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Is ventricular deformation affine?
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The analysis consists in comparing the angulation of the myocardial microstructure from enddiastole to end-systole (or vice versa), (i) measured using in vivo DTI; and (ii) associated to the macroscopic deformation measured using 3D CSPAMM. First of all, the end-systolic position of the end-diastolic tensor points was computed, and the closest end-systolic tensor point of each transported end-diastolic tensor point was found. Then, to compute the former, i.e., the measured rotation between end-diastole and end-systole, the angles between the myofiber vectors of each couple of tensors was assessed. Finally, to compute the later, i.e., the rotation induced by the macroscopic deformation, the rotation part of the deformation gradient was extracted. Discussion. The present analysis provides an element of response to the long-standing question of the affinity of the ventricular deformation; our findings are however limited by the use of a single in vivo dataset. We are now working toward performing the analysis on a dataset of ten human volunteers, in order to confirm the finding. The foreseen here could have a significant impact in cardiac modeling, where mostly first order continuum models are currently used, as well as in cardiology, where it could help to better explain the complex cardiac deformation and potentially represent a valuable biomarker for diagnosis.

Results.

  Figure 1(a-b) shows the tensor points at end-diastole & end-systole, while Figure 1(c-d) compares the transmural variation of measured & transported helix & transverse angle change. The data suggests that there is an average additional rotation of 10°of the myofibers from end-diastole to end-systole, in addition the rotation induced by the macroscopic transformation. Measured & transported transverse angles are more similar.

  (a) End-diastolic (blue) & endsystolic (red) tensor points. (b) End-diastolic tensor points transported to end-diastole. (c) Transmural variation of measured (green) & transported (orange) helix angle change. (d) Transmural variation of measured (green) & transported (orange) transverse angle change.
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 1 Figure 1: Analysis of a high-resolution in vivo DTI & tagged MRI dataset.