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GPU-accelerated Fluid-Structure-Electrophysiology interaction modelling
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GPU-accelerated Fluid-Structure-Electrophysiology interaction modelling
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GPU-accelerated Fluid-Structure-Electrophysiology interaction modelling
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APPLICATION 1

Optimal cardiac resynchronization therapy:
an in-silico investigation using a whole-heart model

www.nature.com/scientificreports

scientific reports

W) Check for updates

OPEN GPU accelerated digital twins
of the human heart open new
routes for cardiovascular research
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Background and motivation

What is the optimal positioning of the LV lead in CRT?
2The LV lead has to be implanted thorough the coronary veins network
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Numerical modelling of CRT

2In-silico implantation of CRT after a left bundle branch block
ZElectrical disconnection of the left Purkinje network: delayed LV contraction

2LV lead in the region of last electrophysiology activation
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Electrophysiology
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Internal tissue stresses
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APPLICATION 2

O In-silico testing medical devices

Investigation of the hemodynamics features past bioprosthetic valves:

effects of the valve denlovment location

PHYSICAL REVIEW FLUIDS 10, 090501 (2025)

Hemodynamic effects of intra- and supra-deployment locations

for a bioprosthetic aortic valve
Martino Andrea Scarpolini @,"? Giovanni Vagnoli®,! Fabio Guglietta ®,>?>
Roberto Verzicco®,> and Francesco Violal:"
LGran Sasso Science Institute (GSSI), L’Aquila, Italy
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Aortic Valve replacement: two possibilities

Two possibile valve placement
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Starting from imaging data (dynamic CT scan) of a patient
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Hemolysis
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A data-driven computational methodology
for assessing ventricular ablation procedures

Biomechanics and Modeling in Mechanobiology (2026) 25:58
https://doi.org/10.1007/s10237-026-02073-7
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Modelling and predicting the outcome of Ventricular Ablation

CARTO 3 System
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Modelling and predicting the outcome of Ventricular Ablation
Local activation time Electrograms
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Modelling and predicting the outcome of Ventricular Ablation
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Modelling and predicting the outcome of Ventricular Ablation
Predict Optimal ablation

Late activation time Conduction velocity Action potential
(LAT) based ablation (CV) based ablation (APD) based ablation

Reduction

ablated 223 49, _25 .29/ -22.8%

volume
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Statistical shape modelling of the heart and
virtual cohorts generation

From Raw Segmentations to Simulation-Ready Cardiac Meshes:
An Automated Framework for Anatomical Reconstruction and Virtual
Cohort Generation

Francesco Fabbri, Martino Andrea Scarpolini, Paolo Ciancarella,
Francesco Tudisco, Roberto Verzicco, Alessandro Ricci, Francesco Viola,



In-silico clinical trials
Clinical trials are research studies on human participants to answer specific questions about

biomedical interventions such as new drugs or medical devices
Future: IN-SILICO clinical tr1als

/L, In-silico clinical trials

require real patients q;' patients are virtual

no modelization —> more accurate p0551b1y less accurate, depending on the model

virtually infinite cohort

: time-COnsuming ------------------------------------ .9

Only non-invasive measures  ==----============ “— every physical quantity can be measured |




From Medical Images to Computational Ready Geometries

Raw medical images (CT-scans, MRI) often come incomplete, with inhomogeneous
guality and plenty of artifacts

e

r

‘
Existing segmentation tools (made for visualization or diagnosis) produce geometric and
topological defects (holes, discontinuities, artificial closures) and lack cohort-level consistency.

Considerable work is needed to produce a computational ready geometry (order of two weeks).



Methods: Registration-Deformation

e A set of affine transformation aligns the template and anatomical
meshes,
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Chamfer distance evaluates the geometric shape correspondance.

o After deformation, we retrieve the set of deformed meshes.
Then, the inverse set affine transformation is applied,
retrieving the registered meshes

min (Mg, My) = Mg R My, {MEY™ ) = (M

The template is deformed onto the patient specific model to yield its
computational ready geometry (the whole procedure takes 15-30 minutes)




Methods: Registration-Deformation
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Exploring the new latent representation

Latent space is “convenient” but less interpretable
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