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Abstract

Introduction. Recent advances in cardiac diffusion tensor imaging (DTI) have enabled
robust imaging of the in vivo heart [1]. This allows to non-invasively assess myofiber and
myosheet orientations, which has been a long-standing bottleneck of patient-specific cardiac
modeling [2]. Thanks to efficient sequence design, in vivo DTI has even been performed
in patients [3] and at multiple cardiac phases [4]. In this study, we analyze dual phase
cardiac DTI data of normal humans to investigate the affinity of ventricular deformation. The
angulation data is compared to predictions based on myofiber transportation by macroscopic
deformation, to quantify the potential relative sliding between myofibers.

Methods. In vivo DTI data was obtained on a healthy human volunteer, using a slice inter-
leaved dual heart phase stimulated echo acquisition mode (STEAM) imaging method [4]. Ten
short-axis slices were acquired with diffusion weighting along ten directions [4]. In addition,
three dimensional tagged magnetic resonance images were acquired using a complementary
spatial modulation of magnetization (3D CSPAMM) method, and post-processed using the
SinMod algorithm to obtain the displacement field throughout the ventricle during the car-
diac cycle [5]. They were used (i) to account for myocardial strain during diffusion tensor
reconstruction [4]; and (ii) to map the tensor points acquired at end-diastole and end-systole
(see next paragraph).

The analysis consists in comparing the angulation of the myocardial microstructure from end-
diastole 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.

Results. Figure 1(a-b) shows the tensor points at end-diastole & end-systole, while Fig-
ure 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 my-
ofibers 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) & end-
systolic (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.

Figure 1: Analysis of a high-resolution in vivo DTI & tagged MRI dataset.

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 non-affinity 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.
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