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Introduction %E%OiOS

CLINICAL CONTEXT AND PURPOSE OF THE WORK

Ascending Thoracic

-¥ When studying pathologies such as the ascending aortic aneurysm it is & b, \V‘")
| crucial to consider the effects of cardiac motion on the vessel [1],[2]. ' TN
> ’?‘
| In deciding whether or not to operate, it would be interesting for the doctor N
to identify the consequences of possible conservative drug therapies. <;Q

AIM OF THIS WORK

=) \We want to present a high-fidelity model of the thoracic aorta that we calibrated with medical
2D+time images.

=) \We want to create a Medical Digital Twin (MDT) based on Dynamic Reduced Order Models
(DROMSs) with which the doctor can easily interact to investigate the aortic wall properties
when certain input conditions change, for instance following the intake of a drug.

[1] Cutugno et al. (2021). Patient-specific analysis of ascending thoracic aortic aneurysm with the living heart human model. Bioengineering, 8(11), 175.
[2] Beller et al. (2004). Role of aortic root motion in the pathogenesis of aortic dissection. Circulation, 109(6), 763-769.
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Materials and Methods
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Materials and Methods

THE STRUCTURAL MODEL

O Hyperelastic material O Robin boundary condition (BC) [3]:
to represent the interaction of the aorta
with the spine and reproduce the effect
of the soft tissue around the aorta.

" '

Calibration domain

Kx, = Ksr + (WdiWX)KSPINE
Ky, = Ksr + (WdiWY)KSPINE
Kz, = Ksr + (WdiWZ)KSPINE

dMAX =142 mm and a = 0 95 T
= 4 and K = 10° Pa/ E
M Wy =1-a do e SPINE = a/m £ | Derived from the
&) > )
di = minimum euclidean distance . annulus tracking
between the i-node and the spine Input parameters: p = [Wy, Wy, W,, Ks7] to be calibrated

[3] Moireau et al. (2012). External tissue support and fluid—structure simulation in blood flows. Biomechanics and modeling in mechanobiology, 11(1), 1-18.
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THE EFFECTS OF A DRUG THERAPY

Normal operating range

High contractility:
Intensive exercise
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Low contractility:
heart failure risk
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Left Ventricular End Diastolic Pressure (mmHg)
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1 Left Ventricular End Diastolic Pressure |:>

l Stroke Volume

!

1 Ventricular expansion

1 Cardiac ejection

=)

Normal operating range
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Stroke Volume (mL)

T T T T Ll
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=9
Left Ventricular End Diastolic Pressure (mmHg)

1 Aortic root motion Variable input

1 Blood velocity excitations

The wall stress is one of the most important biomarkers for understanding the aneurysm evolution [5].

Using the MDT, we can predict the time-varying simulation results as the wall stress (output) with respect to new excitations (input) in terms of

heart motion and ejection velocity.

Model simplification: no variation of the OD downstream parameters.

[4] Ernst et al. (2009) Use of diuretics in patients with hypertension. New England Journal of Medicine 361.22, 2153-2164.
[5] Garcia-Herrera et al. (2012). Mechanical behaviour and rupture of normal and pathological human ascending aortic wall. Medical & biological engineering & computing, 50(6), 559-566.
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Materials and Methods %E%OiOS

THE MEDICAL DIGITAL TWIN (MDT)
Generation of a MDT using ROMs based on Proper Orthogonal Decomposition (POD).

I—» “A posteriori” method: the ROM is built with the previously computed FSI simulations (high-fidelity scenarios).
The ROM is created using Dynamic Rom Builder in Ansys Twin Builder.

Ccll_)t( =F(X(@®),G()) with X(=0)=X,

where :

- X is the solution vector (function of time) of size 1y tpyts

- Gisthe input vector (function of time) of size Ny citations
- Fis a non-linear function of X and G

- Xp is a vector of size nyytpyes Which represents the initial conditions of the solution

The function F is identified thanks to learning data (i.e. one or several transient variations of X and the
corresponding excitations G) and is determined by an optimization process aiming at minimizing || Xgop (t) — X (2)|]
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Materials and Methods

The Dynamic ROM procedure

OFFLINE PHASE ONLINE PHASE

~ ~ ~
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Results $ZQlQs

MDT RESULTS: MODEL ORDER REDUCTION mean = std of the RMS(von Mises stress) «
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Scenarios
e : A r A
Average von Mises stress . -
Itg' to th a = 1: High-fidelity RMSnode. 1 d 2
results in response to the — « = 1: ROM node; = T Z Tvmiy g ~ vmltROM)

modulation of the — & = 0.75: High-fidelity t=1

jection velocity and th
ejectio e ocity and the a = 0.75: ROM Opm: = von Mises stress derived from the high-fidelity simulation
\_heart motion. ) S ) it,HF

fo = von Mises stress derived from the ROM
YMit oM

' Higher annulus displacements are associated with increased stress on the

e aortic wall of the ascending tract. This could affect the aneurysm growth [6]. *This plot only evaluates the last cardiac cycle.

[6] Beller et al. (2004), Role of aortic root motion in the pathogenesis of aortic dissection. Circulation 109.6: 763-769.
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Results

MDT RESULTS: REAL-TIME STRESS COMPUTATION

105000

100000

95000

90000

Average von Mises stress [Pa]

85000

( Average von Mises stress
results in response to the
modulation of the
ejection velocity and the
\_heart motion.

Time [s]
2\ 4
J \

Higher annulus displacements are associated with increased stress on the
aortic wall of the ascending tract. This could affect the aneurysm growth [6].
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[6] Beller et al. (2004), Role of aortic root motion in the pathogenesis of aortic dissection. Circulation 109.6: 763-769.
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Conclusions

$ZQIQs

We proposed a high-fidelity model of a thoracic aorta and presented a novel method of
= Calibrating the mechanical boundary conditions using 4 parameters and taking into account the

motion imposed by the heart on the aorta at the level of the annulus.

FUTURE WORK
=) ROM Cross Validation

Enter more parameters in the Digital Twin such as the heart rate (f) and use different
- parameters to scale the heart motion (a) and the velocity inlet curves ().

P4

=) Extend the work to a wider population.

S

>

THE CALIBRATION - Calibrated model 1
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We then presented a first example of Medical Digital Twin based on Reduced Order Models
for the evaluation of stress at the wall of the aorta during the cardiac cycle.
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