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The challenge
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• The problem: Aortic graft surgery is highly patient-specific, and approximately 20% of 
procedures require secondary interventions due to suboptimal graft adaptation. 
While high-fidelity biomechanical simulations can predict surgical outcomes, they 
require hours of computation and are therefore impractical for routine clinical use.

• The innovation: PANDORA combines HPC, AI, and Digital Twin technologies to create 
a pre-operative planning assistant for vascular surgery. Large-scale simulations 
performed on the Leonardo supercomputer were transformed into reduced-order 
models and integrated into an interactive software platform capable of predicting 
graft adaptation in near real time.

• Target audience: The technology benefits European hospitals, cardiovascular 
surgeons, and medical device manufacturers by enabling faster, more informed 
surgical planning. In the long term, it supports healthcare providers and patients 
through improved clinical outcomes and more efficient use of healthcare resources.
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The Solution
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https://youtu.be/KlArBykLR-A

https://youtu.be/KlArBykLR-A
https://youtu.be/KlArBykLR-A
https://youtu.be/KlArBykLR-A
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Computation & Scale
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• 73 patient-specific aortic anatomies
processed to build a Statistical 
Shape Model.

• 2000 synthetic anatomies 
generated through AI-driven 
sampling.

• 256 representative anatomies 
selected for high-fidelity simulation.

• More than 500 nonlinear LS-DYNA 
simulations executed on the 
Leonardo supercomputer.

• Approximately 900,000 CPU core-
hours consumed during the 
simulation campaign.



Computation & Scale

• How many nodes/GPUs 
were used? 

• By how much did HPC 
reduce your 
training/processing time 
and accelerate commercial 
deployment?

• Could these computations 
have been achieved at all 
without HPC 
infrastructure?

• LS-DYNA implicit saturates 
at 8 cores. Our license pool 
allowed 6 parallel runs.

• We need 256 runs for each 
variation of the device (just 
3 we need at least 30!). 
Each run takes 3-4 wall 
clock times.

• Without HPC synthetic 
dataset generation is not 
possible.
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Impact and European added value 
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• Scalability Across Europe
• Deployable on standard hospital 

computers

• No local HPC infrastructure 
required

• Adaptable to different hospitals, 
devices and healthcare systems

• Socio-economic Impact
• Improved surgical planning and 

patient outcomes

• Reduced healthcare costs and re-
interventions

• Strengthens European leadership 
in Digital Health, AI and Digital 
Twins
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Conclusions
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• What has been achieved
• HPC-enabled generation of a large virtual population of vascular anatomies
• Deployment of an interactive pre-operative planning assistant for vascular surgery
• Successful integration of HPC, AI, Reduced Order Models and Digital Twins into a single clinical 

workflow

• What comes next
• Validation on larger patient cohorts
• Extension to additional grafts and surgical procedures
• Clinical adoption and regulatory pathway

• The Value of PANDORA is the latest step in a journey that includes five HPC-enabled 
innovation projects developed over the last decade across automotive, aerospace and 
healthcare.

• Together, these projects demonstrate how European HPC infrastructures can 
accelerate the transition from advanced simulation to deployable industrial and 
clinical Digital Twin solutions.
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Thank you!
marco.biancolini@livgemini.com

https://www.livgemini.com/
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