7

FORTISSIMO

PLUS

From HPC to Clinical
Practice: Redefining Rre

Operative Planning for
Vascular Graft Surgery

Prof. Marco Evangelos BiancolinyGeminsrl

5 June 2026

. T

www.ffplusproject.eu



& LivGemini

Supportin
the clinica

decision

related to Thoracic Aortic Aneurysm

Our R&D activities

Design and
testing of
medical devices

We have contributed to the design and wirtual testing
of medical devices. including polymeric heart valves
and angioplasty balloons. Cur wark has been carmie
outin close collabor ation with hospitals and dini
teams; combining engineering-criven design with
dlinically grounded requirements to evaluate device
behavicr, perfarmance and mteraction with patient-
specific anatomies

& LivGemini

Our
software
product
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Integration with clinical imaging
workflow:
Compatible wi
(DICOM. Designed to intert:
imaging infrastruc {

Image analysis and volume
rendering

Direct andl of clinica
3D volume rendering ©
anatomical visualization t
interpretation

Automated 3D aortic extraction

Al-based methods directly applied to clinical
imagir )
No me
steps.

C
wal segmentation, no operator-dependent
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@ LivGemini

Generation of
virtual patient
populations

evelopment and clinical research beyond
the limitations of avallable clinical datasets.

Patient-specific
analysis

We perform patient-specific anadlyses to extract
echanical and hemodynamic information from
individual anatornies. These quantitative insights
support a d understanding of vessel behavior

. helpng to evaluate disease
ce-tissue neraction and treatment
strategies on a case-by-case basis.

Quantitative anatomical




& LivGemini

Supporti
the clinic
decision

related to Thoracic Aortic Aneurysm

Multi-platform

Available on both Windows and macOS with
consistent features and performance across
platforms.

Designed for use on standard clinical workstations but
also on laptop devices.

Rapid but accurate

The software enables a fully automated workflow
from CT images to a structured clinical report in
approximately 3 minutes. The process requires no
manual processing steps and is designed to fit both
routine clinical practice and research workflows.
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Are there patient anatomies for which one graft
L configuration is mechanically more suitable than another?

Could Dacron graft implantation contribute to increased

‘\ ventricular workload and long-term ventricular hypertrophy?

@ LivGemini
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The challenge

AThe problem Aortic graft surgery is highly patiespecific, and approximateB0% of
procedures require secondary interventiordue to suboptimal graft adaptation.
While high-fidelity biomechanical simulationgan predict surgical outcomes, they
require hours of computatiorand are therefore impractical for routine clinical use.

AThe innovation PANDORA combinefC, Al, and Digital Twtechnologies to create
a pre-operative planning assistant for vascular surgery. L-aogge simulations
performed on the Leonardo supercomputer were transformed into redumetr
models and integrated into ainteractive software platformcapable of predicting
graft adaptation in neareal time.

ATarget audienceThe technology benefitSuropean hospitalscardiovascular
surgeons, and medical device manufacturers by enabling faster, more informed
surgical planning. In the long term, it suppadnesalthcare 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
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Full pipeline

Funded by

From 256 design points per graft to a real-time surrogate model the Exiropesn Union

[;OE: Design of experimentsJ L High-fidelity simulations J [7 Snapshot extraction \_]
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Computation & Scalefd

A 73 patientspecificaortic anatomies
rocessed to build a Statistical
hape Model.

A 2000 synthetic anatomies
generated through Adlriven
sampling.

A 256 representative anatomies
selected for higkidelity simulation.

AMore than500 nonlinear LHYNA
simulationsexecuted on the
Leonardo supercomputer.

A Approximately900,000 CPU core
hoursconsumed during the

simulation campaign.
Palg CINECA HPC
High Performance Computing
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Computation & Scale

AHow many nodes/GPUs ALSDYNA implicit saturates

were used? at 8 cores. Our license poa——— +—
ABy how much did Hpc ~ allowed 6 parallel runs. .
reduce your AWe need 256 runs for eact~—"— "=

training/processing time  variation of the device (just
and accelerate commercial 3 we need at least 30!).
deployment? Each run takes-3 wall

ACould these computations_Clock times. i

have been achieved at allAWithout HPC synthetic =~ SEEESSEE0D
without HPC dataset generation is not

Infrastructure? possible.
CINECA HPC
High Performance Computing
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Impact and European added value )

ASociceconomic Impact AScalability Across Europe
Almproved surgical planning and ADeployable on standard hospital
patient outcomes computers
AReduced healthcare costs and re ANo local HPC infrastructure
Interventions required
A Strengthens European leadership A Adaptable to different hospitals,
In Digital Health, Al and Digital devices and healthcare systems

Twins
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Impact and European added value
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HPC Cloud-based additive
manufacturing

ORGANIZATIONS

HSL is an SME and a market leader in both Additive

Manufacturing and the rapid producticn of protetypes. In recent

years Additive Manufacturing has emerged as & viable mainstream ®
production technelegy. Gvercoming technical and bureaucratic

obstacles has allowed 3D printing to grow as a cost-effective

option for small and medium scale production together with

the ability to produce complex shapes not achievable by

standard manufacturing processes. This flexibility in design

enables the optimisation of components, a reduction In manufacturing time by almost 2 third
and a halving of production costs by reducing the waste of materials and energy.

End User Domain Expert 18V HPC Provider
="
HoU 5 ! (fbkmorph)” CINECA

w.hsl-italia.it wwwweb.uniromaZ.it

rbf-morph.com ww.cineca it

THE CHALLENGE

Computer-aided engineering (CAE) tools are able to suggest new shapes and accurately
predict the behaviour of compenents, making them a natural choice in the design chain, but
can be prohibitively expensive for SMEs. This 1s especially true when dealing with complex
Computational Fluid Dynamic (CFD) simulations. The goal is to demonstrate the validity of an
optimisation service using CAE by optimising a Lamborghini 12-cylinder airbox.

THE SOLUTION

Numerical grid parameterisation using a mesh marpher avoids the time consuming task

of mesh generation (that can take up to 70% of the total analysis cost). Access to CFD
simulation through the Fortissimo HPC Cloud allows a speed-up in calculation times reducing
the time to market and to return on investment. Using a collaborative, interactive, Cloud
interface helps analysts and clients to work together, increasing customer satisfaction and
building better products more effectively.

BUSINESS IMPACT BENEFITS

HSL expects that the new service will see the development » 5% increase

of a business department with two to three staff, in revenue for
potentially growing to five to six staff after three to four commercial service.

years. For UTV it is estimated that thanks to the new
know-how acquired the relevant department will Increase
its industrial research services. The economic benefit is
estimated to be between £40.000 and £70.000 per year

in a five-year plan. Finally, this case study comprises a
success story for CINECA, in the applicatien field of high
fidelity CFD, that is estimated to bring in at least two new
SME customers per year, with an approximate 5% increase
in revenue for commercial services

Having access to the RBF Morph morphing tool combined
with CFD analysis powered by HPC opens a wide range
of business opportunities. In parallel with existing

rapid prototyping services, HSL can now propose to its
clients alternative compenent designs corresponding to
appropriate performance indicators. For HSL, offering

a shape optimisation service in parallel with its existing
core business of rapid prototyping activities, represents
an opportunity to establish customer activity over a range
of key R&D areas. HSL is ready to offer the developed tool
10 a range of existing clients in the automative industry,
anticipating for the next two years, a total revenue growth
of 16% per yaar in that sector.

* New business service
for optimisation of
airbox components
total revenue growth
of 16% per year in that
sector.

Il
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Impact and European added value
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Cross-solver Cloud-based tool for
aeronautical FSI applications

ORGANIZATIONS

RINA CONSULTING SPA is an Italian engineering consulting

company providing high-quality tailored solutions. University of

Rome and the National Technical University of Athens provided

expertise in numerical optimization and mesh morphing. CNR, L4
the largest public research organization in Italy, provided

expertise in cloud technology, with the IAC research group.

CINECA is an HPC provider and host centre.

End User  HPC & Application Expert Application Expert HPC Provider

@

CINECA

eb uniromaz2.it

epu.ntua.gr

hpc.cinecait

THE CHALLENGE

For an aircraft production cycle, the ability to reduce production costs decreases rapidly
during the first phases of the project. In fact, 80% of the development cost and 70% of the
life cycle cost of a product are determined during its conceptual design phase. Considering
this, the need to reduce the research and development (R&D) investigation time is significant.
Consequently, powerful design tools are essential to shorten the time to acquire physical
knowledge about the aircraft components and so to reduce production costs.

THE SOLUTION

The RBF4AERO platform is a toolbox which tackles all the aspects related to aircraft
numerical design and optimization. It does this by making the CFD model parametric through
an innovative shape optimization tool based on a high-performance meshless morphing
technique

The experiment performed the successful adaptation of the RBF4AERQ platform to work on
Cloud-based HPC. This adaptation was applied to the optimization of a component of a real
aircraft using computational models relevant to the aeronautical sector. The Consortium
benefitted from the technical collaboration with Piaggio Aerospace, which provided the
models to set-up the optimization of the shape of the P180 Avanti EVO vehicle.

BUSINESS IMPACT BENEFITS
Improving aircraft performance has a clear economic * RINA CONSULTING
value. In this experiment the RBF4AERO platform was estimates an

used on an industrial case demonstrating its capability to increased turnover of
solve a wide range of real world aeronautical aero-elastic £100.000 one year
optimizations in a reliable and cost-efficient manner. after the finalization
This achievement was realised through the generation of the experiment.

of a computational mesh aligned with the requirements
dictated by a worldwide mid-size business jets stakeholder,
the generation of consistent shape modifications of
industrial significance and the demonstration of the

* The service will allow
RINA to lower its
current hourly rate by

. . to 10%.
feasibility of a fully coupled fluid-structure interaction upto :
computation with CAE models characterised by non- * NTUA estimates an
matching external surfaces. increase by 5% in the
RINA CONSULTING estimates an increased turnover of LTRSS

£100.000 one year after the finalization of the experiment
and a total accumulated of at least €400.000 over three
years. RINA estimates an increase of at least 2 qualified
Jjobs over three years. The service will allow RINA to lower
its current hourly rate by up to 10% and so reach new
clients. NTUA estimates an increase by 5% in the revenues
coming from FSl related projects in the next three years.

157
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