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Iliocavel Venous Stenting Deployment Techniques

¢ ynamic
characterization of stent architectures remains

Double Barrel Confluence poorly understood.

Study Objective: Understand the ramifications
of stent architecture on hemodynamic
preservation

Methodology: Utilize computational fluid
dynamics simulations to assess the
hemodynamic effects of two distinet vein stent

architectures:

Parallel double barrel configuration

Modifed from de Grall et al 2015+ Anatomic confluence configuration.
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GORE® Viabahn® Fortegra Venous Stent
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Constructed of a wire-wound Nitinol frame and an FEP-
PTFE fluoropolymer lattice

Radiopaque markers at each end to facilitate fluoroscopic
visualization
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Models of Deployment Techniques

Confluence - GORE

DB - GORE

Baseline DB - Medtronic Abre

*There are no venous stents currently approvedindicated for IVC stenting in the United States

GEORGETOWN. | S=mm
ONIVERSITY ~ | Medstar Health

Computational fluid dynamics boundary conditions

Pressure outlet Boundary Conditions:

— « Inlets: Time dependent flow rate
* Outlet: Reduce order models of distal vasculature (Windkessel models)
+ Wall: Rigid wall, no-slip

Assumptions & Properties:

* Turbulent flow (SST (Menter) K-Omega model) with constant blood
properties: Density: 1050 kg/m?, Viscosity: 0.0037 Pa-s

* Blood behaves as Newtonian fluid

« Inferior vena cava (IVC) and left and right iliac vein walls are rigid

N 4 ) .
L « Investigational device stents are baffle interfaces/impermeable walls

Mass flow et Mass flow inlet
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Computational fluid dynamics boundary conditions

Boundary Conditions:

+ Inlets: Time dependent flow rate

* Outlet: Reduce order models of distal vasculature (Windkessel models)
+ Wall: Rigid wall, no-slip
Assumptions & Properties:

* Turbulent flow (SST (Menter) K-Omega model) with constant blood
properties: Density: 1050 kg/m?, Viscosity: 0.0037 Pa-s

* Blood behaves as Newtonian fluid

+ Investigational device stents are baffle interfaces/impermeable walls
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Flow field analysis of the cardiac cycle

Inlet Flowrate over Time

1=0.224s

+ Inlet boundary conditions at the iliac veins
*+ MRI data obtained from Cheng et al, 2003%.

+ Flow field analysis at two time points :
* t=0.224 scconds (Peak Systolic Phase)
+ t=0.8 seconds (Late Diastolic Phase)

1=0.8s
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Mesh Topology and Statistics

prism layer thickness (m)

Number of cells. #of prism layers

prism ayers

1,795,635

Computational meshes were generated using polyhedral
clements in the core regions with orthogonal prism layers
adjacent to wall surfaces to capture near-wall flow phenomena

Surface mesh
| refnement » accurately.
The global base mesh size was set to around 0.4 mm across all

models, with five prism layers of around 0.1 mm total thickness.
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Evaluation Plane Configuration

Axial Planes Radial Planes
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Direct quantitative comparison of:

Five radial evaluation planes (Planes A through E)

Axial planes provided flow visualization and enabling
assessment of flow mixing patterns along the device length.

;t — o - Velocity profiles
5220,
- identification of stagnation zones
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sment of flow reestablishment patterns,
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Axial Velocity Comparison Across the Cardiac Cycle
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Radial Velocity Comparisons at Peak Systolic Phase

Db-Abre Db-GORE Conf-GORE

Baseline

-
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Similar patterns of flow were demonstrated in the late diastolic phase, with decreased velocity seen in all models.
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Radial Velocity Comparisons a Peak Systolic Phase

Plune A

a) 025

Plae B Plane C

9,02 - - Bascline
—— Db-Abre

Conf-GORE

Overall Velocity Distributions
(All Planes & Cardiac Phases)

Quantitative Analysis of Velocity Distributions

Statistical Summary of Velocity Distributions
Compared to Bascline

—— Db-GORE
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Configuration Mean Difference (%) pevalue

’ + DB architectures showed a significant deviation of

mean velocity distribution compared to bascline.

m**&

Db-Abre  Baseline  Conf-GORE Db-GORE

Confluence architecture showed mean velocity
distribution not significantly different from baseline.
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Mixing Efficiency Evolution

Mixing Efficiency Axial Evolution
Mixing efficiency:

- Degree to which separate flow channels integrate into a
unified velocity profile

- Higher efficiency indicating better flow integration and
reduced flow separation.”

Confluence design demonstrates dramatic spatial improvement

in mixing efficiency from Plane B, progressing from 20% in the

Axial Distance (mm) stented region to 75% near Plane C
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Conclusions

Hemodynamic Superiority of Confluence Architecture:

Confluence des superior preservation of p

gn flow characteristics compared to
parallel dual-stent double barrel configurations.

Flow Mixing and Hydraulic Recove

Parallel dual-stent double barrel architectures exhibit persistent flow bifurcation with dual parabolic velocity
distributions extending to the IVC outlet, indicating incomplete hydraulic mixing and suboptimal flow field

recovery.
Confluence design achieves accelerated flow relaminarization and enhanced mixing efficiency
Recirculation Zone Management

Confluence architecture mitigates stagnation zones with faster flow reestablishment
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