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SynopsisSynopsis
Non-alcoholic  fatty l iver disease (NAFLD) has increasing prevalence in chi ldren and early r isk factors for NAFLD may beNon-alcoholic  fatty l iver disease (NAFLD) has increasing prevalence in chi ldren and early r isk factors for NAFLD may be
present during infancy.  MRI can non-invasively quantify hepatic fat ,  but current techniques require breath-holding (BH),present during infancy.  MRI can non-invasively quantify hepatic fat ,  but current techniques require breath-holding (BH),
which is  not possible in many chi ldren and infants.  In this study,  a novel  free-breathing (FB) 3D stack-of-radial  fatwhich is  not possible in many chi ldren and infants.  In this study,  a novel  free-breathing (FB) 3D stack-of-radial  fat
quantification technique was developed and evaluated in chi ldren and infants.  The proposed FB technique achievedquantification technique was developed and evaluated in chi ldren and infants.  The proposed FB technique achieved
accurate and repeatable hepatic fat  quantification and improved image qual ity compared to conventional  BH techniques.accurate and repeatable hepatic fat  quantification and improved image qual ity compared to conventional  BH techniques.
This FB technique can potential ly  improve the diagnosis and monitoring of NAFLD in chi ldren and infants.This FB technique can potential ly  improve the diagnosis and monitoring of NAFLD in chi ldren and infants.

IntroductionIntroduction
Pediatric non-alcoholic fatty liver disease (NAFLD), characterized by hepatic steatosis, is a major health issue with prevalence approaching 38%  in
obese children. Infants born to mothers with obesity or gestational diabetes can already have increased hepatic fat  and are at increased risk for
NAFLD. NAFLD is diagnosed by liver biopsies , which are invasive, require anesthesia, and have diagnostic deficiencies . Therefore, biopsy is
undesired for children. MR spectroscopy is the non-invasive standard for hepatic fat quantification, but is limited by sampling bias and requires a
breath-hold (BH) . MRI can quantify hepatic fat by calculating spatially-resolved proton-density fat fraction (PDFF) maps . However,
conventional Cartesian MRI techniques are sensitive to respiratory-motion-induced artifacts and require breath-holding. In children, breath-holding
may be limited or not possible . Moreover, breath-holding is not possible in infants. Therefore, the purpose of this study was to evaluate the
accuracy and repeatability of a recently developed free-breathing (FB) 3D stack-of-radial  hepatic fat  quantification techniquefree-breathing (FB) 3D stack-of-radial  hepatic fat  quantification technique  in
children and infants, compared to conventional BH techniques.

MethodsMethods
FB Radial Sequence A golden-angle ordered RF-spoiled bipolar multiecho gradient echo 3D stack-of-radial sequence with gradient correction (FBFB
radialradial)  was customized for pediatric imaging.

Experimental Design Twenty-seven subjects were enrolled in this IRB-approved study: ten healthy pediatric subjects (age=11.5±2.7years,
BMI=17.6±2.0kg/m ), nine NAFLD pediatric subjects (age=14.4±2.2years, BMI=32.6±6.12kg/m ) and eight infants (age=3.2±2.2months,
BMI=18.5±3.4kg/m ). Informed consent and assent were obtained. FB radial, a four-fold undersampled multiecho gradient echo Cartesian sequence
(Cartesian) and CAIPIRINHA  reconstruction, and stimulated-echo acquisition mode single-voxel MR spectroscopy with T  correction  (SVS) were
acquired at 3T (Skyra/Prisma, Siemens, Germany) with parameters in Table 1Table 1. Each sequence was scanned twice in variable order to assess
repeatability. A 25mmx25mmx25mm SVS region of interest (ROI) was placed in the liver.

Motion Compensation Self-Navigation (Self-Nav) for FB radial was performed using the cross-correlation of the image projection along z (Fig.  1a-cFig.  1a-c).
The mode of the Self-Nav end-expiration time points was chosen as the center of the data acceptance window, whose width was adjusted to accept
40-50% of data.

Reconstruction BH Cartesian  and BH SVS  PDFF were calculated by scanner software. FB radial images were reconstructed offline  (Fig.Fig.
1d1d) and PDFF was calculated  with the same multi-peak fat  and single R *  signal model as BH Cartesian.

Analysis In children, images were scored for motion artifacts on a 4-point scale (1:non-diagnostic, 2:motion artifacts, 3:minimal motion artifacts, and
4:no motion artifacts). Since infants could not BH, images were scored as either 1 (non-diagnostic) or 2 (diagnostic). The distributions of image
scores were compared using McNemar and McNemar-Bowker exact tests. To assess quantification, ROIs were drawn on PDFF maps to correspond
to SVS ROIs. FB radial both with and without Self-Nav were evaluated. Linear correlation, Bland-Altman and repeatability analyses were performed in
children. Repeatability analysis was performed in infants. P<0.05 was considered significant.

ResultsResults
Images and PDFF maps are shown for a representative NAFLD pediatric subject (Figure 3Figure 3) and infant (Figure 4Figure 4). The FB radial hepatic PDFF was
2.54%±0.77% in healthy children, 21.61%±13.12% in NAFLD children, and 3.43%±1.22% in infants. In NAFLD children, significantly higher image
quality scores were observed for FB radial (2.94±0.42) versus BH Cartesian (2.61±0.78) (P<0.05). In infants, image quality scores were significantly
higher for FB radial (2.00±0.00) versus FB Cartesian (1.23±0.44) (P<0.05). In children, all correlation and concordance coefficients (r and ρ ) were
significant (P<0.001) between FB radial (with and without Self-Nav) and BH techniques (Table 2Table 2). The mean differences (MD) and coefficients of
repeatability (CR) were less than 0.5% and 4.1%, respectively, for all comparisons (Table 2Table 2).
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DiscussionDiscussion
FB radial PDFF maps of the entire liver were obtained within scan times of 2-5min for children and 2min for infants. The inherent motion robustness
of FB radial resulted in reduced motion artifacts compared to BH Cartesian in NAFLD children and infants. Furthermore, Self-Nav reduced motion-
blurring and improved sharpness in FB radial images, particularly for infants who cannot BH or hold still. In infants, MD  was lower for FB radial
Self-Nav, potentially improving quantitative repeatability. In children, FB radial Self-Nav had increased streaking due to undersampling, which
resulted in higher CR. For pediatric NAFLD subjects, there was one outlier where Self-Nav did not perform well, expanding the limits of agreement
when comparing to BH Cartesian. To reduce radial streaking artifacts and improve quantification, advanced reconstruction techniques, such as non-
Cartesian parallel imaging  or compressed sensing , can be incorporated for Self-Nav.

ConclusionConclusion
FB radial significantly improves image quality compared to current BH MRI techniques, and can achieve accurate and repeatable quantification of
hepatic fat in children and infants without need for breath-holding or sedation. This technique can potentially improve diagnosis and monitoring of
NAFLD in children and infants who are not capable of breath-holding.
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FiguresFigures

Figure 1:  (a)Figure 1:  (a) 3D stack-of-radial trajectory. Radial readouts are acquired along k  before rotating by the golden angle. The Fourier transform of the
center of k-space for each angle is compared using cross-correlation (XC) to determine the Self-Nav signal for (b)(b) children and (c)(c) infants. The mode
of each end expiration position was the chosen motion state and the acceptance window width was adjusted to accept 40-50% of the radial angles.
(d)(d) The Self-Nav compensated data then undergoes signal model fitting to calculate proton-density fat fraction (PDFF) maps.
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Table 1:Table 1: Representative sequence parameters for pediatric liver experiments. A slice-oversampling factor of 18-25% was used for the acquisitions.
Imaging parameters for free-breathing (FB) radial and breath-hold (BH) Cartesian were matched as much as possible for each subject. The number
of slices was adjusted depending on scan time and the subjects’ BH ability. *The FB radial gradient calibration scan time of 31-45s for pediatric
subjects and 34s for infants is included.

Figure 2:Figure 2: Representative results from a NAFLD pediatr ic  subject.Representative results from a NAFLD pediatr ic  subject. BH Cartesian, FB radial, and FB radial Self-Nav (a)(a) liver images at TE =
1.23ms and (b)(b) PDFF maps in axial, coronal reformat, and sagittal reformat orientations. This subject’s self-navigation signal was shown in FigureFigure
1b1b. Radial image sharpness is improved using Self-Nav (yellow arrows). For this subject, SVS PDFF was 48.4%. The scan time for each technique is
reported as (minutes:seconds). Since FB radial was reconstructed offline, there are differences in the image intensity between FB radial and BH
Cartesian caused by uncompensated coil sensitivity profile differences.

Figure 3:  Representative infant results.Figure 3:  Representative infant results. FB Cartesian, FB radial, and FB radial Self-Nav (a)(a) liver images at TE = 1.23ms and (b)(b) PDFF maps in
axial, coronal reformat, and sagittal reformat orientations. This infant’s self-navigation signal was shown in Figure 1cFigure 1c. Significant motion artifacts
are observed on FB Cartesian images (red arrows) and radial image sharpness is improved using Self-Nav (yellow arrows). For this subject, SVS PDFF
was 5.8%. The scan time for each technique is reported as (minutes:seconds).
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Table 2:Table 2: The linear correlation, Bland-Altman and repeatability analyses results. Pearson’s correlation coefficient (r), Lin’s concordance coefficient
(ρ ), mean differences (MD) between techniques, Limits of agreement (LoA) between techniques, is reported for each comparison. For repeatability,
the mean differences within (MD ) and coefficient of repeatability (CR) is reported. *Indicates statistical significance with P < 0.001.
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