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Overview

• Tetralogy of Fallot: From shape to outcomes

• 4DFlow: From flow to remodelling

• CRT: From CMR to Echo 

• Digital twins: From strain to stress



Tetralogy of Fallot

• RVLV statistical shape atlas of adult TOF

Mauger et al. J Cardiovasc Magn Reson (2021) 23:105 https://doi.org/10.1186/s12968-021-00780-x 



Tetralogy of Fallot

Mauger et al. J Cardiovasc Magn Reson (2021) 23:105 https://doi.org/10.1186/s12968-021-00780-x 

PCA_scores = b0 + b1 * age + b2 * height + b3 * weight + b4 * PRVi



Tetralogy of Fallot

• German Competence Network for Congenital Heart Defects

• Median follow up 10 years: death, arrythmia, arrest.

Mira et al. In review.



Tetralogy of Fallot

Mira et al. In review.
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4DFlow

• Vorticity has been associated with function

• 4DFlowNet enables noise reduction

• Associations with shape

4D Flow in Tetralogy of Fallot 
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has separated from the central streamlines within a vessel or chamber. "flow eddies" or "eddy 

currents" arise from the vortical turbulence (Ku, 1997). 

 

2.5 Vorticity and its applications using 4D flow 

Fibre orientation and function have been suggested to influence blood flow orientation in 

cardiac chambers; therefore, playing a role in cardiac performance. Blood flow direction and 

magnitude is partially dependent on endocardial cardiac fibre direction when passing through 

the atria and ventricles. However, the anatomical arrangement of the chambers and vessels 

have a major influence. Vortices appear because of changes in flow motion in regions of 

accumulated vorticity. Fluid particles have the tendency to rotate based on their local angular 

velocity (Figure 12). A vortex is, by definition, "a circular or elliptical-shaped rotating mass of 

fluid spinning around a virtual central axis" (Muñoz et al., 2013). The formation of a vortex 

occurs due to a discrepancy in velocities between layers inside a tube. The central flow is faster 

than the peripheral layers that experience more friction with the walls. Friction-generated shear 

stress induces a spinning behaviour observed for the peripheral layers of fluid with termination 

C D 

Figure 12 Fluid motion. 

A fluid moving inside a straight vessel presents higher velocities in the jet centre than peripheral 

layers due to friction (A). In cardiac chambers when the filling inflow passes through the atrio-

ventricular valve into the ventricle, where this swirling tendency organizes in vortices (B). In (C) the 

coloured arrows represent the glyphs showing blood flow colour coded by velocity with the vortex 

around the tricuspid valve evident and marked with measurements of the green lines on (D). 

Ferdian et al. Front. Phys. 8:138. doi: 10.3389/fphy.2020.00138



4DFlow

Elsayad et al. Front. Cardiovasc. Med. 8:806107. doi: 10.3389/fcvm.2021.806107
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CRT

Aims:

First multimodal deep learning method for CRT response prediction.

The model has the ability to predict CRT response using only echocardiography data but at the
same time taking advantage of the implicit relationship between CMR and echocardiography.

Database: 

50 paired CMR and echo CRT patients from Guys and St Thomas’ NHS Foundation Trust

Proposed framework:

Puyol-Antón, Esther, et al. "A Multimodal Deep Learning Model for Cardiac Resynchronisation Therapy Response Prediction." Medical Image Analysis (2022): 102465.



From CMR to Echo

Puyol-Antón, Esther, et al. "A Multimodal Deep Learning Model for Cardiac Resynchronisation Therapy Response Prediction." Medical Image Analysis (2022): 102465.

• Nonlinear feature transformation: 
View-specific feature extraction

• CCA layer: Jointly learn parameters 
for both views

• Feature fusion: Combines the 
outputs of the CCA layer

• SVM classifier: binary classifier to 
distinguish between CRT 
responders and CRT non-
responders.



From CMR to Echo

Debbie Zhao et al, this conference , Leveraging CMR for 3D echo.



Digital Twins

Miller R et al Frontiers in Physiology doi: 10.3389/fphys.2021.716597.



Summary

• Adverse vs adaptive remodelling shape signatures

• Flow features of remodelling

• Multimodal leveraging of depth for width

• Biophysical parameter estimation  


