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Goal of Cardiac Imaging?


•  Anatomy (geometry) 
–  How are structures connected to one another? 

•  Function (dynamics) 
–  Quantitatively measure GLOBAL or REGIONAL 
cardiac performance. 

•  Flow 
–  Where does blood flow?  
–  How are vessels connected? 

•  Structure 
–  How are cells oriented? 
–  Where is the scar tissue? 

Cardiac Gross Anatomy
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Gross Anatomy (Scalar Data)


High Resolution Ex Vivo Imaging 

Gross Anatomy (Scalar Data)


Global Function (Scalar Data)


Normal Subject
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Global Function (Scalar Data)


Normal Subject


Left Ventricular: 
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 Ventricular Volume [mL] 
 Ejection Fraction [%] 
 Cardiac Output [L/min] 

Manual Segmentation


Left Ventricular Short Axis Left Ventricular Long Axis 

Non-rigid Registration


Left Ventricular Short Axis Left Ventricular Long Axis 

Combine manual contours with non-rigid registration. 

Li B et al Med Image Comput Comput Assist Interv 2008;11(Pt 2):880-887 
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Volumetric Planimetry


Left Ventricular: 
 Wall Mass [grams] 
 Ventricular Volume [mL] 
 Ejection Fraction [%] 
 Cardiac Output [L/min] 

NMR Signals are Complex


θ |MXY| 

θ=θEddy+θOff+θMotion 
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Phase Contrast Velocity
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Westenberg JJM, et al. Radiology 2008; 249:792-800


Phase Contrast Velocity


Conservation of Flow


Westenberg JJM, et al. Radiology 2008; 249:792-800
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Pressure Gradients


RB Thompson et al Mag Reson Med 2003;49(6):1056-1066  

Velocity Vector Imaging


Movie Courtesy of Richard Thompson, U. Alberta


Particle Tracing


AF Bolger et al J Cardiovasc Magn Reson 2007;9(5):741-747 

Particle Tracking


Normal Ejection Fraction ~58%
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Displacement Vector Imaging


Movie courtesy of Han Wen (NIH/NHLBI) 

Regional Cardiac Function with DENSE MRI 

Regional Cardiac Function


Strain Tensor Data


Circumferential Shortening
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Diffusion Tensor MRI


Diffusion Tensor MRI


Diffusion Tensor MRI
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Diffusion Tensor Data


Ennis DB, et al. MRM 2005; v53(1):p169-176.


Diffusion Tensor MRI


Cardiac Structure & Function
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