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Aim and objectives
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—e (verall aim

/Real patient cohorts\ ﬂ/irtual patient cohor&
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Aortic valve stenosis (TAVI) Aortic valve stenosis (TAVI)

\ Heart failure (PAPS) / \ Heart failure (PAPS) /

In a sense that relevant statistical/physiological/geometrical features
regarding medical device performance are similar
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—e (verall aim

SIMCor: A physiology-based, data-augmented, model serves as

basis of our virtual cohort generator




Methodology
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physiological outputs
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Each model realization represents a candidate for inclusion into our virtual
patient cohort
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Each model realization represents a candidate for inclusion into our virtual
patient cohort

—_



—e [Methodology

/possible virtual patientﬁ 4 filtering ) / virtual patient cohorts
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Non-physiological model realizations are rejected as candidate for inclusion
into our virtual patient cohort

Virtual patient = physiological model + input + BCs —_/—
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—e Development and validation

éonceptualizatiom ﬁ\umerical modeh / validation \
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Develop a realistic physiological model



—e \/alidation step 1
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A balance between model framework and input uncertainty
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/pa'nent IEVEI\ Model framework error Number of uncertain inputs

Total output inaccuracy
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patient-specific
\hemodynamics ?j

Model response inaccuracy

Model complexity
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Iterative approach and UQ/SA in each phase of model devM’u



-—e \/alidation step 1

Model input and their uncertainty Wave propagation model Model output

X, Y
/ A\ —>
& Uncertainty analysis: error propagation

Factor fixing: Which parameters can be fixed within their uncertainty range? Sensitivity analysis: fraction of total
Factor prioritisation: Which parameters are the most rewarding to measure more uncertainty apportioned to each 23
accurately? parameter [2,3]




—e \/alidation step 1
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Pre-clinical and clinical phases of model development
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—

o~ )
Model development _ Clinical workflow analysis 0
Patient-generic hemodynamical and vascu- ——| Analyzing clinical workflow to define how
lar wall models \__the model can support decision-making
: - —~ Y 3N
Model verification ' . Model optimization
In vitro or ex vivo tests of model's capabil- —| Adapt or improve the model for clinical
ity to capture relevant physics application (robustness/complexity)
§ ~ )
I - ' N
Mechanical characterization Model personalization
Lab experiments to assess mechanical ———»| Assess important input and design mea-
properties of blood and tissues P surement protocol (sensitivity analysis)
"
- *l _\ * _\
Model implementation ) Model corroboration
Use patient-generic model as starting Show proof of principle and demonstrate
point in clinical application phase clinical use (uncertainty quantification)
y Y
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) decision support?

Iterative
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—e \/alidation step 2

/self-validation\

Evaluate effect simulations for multiple individual patients + UQ
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Assess whether virtual cohort distributions mimic real cohort distributions
and/or predefined regions of the output space

o If YES: Move to cross-validation step
similar cohort

\ statistics? / If NO: Adapt the physiological model and/or filter design settings

[4]



—e \/alidation step 3

(r oss-validati on\ Validate effet.:t flmulatlons for multiple md,wdua/ patlen?s against
data from clinically matched cohorts (typically by severity score,

OO diagnosis or other patient metric)

Assess whether virtual cohort distributions mimic the real cohort
distributions and/or predefined regions of the output space for these
clinically matched cohorts

similar cohort Apply virtual cohort for 1) industrial device design/optimization; 2)
\ statistics? / develop (parameter estimation/image segmentation) algorithms; 3)
animal/clinical trial design; 4) educational purposes; 5) virtual clinical
trials

[4]
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Preliminary results

Aortic valve stenosis: physiology-driven filtering




—e [he virtual patient

Virtual patient
g \ A realistic input sample of an (unknown)
population distribution
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- The virtual cohort generator
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—e (Geometrical input space definition

// Database of aortic valve geometries Statistical shape model \\
(N=74)
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Points on surface geometry Each surface vector expressed as a

\\\converted to 3k dimensional vector j K linear combination of shape models//

[5, 6]



- The virtual cohort generator

Demographics
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—e Surrogate model development
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//Sampling of the input spactm
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—e Surrogate model results
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- The virtual cohort generator
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—e Filter design

/ filter design \

input space output space

Virtual cohort
» generator
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inary results
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—e Preliminary results
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The result

/ Statistical shape model

Mean Shape (x) &
Shape Modes (®,,)
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Reconstruction of the geometry
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Filtered input samples
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- Next iteration

4 patient level )

patient-specific

hemodynamics?
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Next iteration = incorporate effect simulations to VCG + application of VC
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—e Device-effect simulations

High-fidelity Fast but reduced-order



—e  Apply different filter strategies
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Physiology- Clinically-
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driven driven

Romero et al. (2021)
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—e (pen issues

wrtual patient cohor

...but based on
engmeermg metrlcs

L{ ]

>

We need a

mapping
strategy
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/ In silico clinical trial\
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