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== Devastating complications!
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Our first goal was to develop computer
models to assist surgical interventions on
aortic aneurysms
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2014: FDA allows marketing of
HeartFlow vFFR-CT tool for optimal
treatment of coronary stenosis

Gaus S, et al, JCCT 2013, 7(5):279-88.

2014: Sim&Cure 2017: Predisurge
Derycke, et al Circulation Img 2021

healthcare combined with Al

2019: FEops HEARTguide in silico tool
for planning transcatheter aortic valve
implantation is CE-marked

El Faquir N, et al Int J Cardiov Img 2019

Vascops
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() PrediSurge

Corstcate MORS

Changing patients lives
with digital twin technology

Predictive Simulation
for Cardiovascular Intervention

LEARN MORE

www.predisurge.com
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Our next goal was to develop
patient-specific computer models of
aneurysm growth...
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Elevated WSS Normal WSS

Collagen Matrix

Guzzardi et al, JACC (2014), Condemi et al, IEEE TBME (2019)
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Stress

PROTEOLYTIC
INJURY

HEALING

Strain
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Computer model of aneurysm growth

SDV69
(Avg: 75%)

SDV69
(Avg: 75%)

SDV69
(Avg: 75%)
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Normalized Thickness

Mousavi et al, BMMB (2019)
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Our next goal was to integrate more vascular
mechanobiology in our computer models of
aneurysm growth
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Vascular smooth
muscle cell

— Elastic fiber

‘I Driscoll et al, Biophysical Journal, 2015
Collagen type |
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Possibility to study VSMC
mechanics with traction force
microscopy
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Confocal microscopy + DIC
combined with Siractin

staining on living cells
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Petit C, Karkhaneh Yousefi AA, Ben Moussa O, Michel JB, Guignandon A, Avril S. Regulation

TFM (nN) of SMC traction forces in human aortic thoracic aneurysms. BMMB. 2021 Apr;20(2):717-731.
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Petit et al, JBME, 2022
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Optical Coherence ‘
Tomography - OCT

Victor Acosta, Chloé Techens
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Our next goal was to decipher the links
between phenotypic modulations of SMCs
and mechanical stimulations
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Yap et al, ATVB. 2021; 41:2693-2707.

FBN1 - fibrillin 1
COL1A1 — Collagen type 1al
LAMAS - Laminin

MMP2 — matrix metallopeptidase 2

.,
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AoSMC, Passae 6-7,
H, 21 vy.0.

Cell culture

.

Sample preparation

Stimulation in culture
(24, 48, 72, and 100h)

RNA extraction + gRT-
PCR
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Cell lysis (special
buffer)

.

Freezing (-80°C)

¥

« C» group

RNA purification
(columns)

¥

RNA Quantification (UV
spectroscopy)

‘ Phase Extraction/
Separation Precipitation Resuspension
. . //‘\ /‘\
Analysis of RNA gquality
=
f—
‘ Isopropanol Water/TE

Freezing (-80°C) -> gPCR

RNA pellet\/


https://histogene.ir/extractrna/
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Collal

FBN1

TAGLN

MLCK

PRKG1

MMP2

OPG

No mechanical stimulation

Genes of ECM remodeling are
upregulated after 2 days only in
controls, not in stimulated SMCs

Collal

FBN1

TAGLN

MLCK

PRKG1

MMP2

OPG

—

With mechanical stimulation

Mechanical stimulation prevent SMCs to remodel their ECM.
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Our goal in the future is to develop digital
twins

FUTURE

2030

.
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MEDITATE

onitoring immuno-mechanical
stimulations

Predicting tissue remodelling,
deformations, stresses and stiffness
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ILL-STRESSED vSMC
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& PROTEOMICS

Gene
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S, Si1
(Avg: 75%)

+9.443e+01
+8.118e+01
+6.792e+01
+5.466e+01
+4.141e+01
+2.815e+01
+1.490e+01
+1.639e+00
-1.162e+01
-2.487e+01
-3.813e+01
-5.139e+01
-6.464e+01
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LE, Max. Principal
(Avg: 75%)

+2.667e-01
+2.368e-01
+2.070e-01
+1.771e-01
+1.473e-01
+1.175e-01
+8.762e-02
+5.778e-02
+2.794e-02
-1.907e-03
-3.175e-02
-6.159e-02
-9.144e-02
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Strain map in the cell nucleus

Max Prin.

a b C Sirain [-]

i 0.27

z ¥ z v 2 v 0.01
X, X, X,

Distribution of the maximum principal strain in half of the
nucleus for substrates with Young’s moduli of 2 kPa (a), 4
kPa (b), and 8 kPa (¢).
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