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1. Introduction

The creation of an arteriovenous shunt (AVS) by use of synthetic grafts is a common practice
in hemodialysis patients. However, the hemodynamic conditions in the anastomosed vessels are
altered, and we hypothesized that the vessels’ morphology and biomechanical properties may adapt
in response to these hemodynamic alterations. This study was designed to test this hypothesis by
examining the long-term biomechanical adaptation of the arterial wall to flow overload in a porcine
AVS model.
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2. Materials and Methods
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Fig. 1: Schematic representation of the measured in AC. Post-euthanasia, the proximal carotids

apparatus used for biomechanical testing v are excised and subjected to inflation-extension testing

(Fig. 1). The vessels were mounted on the apparatus and elongated to their individual in situ length.
Subsequent to mechanical preparation, pressure-radius-force data from one inflation cycle (0-200
mmHg) were recorded under passive conditions (by administration of 0.1 mM papaverine in the
Krebs-Ringer bath) for biomechanical analysis. From the experimental data, area compliance was
calculated as C=dA/dP and distensibility as D=C/A4, in which 4 and P denoted lumen area and
pressure. Circumferential wall stress was calculated as oy=PR/T (Laplace equation) and shear stress
assuming Poiseuille flow as ==kQ/R’, with R, T and O being lumen radius, wall thickness and mean
blood flow; and & depending on blood viscosity. Mean+SEM of all parameters were calculated.
Statistical comparisons were performed with the paired t- test, with £<0.05 denoting significance.

3. Results

Blood flow in the AC increased significantly post-AVS (267.1+44.4 vs. 551.0£103.0 ml/min;
Fig. 2a) and did not alter until euthanasia (414.9+86.4 ml/min), while there was no difference in
pressure between AC and CC (65.2+4.4 vs. 60.7£3.2 mmHg; Fig. 2b). A displacement of the
diameter-pressure curves towards higher diameter values was observed in AC compared to CC at all
pressures (Fig. 3a). The compliance-pressure (Fig. 3b) and distensibility-pressure curves (Fig. 3c) of
CC were shifted upwards compared to AC at low pressures (0-30 mmHg), but the opposite occurred
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Fig. 3: Diameter-pressure (a), compliance-pressure (b) and distensibility-pressure (c) curves for AC and CC.
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Fig. 4: Circumferential stress (a), shear stress (b), compliance (c) and distensibility (d) at the in vivo mean pressure
for AC m) and CC (@).

4. Conclusions

AVS led to a sustained blood flow overload in the AC, in response to which the diameter of
the AC chronically increased, and both circumferential and shear stresses were normalized to their
homeostatic values. Concurrently, the wall biomechanical properties of AC changed significantly at
all pressure levels compared to CC, similarly to a previous study [1] on a small-caliber vessel, but
unlike another investigation [2] that reported carotid artery diameter enlargement without alteration
in distensibility throughout the pressure range tested. The present study provides evidence of arterial
biomechanical adaptation as a result of chronic flow overload in a porcine AVS model.
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