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Aneurysms and Dissections of the aorta

== Devastating complications!
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Beyond current industrial applications...
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OPEN QUESTIONS | AM INTERESTED IN

 Understand and explain the role of mechanics in
the progression of cardiovascular diseases

 Simulate the progression of cardiovascular
diseases using patient-specific computational
models

1 Develop predictive models of mechano-regulation
by vascular cells in arteries
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I OUTLINE

 PART I: Coupling continuum mechanics models and biology
to predict aortic aneurysm progression
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Jay D. Humphrey:

From Complexity Comes Simplicity

« Nonlinear Material Properties and Large Strain

« Anisotropy (circumierential muscle, axial collagen)
» Residual Stresses

« Smooth Muscle Activation

» Heterogeneity (functionally graded)

— MECHANOREGULATION
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Early Stress Analyses (~1979)
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Early Stress Analyses (~1979)
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Importance of Residual Stress (~1986)
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Importance of Residual Stress (~1986)
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Importance of Smooth Muscle (~1999)
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Importance of Smooth Muscle (~1999)
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Tensional homeostasis in ATAA?

ATAAs are triggered by local proteolytic injury, which
induce adaptation in the ascending thoracic aorta

Elevated WSS Normal WSS
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Proteolytic injury and tissue adaptation

Stress

PROTEOLYTIC
INJURY

HEALING
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Kinematics-based growth description

Initial reference Spatial configuration
configuration
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Constrained mixture models
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Finite-element simulations

Growth and remodeling of a two—layer patient—specific human ATAAs due to

elastin loss
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Patient-specific
predictions

Growth and remodeling of a two—layer patient—specific
human ATAAs due to elastin loss

Small growth parameter

SDV69
(Avg: 75%)

SDV69
(Avg: 75%)

SDV69
(Avg: 75%)

OCO0OHHEENNNNWW
OWoOrhAJONUIOH I
OCO0OHHENNNNWW
OWOOHANONUIOH N
COo0oRREEENNNWW
OWUIOPROONANOW

I~
7~

Normalized Thickness

Mousavi et al, BMMB (2019)

Saint-Etienne



Some patients show local stiffness increase
correlated with local hemodynamics

[N mm1]

POLITECNICO

De Nisco, G., ... & Morbiducci, U. (2020). Medical % | DITORINO

Engineering & Physics, 82, 119-129.
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Patient-specific vascular adaptation

Tangent P
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TOWARDS CLINICAL VALIDATION

The maintenance of tensional homeostasis in the tissue is critical
but also patient-specific

Validation 1 Boundary Conditions

Numerical 7 7
Solution e A‘/

5

Preoperative dynamic imaging CAD Mesh Streamlines, velocity
4D MRI

Bulge inflation test

Postoperative sample

T Validation 2
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I OUTLINE

(] PART II: Towards continuum mechanics of tensional
homeostasis down to the subcellular level
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Introduction to cell mechanobiology

Vascular smooth
muscle cell

— Elastic fiber

i Driscoll et al, Biophysical Journal, 2015
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Primary SMC cultures

AoSMC lineage

Thawing

Growing
(SMGM-2)

Differenciation
(SmBM)

Sample
preparation
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Traction force microscopy

Matrigen PetriSoft™

Lonza, F, 24 y.o. Living cells
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Traction force microscopy Petit et al, BMIMB, 2021
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Monitoring mechanobiology of live SMCs

Confocal microscopy +
DIC combined with
Siractin staining on living
cells
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Isolated SMCs versus confluent SMCs
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Monitoring mechanobiology in vivo

Several stiffness y SIS QMG [ & Car
values ———

2 kPa

Aortic SMCs from human primary culture (AoSMC, Lonza),
passages 5-7, cultured in a differenciating medium (SmBM,
Lonza)

. Fluorescent microscopy + DIC : track the
displacement of fluorescent microbeads

. Cell unbinding method (with trypsin) : assess the ,
homeostatic state of single SMCs Petit et al, BMMB, 2021 /j
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Aneurysmal SMCs tend to apply larger
traction forces
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Variety of SMC phenotypes
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TOWARDS DIGITAL TWINS

Monitoring gene expressions, tissue stiffness
and hemodynamics

Predicting mechanical regulation,
tissue deformations, stresses and stiffness
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