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PRESENTATION OBJECTIVES 

Review classification 

and pathophysiology 

of primary brain 

tumours  

Describe 

fundamentals of MR 

Perfusion imaging 

and protocols at 3T 

Apply MR perfusion in 

the assessment of 

tumour progression 

versus post-radiation 

change   



PRESENTATION PEARLS 

In clinical practice, 
tumour grading 

important 

 

 

 

• Conventional MRI 

• Histopathology 

Differentiation of tumour 
progression vs radiation 

change paramount 

 

 

 

• 3T MRI 

• MR Perfusion 

• Tumour Genetics 

In clinical practice 

• Portion of most 
aggressive tumour 
(highest grade) 

• Features that 
suggest de-
differentiation 

• Incorporate MR 
perfusion into 
routine primary 
brain tumour 
protocols 



BRAIN TUMOURS 

• 27 CANADIANS

•

•

2 YEARS

•

• 52 VISITS 

•



CONVENTIONAL IMAGING – 1.5/3T 

T1 POST CONTRAST T1 FLAIR T2 

Where not otherwise specified, images courtesy of Kingston Health Sciences Centre and Hamilton Health Sciences Centre 



T1 

CONVENTIONAL IMAGING 

Butterfly Glioma 



BRAIN TUMOURS 

World Health 

Organization 

Physical Appearance 



GLIOBLASTOMA – WHO GRADE IV 

MICROVASCULAR PROLIFERATION WITH ENDOTHELIAL HYPERPLASIA 

HIGH PROLIFERATIVE INDEX 



GFAP Ki67 



BRAIN TUMOURS 

• HISTOLOGY

•
OLIGODENDROGLIOMA AND ASTROCYTOMA

• WHO 2016 MOLECULAR 
CHARACTERISTICS 

•

• IDH1/2

• 1P/19 Q 
CO-DELETION



BRAIN 

TUMOURS 

Biomarkers 

IDH1 mutation 

1p 19q co-deletion 



WILD TYPE 



3T MR PERFUSION 

Where not otherwise specified, images courtesy of 

Queen’s University 



PERFUSION IMAGING 

Perfusion MRI techniques can 
be used for quantitative 
assessment of specific 

pathophysiologic parameters 
 

Perfusion assesses a highly 
specific indicator of 

malignancy: 

ANGIOGENESIS 



ANGIOGENESIS 

Tumour hypoxia is one of the initiating events 

This leads to secretion of 
vasoactive substances by 
the tumour and host immune 
cells: 

VEGF 

IL-8, PDGF, EGFR 

Induce expression of aquaporins (AQP4), which 
suppresses the expression of endothelial tight junction 
proteins, resulting in varying degrees of impairment of 
the BBB 

In GBM, formation of new dense beds of tortuous and 
abnormal neo-capillaries produces high local tissue 
blood volume* 

* Manoonkitiwongsa PS et al.  Contraindications of VEGF-based therapeutic angiogenesis: 
effects on macrophage density and histology of normal and ischemic brains.  Vascul 

Pharmacol.  2006;44(5):316-325). 



ANGIOGENESIS 

To grow beyond a few mm in size, tumours must 

develop network of new vascular supply 

The new vessels formed are characteristically abnormal 

by virtue of having increased tortuosity, lack of maturity, 

and increased permeability due to the presence of 

large endothelial gaps 

This lack of maturity can be exploited by MR perfusion 

(PWI).  The amount of perfusion signal is proportional to 

the number of vessels (capillaries) in the voxel.  Capillary 

density, in turn, is a reflection of tumour aggressiveness 

* Manoonkitiwongsa PS et al.  Contraindications of VEGF-based therapeutic angiogenesis: 

effects on macrophage density and histology of normal and ischemic brains.  Vascul 

Pharmacol.  2006;44(5):316-325). 

Bottom line: 

Perfusion signal is 

proportional to tumour 

grade**. 



HOW TO PERFORM 

 MR PERFUSION 



3T MRI PERFUSION PROTOCOL – QUEEN’S 

•

• SINGLE SHOT FID EPI, T2* 
WEIGHTED  

•

• 2D ACQUISITION 

•

•

• SLICE THICKNESS = 4.5

•

•

•

• 26

•

• SCAN TIME = 1:39 

•

•

• DOUBLE GADO DOSE (0.1ML/KG X 2) 

•

•

•

•



3T MR PERFUSION – RAW DATA IMAGES 

• Dynamic IV 

injection 

• ASL 

 

• ~ 650-700  images 

 

• Temporally and 

anatomically 

spaced 



3T MR PERFUSION - KINETICS 

©2002 by Radiological Society of North America 

Cha S et al. Radiology 2002;223:11-29 



MR PERFUSION KINETICS 

•

• TOTAL AREA ("INTEGRAL") UNDER THE SIGNAL 

INTENSITY CURVE 

•

•

Welker K, Boxerman J, Kalnin A, et al. ASFNR recommendations for clinical 

performance of MR dynamic susceptibility contrast perfusion imaging of the 

brain. AJNR Am J Neuroradiol 2015; 36: E41-E51. 

http://mriquestions.com/uploads/3/4/5/7/34572113/white_paper_asfnr_on_dsc_ajnr.a4341.full.pdf
http://mriquestions.com/uploads/3/4/5/7/34572113/white_paper_asfnr_on_dsc_ajnr.a4341.full.pdf
http://mriquestions.com/uploads/3/4/5/7/34572113/white_paper_asfnr_on_dsc_ajnr.a4341.full.pdf


MR PERFUSION APPLICATIONS 

Grading 
Monitoring low-
grade gliomas 

Monitoring high-
grade gliomas 

Mapping 
boundaries 

Radiation 
necrosis versus 

tumour 
progression 

Others:  
Metastases, 
Lymphoma, 

Meningioma, TDL 



Grading 
MR PERFUSION  

APPLICATIONS 



GLIOMA 

GRADING 

Strong correlation between rCBV 
from perfusion MRI and glioma 
grade* 

Bisdas et al. found that 
rCBVmax greater than 4.2 was 
predictive of recurrence and that 
rCBVmax of 3.8 or less was predictive 
of 1-year survival of astrocytoma** 

•* Shin JH, Lee HK, Kwun BD, et al. Using relative cerebral blood flow and volume to evaluate the 
histopathologic grade of cerebral gliomas: preliminary results. AJR 2002; 179:783–789 

•**Bisdas S, Kirkpatrick M, Giglio P, Welsh C, Spampinato MV, Rumboldt Z. Cerebral blood volume 
measurements by perfusion-weighted MR imaging in gliomas: ready for prime time in predicting 

short-term outcome and recurrent disease? AJNR 2009; 30:681–688 



CASE 1 





rCBV 1.16:1 



LOW VS HIGH GRADE - CBV 

High-grade and low-grade 
gliomas: differentiation by 

using perfusion MR imaging. 
Hakyemez B et al. Clin 

Radiol. 2005 Apr;60(4):493-
502 

Study involved 33 patients 
(22 high-grade and 11 low-

grade glioma cases) 

The rCBV ratios of the lesions 
were obtained by dividing 
the values obtained from 

the normal white matter of 
the contralateral 

hemisphere 

In high-grade gliomas, rCBV 
ratio was 6.50+/-4.29 

In low-grade gliomas, rCBV 
ratio was 1.69+/-0.51 

Perfusion MRI is useful in the 
preoperative assessment of 
the histopathological grade 

of gliomas 

Clin Radiol. 2005 Apr;60(4):493-502 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Hakyemez B[Author]&cauthor=true&cauthor_uid=15767107
https://www.ncbi.nlm.nih.gov/pubmed/15767107/
https://www.ncbi.nlm.nih.gov/pubmed/15767107/
https://www.ncbi.nlm.nih.gov/pubmed/15767107/


MR PERFUSION - TUMOUR 

GRADE 

•



CASE 2 



CASE 3 

RCBV > 3.5 



Monitoring low-grade gliomas 
MR PERFUSION  

APPLICATIONS 



CASE 1 - 41 Y.O. MALE, 3 SEIZURE-LIKE EPISODES 



Grade II astrocytoma, +Del chromosome 

rCBV 1.58 



CASE 2 - 36 Y.O. OLIGODENDROGLIOMA 

RESECTED IN 1996 

2006 2007 2011 



CASE 3 



C+ 

C− C+ 



CASE 8 



rCBV 1.6:1 



OLIGODENDROGLIOMA, WHO GRADE II 

IDH1R132H MUTANT 

1P/19Q CO-DELETED 



HPS Ki-67 

IDH1R132H 



Mapping boundaries 
MR PERFUSION  

APPLICATIONS 



MAPPING BOUNDARIES 

Biopsy of brain tumors is 
guided by either 

contrast-enhanced CT 
or MRI 

Sampling error is a 
major pitfall with this 

method because the 
most malignant 

portion of the tumor 
may not necessarily 

show contrast 
enhancement. 38% of 

anaplastic 
astrocytomas are not 

substantially 
enhancing; as many 

as 25% of brain tumors 
are likely undergraded 

as a result* 

Relative CBV maps can 
be used to better select 

the highest-grade 
regions for biopsy targets 
of both enhancing and 

non-enhancing 
tumours** 

 



CASE 1 – 79 YEAR-OLD MALE 

BIOPSY GUIDANCE 

Grade IV astrocytoma (GB); rCBV 7.5 



Monitoring high-grade 
gliomas 

MR PERFUSION  

APPLICATIONS 



MR PERFUSION - MONITORING HIGH-GRADE 

GLIOMAS 

New molecularly targeted anti-angiogenic drugs are being 
developed. PWI offers a method to monitor response to such 
chemotherapeutic agents 

Earlier detection of tumour 
progression: 

In one study of 59 patients, progression was 
detected by CBV maps an average of 4.5 
months earlier than by MRI in 32%, an 
average of 4.5 months earlier than by TI-
SPECT in 63%, and an average of 6.0 months 
earlier than clinical assessment in 55%* 

Sensitivity 50%, Specificity 90%. AJNR Am. J. Neuroradiol. 
2000;21(5):901-909). 



CASE 1 





rCBV ratio: 8.1:1 



Tumour progression versus 
Radiation Necrosis 

MR PERFUSION  

APPLICATIONS 



TUMOUR 

PROGRESSION 

VERSUS 

RADIATION 

NECROSIS 

• CRITICAL: 

 

• VASTLY DIFFERENT MANAGEMENT STRATEGIES: 
FURTHER SURGERY AND CHEMOTHERAPY/RADIATION 
THERAPY VS. STEROIDS 

• CONVENTIONAL CONTRAST-ENHANCED MRI IS NOT 
RELIABLE FOR DIFFERENTIATING* 

• RELATIVE CBV APPEARS TO BE ELEVATED IN PATIENTS 
WITH RECURRENT TUMOUR, LIKELY REFLECTIVE OF THE 
INCREASED VASCULAR PROLIFERATION AND LEAKY 
CAPILLARIES OF RECURRENT TUMOUR 

• RELATIVE CBV IS DECREASED IN RADIATION 
NECROSIS DUE TO COMPOSED OF EXTENSIVE 
FIBRINOID NECROSIS, VASCULAR DILATATION, AND 
ENDOTHELIAL INJURY** 
 
 
 
 
 

Kumar AJ, Leeds NE, Fuller GN, et al. Malignant gliomas: MR imaging spectrum of radiation therapy- 

and chemotherapy-induced necrosis of the brain after treatment. Radiology 2000; 217:377–384 



TUMOUR 

PROGRESSION 

VERSUS 

RADIATION 

NECROSIS 

 

• IN A STUDY OF 20 PATIENTS AFTER 

RADIOTHERAPY, AN ENHANCING LESION WITH 

RELATIVE REGIONAL CBV RATIOS OF HIGHER 

THAN 2.6 INDICATES TUMOUR RECURRENCE, 

WHILE RATIOS LOWER THAN 0.6 INDICATES 

THERAPY-RELATED NON-NEOPLASTIC CONTRAST 

ENHANCEMENT 

 

• SENSITIVITY 50%, SPECIFICITY 90% 

 

AJNR Am. J. Neuroradiol. 2000;21(5):901-909. 



TUMOUR PROGRESSION VERSUS RADIATION 

NECROSIS

CBV 

1.33 

CBV 

2.68 



CASE 1 - 23 YEAR-OLD, RIGHT HAND TREMOR 

2009 May 2011 

Grade II oligo, -Del Radiation Necrosis 



CASE 2 – 2 YEARS AFTER THERAPY: PROGRESSIVE 

HEADACHE, CONFUSION, BEHAVIORAL CHANGES 



FIBRINOID 

NECROSIS 



CASE 4 



April 2013 



Sept 2013 April 2013 



Ki67 ~ 7% 

GLIOBASTOMA – WITH EXTENSIVE RADIATION-TYPE NECROSIS 

DECREASED TUMOUR CELL PROLIFERATION 

VACUOLIZATION WITH CYSTIC CHANGE 



MR PERFUSION – UTILITY 

“Perfusion imaging appears to 

have a significant impact on 
clinical decision-making and 

subspecialist physicians’ 

confidence in management 

plans for patients with brain 
tumor.”  
 

 
C.P. Geer et al. AJNR Am J Neuroradiol 2012;33:556-562 



MR PERFUSION 

- CONFIDENCE 

©2012 by American Society of Neuroradiology 

C.P. Geer et al. AJNR Am J Neuroradiol 

2012;33:556-562 

“Perfusion imaging 

appears to have a 

significant impact on 

clinical decision-making 

and subspecialist 

physicians' confidence in 
management plans for 

patients with brain tumor.” 



BRAIN TUMOUR 

 

DIAGNOSTIC 
ALGORITHM 

 
Al-Okaili R N et al. Radiographics 2006;26:S173-S189 















SUMMARY 

Reviewed classification and 

pathophysiology of primary brain 

tumours  

Reviewed fundamentals of MR 

Perfusion imaging using 3T 

Applied MR perfusion in the assessment 

of tumour progression versus radiation 

necrosis 

Future is Integration of MR in Cancer 

Imaging Protocols 



THANK YOU 


