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Abstract
Background There is a strong need for improvements in motion robust T1-weighted abdominal imaging sequences in children to
enable high-quality, free-breathing imaging.
Objective To compare imaging time and quality of a radial stack-of-stars, free-breathing T1-weighted gradient echo acquisition
(volumetric interpolated breath-hold examination [VIBE]) three-dimensional (3-D) Dixon sequence in sedated pediatric patients
undergoing abdominal magnetic resonance imaging (MRI) against conventional Cartesian T1-weighed sequences.
Materials and methods This study was approved by the institutional review board with informed consent obtained from all
subjects. Study subjects included 31 pediatric patients (19 male, 12 female; median age: 5 years; interquartile range: 5 years)
undergoing abdominal MRI at 3 tesla with a free-breathing T1-weighted radial stack-of-stars 3-D VIBE Dixon prototype
sequence, StarVIBE Dixon (radial technique), between October 2018 and June 2019 with previous abdominal MR imaging
using conventional Cartesian T1-weighed imaging (traditional technique). MRI component times were recorded as well as the
total number of non-contrast T1-weighted sequences. Two radiologists independently rated images for quality using a scale from
1 to 5 according to the following metrics: overall image quality, hepatic edge sharpness, hepatic vessel clarity and respiratory
motion robustness. Scores were compared between the groups.
Results Mean T1-weighted imaging times for all subjects were 3.63 min for radial exams and 8.01 min for traditional exams
(P<0.001), and total non-contrast imaging time was 32.7 min vs. 43.9 min (P=0.002). Adjusted mean total MRI time for all
subjects was 60.2 min for radial exams and 65.7 min for traditional exams (P=0.387). The mean number of non-contrast T1-
weighted sequences performed in radial MRI exams was 1.0 compared to 1.9 (range: 0–6) in traditional exams (P<0.001).
StarVIBE Dixon outperformed Cartesian methods in all quality metrics. The mean overall image quality (scale 1–5) was 3.95 for
radial exams and 3.31 for traditional exams (P<0.001).
Conclusion Radial stack-of-stars 3-D VIBE Dixon during free-breathing abdominal MRI in pediatric patients offers improved
image quality compared to Cartesian T1-weighted imaging techniques with decreased T1-weighted and total non-contrast
imaging time. This has important implications for children undergoing sedation for imaging.
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Introduction

Magnetic resonance imaging (MRI) is a commonly utilized
modality for the evaluation of abdominopelvic disease in pe-
diatric patients [1]. The most common indications for abdom-
inal MRI in pediatric patients include diagnosis and staging of
abdominal tumors and tumor-like lesions, and diagnosis of
hepatobiliary conditions and genitourinary tract abnormalities
[2]. T1-weighted gradient echo (GRE) imaging is a routine
component of pediatric abdominal MRI [3]. Unenhanced
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T1-weighted sequences aid in identifying and characterizing
abdominal lesions, as well as in detecting hemorrhage or fat
within lesions. In clinical practice, radiologists have relied on
T1-weighted fast spin echo (FSE) or inversion recovery tech-
niques with respiratory triggering or high NSA (number of
signal averages) to reduce motion artifacts [1, 2, 4, 5]
(Fig. 1). These techniques increase imaging time, and image
quality depends greatly on the breathing pattern. With respi-
ratory triggering, the contrast of each k-space readout may be
inconsistent due to respiration-induced variation in timing.
However, this compromise in image quality has been

acceptable when the alternative is sedation or reacquisition.
T1-weighted GRE techniques are faster, volumetric acquisi-
tions that provide superior spatial resolution and anatomical
detail than FSE sequences [6] and may be performed during a
single breath-hold. In adults, a “comfortable” breath-hold is
considered to be less than 25 s [7], though even a 15-s breath-
hold may be too long for children [8]. Performing breath-hold
imaging in sedated patients necessitates invasive airway man-
agement, which increases the potential risks of anesthesia.
There is a strong need for improvements in motion robust
T1-weighted imaging sequences. A navigated, free-breathing

Fig. 1 A 14-year-old boy with
tuberous sclerosis complex
undergoing screening abdominal
imaging. a–c A traditional MRI
screening exam using an axial T1-
weighted fast spin echo free-
breathing sequence was
performed with eight signal
averages (a) along with axial
gradient echo in-phase (b) and
opposed-phase (c) imaging. Total
T1 imaging time was 18 min and
6 s. The motion robustness score
for the T1-weighted images was 3
from each reviewer (composite
assessment of both sequences).
d–g A radial exam performed on
a Skyra scanner consisted of a
free-breathing axial StarVIBE
(volumetric interpolated breath-
hold examination) Dixon. Total
T1 imaging time was 2 min 14 s.
Reader 1 gave an overall image
quality score of 4 and reader 2
gave a score of 5
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abdominal T1-weighted acquisition has been successfully ap-
plied in pediatric patients in the setting of post-contrast imag-
ing [3], though it requires additional scan time and utilizes fat
suppression, which makes it less useful for non-contrast im-
aging [3, 9]. A radial k-space sampling method for T1-
weighted fat-suppressed, post-contrast GRE abdominal imag-
ing in pediatric patients has demonstrated improved image
quality and lesion conspicuity compared to the corresponding
breath-held, Cartesian sequences [10–12].

T1-weighted abdominal imaging may be performed with
in- and opposed-phase imaging to provide additional informa-
tion about fat content, iron deposition or detection of lipid
within lesions [13]. The Dixon method is a chemical shift
imaging method that leverages the resonance frequencies of
water and fat protons [14]. The StarVIBE Dixon sequence
(Siemens Healthcare, Erlangen, Germany) is a two-point
Dixon technique that provides a motion robust, free-
breathing volumetric fat/water separation. This sequence ac-
quires three-dimensional (3-D) multi-echo data with a radial
stack-of-stars GRE sequence with bipolar readout. High-
quality reconstructions can be obtained using a high readout
bandwidth to reduce fat-water shift in a radial technique. In
clinical practice, a single high-quality, free-breathing T1-
weighted DIXON sequence substitutes up to three conven-
tional, Cartesian T1-weighted sequences including spin echo
sequences with and without fat suppression, and in- and op-
posed-phase GRE images (Fig. 1). Furthermore, non-
Cartesian radial k-space sampling techniques offer motion-
resistant alternatives to more conventional Cartesian acquisi-
tions, which have been shown to decrease scan time in pedi-
atric patients with tuberous sclerosis complex [13].

The purpose of this study was to compare the performance
in terms of imaging time and image quality of a free-breathing,
radial k-space gradient-echo Dixon technique (radial exam) in
abdominal imaging in sedated pediatric patients to a tradition-
al free-breathing protocol relying on either signal averaging or
respiratory triggering of Cartesian T1-weighted pulse se-
quences (traditional exam).

Materials and methods

Patient selection

This was an institutional review board (IRB)-approved,
Health Insurance Portability and Accountability Act
(HIPAA)-compliant, single-center study. Eligible study sub-
jects included patients ages newborn to 20 years who
underwent abdominal MRI under sedation on a 3-tesla (T)
magnet (MAGNETOM Skyra, Prisma or Trio; Siemens
Healthcare) between October 2018 and June 2019 with a pro-
totype StarVIBE Dixon sequence. Subjects were enrolled pro-
spectively at the time of imaging and they and/or their

guardian provided written, informed consent. Sedated patients
were selected given their inability to breath-hold without in-
vasive airway placement. After enrollment, some subjects
were excluded because they had not undergone previous
(within 3 years) 3-T abdominal MRI using traditional depart-
ment protocols. The new and previous MRI exams for each
patient will be referred to as the radial and traditional exams,
respectively. Electronic medical records were reviewed to de-
termine the clinical indication for each examination and pa-
tient demographics. Anesthesia records were reviewed to de-
termine the mechanism of airway management (natural air-
way, laryngeal mask airway, endotracheal tube).

Imaging protocols

Imaging protocols were based on study indication (ab-
dominal mass, liver mass, tuberous sclerosis, renal mass,
fungemia). A 30-channel body matrix coil was used for
patients scanned on the Prisma or Skyra magnets, and an
8-channel body coil was used for patients scanned on the
Trio. Patients were breathing freely throughout both ra-
dial and traditional protocols. Individual sequence param-
eters for non-contrast T1-weighted images are listed in
Table 1. All radial exams included a StarVIBE Dixon
sequence, while all traditional exams included either a
T1-weighted FSE sequence only (68%, 21/31), in- and
opposed-phase GRE sequence only (16%, 5/31), or both
(16%, 5/31).

The radial stack-of-stars StarVIBE Dixon sequence is
an extension of the StarVIBE product sequence and was
distributed by Siemens as a work in progress (WIP991B).
The sequence is performed without navigation, and imag-
ing parameters were selected to minimize off-resonance
effects arising from fat while maintaining high spatial res-
olution across the abdomen (Table 1). In our study, the
StarVIBE Dixon prototype was substituted for the stan-
dard T1-weighted sequences in abdominal MRI protocols
in patients undergoing sedated abdominal MRI after
obtaining written informed consent.

Of the 31 study subjects, 18 underwent imaging of
multiple body parts under the same episode of anesthesia
(e.g., abdomen MRI and one other body part). A cohort of
patients was identified that shared three common factors
between radial and traditional exams: (1) same body parts
imaged in both imaging episodes (either abdomen only or
abdomen + same additional body part), (2) same use/non-
use of diffusion-weighted imaging sequences, and (3)
same use/non-use of intravenous contrast and post-
contrast imaging. This cohort comprised 13 subjects,
which we labeled the “BDI” cohort (indicating the same
status for body parts imaged, diffusion-weighted imaging,
and intravenous contrast administration).
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Acquisition data

The DICOM (Digital Imaging and Communications in
Medicine) data files for each MRI examination were reviewed
and the following data were recorded: start time of the initial
localizer sequence, end time of the final non-contrast sequence,
end time of the final sequence, start and end times of each T1-
weighted non-contrast sequence, total number of non-contrast
T1-weighted sequences, and total number of duplicate non-
contrast T1-weighted sequences that were repeated.

Image quality data

All data sets were anonymized and stripped of patient identi-
fiers and sequence overlay data. Each of the 62 radial and
traditional MRI examinations was provided a study identifi-
cation and presented in random order to two readers, a radiol-
ogist with a certificate of added qualifications (CAQ) in pedi-
atric radiology and 13 years of experience (S.D.B., reader 1),
and a pediatric radiology fellow (P.B.D., reader 2). Images
were reviewed on a PACS workstation (Synapse; Fujifilm
Corporation, Tokyo, Japan). Each reader recorded indepen-
dent observations with respect to the following image quality
parameters on a 5-point Likert scale: overall image quality,
hepatic edge sharpness, hepatic vessel clarity and respiratory
motion robustness. For each parameter, 1 represented the low-
est quality score— unacceptable overall image quality, unde-
tectable parenchymal edge sharpness, unreadable parenchy-
mal vessel clarity and motion artifact degradation — while 5
represented the highest image quality — excellent overall
quality, absence of edge and vessel blur, and no motion arti-
fact according to criteria outlined by Ichikawa et al. [15]
(Figs. 1 and 2).

Statistical methods

All statistical analyses outlined below were performed using
SAS/STAT 14.1 (SAS Institute, Cary, NC) [16]. In particular,

the GLIMMIX (generalized linear mixed model) procedure
was used for the random effect models (imaging time and
image quality assessments), and the IML (interactive matrix
language) procedure was used for inter-reader agreement sta-
tistics (weighted proportion of agreement and weighted kap-
pa). Tests were two-sided and at the 5% level.

For imaging times (e.g., T1-weighted imaging), the unad-
justed treatment effect was the ratio of treatment means for
radial and traditional methods. Adjusted treatment effects
were based on models including potentially confounding pre-
dictors in addition to treatment and, in this case, treatment
means and their ratios were evaluated at the means of these
predictors. The adjusted model included predictors for gender,
age at scan (<10 years, ≥10 years), scanner type (Trio, Skyra,
Prisma) and time (years from the first traditional MRI in the
study, dated 12 April 2016).

Gamma multiplicative random effect models were used to
accommodate the potential correlation between the pair of
outcomes from the same subject (one outcome for each meth-
od). These are plausible models for correlated and typically
right-skewed imaging data [17]. To illustrate using the unad-
justed case, with yij representing imaging time for the ith sub-
ject on the jth treatment, the 4-parameter (α, β, v, va) random
effects model was:

yijj ai ∼ gamma exp αþ βtreatmentij þ ai
� �

; v
� �

;

where ai ∼ normal 0; va:ð Þ

In this model, the ratio of treatment means is exp(β). The
random intercept, ai, specific to the ith subject allows each
subject to have their own profile, a profile parallel (on the
log scale) to the systematic treatment effect common to all
subjects. This random effect is assumed to follow a normal
distribution with between-subject variance, va, and given the
value of ai, the outcome, yij, is assumed to follow a gamma
distribution with within-subject dispersion, v. The model was
estimated by maximizing the approximate integrated likeli-
hood via numerical quadrature.

Table 1 Sequence parameters for T1-weighted non-contrast imaging for abdominal MRI protocols

Sequence description Trajectory TR/TE/TI
(ms)

NSA Flip angle
(°)

Voxel size
(mm)

Acceleration factor
(GRAPPA)

Bandwidth
(Hz/Px)

Radial
views

Radial exam

Axial T1-weighted StarVIBE
Dixon

Radial 3.8/1.32 and
2.62

1 9 1.0×1.0×3.0 NA 1,200 980

Traditional exam

Axial T1-weighted FSE Cartesian 610/22 8 120 0.5×0.5×4.0 3 240 NA

Axial T1-weighted in and
opposed phase

Cartesian 170/1.26 and
2.52

9 48 0.6×0.6×4.0 2 1,090 NA

FSE fast spin echo, GRAPPA generalized autocalibrating partial parallel acquisition, NA not applicable, NSA number of signal averages, Px pixel, TE
echo time, TI inversion time, TR repetition time, VIBE volumetric interpolated breath-hold examination
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Likert scale image quality assessments (e.g., overall quali-
ty) were analyzed in a similar fashion, but using normal linear
models rather than gamma multiplicative models. Thus, unad-
justed treatment effects were the difference between treatment
means for the radial and traditional methods, and adjusted
treatment effects were the difference between the treatment

means evaluated at the means of gender, age, scanner type
and time. The unadjusted normal linear random effects model,
in which the difference between treatment means is represent-
ed as β, was:

yijj ai ∼ normal αþ βtreatmentij þ ai; v
� �

;

where ai ∼ normal 0; vað Þ

Inter-reader agreement for the four Likert variables was
assessed separately for radial (StarVIBE) and traditional
methods. Agreement was measured by weighted kappa and
the weighted proportion of agreement (weights were based on
the squared error metric) [18, 19]. As a guide to interpreting
magnitudes for the weighted proportion of agreement (on a
scale from 0 to 1), we defined (low, moderate, high) agree-
ment via the ranges (0.5–0.75, 0.75–0.9, 0.9–1). For weighted
kappa (on a scale from −1 to 1), these ranges translate to (0–
0.5, 0.5–0.8, 0.8–1), which are similar to the recommenda-
tions of Fleiss [19]. Our primary measure of agreement was
based on the weighted proportion of agreement due to the
sometimes erratic behavior and somewhat controversial na-
ture of the kappa statistic [20, 21].

Results

Study population

Thirty-one patients (19 male, 12 female; median age: 5 years;
interquartile range: 5 years) comprised the study population.
The median length of time between the radial and traditional
exams was 242 days (interquartile range: 212 days). Forty-one
percent (13/32) of the patients were imaged on the same scan-
ner for both scans, while 59% (19/32) of the patients were
scanned on different 3-T scanners. The most common imag-
ing protocol was the abdominal mass protocol (18/31), follow-
ed by tuberous sclerosis (7/31), liver mass (3/31), fungemia
(2/31) and renal mass (1/31). Diffusion-weighted imaging was
performed in 81% (25/31) of the radial exams and 48% (15/
31) of the traditional exams. Post-contrast imaging was per-
formed in 90% (28/31) of the radial and 94% (29/31) of the
traditional MRI examinations.

Imaging times

Table 2 provides results for the adjusted mean cumulative and
component exam times and their radial-versus-traditional ratio
for both the full (31 subjects) and BDI (13 subjects) cohorts.
Adjusted mean T1-weighted imaging times for the full cohort
was 3.63 min (range: 2.0 to 6.6 min) for the radial exams and
8.01 min (range: 2.5 to 18.1 min) for the traditional exams.
The ratio of adjusted means for radial (StarVIBE Dixon)

Fig. 2 A 3-year-old girl post resection of a right retroperitoneal
neuroblastoma. a, b In-phase (a) and opposed-phase (b) images from
StarVIBE (volumetric interpolated breathhold examination) Dixon with
quality scores of 5 across all metrics by both readers. cA traditional study
performed 6months earlier consisted of a coronal T1-weighted turbo spin
echo sequence with a mean overall quality score of 3, mean hepatic vessel
sharpness score of 3,meanmotion robustness score of 3 andmean hepatic
edge sharpness score of 3.5
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versus traditional exams was therefore 0.45 (P<0.001). Mean
non-contrast imaging times for both exams were 32.7 min
versus 43.9 min (ratio: 0.74, P=0.002). Similar results were
noted for the BDI cohort, with adjusted mean T1-weighted
imaging times of 3.98 and 8.53 min for radial and traditional
exams (ratio: 0.47, P<0.001), and mean non-contrast imaging
times of 31.9 and 43.0 min (ratio: 0.74, P=0.003).

When T1-weighted imaging was excluded from total non-
contrast imaging time, the length of this exam component for
the full cohort was 28.7 min for the radial exams and 35.5 min
for the traditional exams (ratio: 0.81, P=0.081). For the BDI
cohort, these times were 27.7 min for the radial exams and
34.6 min for the traditional exams (ratio: 0.80, P=0.094).

Adjusted mean total MRI time for the full cohort was
60.2 min for the radial exams and 65.7 min for the traditional
exams (ratio: 0.92, P=0.387). For the BDI cohort these times
were 66.9 min for the radial exams and 71.4 min for the
traditional exams (ratio: 0.94, P=0.607).

The mean number of non-contrast T1-weighted sequences
performed in each radial MRI exam was 1.0 compared to a
mean of 1.9 (range: 0–6) for the traditional MRI exams
(P<0.001). In 29% (9/31) of the traditional exams, the T1-
weighted sequence was repeated at least once, and in 13%
(4/31) of the patients, more than once.

Image quality assessment

Table 3 provides adjusted mean Likert scores (Likert scale
from 1 to 5) for each reader for image quality characteristics
for radial and traditional exams for the full cohort (31 sub-
jects). Radial (StarVIBE Dixon) outperformed traditional for
all image quality assessments. The radial versus traditional
difference in means for reader 1 was 0.84 for overall image
quality (P<0.001), 0.62 for hepatic edge sharpness (P=0.006),
0.88 for hepatic vessel clarity (P<0.001) and 1.57 for motion
artifact robustness (P<0.001). For reader 2, these differences
were 0.45 for overall image quality (P<0.061), 0.22 for

hepatic edge sharpness (P=0.379), 0.49 for hepatic vessel clar-
ity (P<0.041) and 1.34 for motion artifact robustness
(P<0.001). Averaging the two readers, these differences were
0.64 for overall image quality (P<0.001), 0.42 for hepatic
edge sharpness (P=0.019), 0.69 for hepatic vessel clarity
(P<0.001) and 1.49 for motion artifact robustness (P<0.001).

Based on the weighted proportion of agreement, inter-
reader agreement statistics for (quality, sharpness, clarity, mo-
tion) were (0.96, 0.94, 0.90, 0.95) for the radial group (aver-
age: 0.94, high agreement) and (0.97, 0.96, 0.93, 0.93) for the
traditional group (average: 0.95, high agreement). Based on
weighted kappas, the corresponding agreement statistics for
(quality, sharpness, clarity, motion) were (0.59, 0.26, −0.21,
0.03) for the radial group (average: 0.16, low agreement), and
(0.65, 0.47, 0.32, 0.45) for the traditional group (average:
0.47, low agreement).

Agreement tables for overall image quality are provided in
Tables 4 and 5.

Anesthesia data

Airway management decisions were made by the anesthesia
team based on patient-specific factors; for example, breath-
holding was not required for either radial or traditional MRI
protocols. Endotracheal intubation was performed for two pa-
tients undergoing radial MRI and three patients undergoing
traditional MRI. A laryngeal mask airway was provided for
three patients for both radial and traditional MRI. All other
patients (26/31 for radial MRI and 25/31 for traditional MRI)
underwent imaging with a natural airway.

Discussion

When imaging sedated pediatric patients, the goal is to obtain
images as quickly as possible with sufficient resolution to
evaluate the targeted structures [2]. Another goal is to

Table 2 Mean imaging time (in min) of radial and traditional exams for the full cohort (31 subjects) and the BDI cohort (13 subjects), adjusted for
gender, age, time and scanner

Scan component All 31 subjects 13 subjects in BDI cohort

Radial
MRI

Traditional
MRI

Ratio of
means

P-value Radial
MRI

Traditional
MRI

Ratio of
means

P-value

T1-weighted imaging 3.63 8.01 0.45 <0.001 3.98 8.53 0.47 <0.001

Non-T1-weighted non-contrast
imaging

28.7 35.5 0.81 0.081 27.7 34.6 0.80 0.094

Non-contrast imaging 32.7 43.9 0.74 0.002 31.9 43.0 0.74 0.003

Post-contrast imaging 33.7 24.7 1.36 0.127 34.8 24.8 1.40 0.284

Total MR imaging 60.2 65.7 0.92 0.387 66.9 71.4 0.94 0.607

BDI indicating the same status for body parts imaged, diffusion-weighted imaging and intravenous contrast administration
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minimize the time spent under anesthesia to as low as reason-
ably achievable (ALARA) given the potential risks associated
with anesthesia [22]. The most common indications for pa-
tients undergoing abdominal MRI under anesthesia in this
study were to evaluate an abdominal mass or to screen patients
with tuberous sclerosis. A key requirement for MRI in young
patients is to maximize patient cooperation for awake patients,
minimize exposure to anesthesia for sedated patients, and re-
duce scan times in either case. In adults, the ability to breath-
hold has enabled rapid GRE sequences to become standard
practice in clinical practice over spin-echo sequences for T1-
weighted imaging [23]. In children, the limitations around
breath-holding have limited the widespread adoption of such
fast GRE sequences. Spin-echo imaging with high signal av-
eraging or respiratory triggering has remained standard prac-
tice despite lengthy imaging times. The number of signal av-
erages required to perform a single T1-weighted spin-echo
sequence (6–8, in our experience) requires an acquisition time
between 5 min and 10 min using traditional methods. In more
than 40% of the traditional exams in this study, the T1-
weighted sequence was repeated at least once, thereby dou-
bling or tripling (or more) the imaging time. in- and opposed-
phase imaging or fat-suppressed pre-contrast T1-weighted im-
aging is also performed, additional imaging time is required.

In this study, we compared performance in terms of imag-
ing time and quality of a free-breathing, radial k-space volu-
metric GRE Dixon technique in abdominal imaging for sedat-
ed pediatric patients to a traditional free-breathing protocol

relying on signal averaging or triggering of T1-weighted pulse
sequences. Radial imaging is a technique that can be per-
formed during free-breathing whereby k-space sampling oc-
curs via a series of radially-oriented views with net
oversampling of the center of k-space and relative under-
sampling of the periphery. PROPELLER (periodically rotated
overlapping parallel lines with enhanced reconstruction) is a
hybrid technique between rectilinear and radial sampling [24].
A rectilinear trajectory that samples a “blade” in k-space is
rotated around the k-space center to cover a disc in k-space.
Fast spin-echo-based PROPELLER sequences are available
on major MRI platforms (PROPELLER, Multivane,
BLADE) for T2-weighted imaging [4, 25, 26]. The radial
technique has been applied to volumetric T1-weighted post-
contrast imaging in children and has been shown to achieve
superior results compared to conventional Cartesian acquisi-
tions with respect to signal-to-noise ratio and overall image
quality [10, 27, 28]. Several investigators have successfully
applied 3-D stack-of-stars radial imaging to perform fast, free-
breathing liver R2

* and proton density fat fraction quantifica-
tion in children and infants [29–32]. Another study investigat-
ing free-breathing, non-contrast radial 3-D GRE imaging
demonstrated superior performance to a conventional breath-
holding counterpart, although this study was in adults without
the Dixon technique [8].

In our study population, the mean time spent acquiring T1-
weighted imaging before implementing StarVIBE Dixon was
more than 8 min (in some instances as long as 18 min). In

Table 3 Mean adjusted Likert
scores for image quality
characteristics for radial and
traditional exams for the full
cohort (31 subjects) adjusted for
age, gender, time and scanner

Mean radial MRI Mean traditional
MRI

Difference of
means

P-value

Quality metric Reader
1

Reader
2

Reader
1

Reader
2

Reader
1

Reader
2

Reader
1

Reader
2

Overall quality 4.14 3.76 3.31 3.31 0.84 0.45 <0.001 0.061

Hepatic edge
sharpness

4.08 3.84 3.46 3.62 0.62 0.22 0.006 0.379

Hepatic vessel
clarity

3.91 4.05 3.03 3.56 0.88 0.49 <0.001 0.041

Respiratory motion
robustness

4.67 4.80 3.10 3.46 1.57 1.34 <0.001 <0.001

Table 4 Inter-reader agreement
based on the weighted proportion
of agreement and weighted kappa
for Likert score image quality
characteristics for radial and
traditional exams for the full
cohort (31 subjects)

Proportion of agreement Kappa agreement

Quality metric Radial MRI Traditional MRI Radial MRI Traditional MRI

Overall quality 0.96 0.97 0.59 0.65

Hepatic edge sharpness 0.94 0.96 0.26 0.47

Hepatic vessel clarity 0.90 0.93 −0.21 0.32

Respiratory motion robustness 0.95 0.93 0.03 0.45
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contrast, the StarVIBE Dixon was more than twice as fast,
with an average imaging time of 3.63 min. Importantly, this
was associated with a perceived improvement in image qual-
ity. Subjectively measured quality scores were higher for
StarVIBE Dixon for each of the four metrics. The most pro-
found improvement in image quality observed by both readers
was the respiratory motion robustness of the StarVIBE Dixon
sequence. We also demonstrated a reduction in mean non-
contrast imaging time. Interestingly, reductions in the length
of non-contrast imaging times outside of T1-weighted se-
quences were also noted in the radial exams, which were not
attributed to sequence variations or protocol adjustments
(Table 2). While this effect did not quite reach statistical sig-
nificance, it nevertheless suggests that shortening the acquisi-
tion time for T1-weighted imaging and removing technical
obstacles for the technologists around breath-holding, respira-
tory gating, and repeat imaging may induce a secondary gain
in efficiency with later sequences. If true, this potential im-
provement in later workflow effects bears further
investigation.

All children included in this study were under sedation
for their MRI because of their inability to lie still for the
duration of an MRI exam while awake due to age or de-
velopmental status. A recent study demonstrated that anes-
thetic exposure in pediatric MRI was positively correlated
with MRI scan time, and factors that increase scan time
include multiple body part examinations and intravenous
contrast administration [33]. Limiting the time spent under
anesthesia by performing rapid, high-quality imaging se-
quences such as StarVIBE rather than lengthier, conven-
tional sequences is in line with efforts to reduce anesthesia
exposure. StarVIBE Dixon also eliminates the requirement
for breath-holding for T1-weighted imaging, which dra-
matically changes the depth of anesthesia as well as the
need for invasive airway insertion, both of which would
decrease both the short-term and long-term risks associated
with anesthesia in the MRI setting [34, 35]. At our institu-
tion, technical alternatives to breath-holding (triggering,

high NSA sequences) are already standard practice for
these reasons, at the expense of imaging time.

There are several limitations to this study. Imaging and
anesthesia times may have been affected by variations in se-
quence parameters between the time of the patient’s previous
MRI (traditional) and study MRI (radial), although there were
no formal changes in sequence parameters noted in the proto-
cols. All patients were scanned on 3-T systems with standard-
ized indication-based protocols installed on all scanners.
Apart from the introduction of the StarVIBE Dixon sequence,
there were no major changes to these protocols during the
study period, and an image review confirmed all patients
underwent imaging with the same protocol for both the radial
and the traditional exams. Readers were not blinded as to
which T1-weighted images were being evaluated, which
could have introduced bias. This potential bias was minimized
by establishing clear and specific evaluation criteria for
assessing image quality. As both sets of images were acquired
at different imaging episodes separated in time, patient specif-
ic factors such as age or growth may have contributed to
differences in quality between exams, although we measured,
and attempted to adjust for, these in our regression analyses.
As the radial exam was always acquired later than the tradi-
tional exam, it is possible that patient cooperation improved in
the interval between exams.

Conclusion

A free-breathing radial StarVIBE Dixon prototype sequence
decreases T1-weighted imaging time in pediatric patients un-
dergoing sedated abdominal MRI with improved image qual-
ity when compared to traditional Cartesian T1-weighted se-
quences. Decreased imaging times and a decreased reliance on
breath-holding will create future opportunities for improved
patient cooperation and decreased reliance on anesthesia in
pediatric patients, areas that warrant further investigation.
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