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ABSTRACT

Introduction

The aim of endovascular aortic aneurysm repair (EVAR), is to isolate the aneurysm
sac from the rest of the blood circulation and thereby eliminate the risk of aneurysm
rupture. Proximal Type | endoleak and endovascular stent-graft migration are the two
commonest causes for failure of the procedure; leading to aneurysm re-

pressurisation, and rupture.

Aim

The aims of this research were to examine the relationship between migration and
stent-graft oversizing of the proximal aortic neck; the mode of stent-graft migration; to
compare the proximal fixation strength between standard and fenestrated stent-graft;
to examine the relationship between oversizing and aortic neck length for a proximal
seal in standard and fenestrated EVAR; and finally, to measure the longitudinal

haemodynamic force (LF) acting on the bifurcated stent-graft in EVAR.

Method

The bench top experimental model for the measurement of proximal displacement

force (the force required to displace the stent-graft) comprised a proximal portion of
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standard or fenestrated Zenith stent-graft (Cook Europe, Bjaeverskov, Denmark),
which was deployed into a prepared, pressurised bovine aorta, a linear drive and a
calibrated digital force gauge. Force was applied to the stent-graft and measured
with the force gauge. The mode of migration was observed. To investigate the
proximal seal in different aortic neck lengths, a sealed proximal portion of standard or
fenestrated stent-graft was deployed into the prepared bovine aorta and then placed
into a pulsatile circulating system. Under human physiological flow conditions, the
leak between the aorta and the stent-graft was observed at different aortic “neck”
lengths. In the experiment of measurement of longitudinal haemodynamic force
acting on the stent-graft in EVAR, a bifurcated stent-graft model was machined and
bonded with a strain gauge. The model was placed into the same pulsatile flow

system under human physiological conditions, and the force was measured.

Results

The results of forces required to cause stent-graft migration by 5 mm have revealed
that the maximal force is reached at oversizing by 20% in stent-graft with barbs and
30% without barbs. The barbs increase the overall proximal fixation strength. The
mode of migration was observed in two phases. Phase one is due to the barbs
embedding into the aortic wall, with migration limited to a few millimetres, and it only
requires relatively small forces. Phase two occurs when the full fixation strength of
the device has been exceeded. The fenestrated stent-graft configuration confers

greater proximal fixation strength than conventional devices.
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The proximal seal in fenestrated and standard stent-graft was observed, and it was
found that the optimal oversize is inversely related to seal zone length. For
fenestrated EVAR with bare stent, a seal can be achieved at aortic neck length as
short as 5 mm.The results of the measurement of the longitudinal haemodynamic
force acting on a bifurcated stent-graft model revealed that the force is strongly
dependent on pressure. The fluid viscosity, momentum and pulsatility contribute
between 6 and 18% of the total LF. These results confirm that under certain
conditions, LF can exceed the fixation strength of some of the current endovascular

stent-grafts.

Conclusion

Adequate oversizing improves the proximal fixation strength. Barbs also increase the
proximal fixation strength. The mode of stent-graft migration occurs in two stages.
The fenestrated stent-graft configuration confers greater proximal fixation strength
than conventional devices. The optimal oversize in both fenestrated and standard
stent-graft is inversely related to seal zone length. For fenestrated EVAR with bare
stent, a seal can be achieved at aortic neck length as short as 5 mm. The
longitudinal haemodynamic force acting on a bifurcated stent-graft model is strongly
dependent on pressure, and it can exceed the fixation force in some of the current

endovascular stent-grafts.
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