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Aortic valve stenosis evaluation



Valves

Heart and VValves

Left Atrium

- —
B
Miitral Walve

Right Atrium Biitral Walve Chordag

A T Aotic Valve
Tricuspid Valve <SS T
B T

Left Wentricle

Right “entricle

Pulmaonary Valve (2002 MedicineMet, Inc.



Aortic valve




Aortic valve stenosis
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Aortic valve stenosis evaluation

anatomic stenosis
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Pressure difference
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Pressure Poisson equation
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Stokes equation
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Work-energy relative pressure estimator
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Virtual WERP
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Pressure estimators

Without noise
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Pressure estimators

Including noise
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Aortic root physiological flow



Da Vinci hypothesis

> the shape of the sinuses of
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formation

B. J. Bellhouse,
F. H. Bellhouse: Mechanism
of Closure of the Aortic
Valve. Nature, 217(5123) (1968):
86-87.




Da Vinci hypothesis

the physiological functions of the vortices are required for
normal aortic valve closure

@ T. E. David, S. Armstrong, C. Manlhiot, B. W. McCrindle,
C. M. Feindel: Long-term results of aortic root repair using the
reimplantation technique. In: The Journal of Thoracic and
Cardiovascular Surgery, 145(3) (2013):522-525.




Input data/4D PC-MRI

time resolved phase-contrast magnetic resonance imaging
(4D PC-MRI or 4D Flow MRI)

@ C. Coillot et al.: Signalmodeling of an MRI ribbon solenoid coil dedicated to spinal cord injury investigations. In: Journal
of Sensors and Sensor Systems, Copernicus GmbH, 5 (2016): 137-145.



4D PC-MRI

Magnetization: (angular magnetic momentum) M =r X p

Lorentz Force Law: F = gv X B
dMm

Magnetic torque: <= =r X F
dM q
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Static field: M = (0,0, M)
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4D PC-MRI

T1 relaxation time (longitudial magnetization recovery)
T1 = time when 63% of the spins ale aligned with B,

M,(t) = My(1— e )

T2 relaxation time (dephasing)

T2 = time when 63% of the spins are out of phase
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4D PC MRI




4D PC MRI
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4D PC MRI

morphology file (metaimage format)
vs=1.05mm
f(i,j k)=intensity; i,j=1,..,400, k=1,..150
3x velocity component file (metaimage format)
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f(t,i,j,k)=v; 1,,=1,..160, k=1,..,58, t=0,..,24
segmentation and smoothing:

VMTK (vmtk.org) semi-automatic segmentation, meshing, smoothing

ITKSNAP (itksnap.org) manual and semi-automatic segmentation

iso2mesh (iso2mesh.sourceforge.net) smoothing, meshing
registered files
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4D PC MRI

morphology file (metaimage format)
vs=1.05mm
f(i,j k)=intensity; i,j=1,..,400, k=1,..150
3x velocity component file (metaimage format)
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4D PC MRI
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The impact of slip boundary conditions on aortic
root vorticity



Vortex formation in stenotic valves
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severity in time of peak velocity.



Slip boundary condition
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velocity - inflow

Slip boundary condition
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Slip boundary condition




Slip boundary condition

mid-systole peak velocity late systole
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Slip boundary condition
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Comparison with 4D PC MRI data

backward comparison

inlet velocity
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Comparison with 4D PC MRI data
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Comparison with 4D PC MRI data
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Comparison with 4D PC MRI data
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Comparison with 4D PC MRI data
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Partial volume effect and boundary

extraction

[ R Fucik et al.: Investigation of phase-contrast magnetic resonance
imaging underestimation of turbulent flow through the aortic valve
phantom: Experimental and computational study using lattice Boltzmann
method. In: Magnetic Resonance Materials in Physics, Biology and
Medicine (2020).

@ D. Nolte, C. Bertoglio: Reducing the impact of geometric errors in flow
computations using velocity measurements. In: International Journal for

Numerical Methods in Biomedical Engineering (2019): e3203.
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Conclusion - 3 goals and 3 messages

we presented the state-of-art for models available to
determine the pressure from the velocity field

the magnetic resonance imaging data are now available

there are still fundamental questions in blood flow
modelling and blood flow imaging too



Thank you for your attention.
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