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= . Principles of venous circulation in the leg
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Dysfunction and treatment by elastic

I compression

Superficial and perforator
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I Patient and pathology?
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I Objectives
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I How to assess interface pressure?

In vivoO measurements Laplace’s Law Numerical simulation

CPRESS  General Cq
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= . Model reconstruction by image
segmentation

L. Dubuis, S. Avril, ). Debayle and P. Badel, CMBBE, vol 15, number 1, pages 3-11, 2012. f/
Vi
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I he Laplace law

— Pressure of the sock: the Laplace law

Pressure distm
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L. Dubuis, S. Avril, ). Debayle and P. Badel, CMBBE, vol 15, number 1, pages 3-11, 2012. f/
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Finite Element approach
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Bandage stretch =1.3
Skin-to-bandage & Bandage-to-bandage friction interactions
Design of Experiments: 9 simulations with varying parameters

Chassagne, F., Molimard, J., Convert, R., Giraux, P., & Badel, P. Annals of biomedical engineering, 44(10), 3096-3108., 2016, f/
8

Saint-Etienne




I Validation against experimental measurements

Linear elastic behavior of bandages

90F ® Data from the model reduction
y= 1.04x, R’ 0.40 (p<0.001) — model reduction . f L

80F Data computed with Laplaces law Sk|n't0'bandage fI‘ICtIOﬂ & Ieg
y= 0.88 x, R’= 0.61 (p<0.001) - Laplace’s law morphology
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I General approach of FE modeling

CT or MR
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I nputs of the Finite-Element model

US elastography Traditional ultrasound imaging
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Frauziols F, Badel P, ... Avril, S. /EEE Transactions
on Biomedical Engineering, 62(4), 1011-1019,
2015.
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I Response of superficial veins

Rohan, C. Y., Badel, P., Lun, B., Rastel, D., & Avril,
S. Journal of biomechanics, 46(3), 599-603, 2013

avril@emse.fr
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I Simulation of the sclerotherapy treatment

Step: Step-Ini Frame: 0
~T_ Total Time: 0.000000

SIGVARIS

LIFE FOR LEGS

Rohan, C. Y., Badel, P., Lun, B., Rastel, D., & Avril, S. Journal of biomechanics, 46(3), 599-603, 2013
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I Simulation strategy for deep veins

Segmentation Biomechanical model of the leg and Contact between veins and
of the stocking muscle compartments

Response to elastic compression with Response to elastic compression Simulation of the eg at rest

muscle contraction fj
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Response of deep veins predicted
I by FE models

Volume (ml) f

Saint-Etienne


2-Veines-Inter/SB-MCS-39-FSain-Contr-200-allonge-rigidityV-2-1.avi
2-Veines-Inter/SB-MCS-39-FSain-Contr-200-allonge-rigidityV-2-2.avi
2-Veines-Inter/SB-MCS-39-FSain-Contr-200-allonge-rigidityV-2-3.avi
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Rohan, P. Y., Badel, P., Lun, B., Rastel, D., & Avril, S. Annals of biomedical engineering, 43(2), 314-324, 2015.
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D Simplified model of the calf hemodynamics

A CONTRACTION B RELAXATION
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Keijsers et al. /nternational journal for numerical methods in biomedical engineering, 31(7), e02714, 2015. f/
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1D finite volume model of the calf
e hemodynamics including venous return

C DEEP-SUPERFICIAL CONFIGURATION
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Keijsers et al. /nternational journal for numerical methods in biomedical engineering, 31(7), e02714, 2015. f/
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I Frediction of alterations in the venous return

Art inflow [mL/s]

Ven outflow |[mlL/s]

Perf pressure [kPa]

Keijsers et al. /nternational journal for numerical methods in biomedical engineering, 31(7), e02714, 2015.
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I Prediction of risk of thrombosis

CALF COMPRESSION AND VENOUS SHEAR STRESS
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Downie et al. American_Journal of Physiology-Heart and Circulatory Physiology, 294(5), H2112-H2120, 2008 f/
g
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B Summary

M Digital twin of the human leg under elastic
compression.

B Pressure and deformations correctly predicted.

H Circulatory and biological effects are still
challenging.
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