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• is a term used to denote a variety of MRI techniques able to give 

insights into the perfusion of tissues by blood 

 

• there are three techniques in wide use to derive one or more perfusion 

values:  

– dynamic susceptibility contrast (DSC) MR perfusion  

– dynamic contrast enhanced (DCE) MR perfusion  

– arterial spin labelling (ASL) MR perfusion  

Perfusion weighted imaging  

http://radiopaedia.org/articles/dynamic-susceptibility-contrast-dsc-mr-perfusion
http://radiopaedia.org/articles/dynamic-susceptibility-contrast-dsc-mr-perfusion
http://radiopaedia.org/articles/dynamic-susceptibility-contrast-dsc-mr-perfusion
http://radiopaedia.org/articles/dynamic-contrast-enhanced-dce-mr-perfusion
http://radiopaedia.org/articles/arterial-spin-labelling-asl-mr-perfusion


 



• susceptibility induced signal loss on T2* weighted sequences which 

results from a bolus of gadolinium - based contrast passing through a 

capillary bed  

• can be performed with both T2 (e.g. spin echo - requires higher doses of 

contrast) and T2* (e.g. gradient-echo echo-planar) sequences 

Dynamic susceptibility contrast (DSC) MR perfusion  



• T2-weighted spin-echo MR images are less sensitive than gradient-

echo MR images and require double or even quadruple the dose of 

contrast agent to provide substantial signal changes during the passage 

of the bolus 

 

• gradient-echo MR imaging sequences are more prone to magnetic 

susceptibility artifacts 

 

• artifacts in gradient-echo MR images can be overcome to a large extent 

by reducing the slice thickness 





Cerebral blood perfusion by bolus tracking 

power injector - Gadolium 

              5ml/sec 

Procedure : 

 

1 - Start Imaging 

2 - Inject Contrast* 

3 - Continue Imaging 

Requires very high  

speed imaging 

10 slices  -  50 images of each slice   -  TOTAL time   1:34 min 

* Push Gadolinium with 20 cc of saline flush 











• calculates perfusion parameters by evaluating T1 shortening induced 

by a gadolinium-based contrast bolus passing through tissue 

 

•  the most common calculated parameter is k-trans   

 

•  an i.v. contrast bolus is injected and rapid repeated T1 imaging is 

obtained 

 

•  intravascular gadolinium (i.e. true perfusion), and accumulation of 

gadolinium in the extravascular space (i.e. permeability)  

Dynamic contrast - enhanced (DCE) MR perfusion, 

(permeability MRI) 

http://radiopaedia.org/articles/k-trans
http://radiopaedia.org/articles/k-trans
http://radiopaedia.org/articles/k-trans




Arterial spin labeling (ASL) 

 a technique that uses magnetically labeled arterial blood water protons as 

endogenous tracer 

 non-ionizing & non-invasive technique useful in: 

 all pts (pediatric), pts with renal insufficiency, repeated follow-ups  

 quantitative method  - blood flow 

 global hypo- or hyper-perfusion states; comparison between multiple 

measurements in longitudinal studies. 

• pulsed ASL  

• continuous ASL  

• pseudocontinuous ASL 



 





Applications of Perfusion MRI 

• Neurology  

• Gerontology 

• Neuro-oncology 

• Neurophysiology 

• Neuropharmacology 



Perfusion Imaging: Findings in Infarction 

• CBV 

– regional perfusion deficit 

– compensatory increased volume 

 

• MTT 

– regional prolongation of transit time 

Stroke 
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How do these variables useful in tell us what’s going on? 

Ischemia 
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How do these variables useful in tell us what’s going on? 

 

Infarction 





1. Distinguishing neoplastic-versus-non-neoplastic (eg, tumefactive 

demyelinating, infectious) etiologies of mass lesions 

 

2. Distinguishing between neoplastic etiologies of masses (eg,glioma versus 

lymphoma versus metastasis) 

 

3. Suggesting glioma and meningioma grade and biologic activity/outcome 

Brain Tumors 



4. Guiding surgical interventions (eg, stereotactic biopsies) toward the 

highest grade regions of tumors 

 

5. Evaluating response to therapy 

a) Tumor progression versus pseudoprogression or radiation necrosis in 

gliomas treated with chemoradiation 

b) Tumor progression versus radiation necrosis in metastases treated with 

stereotactic radiosurgery 

c) Tumor response versus pseudoresponse in gliomas treated with 

antiangiogenic chemotherapies 

 



Findings with Perfusion imaging for Neuro-oncology 

• Critical imaging to BBBB imaging of neoplasm 

– many tumors have high rCBV 

– regions of increased rCBV correlate with areas of active tumor. 

– heterogeneous patterns of perfusion suggest high grade 

– radiation necrosis typically demonstrates low rCBV 

 

• Lesion characterization may be possible 

– meningiomas have very high CBV in contrast to schwannomas 

New Jersey Neuroscience Institute 



• Selecting a biopsy target based on contrast enhanced T1- weighted MR 

imaging alone may be quite challenging. Maps of cerebral blood volume 

can depict regions of increased vascularity that can serve as additional 

targets for stereotactic biopsy 

 

• Studies have shown that maps of estimated cerebral blood volume (ie, 

relative cerebral blood volume) correlate with the histopathologic 

microvascularity of glial tumors and are a valuable guide for stereotactic 

biopsy 

Petrella JR, Provenzale JM. MR perfusion imaging of the brain: 

techniques and applications. AJRAmJ Roentgenol 2000;175:207–19 



Gliomas 

 

• in primary high-grade gliomas, vascular morphology is a critical 

parameter in determining the potential for malignancy and for survival 

• glioma grading is important for determining both prognosis and therapy 

 

 

 

 



Low-grade astrocytoma  



A metastatic brain tumor presents as a solitary lesion 

• can have an appearance similar to that of a glioma on enhanced T1-

weighted and other standard MR images 

 

Perfusion MR imaging  

• may be useful in differentiating a solitary metastasis from a primary 

glioma based on the difference in the measurements of peritumoral 

relative CBV 

 



Metastasis 

 



Primary cerebral lymphomas 

 
• the incidence of primary cerebral lymphomas has substantially increased 

in both immunocompromised and immunocompetent individuals   

 

• histopathologically shows angiocentric growth with neoplastic cells 

forming multiple thick layers around blood vessels 

 

• generally appear as avascular on angiography 

 

• distinction is important because unlike other high-grade intracranial 

neoplasms, lymphomas are treated with combined high-dose 

chemotherapy and radiation therapy without radical surgery 



lymphoma 



Tumor - mimicking lesions 

 
• cerebral infections, tumefactive demyelinating lesions, infarcts - may be 

confused with and misdiagnosed as brain tumors 

 

• the conventional MR imaging appearance of these lesions can be 

nonspecific and pose a serious challenge in differentiation from brain 

tumors 

 

• perfusion MR imaging offers a different mechanism of differentiation by 

assessment of variations in vascularity of these lesions 

 



Adem 



Tumefactive demyelinating lesion 



• delayed radiation necrosis usually is indistinguishable from recurrent 

tumors clinically and radiologically 

 

• clinically, patients with either entity can present with progressive focal 

neurologic deficits and signs of increased intracranial pressure 

 

•  on imaging, both entities can appear as a mass lesion with 

surrounding edema 





Alzheimer’s disease 

• FDG PET 

– marked temporo-parietal 

hypometabolism 

• Tc-HMPAO SPECT 

– marked temporo-parietal 

hypoperfusion 

• DSC MRI  

– correlates well with SPECT  

Findings with Perfusion imaging for Gerontology 



Normal brain vs Alzheimer disease 



Conclusion 

• inclusion of perfusion MR imaging as part of a routine evaluation of 

brain tumors can lead to improved diagnostic accuracy, understanding 

of tumor pathophysiology, and detection and quantification of tumor 

angiogenesis 

• with improvements of image acquisition techniques and the 

improvement and standardization of postprocessing software in the 

future 

• DSC, DCE, and ASL MR perfusion may receive greater acceptance in 

the everyday clinical routine  

 



 

Thank you for your attention! 



 



 


