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Purpose: Body composition MRI captures the distribution of fat and lean
tissues throughout the body, and provides valuable biomarkers of obe-
sity, metabolic disease, and muscle disorders, as well as risk assessment.
Highly reproducible protocols have been developed for 1.5T and 3T MRL
The purpose of this work was to demonstrate the feasibility and test-retest
repeatability of MRI body composition profiling on a 0.55T whole-body
system.

Methods: Healthy adult volunteers were scanned on a whole-body 0.55T MRI
system using the integrated body RF coil. Experiments were performed to refine
parameter settings such as TEs, resolution, flip angle, bandwidth, acceleration,
and oversampling factors. The final protocol was evaluated using a test-retest
study with subject removal and replacement in 10 adult volunteers (5 M/5F, age
25-60, body mass index 20-30).

Results: Compared to 1.5T and 3T, the optimal flip angle at 0.55T was
higher (15°), due to the shorter T1 times, and the optimal echo spacing
was larger, due to smaller chemical shift between water and fat. Overall
image quality was comparable to conventional field strengths, with no sig-
nificant issues with fat/water swapping or inadequate SNR. Repeatability
coefficient of visceral fat, subcutaneous fat, total thigh muscle volume, mus-
cle fat infiltration, and liver fat were 11.8cL (2.2%), 46.9cL (1.9%), 14.6 cL
(0.5%), 0.1pp (2%), and 0.2pp (5%), respectively (coefficient of variation in
parenthesis).

Conclusions: We demonstrate that 0.55T body composition MRI is feasible and
present optimized scan parameters. The resulting images provide satisfactory
quality for automated post-processing and produce repeatable results.

KEYWORDS

0.55 tesla, body composition MRI, low field, metabolic disease, obesity, screening

A preliminary version of this work was presented at the 2022 ISMRM Workshop on Low Field MRI, Abstract #41.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any

medium, provided the original work is properly cited and is not used for commercial purposes.

© 2023 The Authors. Magnetic Resonance in Medicine published by Wiley Periodicals LLC on behalf of International Society for Magnetic Resonance in Medicine.

1114 wileyonlinelibrary.com/journal/mrm

Magn Reson Med. 2023;90:1114-1120.


https://orcid.org/0000-0001-5735-3550
https://orcid.org/0000-0002-5133-4903
https://orcid.org/0000-0001-8355-5279
http://creativecommons.org/licenses/by-nc/4.0/
http://wileyonlinelibrary.com/journal/MRM

NAYAK ET AL.

1 | INTRODUCTION

Body composition MRI captures the distribution of fat
and lean tissues throughout the human body, and pro-
vides valuable biomarkers of obesity, metabolic disease,
and muscle disorders. Its importance is underscored by
the inclusion in large population and longitudinal studies
such as the UK Biobank and Dallas Heart Study."? Espe-
cially MRI-based body composition is intriguing since it
can yield high-precision measurements and measure body
composition metrics not available with modalities such
as bioelectrical impedance analysis, dual X-ray absorp-
tiometry, or CT. Protocols have been optimized for 1.5T
and 3T field strengths previously, and both accuracy and
reproducibility are well-established.3

MRI-based body composition uses chemical shift
encoded MRI which exploits the resonance phase-shift
between fat and water to calculate fat and water only
images from a single acquisition. The two-point Dixon
MRI is the most time efficient chemical shift encoded
technique acquiring only two echoes,* and when applied
to a 3D-spoiled gradient-recalled echo readout (e.g.,
VIBE) it allows for rapid chemical shift encoded imag-
ing with acceptable breath holds and scan time. Multiple
overlapping stations are acquired to produce continu-
ous whole-body coverage. To obtain body composition
measurements from the acquired 3D images requires
post-processing in terms of image calibration, segmenta-
tion, and measurement algorithms. Calibration of the fat
image can be achieved using the fat-referenced MRI tech-
nique, which uses the adipose tissue as an inherent refer-
ence to produce a quantitative fat concentration image.>°
Once calibrated, the images are segmented into individ-
ual compartments and body composition metrics are cal-
culated. Common MRI-based body composition metrics
are visceral adipose tissue (VAT) volume, abdominal sub-
cutaneous adipose tissue (ASAT) volume, thigh muscle
volume, thigh muscle fat infiltration (MFT), and liver fat.
Since fat-referenced MRI yields fat concentration images,
the metrics account for partial volume effects, in contrast
to conventional binary segmentation.®* The multi-echo
Dixon technique is commonly used to quantitatively assess
proton density fat fraction (PDFF).” This sequence is typi-
cally acquired with six echoes and is available on all major
MRI platforms.

Recently, there has been substantial interest in
whole-body low field systems,®® due in part to the oppor-
tunity for reduced system cost, opportunity for a wider
bore, reduced acoustic noise, better safety profile (spe-
cific absorption rate, etc.), and reduced artifact around
metallic implants.!® The lower system cost could make
MRI viable in new settings, and for screening applications
including body composition. The opportunity for wider
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bore is also favorable for studies of obesity and its associ-
ated adverse health outcomes. Low-field MRI also faces
unique challenges including lower SNR due to reduced
polarization, increased concomitant field effects,'!'> and
reduced chemical shift requiring larger echo spacing for
Dixon-based techniques.*!3

In this work, we develop and evaluate a 0.55T body
composition profile MRI protocol paired with automated
post-processing. We adapt a 1.5T protocol that is in
widespread use and re-optimize its parameters for the
0.55T field strength. We evaluate test-retest repeatabil-
ity of the final protocol and performance of automated
post-processing.

2 | METHODS

Neck-to-knee MRI scans were performed using a
whole-body 0.55T system (prototype MAGNETOM Aera
XQ, Siemens Healthcare, Erlangen, Germany). The hard-
ware modifications have been described previously.!?
Briefly, a state-of-the-art 1.5T commercial MRI system
was ramped down to 0.55T and fitted with modified com-
ponents to image 'H at the 23.6 MHz resonant frequency.
Ten healthy adult volunteers were scanned under a pro-
tocol approved by our Institutional Review Board, after
providing written informed consent. The neck-to-knee
coverage was realized using six overlapping 2-point Dixon
sequences with preset table locations (i.e., no manual plan-
ning) and using the integrated body RF coil. Further MRI
parameters are listed in Table 1. The liver was scanned
employing conventional multi-channel receive only sur-
face coils using the 6-point Dixon sequence (LiverLab)
with factory default parameters from 1.5T (referred to as
‘liver PDFF 6p°),'# as well as a multi-echo GRE sequence
for liver T2* measurement. The liver T2* measurement
was used for post-hoc T2* correction of an alternative liver
PDFF measurement extracted from the fat-referenced
2-point Dixon data (referred to as ‘liver PDFF 2p’) this
method has been previously described and validated.>

2.1 | Protocol optimization

Experiments were performed to iteratively refine param-
eter settings such as flip angle (FA), TEs, resolution,
bandwidth, partial-Fourier, and slice oversampling factors.
Measured tissue signal as a function of FA was compared
against Bloch simulations. During TE selection, we used
the minimum TE as the first approximate in-phase echo,
in order to keep the TR and overall scan times short. This
is different from 1.5T and 3T protocols which have greater
flexibility due to the larger chemical shift. We explored
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TABLE 1

Abbreviated listing of optimized parameters for 0.55T MRI body composition profiling

Parameter 2-point Dixon (breath-hold) 2-point Dixon (thighs)
TE (ms) 2.45 (min)/6.47 (OP) 2.54 (min)/6.47 (OP)
TR (ms) 9.48 (min) 9.53 (min)

FOV (mm) 500 500

Slice thickness (mm) 5 5

Readout bandwidth (Hz/Px) 250 250

Base resolution 128 192

Phase oversampling 0% 75%

Slice oversampling 18% 17%

Slices per slab 44 48

Phase resolution 75% 75%

Slice resolution 100% 100%

Phase partial Fourier 6/8 Off

Slice partial Fourier 5/8 Off

Table positions (landmark manubrium) F30 F200 F370 F550 F730 F900
Resp. control Breath-hold Off

Note: Full details are provided in Table S1.

Abbreviation: FOV = field of view, OP = out-of-phase, TE = echo time, TR = repetition time.

several spatial resolutions with the finest matching 1.5T.
Receiver bandwidth was made as low as possible for the
given echo spacing, namely 250 Hz/Px, in order to max-
imize SNR. The fat-water frequency difference at 0.55T
is approximately 80 Hz. A 250 Hz/Px readout bandwidth
at 0.55T results in a fat chemical shift of approximately
0.3 pixels or 1.3 mm. This is comparable to the readout
bandwidth choice of around 500 Hz/Px at 1.5T, which has
a fat-water frequency difference of approximately 220 Hz
and therefore a fat chemical shift of approximately 0.4
pixels or 1.5 mm. Partial-Fourier and slice oversampling
factors were also tested among the range commonly used
in other MRI applications, 62.5% to 100% and 0% to 50%,
respectively.

2.2 | Prospective study

The optimized protocol was evaluated in 10 adult sub-
jects. Each subject was scanned twice with a 5- to 10-min
break in between during which the subject was removed
from the scanner. The overall protocol took ~30min
including all breaks. The MR images were analyzed
with the cloud-based service AMRA Researcher (AMRA
Medical, Link6ping, Sweden). Briefly, the post-processing
includes the following steps: (1) calibration of fat images
using fat-referenced MRI, (2) registration of atlases
with ground truth labels for fat and muscle compart-
ments to the acquired MRI dataset to produce automatic

segmentations, (3) quality control by two independent
trained operators including the possibility to adjust and
approve the final segmentations, and (4) quantification of
fat volumes, muscle volumes, and MFI within the seg-
mented regions. For liver PDFF, nine regions of interest are
manually placed, evenly distributed in the liver volume,
while avoiding major vessels and bile ducts.

The following body composition profile measurements
were calculated from each scan: VAT, ASAT, left/right
anterior/posterior thigh muscle volume and MFI, total
thigh muscle volume, mean anterior thigh MFI, liver
PDFF (6p) and liver PDFF (2p).

2.3 | Evaluation

The operator quality control in AMRA Researcher
includes grading the signal quality in each of the seg-
mented regions on a three-level scale according to: (1)
good signal quality, (2) minor signal quality issue (still
measurable), and (3) major signal quality issue (not pos-
sible to produce any meaningful measurement). The
test-retest repeatability (precision) was calculated as the
within-subject standard deviation (sy) using one-way
analysis of variance with the subject ID as the indepen-
dent variable. The repeatability coefficient was calculated
as 1.96x \/szw. Within-subject coefficient of variation
(CVy) was estimated by calculating all subject-wise coef-
ficients of variation and then taking the root mean square
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FIGURE 1 FA optimization at 0.55T, as compared to high-field systems. Experiment (dots) match simulation (lines) and reflect an

optimal FA of approximately 15° for fat. The experimental values were calculated by taking the mean signal in fat divided by the standard
deviation in a background region of interest. Simulation parameters were T; = 370/290/190 ms and TR = 5/6/8 ms for 3T/1.5T/0.55T
(different TR were used for different field strengths since higher field strengths normally allows for shorter TR).

of those. Note that CVy, values may inflate when the mean
is low, such as for MFI and liver PDFF.

3 | RESULTS

Figure 1 illustrates the dependence of lipid signal on FA
for SPGR at different field strengths. For 0.55T, the vari-
able FA experiment (dots) and simulation (lines) match
closely and indicate an optimal FA of 15° for fat-referenced
MRI. This is higher than the 10° that is typically used
at 1.5 and 3T, as expected, because of the shorter T1.
Other imaging parameters were optimized in a similar
fashion, by performing parameters sweeps. Key imag-
ing parameters: field of view = 500 x 405 mm?, slice thick-
ness = 5mm, average = 1, bandwidth = 250 Hz/Px, no par-
allel imaging, bipolar readout gradient, weak asymmetric
echo, 2D distortion correction, TE1 = 2.45-2.54 ms or min-
imum TE allowed, TE2=6.47 ms or opposed phase TE,
TR =9.48-9.53 ms or minimum allowed. The final 10-min
protocol is summarized in Tables 1 and S1.

Figure 2 and Video S1 illustrates one representative
male result, and Figure 3 and Video S2 illustrates one
representative female result. Both show calibrated fat and
water images in a coronal view, with color-coded segmen-
tations of VAT, ASAT, and thigh muscle groups.

Image quality and repeatability were assessed in all 10
subjects (5 M/5F, age 25-60, body mass index [BMI] 20-30)
with no scan failures. Counting all measurements in all 20
scans yields a theoretical maximum of 280 measurements
in the study. A total of two minor and seven major signal
issues were identified by the quality control, resulting in
273 produced measurements (97.5% analyzable). The two
minor issues were complex fat/water swap in ASAT in the

FIGURE 2
representative male subject (male, 57 y old, body mass index 29),

The 0.55T body composition profiling from one

500 mm FOV in the left-right direction. Notice the clean fat-water
separation with no obvious swaps. Adequate SNR is achieved for
segmentation and visualization of all relevant structures. Note the
good performance of automated segmentation. One mid-coronal
slice is shown here. A movie that pans through all coronal slices is
included in Video S1.

two scans of one subject. The major issues consisted of one
breath hold technique issue affecting VAT, one calibration
issue affecting ASAT, one global fat/water swap in liver
PDFF (6p), and four acceleration artifacts in the MEGRE
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used for liver T2* quantification affecting test and retest of
liver PDFF (2p) for two subjects. This acceleration artifact
was identified early in the study and was resolved by lower-
ing the acceleration factor. The overall success rate (97.5%)
is comparable to prior studies.!®

Table 2 shows descriptive statistics in terms of mean
and standard deviation of body composition metrics over
the cohort, along with the repeatability results includ-
ing number of observations available for the test-retest
analysis.

4 | DISCUSSION

Body composition imaging at 0.55T is feasible with short
scan times (<10 min) and has the potential to be another
strong application for low-field and mid-field MRI. The
low cost, footprint, and wide bore of new commercial
low-field scanners are all characteristics in favor of body
composition imaging and population screening.

SNR was not a major limitation in this study. This is in
large part due to the fact that MRI body composition pro-
FIGURE 3  The0.55T body composition profiling from one filing is not a signal starved technique, evidenced by the
representative female subject (female, 28 y old, BMI 29), 500 mm fact that integrated body RF coil reception is typically used
FOV in the left-right direction. Notice the clean fat-water at conventional field strengths. The SNR at 0.55T was ade-
separation with no obvious swaps. Notice the adequate SNR for quate and comparable to what is commonly observed at
1.5T due to the shorter T1 and lower readout bandwidth.
In this study, we had no major challenges achieving equiv-
alent voxel resolution to what is recommended at 1.5T. We
observed some water-fat swaps in the arms, which are at

segmentation and visualization of all relevant structures. Notice the
good performance of automated segmentation. One mid-coronal
slice is shown here. A movie that pans through all coronal slices is
included in Video S2.

TABLE 2  Descriptive statistics of the study cohort and test-retest repeatability of 0.55T body composition profiling

Measurement Mean SD N ST RC CVy
VAT (cL) 304.44 209.71 10 4.25 11.79 2.22%
ASAT (cL) 713.74 345.16 10 16.93 46.94 1.94%
Total thigh volume (cL) 1236.41 279.16 10 5.25 14.56 0.46%
Left anterior thigh volume (cL) 223.34 52.14 10 2.30 6.38 0.90%
Right anterior thigh volume (cL) 227.42 59.43 10 2.07 5.74 0.87%
Left posterior thigh volume (cL) 392.86 84.27 10 2.26 6.27 0.60%
Right posterior thigh volume (cL) 392.79 86.75 10 2.13 5.89 0.69%
Mean anterior thigh MFI (pp) 5.62 0.96 10 0.10 0.29 2.03%
Left anterior thigh MFI (pp) 5.64 0.87 10 0.15 0.41 3.06%
Right anterior thigh MFI (pp) 5.60 1.06 10 0.09 0.25 1.60%
Left posterior thigh MFI (pp) 7.99 1.62 10 0.15 0.42 2.25%
Right posterior thigh MFI (pp) 7.99 1.63 10 0.12 0.32 1.57%
Liver PDFF (6p) (pp) 4.58 3.08 10 0.15 0.41 3.26%
Liver PDFF (2p) (pp) 3.08 2.21 8 0.17 0.47 6.72%

Abbreviation: RC, repeatability coefficient.
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the edge of the FOV. We believe this artifact was due to gra-
dient nonlinearity that is most significant towards the edge
of the bore. Since arms are excluded in body composition
profile analysis, this artifact did not affect the quantitative
results.

It is important to carefully select imaging parameters
for each new field strength. We found that the first TE and
the echo spacing are especially important to select care-
fully. At lower field strengths, it is time-efficient to use the
first echo as the approximate “in-phase” echo. And the
second echo is best placed close to an out of-phase time.
Because the echo spacing is longer, it is beneficial to use
a lower readout bandwidth which also improves SNR. At
lower field strengths, the optimal FA is higher (Figure 1)
primarily due to the shortening of lipid T1 and the longer
minimum TR, because of the larger echo spacing.

The protocol was successfully optimized as demon-
strated by the robust outcomes in terms of zero scan
fails, good image quality and only nine quality issues
among 280 measurements. The test-retest results fur-
ther indicated that body composition analysis is viable
and reliable at 0.55T, with a repeatability comparable to
that of higher field strengths.® Future work is needed to
assess between-scanner reproducibility, and reproducibil-
ity against other field strengths.

Liver fat fractions were all small in the study cohort.
As a result, the accuracy of PDFF in people with hepatic
steatosis should be further confirmed with the current pro-
tocol in subjects with a broad range of PDFF. Furthermore,
this study did not include a systematic investigation into
the optimal protocol for multi-echo liver PDFF quantifica-
tion at 0.55T. We hope to address these questions in future
work.

This study was performed on a “ramped down” 0.55T
system with high performance gradients and a 70 cm bore.
The proposed protocol may require adjustments to run
on new commercial 0.55T MRI systems that have weaker
gradients, but also provide a wider 80 cm bore. Weaker gra-
dients are expected to increase the minimum achievable
echo-time. The 80 cm bore may overcome or at least allevi-
ate three currently insurmountable challenges when using
MRI body composition profiling in bariatric and obese
patient populations on conventional 60/70 cm bore scan-
ners: (1) these patient populations are often contraindi-
cated to MRI owing to the patient’s physical size; (2) the
body habitus is often outside of the imaged field of view,
rendering the missing anatomy unquantifiable; and (3)
the image quality at the periphery of the imaged field of
view is often distorted and measurable anatomy rendered
unanalyzable. A feasibility and precision study in an obese
population is needed to elucidate the value of low field
wide bore MRI as a tool in body composition profiling in
obese and bariatric patient populations.

Magnetic Resonance in Medicineﬂ
5 | CONCLUSIONS

The 0.55T body composition MRI protocol was suc-
cessfully implemented and optimized. The resulting
MR images yield satisfactory quality for automated
post-processing and body composition analysis was found
to be robust and repeatable.
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SUPPORTING INFORMATION
Additional supporting information may be found in the
online version of the article at the publisher’s website.

Table S1: Full details of the optimized MRI protocol
for 0.55T body composition profiling (Siemens “ramped

down” 0.55T Aera XQ). Abbreviated parameters are listed
in Table 1.

Video S1: 0.55 T body composition profiling from one rep-
resentative male subject (Male, 57 year old, BMI 29), with
mid-coronal slice shown in Figure 2. Notice the clean
fat-water separation with no obvious swaps. Notice the
adequate SNR for segmentation and visualization of all
relevant structures. Notice the good performance of auto-
mated segmentation.

Video S2: 0.55T body composition profiling from one
representative female subject (Female, 28 year old, BMI
29), with mid-coronal slice shown in Figure 3. Notice the
clean fat-water separation with no obvious swaps. Notice
the adequate SNR for segmentation and visualization of
all relevant structures. Notice the good performance of
automated segmentation.
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