBF values between 245 
high-grade and low-grade gliomas, and between meningiomas and schwannomas, were observed. 246 
 247 
rCBV showed statistically significant accuracy in differentiating tumour grades and types. 248 
 249 
rCBF also contributed useful diagnostic information, with higher sensitivity in glioma grading. 250 
 251 
Cut-off values of rCBV >5.15 and rCBF >2.25 were found effective in differentiating high- from low-252 
grade gliomas. 253 
 254 
Given its diagnostic utility, DSC perfusion MRI should be integrated into routine MRI protocols for brain 255 
tumour evaluation. This modality can assist with biopsy targeting, pre-operative planning, and treatment 256 
monitoring. However, future studies with larger cohorts and molecular correlations are essential to 257 
strengthen and standardise these findings. 258 
 259 
REFERENCES 260 
 261 
 262 
1. Louis DN, Perry A, Wesseling P, et al. The 2021 WHO Classification of Tumors of the Central 263 

Nervous System: a summary. Neuro Oncol. 2021;23(8):1231–1251. 264 
2. Meel M, Choudhary N, Kumar M, Mathur K. Epidemiological profiling and trends of primary 265 

intracranial tumors: a hospital-based brain tumor registry from a tertiary care center. J Neurosci Rural 266 
Pract. 2021;12(1):145–152. 267 

3. Cha S. Neuroimaging in neuro-oncology. Neurotherapeutics. 2009;6(3):465–477. 268 
4. Law M, Yang S, Wang H, et al. Glioma grading: sensitivity, specificity, and predictive values of 269 

perfusion MR imaging and proton MR spectroscopic imaging compared with conventional MR 270 
imaging. AJNR Am J Neuroradiol. 2003;24(10):1989–98. 271 

5. Shiroishi MS, Castellazzi G, Boxerman JL, Pope WB, Bangiyev L, Sener RN. Principles of T1-272 
weighted dynamic contrast-enhanced MRI in brain tumor imaging. Neuroimaging Clin N Am. 273 
2015;25(1):27–52. 274 

22

34

38

Page 13 of 14 - Integrity Submission Submission ID trn:oid:::2945:315709600

Page 13 of 14 - Integrity Submission Submission ID trn:oid:::2945:315709600



 

 

6. Law M, Yang S, Wang H, Babb JS, Johnson G, Cha S, et al. Glioma grading: sensitivity, specificity, 275 
and predictive values of perfusion MR imaging and proton MR spectroscopic imaging compared with 276 
conventional MR imaging. AJNR Am J Neuroradiol. 2003;24(10):1989–98. 277 

7. Maia AC, Malheiros SM, da Rocha AJ, Paiva WS, Ferreira NP, Tavares MG, et al. Perfusion MR 278 
imaging of brain tumors: a comparative study of regional cerebral blood volume measurements using 279 
spin-echo and gradient-echo sequences. AJNR Am J Neuroradiol. 2004;25(4):631–9. 280 

8. Suh CH, Kim HS, Choi YJ, Kim N, Kim SJ. The diagnostic performance of DSC-MRI for the 281 
grading of gliomas: a systematic review and meta-analysis. Neuro Oncol. 2018;20(9):1195–203. 282 

9. Thust SC, van den Bent MJ, Smits M. Pseudoprogression of brain tumors. J Magn Reson Imaging. 283 
2018;48(3):571–89. 284 

 285 
10. Petrella JR, Provenzale JM. MR perfusion imaging of the brain: techniques and applications. 286 

Radiology. 2000;217(3):632–41. 287 
11. Boxerman JL, Schmainda KM, Weisskoff RM. Relative cerebral blood volume maps corrected for 288 

contrast agent extravasation significantly correlate with glioma tumour grade. AJNR Am J 289 
Neuroradiol. 2006;27(4):859–67. 290 

12. Warmuth C, Gunther M, Zimmer C. Quantification of perfusion MRI in brain tumors: a review of 291 
microvascular permeability, cerebral blood volume and blood flow. Neuroradiology. 292 
2003;45(11):755–66. 293 

13. Louis DN, Perry A, Wesseling P, Brat DJ, Cree IA, Figarella-Branger D, et al. The 2021 WHO 294 
Classification of Tumors of the Central Nervous System: a summary. Neuro Oncol. 295 
2021;23(8):1231–51. 296 

14. Emblem KE, Due-Tonnessen P, Nedregaard B, Nome T, Hald JK, Scheie D, et al. Glioma grading by 297 
using histogram analysis of blood volume heterogeneity from MR-derived parametric maps. 298 
Radiology. 2008;247(3):808–17. 299 

Page 14 of 14 - Integrity Submission Submission ID trn:oid:::2945:315709600

Page 14 of 14 - Integrity Submission Submission ID trn:oid:::2945:315709600


