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ARTICLE INFO ABSTRACT

Keywords: Edited magnetic resonance spectroscopic imaging (MRSI) is capable of mapping the distribution of low concen-
Editing tration metabolites such as gamma-aminobutyric acid (GABA) or and glutathione (GSH), but is prone to sub-
GABA traction artifacts due to head motion or other instabilities. In this study, a retrospective motion compensation
1(;[SEPCI;A-PRESS algorithm for edited MRSI is proposed. The algorithm identifies movement-affected signals by comparing residual
MRS water and lipid peaks between different transients recorded at the same point in k-space, and either phase cor-
MRSI rects, replaces or removes affected spectra prior to spatial Fourier transformation. The method was tested on
Brain macromolecule-unsuppressed GABA-edited spin-echo MR spectroscopic imaging data acquired from 8 healthy

adults scanned at 3T. Relative to non-motion compensated data sets, the motion compensated data had signifi-
cantly less subtraction artifacts across subjects. The residual choline (Cho) peak in the spectrum (which is well
resolved from as a different chemical shift from GABA and is completely absent in a spectrum without subtraction
artifact) was used as a metric of motion artifact severity. The normalized Cho area was 5.14 times lower with
motion compensation than without motion compensation. A ‘removal-only’ version of the technique is also shown
to be promising in removing motion-corrupted artifacts in a GSH-edited MRSI acquisition acquired in 1 healthy
subject. This study introduces a motion compensation technique and demonstrates that retrospective compen-
sation in k-space is possible and significantly reduces the amount of subtraction artifacts in the resulting edited

spectra.

1. Introduction

Edited proton MR spectroscopy (MRS) of the human brain at 3T is
increasingly being used to detect lower-concentration compounds such
as gamma-aminobutyric acid (GABA) or glutathione (GSH). GABA is the
principle inhibitory neurotransmitter (Puts and Edden, 2012) and GSH is
the brain’s main antioxidant (Mytilineou et al., 2002). Both metabolites
have also been implicated in a large range of neurological disorders and
neuropsychiatric disorders (Schulz et al., 2000; Wood et al., 2009; Wei-
duschat et al., 2014; Mao et al., 2017; Petroff, 2002; Shetty and Bates,
2016; Do et al., 2018; Chang et al., 2003) and have been of interest in
basic neuroscience (Dharmadhikari et al., 2015; Jocham et al., 2012;
Isaacson and Scanziani, 2011). A variety of spectral editing techniques
have been proposed based on either multiple-quantum filtering (Puts and
Edden, 2012; Choi et al., 2009; Trabesinger et al., 1999) or J-difference
editing (Puts and Edden, 2012; Edden et al., 2006; Matsuzawa et al.,
2008; Chan et al., 2017; Harris et al., 2017). Of these two techniques,
J-difference editing is the more widely used, most often in conjunction

with single-voxel localization. However, in many cases it is desirable to
detect spectra from multiple regions of interest, in order to map out
spatial variations in metabolite levels. While single-voxel pulse se-
quences are useful if it is desirable to probe a specific region of interest,
multi-voxel techniques are needed in situations where the affected area is
unknown or if several areas are of interest. J-difference editing has been
used in combination with MR spectroscopic imaging (MRSI) for
multi-voxel localization and has previously been shown to be capable of
mapping both GABA (Chan et al., 2019; Zhu et al., 2011; Bogner et al.,
2014a) and GSH (Chan et al., 2019; Srinivasan et al., 2010).

Since J-difference editing involves the subtraction of two scans with
and without editing pulses applied (referred to as ON and OFF respec-
tively), it is very sensitive to head motion or other instabilities which
cause subtraction artifacts (Bogner et al., 2014a; Evans et al., 2013). In
single-voxel spectral editing, various post-processing schemes are avail-
able to identify and correct shot-to-shot phase and frequency variations
(Mullins et al., 2014; Waddell et al., 2007; Near et al., 2015). These have
been shown to remove subtraction artifacts and improve spectral quality.
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Fig. 1. (a) General schematic diagram of the edited MR spectroscopic imaging data processing pipeline including the retrospective motion compensation algorithm in
k-space. (b) Motion-affected transients are identified depending on their correlation coefficients with the spectra at the same k-space point and are either phased to
match the unaffected transients, replaced with an unaffected transient of the same type of sub-acquisition, or replaced by zeroes. For clarity purposes, only the water

peak is displayed.

However, in edited MRSI, the presence of phase-encoding gradients has
generally precluded application of such routines although prospective
motion schemes with additional hardware and/or specialized software
have been implemented for use with edited MRSI (Bogner et al., 2014b).

Motion-related corruption of even just a few points in k-space then
leads to measurement biases which propagate throughout the entire
MRSI dataset after spatial fast Fourier transformation (FFT). If the mea-
surement bias differs between ON and OFF acquisitions, subtraction ar-
tifacts (i.e. the presence of unwanted signals) will occur. This can lead to
mis-estimation and variability in the measurement of edited resonances
due to overlap with subtraction artifacts.

In this paper, a retrospective motion compensation method for edited
MR spectroscopic imaging is presented and evaluated on data acquired
using a previously described pulse sequence for edited MRSI (Zhu et al.,
2011). This sequence compares residual water and lipid peaks between
different transients acquired at the same point in k-space, and either
phase corrects, replaces or removes those that do not share the same
properties as the others. After correction in k-space, data are processed as
normal by spatial FFT. The algorithm is designed to work with datasets
that contain only a limited amount of motion, i.e. the majority of the data
being of good quality with only occasional head motion followed by a
return to the original position. The method is not designed to compensate
for larger or more continuous motion, in which case only prospective
motion correction schemes (e.g. (Bogner et al., 2014b)) would be ex-
pected to be successful.

2. Materials and methods
2.1. Retrospective motion compensation scheme

In MRSI, the phase of the signal changes from one point in k-space to
the next, so correction schemes developed for single voxel MRS will not
work as applied to the whole dataset. However, if more than one tran-
sient is acquired for each point in k-space, then different transients at the
same point in k-space can be compared for similarity. The pulse sequence
used in this study (see below) gives quite strong residual water and lipid
signals, which can be used to estimate motion-related phase, frequency
or amplitude changes. It may also be possible to compare k-space spectra
between acquisitions with the editing pulse either ON and OFF; for
instance, in editing for GABA+, the water peak will usually be the same

in both the ON and OFF spectra, so can also be compared for similarity,
whereas the lipid peaks are usually affected by the 1.9 ppm ON GABA +
editing, so cannot be compared.

Fig. 1 shows the general schematic of the entire data processing
pipeline including the added motion compensation in k-space before 2D
spatial FFT. The motion compensation algorithm, is based on the
assumption that at least two transients at the same k-space point have
similar phases then they are un-affected by motion. On the other hand, if
a transient has a different phase from the others, it is assumed that it is
motion-affected. To determine similarity between transients at the same
k-space point, Pearson’s correlation coefficients (CC) were calculated for
the real parts of the water peaks (4.4 ppm-5.2 ppm) and lipid peaks
(0 ppm-2.5 ppm) separately (Tapper et al., 2019; Wiegers et al., 2017)
between all four transients to generate six CCs per point in k-space:
CCon1,0n2, CConi,orr1, CConi,orr2, CConz,0FF1, CCong,0FF2, and CCorri,
orre- Since the lipid peaks differed between the ON and the OFF spectra,
the lipid CCs were only calculated between transients of the same
sub-acquisition type. Thus, the CCs can be defined as:

CCon1,0N2 = CCyater,oN1,0N2 V CClipid,0N1,0N2
CConi1.0FF1 = CC water,ON1,0FFI

CCon1,0Fr2 = CC water,ON1,0FF2

CCon2,0FF1 = CC water,ON2,0FFI

CCon2,0Fr2 = CC water,ON2,0FF2

CCorr1.0rr2 = CCyater,0FF1,0N2 V CC 1ipid, OFF1,0FF2

Note that the lipid spectra are only included when finding the CCs
between the ON transients and the OFF transients. After calculating the
CCs between transients, the algorithm then determines which transients
are affected by motion by determining which of the six CCs have values
below a threshold of 0.8. Depending on the combination of CCs that have
values below this threshold, the motion affected transient(s) can be
surmised. For example if CCon1,0n2, CConi,orr1, CConi,orr2 are all below
0.8, it can be inferred that ON transient 1 is the motion-affected transient
as that transient is shared between the CCs with values below the
thresholds. Another example is if CCon1,0rr1, CConz,0rF1, CCong,0FF2 are
all below 0.8. In this case, the algorithm sees that ON transient 2 and OFF
transient 1 appear in 2 out of the 3 CCs below threshold and are thus
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considered the motion-affected transient. At times, however, ambiguity
can exist as to which of the transients are motion affected. To narrow
down the motion-affected transients, CCon1, on2 and CCopr1, orr2 Were
recalculated to be the average of the water and lipid CCs. The following
general rules were then applied:

1. If there is ambiguity over which of two transients is motion
affected, the algorithm sums the CCs for each transient separately and
finds which of the two transient has the higher (lower) sum CC. The
transient with the lowest sum CC is deemed the motion-affected
transient. For example, if only CCopr1,0rr2 is below the threshold, it
is unclear as to whether OFF transient 1 or OFF transient 2 is the
motion-affected transient. Thus, non-motion affected transients can
be found with the equation: argmax(CCONl_oppl +CCoN2.0FF1
CConi,orr2 +CConz,0rr2 ) If this equation is equal to 1, then it can be
surmised that OFF transient 2 is the motion-affected transient.
Conversely, if the equation is equal 2, then OFF transient 1 is the
motion-affected transient.

2. Ambiguity can also arise when trying to identify ON/OFF pairs
spared from motion-related phase changes. In these instances, the
algorithm identifies the CC between different ON/OFF combinations
with the highest value and considers the other two ON/OFF transients
to be motion-affected. For example, if CCon1,0n2, CConz,0rF1, and
CCorr1, orrz are all below threshold, it is difficult to determine which
ON/OFF is motion-affected. This can be narrowed down with the
fOllOWiIlg equation: argmax(CCom,opFl, CCONZ_OFFl N CCoNzyoppz) If this
equation is equal to 1, 2, or 3 then it can be surmised that ON tran-
sient 2 and OFF transient 2, ON transient 1 and OFF transient 2, or ON
transient 1 and OFF transient 1 respectively are the motion-affected
transients.

After identifying motion-affected transients, a decision was made as
to what to do with these motion-affected transients. If all six CCs were
below a threshold of 0.6, the k-space point was replaced with zeros. If
not, however, an attempt was made at applying a zero-order phase to the
motion-affected transients so that the phase of the water peaks matched
that of other transients as closely as possible. This was done by applying
360 degrees of phase at 1° increments to the motion-affected transients
and recalculating the CCs between the individual motion-affected tran-
sients and the average non-motion-affected transients at each increment.
If a CC of 0.9 and above was obtained between the water peaks of the
phased motion-affected spectra and the motion-unaffected spectra, the
phase that was used to correct the spectra was saved for later use. If it was
not possible to obtain a CC of 0.9 and above by phasing the motion-
affected spectra, the transient was marked for replacement by a tran-
sient of the same sub-acquisition type (e.g. replacing OFF transient 1 with
OFF transient 2). For more information, the MATLAB code for the algo-
rithm is included as supplementary material.

After corrections are applied for each motion-affected transient in k-
space, conventional post-processing steps (spatial 2D Fourier trans-
formation, etc.) can be performed to create multi-voxel spectra.

The algorithm schematic presented in Fig. 1b was designed for a two-
transient acquisition regime (two edit-ONs/edit-OFFs). There are times,
however, where it is desirable to acquire additional transients. In such
cases, the schematic presented in Fig. 1b can be extended. Thus, a more
general method is proposed in supporting Fig. 1 and is illustrated sche-
matically for a three-transient acquisition scheme. In this scheme, iden-
tification of motion-affected transients is forgoed in favor of a more blind
approach where an attempt is made to phase-match all transients at the
same k-space point to the ON/OFF transient pair at the same k-space
point with the highest CC. If phase-matching of the transients to this pair
of transients with a CC > 0.9 is not possible, the same replacement and k-
space zeroing steps are taken.
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2.2. Invivo data

All experiments were performed on an Achieva 3T scanner (Philips,
Best, The Netherlands) equipped with a 32-channel head coil. Data were
acquired in 8 healthy adults (6 male, age: 30 & 7 years) using an edited,
spin-echo MRSI sequence with hyper-geometric dual-band (HGDB) water
and lipid suppression, and outer-volume lipid suppression, as described
previously (Zhu et al., 2010, 2011). A single 20 mm thick axial slice
placed just above the level of the ventricles was acquired with 2D phase
encoding, field-of-view of 180 mm x 210 mm, 12 x 14 phase encoding
matrix, and elliptical k-space sampling, resulting in a nominal in-plane
resolution of 1.5cm x 1.5cm and voxel size of 4.5cm®. TR/TE was
2s/80 ms while the total acquisition time was 17.5 min. Two transients
for each of the ON and OFF sub-acquisitions were acquired at each
phase-encoding step. A frequency-modulated 90° excitation pulse with a
bandwidth of 4.3 kHz and an amplitude-modulated 180° refocusing pulse
with a bandwidth of 1.3 kHz were used as previously described (Henning
et al., 2009). 20 ms sinc-gaussian editing pulses were used with a band-
width of 62 Hz. For GABA-editing, these editing pulses were placed at 1.9
and 0.7 ppm in the ON and OFF acquisitions respectively. Note that these
editing pulses partially invert the 1.7 ppm macromolecule (MM) peak
(Henry et al., 2001) so that the 3 ppm signal detected contains compo-
nents from MM in addition to GABA and is thus referred to here as
GABA+.

GSH-edited data were also acquired in 1 healthy adult (male, age 26)
with the same acquisition parameters, including TR and TE, as the GABA-
edited acquisition. In this acquisition, however, the edit-ON pulse was
placed at 4.56 ppm and the edit-OFF pulse was placed at 7.58 ppm.

By field homogeneity was optimized using a field-map based 2nd-
order shimming routine (Gruetter, 1993). Separate water unsuppressed
references were also acquired with one transient and at the same
field-of-view and resolution as the edited-MRSI scans for coil combina-
tion purposes.

Data were processed with and without the use of the retrospective
motion compensation algorithm (Fig. 1). For GABA-editing, in the
absence of any motion, there should be no residual signal at 3.2 ppm, i.e.
the choline (Cho) peak should be completely removed and the edited
peak at 3.0 ppm should only contain components from GABA and mac-
romolecules. A measure of the subtraction artifact intensity can therefore
be quantified by measuring the Cho signal in the difference spectra as it
appears at a different chemical shift from GABA. Cho and GABA + peaks
were therefore fit using lineshape models as described previously (Edden
et al., 2014). To evaluate the goodness of the fits, the coefficient of
determination was calculated between the fitted model values and
spectra. Voxels that the algorithm was unable to fit or had a coefficient of
determination (R%) of less than 0.85 were not included in further ana-
lyses. In addition, voxels that were better fit by a single Gaussian model
from 2.65 ppm to 3.6 ppm to the GABA + than the Cho + Cr model
and/or with a R? of greater than 0.92 were considered to contain no Cho
subtraction artifacts. The fitted Cho artifact areas from the DIFF spectra
were normalized and were thus expressed as a fraction relative to the
fitted Cho areas from the OFF spectra. Outliers were calculated as ele-
ments greater than 3 scaled median absolute deviations away from the
median and were removed from further analyses.

In individual subjects, the GABA+ and GSH peaks in the uncorrected
and the corrected spectra were fit with a single Gaussian peak, as were
the H,O peaks in the unsuppressed water spectra. The areas of the fitted
peaks were extracted and the ratio between the edited signal areas and
the unsuppressed water areas were mapped across the slice.

3. Results

The thresholds for the identification of motion-affected transients and
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Fig. 2. (a) Phase corrections and transient replacements performed for one subject. A total number of 524 transients were acquired which is equal to 12 x 14 x 4 (ky,
ky, ON/OFF, 2 averages) *0.78 (elliptical k-space sampling). (b) Slice location for the edited MRSI acquisitions on an axial T,-weighted image (middle) taken from the
subject in (a). Representative uncorrected and corrected difference spectra from the subject in (a) from a voxel within this slice location are also shown plotted from
0.5 to 4.2 ppm. Negative Cho and Cr subtraction artifacts can be seen in the uncorrected data; these artifacts are removed after compensation and clear GABA+ and Glx

peaks at 3.0 ppm and 3.75 ppm can be visualized in the corrected spectra.

cutoff for phase correction versus transient replacement was found after a
parameter search ranging from 0.7 to 0.8 for motion-affected transient
identification and 0.85 to 0.95 for the phase correction versus transient
replacement cutoff. The optimal thresholds were chosen to minimize the
residual Cho artifacts in the difference spectra while maximizing SNR. As
shown in supporting Fig. 2, Cho artifacts across subjects were kept to a
minimum with a threshold of 0.8 for motion-affected transient identifi-
cation and 0.9 for phase correction. Fig. 2a shows the phase corrections
and transient replacements made for a GABA-edited acquisition taken
from one subject. Fig. 2b shows representative spectra taken from a voxel
in one subject with and without the compensations depicted in Fig. 2a. It
can be seen that there are significant artifacts which, in this case, man-
ifest as predominantly negative Cho and Cr signals resulting from the
magnitude of the OFF sub-acquisition being significantly greater than
that of the ON sub-acquisition. With motion compensation, however,
these subtraction artifacts are significantly reduced and clean GABA+
and glutamate + glutamine (Glx) peaks can be visualized at 3.0 and 3.7
ppm respectively. There is also less lipid contamination in the corrected
spectra. A summary of all the phase corrections and transient re-
placements made can be seen in Table 1. Examples of curve-fitting of
examples OFF and difference spectra from one subject are shown in
supporting Fig. 3.

Fig. 3 shows the median distribution and interquartile range of the
Cho artifacts across all 8 subjects represented as a fraction of the voxels fit
inside the brain (average + standard deviation of 128 + 23 voxels). It can
be seen that the Cho artifact distribution is skewed towards lower values
in the corrected spectra versus the uncorrected spectra. This is also re-
flected in their median Cho artifact areas with a median (interquartile
range) of 0.035 (0.07) for the corrected spectra versus 0.18 (0.32) for the
uncorrected spectra. In addition, the Cho subtraction artifacts are smaller
in the corrected spectra than the uncorrected spectra in the majority of

Table 1
Phase corrections and replacements made by the motion compensation algorithm
for each subject.

Subject Number of Transient Number of Number of k-
transients absolute phase transients space points
phased correction replaced replaced with

(degrees) Zeros

1 79 38 39 0

2 58 39 24 1

3 97 40 39 0

4 93 49 38 1

5 90 46 29 1

6 85 35 33 0

7 67 40 23 0

8 58 39 24 1

Median 82 39.5 31 0.5

Interquartile 29 4.5 145 1

Range

the voxels affected by the motion compensation algorithm (~84%). This
improvement in spectral quality can also be seen in the unsubtracted
spectra (supporting Fig. 4).

For the GSH-edited MRSI acquisition, a replacement-only motion
compensation strategy was used since the water peak is saturated by the
4.56 ppm editing pulse which makes the peak more unreliable for
phasing purposes. Fig. 4 shows representative uncorrected and corrected
GSH.

Spectra taken from a voxel in one subject. Significant subtraction
artifacts are apparent in the uncorrected spectra, but these are largely
removed by the compensation algorithm allowing a clean GSH peak at
2.95 ppm to be visualized.

Fig. 5 shows represented GABA+/H,0 and GSH/H20 maps with and
without motion compensation. Both the GABA + map and the GSH maps
become smoother after the motion compensation algorithm is applied,
especially at the central regions of the brain.
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Fig. 3. Cho subtraction artifacts resulting from fits to the GABA-edited data as
in supplemental Fig. 3. Median distribution and interquartile range of the Cho
subtraction artifacts across all subjects. The distribution of the Cho subtraction
artifacts for the corrected spectra is skewed towards lower values versus that of
the uncorrected spectra.
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Fig. 4. Representative GSH uncorrected and corrected spectra from a voxel
within this slice location is shown on the right plotted from 2 to 4 ppm. Large
Cho and Cr subtraction artifacts can be seen in the uncorrected spectra, which
are removed after compensation allowing visualization of the GSH peak
at 2.95 ppm.

4. Discussion

The sensitivity of edited MR spectroscopic imaging to head motion
necessitates the availability of accessible motion compensation methods
to improve the accuracy and reliability of measurements. This paper
presents a retrospective motion compensation algorithm for edited MRSI.
This compensation does not require any additional hardware or acqui-
sitions, and only requires additional data post-processing. In addition,
this technique is data-based and does not rely on any assumptions about
the data which could potentially lead to the introduction of artifacts upon
compensation. The technique presented here is shown to be effective in
significantly reducing subtraction artifacts in GABA-edited MRSI acqui-
sitions and to have potential in correcting for motion in GSH-edited MRSI
acquisitions. Although shown here to be effective in correcting edited
MRSI acquisitions with Cartesian-based k-space sampling, this method
can also be extended to other edited MRSI acquisitions with different k-
space sampling techniques such as spiral-based trajectories or zig-zag
transversal of k-space with echo planar spectroscopic imaging provided
that at least 2 transients exist for each sub-acquisition type (at least 2 ONs
and 2 OFFs). While additional frequency correction for By drift was not
necessary for the data collected here, this can be a future addition to the
presented algorithm.

GABA

Corrected

Uncorrected

x10*
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It is noted that both the GABA+ and GSH maps contain an asymmetry
in the edited signal intensities in the left-right direction. It is believed that
this originates from residual field inhomogeneity with large measure-
ment volumes such as the one used in this study. This results in residual
lipid signals which bias measurements.

Retrospective motion compensation in this study is made possible by
the acquisition of multiple transients of the same type of sub-acquisition
with the same phase-encoding gradient. For accurate phase compensa-
tion at a particular k-space point, at least 2 of the transients must be
similar for the algorithm to phase the other transients to. If the program is
unable to phase the transients and must replace a motion-corrupted
transient, one of those two transients must be of the same sub-type.
Thus, for a 4-transient acquisition, the two similar transients must be
of different subtypes. However, the program preferentially chooses to
preserve as many transients as possible with phase-correcting rather than
replacing transients to reduce the amount of SNR loss resulting from
replacing transients which results in an increase in the noise level relative
to the signal level. However, it is possible that this SNR loss will be
increased in acquisitions where more transients are removed with more
severe head movements. Replacing all transients with zeros at certain k-
space points was avoided as much as possible, as removing too many k-
space points will degrade the MRSI point spread function and lead to
artifacts.

For effective retrospective motion compensation, a reliably large re-
sidual water peak was necessary for identifying and correcting motion-
affected transients. In this study, the HGDB dual water and lipid sup-
pression sequence gave sufficient suppression factors to allow for the
detection of the metabolite peaks, but also provided a reliable residual
water peak for retrospective motion compensation as it originated from
the entire slice. This is likely to be possible as well with other water
suppression techniques such as WET (Ogg et al., 1994) or with
water-suppression cycling (Ernst and Li, 2011) provided that a large
enough water peak is available for correction. This is essential for
GSH-edited acquisitions where the water peak at 4.68 ppm is saturated
by the ON-editing pulse at 4.56 ppm. The reduced intensity of the re-
sidual water peak makes phase correction less reliable but is sufficient for
identifying movement-affected transients. Thus, a replacement-only
approach was used for the GSH-edited data, which can result in a
reduction in SNR. Phase correction can be added, however, with the use
of a weaker water suppression method which would allow for a more
reliable water peak for phasing.

Accurate phasing becomes more difficult at outer k-space regions due
to the lower SNR available. These points, however, also contribute less to
MRSI signal after Fourier transformation, so that small phase errors on
these points are relatively less important. It is important to note,

GSH

Uncorrected Corrected

Fig. 5. Representative GABA+/H,0 and GSH/H»0 maps with and without motion compensation. Motion compensation removes much of the artifacts present in the

metabolic maps and results in smoother GABA+ and GSH maps across the brain.
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however, that with more severe head motion, more transients will be
unrecoverable by phase correction and the SNR will likely decrease
further. With a more reliable water peak for phasing, however, it is
hopeful that the need for transient replacement as well as any associated
SNR decreases will be kept to a minimum. Additionally, this compensa-
tion technique can be extended to also incorporate phase and frequency
compensation resulting from By drift during the scan and some rarely
used decisions made by the algorithm can be improved upon or com-
bined for a more streamlined approach.

In this study, a repetition time of 2s was sufficiently long enough so
that moderate motion would not affect sequential transients at the same
k-space point. As the repetition time decreases, however, it is possible
that some movements would affect more than 2 of the 4 transients at the
same k-space point which would make it difficult to find a motion-
uncorrected transient. This can be mitigated by interleaving k-space
transients to reduce the number of transients at the same k-space point
corrupted by motion.

Although the algorithm is able to compensate for intermittent motion,
the algorithm is more limited when it comes to other types of motion as
seen in supporting Fig. 5. With continuous motion, the performance of
the algorithm is variable. If at least one ON and one OFF are not affected
by motion, the algorithm is able to phase correct or replace the motion-
affected transients. If this is not the case, however, the algorithm is either
unable to correct the motion-affected transients or zeroes out the point in
k-space. This is also the case with frequent motion as there aren’t enough
unaffected transients at any given k-space point to correct for motion.
The algorithm is also unable to compensate for a persistent pose change
during the scan.

As noted above, methods exist for prospective motion correction for
edited-MRSI acquisitions by acquiring a volumetric navigator each TR
and performing real-time shim and motion compensation (Bogner et al.,
2014a, 2014b). These techniques however do require software (and also
hardware, if optical detection of motion is performed) that at the current
time is not widely available in the MR community. In addition, the time
to perform the volume navigator acquisition and online processing is
long (~760ms) (Bogner et al., 2014b) and may put a restriction on the
minimum repetition time for fast MRSI sequences such as multi-slice
acquisitions.

5. Conclusion

In summary, a retrospective motion compensation for edited MR
spectroscopic imaging was proposed and evaluated. The method doesn’t
require additional hardware or additional scan time making it suitable
for implementation with J-difference MR spectroscopic imaging se-
quences that acquire more than one transient per point in k-space. The
method is expected to work best when there are intermittent subject
movements after which the subjects resumes the same head position, and
is not intended for use when motion is more frequent and/or larger
amplitude; in these cases, full prospective motion correction will be
needed (Bogner et al., 2014b).
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