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Abstract

Study

Implantation of a Left Ventricular Assist Device (LVAD) may produce both excessive local tissue stress and
resulting strain-induced tissue rupture that are potential iatrogenic factors influencing the success of the surgical
attachment of the LVAD into the myocardium. By using a computational simulation compared to mechanical
tests, we sought to investigate the characteristics of stress-induced suture material on porcine myocardium.
Methods

Tensile strength experiments (n=8) were performed on bulk left myocardium to establish a hyperelastic reduced
polynomial constitutive law. Simultaneously, suture strength tests on left myocardium (n=6) were performed
with a standard tensile test setup. Experiments were made on bulk ventricular wall with a single U-suture
(polypropylene 3-0) and a PTFE pledget. Then, a Finite Element simulation of a LVAD suture case was
performed. Strength versus displacement behavior was compared between mechanical and numerical
experiments. Local stress fields in the model were thus analyzed.

Results

A strong correlation between the experimental and the numerical responses was observed, validating the
relevance of the numerical model. A secure damage limit of 100 kPa on heart tissue was defined from
mechanical suture testing and used to describe numerical results. The impact of suture on heart tissue could be
accurately determined through new parameters of numerical data (stress diffusion, triaxiality stress). Finally, an
ideal spacing between sutures of 2 mm was proposed.

Conclusion

Our computational model showed a reliable ability to provide and predict various local tissue stresses created by
suture penetration into the myocardium. In addition, this model contributed to providing valuable information
useful to design less traumatic sutures for LVAD implantation. Therefore, our computational model is a
promising tool to predict and optimize LVAD myocardial suture.
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1. Introduction

Cardiovascular diseases remain the leading cause of mortality, and heart failure (HF) therefore represents a
major health and economic burden as well as a challenge in therapeutic management [1][2][3]. For a large
proportion of patients, a heart transplant is not available and pharmacological treatments are not efficient
enough. In these cases, implantation of ventricular assist devices (VADs) is considered either as a life-
prolonging therapy, a bridge to transplant or, in some cases, as a definitive implantation [4][5].

Over the past few years, LVAD has certainly shown clear properties in improving quality of life [6][7], however,
attachment of the device to the heart remains a debated and critical issue [8] [9]. In order to minimize the risk of
myocardial tearing and bleeding the device is fixed and secured to the ventricle with U-suture using
polytetrafluoroethylene (PTFE) pledgets to spread and reduce the mechanical stress. Despite numerous
improvements, debate about the risk and optimization of LVAD attachment is still ongoing [8][10]. The LVAD
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