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It’s useful…



Blood flow quantification

Healthy volunteer Patient with dilated aorta

R. Manka, G. Crelier
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Nonlinear decoding

Lustig M et al. MRM 2007
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Otazo R et al. ISMRM 2013



Compressed Sensing
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Undersampling progress – Cardiac
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Blood flow quantification

Healthy volunteer Patient with dilated aorta









Reconstruction accuracy
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J. Busch et al. MRM  2013



Divergence-free image reconstruction
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Divergence-free image reconstruction
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div(v)=0

J. Busch et al. MRM  2013



Image reconstruction in non-linear feature spaces

Image space Non-linear feature space

( )xΦ

Schmidt J et al. PLOS ONE 2016



Image reconstruction in non-linear feature spaces

Schmidt J et al. PLOS ONE 2016
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3D dynamic perfusion imaging

MR Contrast agent
(Gadolinium)



Stress PET

5x 2D k-t SENSE (1.1 x 1.1 mm2)

2D Perfusion imaging

Plein S et al. MRM 2008, Radiology 2009 






k-t PCA

MRI Kontrastmittel
(Gadolinium)

10x k-t PCA (2.2x2.2x10 mm3)

Vitanis V et al. MRM 2011, Manka R et al. JACC 2011, Jogyia R et al. JACC 2012
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3D Perfusion trial

n

Fractional Flow Reserve (FFR)

3D Perfusion Multi-centre study

N=150 CMR vs. FFR CMR vs. QCA

Sensitivity (%) 90 77

Specificity (%) 89 94

NPV (%) 88 68

PPV (%) 89 96

Manka R et al. Circ CVI 2015
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10x 3D k-t PCA (2.2 x 2.2 mm2)

Motion artifacts

Schmidt JF et al. MRM 2013



Generic matrix description of motion 
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Data-driven motion correction
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10x 3D k-t PCA

Data-driven motion correction
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Schmidt JF et al. MRM 2013 



Hybrid imaging – MR/CT

3D MR Perfusion + CT Angiography

Manka R et al. Eur Heart J 2011
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Position  Frequency
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Cell respiration
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Spectroscopy
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Carbon imaging

0.1-1 mM



Dynamic Nuclear Polarization
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Dissolution Dynamic Nuclear Polarization
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Prototype polarizer

Batel M et al. JMR 2012



Dissolution dynamic nuclear polarization

Wespi P, Steinhauser J et al.



Metabolism of isolated rat heart
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Real-time metabolic imaging

Pyruvate Lactate Bicarbonate
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O h-Ici D et al. Radiology 2015
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From bench to bedside

Pyruvate Lactate Bicarbonate Pyr hydrate Alanine

Nelson SJ et al. Science Transl Med 2013
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Blood flow
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Blood flow quantification – relative pressure maps

Flow field Pressure fieldBoundaries

Crelier G et al. GyroTools



Blood flow quantification

Pre operation Post operation

Manka R, Busch J et al. Eur Heart J 2013



Blood flow quantification

Pre operation Post operation

Manka R, Busch J et al. Eur Heart J 2013



Diffusion
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Cardiac DTI

Gamper U et al. MRM 2007

Velocity compensated diffusion-weighted spin-echo



Conformal mapping

Toussaint N et al. MICCAI 2010



Dynamic Diffusion Tensor Imaging

Diastole Systole

Stoeck C et al. PLOS ONE 2014









Laminar and turbulent flows

ΔP
Laminar flow Turbulent flow

stenosis

jet
vortex

transient/
turbulentshear stress deforms 

blood elements

ΔP

Q
laminar

turbulent



Universal signal model
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Bayesian parameter estimation
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Bayesian multi-point velocity encoding

kv

kv
Binter C et al. MRM 2012
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Aortic valves in-vitro

St. Judes Medical® Edwards® Sapien

Binter C et al. SCMR 2012
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Aortic valves in-vivo
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Energy Loss index
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Image guided simulations
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Image-guided modeling and prediction

Genet M et al. J Applied Physiol 2014, J Biomech 2015

In-silico predictionIn-vivo measurements

90 days
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