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Quantitative MRI: Diffusion, Perfusion, BOLD
With Emphasis on Cardiac Perfusion MRI (CMR)

• Quantitative interpretation of MRI signals

• Mathematical models linking signal and physiology

• Reliable clinical parameters (diffusion, perfusion, brain activation)







Dynamic Contrast Enhanced T1w Sequences

We first undo the scanner physics before we can interpret physiology



Fredholm integral equation of the first kind

This simply says: tissue signal is a blurred and delayed 
version of the arterial input.





Without regularization, small noise leads to completely wrong blood flow values.



Stejskal–Tanner relation

Unlike perfusion, diffusion does not require deconvolution—but still requires model fitting under noise.

Log-linearization hides the inverse problem.
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Clinical Applications of Quantitive MRI



Functional MRI (fMRI)
Another delayed nonlinear system with memory



Summary: Quantitative MRI Methods (model-based approaches)

DICOM = data standard

NIfTI = neuroimaging data format

PACS = image storage and archive 

system



qMRI is Model-Based Inference under Noise
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