Reconstruction of brainstem white-matter fiber systemswith combinatorial tracking
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Introduction

DTI based Tractography is becoming increasingly popular for delineating white matter trajectories of the human brain "% Although DTI suffers from
intrinsic limitations (e.g. partial volume effects) with recent probabilistic approaches, this methodology becomes a brain connectivity tool. Recently
we suggested combinatorial tracking ® in which the regular grid diffusion tensor data is mapped to a graph (as in graph theory), where the center of
each voxel (graph node) is connected to its 26 neighbor voxel centers by graph edges. Each edge is assigned a transition probability, which is
calculated by numeric integration of the Gaussian probability density function ’. The model enables for fibers in 13 different directions to cross a
voxel. Each two voxels can be connected by a path, but some paths have higher probability than others.

In this work we apply combinatorial fiber tracking® to the reconstruction of two fiber systems in the brainstem: the pyramidal decussation (PD) and
the medial cerebellar peduncle (MCP). We compare the results of the two reconstruction algorithms, the most probable random walk path algorithm
and the reaction path algorithm. Although both methods successfully reconstruct the PD, only the later reconstructs the MCP in an anatomically
consistent manner.

M ethods and Theory

MRI: The combinatorial tracking framework has been implemented on a conventional DTI data set of a single subject (healthy female 27 years)
scanned on a 3T GE scanner. The DTI data set consisted of 27 axial slices with resolution of 3.4x3.4x4.0 mm®. Scanning parameters were as follows:
TE=88ms, b value of 1000 s/mm?” (A/ of 25/19ms) acquired over 19 gradient directions. The acquisition was gated to 30 R-R cardiac cycles.

Combinatorial tracking: The graph model of combinatorial tracking corresponds to a discrete time finite state irreducible Markov chain, where each
voxel correspond to a state °. Under this framework we suggest two fiber reconstruction algorithms that work in the context of the Markov chain
model.

The first algorithm, the most probable random walk path, finds a path form source to target which maximizes the product of transition probabilities
along its edges. It is found by transformation of the transition probabilities (minus log) and by applying Dijkstra's shortest path® algorithm. The
calculated path is given the following interpretation: given that a random walk started at the origin and ended at the target, most probably it followed
the selected path. The mean first passage time (MFPT) is defined as the average time it takes of a random walk, which starts at the source voxel, to
arrive at the target voxel for the first time. The MFPT between every pair of voxels in the network is calculated from the probability transition matrix
using the fundamental matrix theorem’ and is interpreted as a global connectivity matrix. The second algorithm, the reaction path algorithm, finds a
path from the source to the target with minimum number of
edges, among all paths, which decrease the mean first passage
time to the target.

Combinatorial tracking was calculated by Matlab © (Mathworks,
USA), BGL'®, Matlab BGL (David Gleich, Stanford University),
Atlas'! and visualized using VTK (Kitware Inc.).

Results and discussion

In order to compare the two algorithms we selected two fiber
systems at the brainstem. At the first system, the pyramidal
decussation, source voxels were selected at the medulla and
target voxels above the pons (Figure 1). Fibers were
reconstructed from each voxel of the source to every voxel of the
target. At the second system, the medial cerebellar peduncle,
source and target voxels were selected contra-laterly at the pons
and fibers were reconstructed from each voxel of the source to
every voxel of the target.

The result of the two algorithms is demonstrated in Figure 1.
Both algorithms nicely demonstrate the decussation pattern.
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superiority of the reaction path algorithm is due to the fact that it Figure'1: A comparisyn between two Combinatorial Fi{)er Tracking alg«?rithms.
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measure as it can connect any source and target voxels.
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