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Clinical Motivation: Impact of Cardiovascular Disease

A WHO estimates that cardiovascular disease (CVD) k&7 million yearly worldwide
A Heart failure is a major contributor to CVD

A Estimated yearly cost of CVD i$219 billion in US alone
A In UK, this figure currently stands a£7.4 billion
A Additional indirect costs incur£15.8 billion
CWD.inUK:
A" £23 billion
A 160,000 deaths

CVD.inUSA:
A $219 billion
A 655,000 deaths
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Haemodynamicsn the Heart Chambers

C | STl B Center for Computational Imaging & Hanson, C, https://statenews.com/article/2022/02/hedrealthy-cardiovasculamri-imagingis-now-at-sparrowhospital ?ct=contentopen&cv=cbox_featured
Simulation Technologies in Biomedicine



Haemodynamicsn the Heart Chambers

C | STl B Center for Computational Imaging & Hanson, C, https://statenews.com/article/2022/02/hedrealthy-cardiovasculamri-imagingis-now-at-sparrowhospital ?ct=contentopen&cv=cbox_featured
Simulation Technologies in Biomedicine Demirkiran A, European journal of radiology, 2022



Haemodynamicsn the Heart Chambers

Vorticity
Demirkiranet al.
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Kinetic energy
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Haemodynamicsn the Heart Chambers

Vorticity
Demirkiranet al.

(2022)
Kinetic energy
Garg et al.
(2018)
Wa[l shear stress WSS mean [Pa]
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Quantifying Haemodynamicsn the Heart

CFD Imaging

Doppler echocardiography  4D-flow MRI
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Quantifying Haemodynamicsn the Heart

Imaging
|

|
4Dflow MRI
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Quantifying Haemodynamicsn the Heart

Imaging
|

Low spatial resolution: 4Dflow MRI
c® ol |

Noise artifacts:
Non-Gaussian spatial distribution

Temporal averaging:
Over scan duration
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Quantifying Haemodynamicsn the Heart

Imaging
|

Low spatial resolution: —
c® ol |

4D-flow MRI

Pooraccuracy of derivatives:
Relevant variables such as vorticity and stresses

Noise artifacts:
Non-Gaussian spatial distribution — Nearwall flow not captured well

Smallscale flow features missed:

Particularly mportant in analysis of vortex
dissipation

Temporal averaging:
Over scan duration
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Improving 4D-Flow MRIa SuperResolution
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Low-res 4DFlow data

Physics coordinates

Endocardial boundary motion
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Spectral bias: !
A PINNs with standard activations suffed difficulty |
capturing high-frequency solution modes '&\
A Smallscale flow features not captured 2
A Siren addresses this
A Ventricular flow
A Transitional
A Across range of length and time scales
A Important to capture these features
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Siren (Sitzmannet al. (2020))
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Dynamic loss weighting
A Scheme proposed inJinet al. (2021)
A Weights updated as:
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Endocardial boundary motion
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A Scheme proposed inJinet al. (2021)
A Weights updated as:

to contribute larger gradients
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i R eaSOHiﬂg 102 Layer 2 107 Layer 3 i
i A Different loss terms provide different gradient contributions |
i A Term contributing smaller gradients may not be satisfied 10 10 )
i during training :
EA E.g. boundary condition loss in figure ™ 100 i
i A More complex PDEs (like NavieBtokes equations) tend . | ol :
1 -2 0 2 -2 0 2 :
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Experiments2D Idealised Ventricle

A Synthetic study designed to validate model

A Simplified, 2D CFDBgenerated ventricle
A Flow driven by moving boundary
A Highly-resolved mesh
A Small adaptive timestep
A Results in complex flow simulated

Valve

Vorticity contour plot of CFD results Mesh details
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o
2D Idealised Ventricle: Synthetic Data Generation

A Downsampledata to match 4D-flow characteristics
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