Reconstruction of 3D myocardial fiber architecture using SENSE-DTI at 3 Teda
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I ntroduction
There is abundant evidence that ventricular structure and function (1-4) are markedly inhomogeneous. Nonetheless, it is commonly assumed that ventricular emptying
is an effect of the centripetal constriction of the prevailing surface-parallel myocardial array which wraps the ventricular cavity (5, 6). However, though the existence of
athree-dimensional netting of the heart muscle has never been called into question its functional impact has been virtually excluded from discussion.

Myocardial fiber structure correlates with anisotropy in the water self-diffusion of the myocardium (7), which can be assessed by using Diffusion Tensor MRI (DTI) (8,
9). Measuring the 3D diffusion properties in each voxel of a complete heart allows visualizing myocardial fiber structure, following the direction of the eigenvector
corresponding to the largest eigenvalue. One of the most prominent advantage of this method is that once the data are acquired, they can be analysed repetitively with
focus variable architectural aspects.

The aim of the present study is to explore the heart muscle's fibre structure using DTI, enabling the depiction of fibre architecture to an extent which exceeds most
advanced histological techniques.

M ethods

From eight porcine hearts obtained from a local slaughterhouse immediately after slaughter the subepicardial fat, the coronary vessels, the atria, and the papillary
muscles were removed to reduce image artefacts. The hearts were housed in a plastic box (11 x 11 x 12 cm?), filled with agarose (2 %) gel which was doped with
copper sulfate (0.5 %) to obtain better signal contrast between myocardium and the surrounding gel. Care was taken that while filling up the ventricular cavities with gel
the inclusion of air bubbles was omitted between the grooved inner contours.

Diffusion tensor imaging: The measurements were performed on a 3T Philips Intera whole body MR system (Philips Medical Systems, Best, NL) using a surface coil
array consisting of four rectangular elements for signal reception. A multi-slice Stejskal-Tanner sequence was used to obtain diffusion weighting in six independent
directions. Images were acquired using single-shot echo-planar imaging (EPI) in combination with the parallel imaging technique Sensitivity Encoding (SENSE) (10) to
reduce EPI-related artefacts (11). Imaging parameters were: FOV = 130 x 130 mm?, 80 x 80 image matrix, SENSE-factor = 1.9 (in-plane spatial resolution = 1.62 x
1.62 mm?), dice thickness= 2 mm, TR =10.2 s, TE = 70 ms, flip angle a = 90°, number of signal averages = 9, diffusion gradient = 3.1 G/cm (b = 900 mm?). A 3D
volume of 43 adjacent short axis slices was acquired covering the entire heart. Thereby the total measurement duration was about 20 min. For validation purposes,
diffusion weighted images of a papillary muscle which exhibits awell defined longitudinal fiber orientation were also collected and analyzed separately.

Fiber reconstruction: The six diffusion weighted images were segmented and registered using a 2D affine image registration algorithm (12) to correct for residual
image distortions due to eddy currents. On a voxel by voxel basis the diffusion tensor’s properties were derived by singular value decomposition. The fibers were
reconstructed using a custom-made backward trilinear tensor tracking algorithm.

Results

The histology and the diffusion-weighted image of the papillary muscle is shown in Fig. 1a. The color indicates a uniform fiber orientation in the longitudinal direction
as known from histological examinations. When looking to the bi-ventricular base from the apex on Fig. 1b, with the thick-walled |eft ventricle on the right, the thin-
walled right ventricle on the left, the orientation of the imaged diffusive pathways is in compliance with established knowledge on fibre orientation as known from
histology (1, 2). The prevailing alignment follows a circular course with some subepicardial layers radiating in a clockwise turn from outside to inside. The same results
can be observed when measuring a sequence of short axis slices from the apex to the base and reconstruction of the myocardial fibres following the largest diffusion
eigenvaluesin each voxel (Fig. 1c).
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Figl: a) Histology and DTI based fiber orientation of the papillary muscle. b) Short axis slice at basal level revealing the local main diffusion directions. The
colors correspond to the main diffusion orientations as indicated at bottom right. c) 3D-Reconstruction of the muscle fiber architecture in the whole
heart (LV: Left ventricle, RV: Right ventricle).

Discussion:

The excellent correspondence of papillary fiber orientation detected using SENSE-DTI with data from histology indicates the validity of the methods used. Fiber

orientations reconstructed for both ventricles of the pig heart were in accordance to previous histological examinations. It is concluded that DTI at high field strength

incorporating parallel imaging allows accurate reconstruction of global fiber structure in ex-vivo samples with reasonably short measurement times. The method holds

great potential in complementing histological examinations used to study changes of cardiac fiber orientations associated with a variety of diseases.
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