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• Creation of the left 
ventricule geometry Ω	: 
truncated ellipsoid.
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• Mesh construction.

• Segmentation
of the left
ventricle into 16 
segments.

• Creation of the electrical activity of the left
ventricle, resolution of the electrical problem
in finite elements.

• Find a transmembrane potential 
	 𝑉2: Ω× 𝑇6, 𝑇89:;<= → ℝ, and a ionic variable 

𝑤:Ω× 𝑇6, 𝑇89:;<= → ℝ, such that: 

• Creation of 
muscle 
fibers.

• Creation of blood circulation in the left ventricle. 
• Find the volume scalar fields 𝑉0A, 𝑉0B and 𝑉B< such that, where 𝑃 and 𝑄 are pressure and flow:

• Creation of the mechanical activity of the left
ventricle, resolution of the mechanical problem
in finite elements.

• Coupling of electrical activity with mechanical
activity, and coupling of blood circulation with
mechanical activity of the left ventricle.

• Find a displacement field 𝒖:Ω× 𝑇6, 𝑇89:;<= → ℝ=, and a 
constraint field 𝝈:Ω× 𝑇6, 𝑇89:;<= → 𝕄=:

• Visualization of strain curves, comparison with
clinical data and calculation of Root Mean Square 
Error (RMSE).
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𝑉2 0 = 𝑉26 in Ω,
𝑤 0 = 𝑤6 in Ω.

𝝈 = 𝝈𝒑 + 𝜎B𝒇𝒇i in Ω× 𝑇6, 𝑇89:;<= ,
𝑑𝑖𝑣𝝈 𝑡 = 𝟎 in Ω× 𝑇6, 𝑇89:;<= ,
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𝝈 𝑡 𝒗 = 𝒑(𝑡) on ΓpV=<× 𝑇6, 𝑇89:;<= ,
𝝈 𝑡 𝒗 = 0 on Γp8;× 𝑇6, 𝑇89:;<= .
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Objective

Assess the feasibility of using a left ventricule model in 
order to reproduce myocardial strains in the case of 
intraventricular dyssynchrony and Ischemic Heart
Disease (IHD). 

Background
Echocardiography is a clinical tool for diagnosis of heart diseases.
Strains signals associated with deformation can be extracted.

Strains signals can be difficult to interpret due to:
• multi-dimensionnality (several locations on myocarde)
• coupling between electrical, mechanical and hydraulic activities.

Model
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• Results show the model ability to simulate jointly the hemodynamic variables and myocardial strain curves during each phase of 

the cardiac cycle, in context of intraventricular dyssynchrony and IHD cases.
• French National Research Agency 

(ANR) (ANR-16-CE19-008-01) (project
MAESTRo).

11ème journées ITS – 2 & 3 octobre 2019 – Rennes – https://its.aviesan.fr

• Healthy subject: (2 subjects) • Intraventricular dyssynchrony : (1 patient) • Ischemic heart disease : (2 patients)

o RMSE minimum strain: 2.78	% (±0.82).
o RMSE strain morphology: 4.753	% (±0.33).

o RMSE minimum strain: 4.44	%.
o RMSE strain morphology: 5.164	%.

o RMSE minimum strain: 2.52	%	 (±0.28) .
o RMSE strain morphology: 5.332	% (±0.08).

Results


