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Introduction: Spatiotemporal-based encoding is a relatively new and emerging methodology, enabling an alternative way of doing MRI It offers certain advantages
over traditional Fourier-based MRI such as robustness to static field (By) inhomogeneity' and the ability to compensate for B, inhomogeneity®. To take full advantage of
its spatially-and temporally dependent signal excitation, imaging performance might be improved using image reconstruction strategies that are not common to standard
MRI practice. Early work showed a reconstruction scheme that exploits the inherent quadratic phase of a chirp pulse to localize signal®>. This was followed by
substitution of frequency encoding* and phase encoding® with time encoding. For pure spatiotemporal encoding, one possible solution utilizes algebraic reconstruction,
which entails performing a Bloch simulation to obtain the encoding matrix and then taking its pseudo-inverse”. In this work, we explore new reconstruction approaches
for pure spatiotemporal encoding and compare them with Cartesian gridded Fourier Transform (FT) and pseudo-inverse methods.

Principle: We explore two new approaches for reconstructing spatiotemporally encoded images. The first approach is an iterative maximum-likelihood estimation
(MLE). We formulate the observed pseudo-FID at time index i as d; = 27:1 H;jpj, where H;; is the encoding matrix describing the response of the system for a scan
(ai=3;H5)"

o2

through a volume of N pixels, and p; denotes the occupancy of the volume pixel j. We define log-likelihood asInL ~ — 3 , where M is the number of
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measurements in time and p; is the estimator of the amplitude in the pixel j. ,
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(MFISTA) algorithm® is employed. t

Methods: The following data were generated with 2D Bloch simulations using 10x10 isochromat voxel averaging on a 100x100 grid. A 2D chirp pulse’ was used for
excitation followed by a spiral rewind during readout as shown in FIG 1. Two sets of simulations, one using a uniform phantom and another using a Shepp Logan
phantom, were performed. The uniform phantom data were used to generate encoding matrices. The Shepp Logan data were used to generate images for the following
reconstruction schemes: Cartesian gridded FT (convolved with Kaiser-Bessel function), pseudo-inverse (truncated SVD), MLE and total variation regularization (TVR).
In the case of MLE, B, inhomogeneity (-250Hz to 250Hz, linear along the x-direction) was imposed.

Results and Discussion: The reconstructed images are shown in FIG 2. The Cartesian gridded FT image (FIG 2C) suffers from resolution when reconstructed onto a
100x100 grid due to data being sampled along a spiral trajectory of 35 turns, which is equivalent to approximately 70 lines in Cartesian k-space. The pseudo-inverse
reconstruction (FIG 2D) shows improvement compared to FIG 2C, however still suffers in resolution. Both methods depict the excitation profile that results from a 2D
Chirp pulse (FIG 2B). MLE produces an enhancement in terms of resolution as can be ascertained by sharper edges in the image (FIG 2E), representing a clear
advantage over the previous methods. Furthermore, MLE is able to compensate for B, inhomogeneity (data used for reconstruction were generated with a linearly
varying By field imposed). However, the image is noisy along areas of constant amplitude, which is due to the encoding matrix being under-determined. This can be
remedied by increasing the pseudo-FID sampling rate to better condition the matrix. TVR yielded an image (FIG 2F) that was closest to the original Shepp Logan
phantom. Reducing the total variation seems to overcome the under-determined limitations of MLE, making it well suited for reconstructing spatiotemporal-encoded
signals. A positive outcome of both MLE and TVR is that both are indifferent to the non-uniform excitation profile of the 2D chirp pulse because they rely on linking
the sequentially excited object to the encoding matrix, hence taking advantage of the spatiotemporal encoding.
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Fig 2A: Shepp Logan phantom used in Bloch simulations and B: excitation profile resulting from 2D Chirp excitation. Reconstructed image using C: Cartesian
gridding and taking the FT, D: pseudo-inverse, E: MLE and F: TVL. For MLE, a linearly varying B, map from -250Hz to 250Hz was used.

Conclusion: Various reconstruction schemes were studied and compared for spatiotemporal encoding using simulations. Conventional reconstruction methods such as
Cartesian gridded FT and pseudo-inverse appear to perform poorer in terms of resolution, as compared to two new alternative methods. In addition, MLE and TVR
approaches, both of which consider the forward model (encoding matrix) of the spatiotemporal-encoding process, yielded images that compensated for the non-uniform
excitation profile. In summary, by using MLE or TVS, spatiotemporal encoding may provide an even greater immunity to magnetic field inhomogeneity than was
previously possible.
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