3D Aortic Motion Estimation for Image-Guided Intervention
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INTRODUCTION: Endovascular repair is now the method of choice for treatment of thoracic aortic disease. [1] State-of-the-art arch devices allow antegrade
perfusion of the brain by cannulation and insertion of a stent in each of the individual branches. Much of the complexity of the procedure is related to the anatomy of the
aortic arch and the consequent challenges in accurate catheter navigation and device placement [2]. X-ray fused with MRI (XMR) integrates 3-D anatomy information
from MRI (roadmap) with x-ray angiography and by providing enhanced image guidance, is associated with increased procedure efficacy and reduce radiation exposure.
[3-5]. To increase the fidelity of these roadmaps physiological cardiac and respiratory motion must be incorporated. However, an assessment of the 3-D aortic motion
has not previously been described. In this work we quantify the 3D deformation of the aorta caused by both cardiac and respiratory motion and evaluate the accuracy of
both affine and non-rigid motion corrections.
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displacements due to cardiac and respiratory motion in AP, RL and FH directions are shown for each cluster in Fig 3. For both cardiac and respiratory motion the
predominant direction of displacement was FH in all sections of the aorta. Cardiac motion resulted in a greater amount of RL and AP displacement compared with
respiratory motion, especially in the ascending aorta.

CONCLUSIONS: We have shown that there is significant 3D displacement of the aorta as a result of both cardiac and respiratory motion. Respiratory motion can be
adequately described by a simple affine registration but a non-rigid registration is required for the complex deformation caused by cardiac motion. The magnitude of
aortic displacement seen in this study was up to two-fold the diameter of branch vessel lumens and in some instances, as large as the diameter of the aorta itself. This
novel technique has the potential to deliver a patient-specific method to assess changes in aortic deformation and could provide important information required for
complex aortic interventions.
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