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Report:

Goal: 
The goal of the beamtime was to aquire whole heart tomography data, from which the three-dimensional (3d)
network of muscle fibers in physilogically relevant conditions can be reconstructed.  To this end, we used
propagation-based phase-contrast tomography with optimized recording parameters and phase retrieval. The
resulting 3d vector field of myofibril orientation (analysis on progress) represents a valuable resource for heart
physiology and cardiac modeling.

Measurement: 
9 whole mouse hearts embedded in a phosphate buffer solution, were successfully imaged in a low resolution
configuration  (voxel  size  = 1.625 µm³)  in  3D using  X-ray phase-contrast  tomography.  Tomograms were
acquired in a stitching acquisition scheme resulting in ~20 tomograms per heart. During the acquisition of the
tomograms,  the formation  of  air  bubbles in  the buffer  solution due to  the X-ray intensity  was the major
technical  challenge.  However,  same  excellent  data  sets  were  acquired  after  finetuning  of  acquisition
parameters  and degasing of samples.  In addition,  the best prepared samples were imaged in 3d in a high
resolution configuration (voxel size = 0.65 µm³), resulting in ~120 tomograms per whole heart.

Analysis:
Using low and high-resolution phase-contrast tomography we are able to determine the architecture of a whole
mouse heart  in  phosphate buffer  solution.  In  this  hydrated  state  the structural  artefact  due to  the sample
preparation are minimized. The contrast and resolution of the obtained tomograms is sufficient to visualize the
orientation of the heart muscle fibers (Fig. 1(a)& (b)) and to calculate the 3d vector field of the myofibril



orientation. To this end, the 3d structure tensor of the entire heart was calculated. Near the ventricle, the fibre
orientation is aligned with the longitudinal axis of the heart.  These fibres are then surrounded by in-plane
rotating fibres, see figure (1c). 

Conclusion:  
We were able to obtain high quality tomograms in terms of image contrast and resolution in a physiological
relevant state (murine heart in PBS solution). The sample preparation of the hydrated hearts was optimized to
minimize the creation of air bubbles within the buffer solution during the X-ray scans. The phase retrieval step
was improved using sophisticated phase retrieval algorithms from the  holotomotoolbox (Lohse et.al (2020),
JoSR). To this end, we are able to reconstruct and analyse the 3d structure of the cardiomyocytes chains in the
entire organ. The analyses is still ongoing, however, preliminary results are presented in Fig. 1. 

Fig.1: Reconstruction of a murine heart, from data acquired at ID19 in the low resolution configuration . (a)
An exemplary  2d slice  of  the  reconstructed  3d volume,  the  short-axis-view.  Even  in  the  low resolution
configuration the structure and orientation of the cardiomyocytes is revealed. (b) Digital zoom into the red
marked area. (c) 2d streamline plot of the calculated 3d structure tensor field of the same exemplary 2d slice as
in (a) visualizes the orientation of the muscle fibers. (d) 3d rendering of the entire mouse heart obtained by
stitching 20 low resolution tomograms.  


