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Abstract

We investigated the feasibility of non-contrast three-dimensional modified Dixon (mDixon) magnetic resonance angiography (MRA) to |

evaluate the carotid artery.

We studied 30 normal patients who underwent non-contrast mDixon and conventional time-of-flight (TOF) MRA of the neck with a
clinical 3T MR scanner. Carotid artery signal-to-noise ratio (SNR) and contrast-to-noise ratio were compared between mDixon-MRA
and TOF-MRA. Two readers independently evaluated vessel sharpness, image contrast, and overall image quality using a 4-point

scale.

SNR was significantly higher on mDixon-MRA than TOF-MRA (P < .01). There was no significant difference in contrast-to-noise
ratio. The visual score for vessel sharpness was significantly higher on mDixon-MRA than TOF-MRA (P < .01), whereas the score for

contrast was significantly higher on TOF-MRA (P < .01).

Although non-contrast three-dimensional mDixon-MRA showed lower visual contrast than conventional TOF-MRA, it provided
images with significantly higher SNR and better vessel sharpness than TOF-MRA.

Abbreviations: 3D = three-dimensional, CCA = common carotid artery, CNR = contrast-to-noise ratio, DSA = digital subtraction
angiography, ICA = internal carotid artery, mDixon = modified Dixon, MBA = magnetic resonance angiography, ROl = regions of
interest, S| = signal intensity, SNR = signal-to-noise ratio, TE = echo time, TOF = time-of-flight.
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1. Introduction

Internal carotid artery (ICA) stenosis is an important cause of
ischemic stroke, which may result in death or reduced quality of
life.! Therefore, its evaluation and management are clinically
important. Although digital subtraction angiography (DSA) is
the gold standard for evaluating ICA stenosis,'>*! it is an invasive
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procedure. Three-dimensional (3D) time-of-flight (TOF) mag-
netic resonance angiography (MRA) can provide high-quality
arterial images and is currently widely used for non-invasive
assessment of ICA stenosis.I*! This also has the advantage of not
requiring the use of contrast media. However, it is a flow-
dependent sequence and blood flow turbulence often causes
signal loss, resulting in blurred vessel visualization (reduced
vessel sharpness) and stenosis overestimation.>!

In non-contrast-enhanced flow-independent MRA, such as
the Dixon-based sequence, intrinsic tissue parameters such
as relaxation times and chemical shift are utilized to suppress
background signals and generate relatively stable vessel
contrast.’! The 2-point Dixon reconstruction method for
decomposition of aqua/lipid, a variant of the in-phase/
opposed-phase method, is traditionally used with clinical MR
scanners. This method takes advantage of the intrinsic differ-
ences in the resonant frequency of fat and water protons to
decompose their respective signals into separate images,®!
producing a homogeneous fat and water separation that is less
sensitive to BO inhomogeneities.!”! However, the Dixon method
requires longer scan times and has lower scan parameter
flexibility. The modified Dixon (mDixon) method overcomes
these disadvantages''®! and has proven to be clinically useful in
various MRA applications" ' but has not been fully
evaluated in MRA of the neck. Based on its lower sensitivity
to blood turbulence, we hypothesized that mDixon-based non-
contrast MRA can provide a sharp and clear depiction of
the carotid artery than conventional TOF-MRA. The purpose of
this study was to investigate the feasibility of non-contrast 3D
mDixon MRA to evaluate the carotid artery.
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2. Materials and methods

2.1. Patient population

We prospectively enrolled 30 consecutive patients (18 female and
12 male; mean age+standard deviation, 68.9+14.5years;
age range, 27-89years) with normal carotid ultrasonography
findings who underwent non-contrast mDixon-MRA and
conventional TOF-MRA between April 2019 and June 2019.
This study was approved by the institutional review board of
Amakusa Medical Center. Informed consent was obtained from
all patients.

2.2. MRA sequence and parameters

All subjects underwent imaging on a 3T MR scanner (Ingenia;
Philips Medical Systems, Amsterdam, Netherlands) with a 16-
element phased-array Direct Digital RF receiver coil. After scout
images were obtained, we performed conventional 3D TOF-
MRA of the neck as a control followed by non-contrast 3D
mDixon-MRA. The spatial resolution for 3D TOF-MRA was
0.5%0.79 x 1.1mm and that for 3D mDixon-MRA was 1.2 x
1.19 x 1 mm; they differed in order to optimize their respective
acquisition times. The scanning parameters for TOF-MRA were
as follows: repetition time =24 ms, echo time (TE)=3.5ms, flip
angle=20° parallel imaging (SENSE =phase reduction 3, slice
reduction 1), field of view=200x 150, matrix=400 x 189,
number of slices=159, and acquisition time=2minutes 43
seconds. The mDixon-MRA parameters were: repetition time =
13 ms, TE=1.43/2.6 ms, flip angle=5°, parallel imaging (SENSE
=phase reduction 1, slice reduction 1), field of view=200 x 148,
matrix=168 x 123, number of slices=150, and acquisition
time =1 minute 51seconds (Table 1).

2.3. Quantitative image analysis

A board-certified radiologist with 6years of MRA experience
performed quantitative image analysis using the source images.
Manually placed circular regions of interest (ROIs) were used
to measure signal intensity (SI). Based on previous similar
reports,*! we obtained SI of the common carotid artery (CCA),
ICA origin, and mid-portion of the ICA (approximately 5cm
distal to the carotid bifurcation). ROIs were placed in the
circumjacent air and sternocleidomastoid muscle to measure SI as
a reference for image noise and the surrounding tissue,
respectively. To minimize bias from single side measurements,
we adopted the average of the left- and right-side values for each

Magnetic resonance imaging sequences and parameters.

TOF-MRA mDixon-MRA
Spatial resolution (mm) 05%x0.79%x1.1 1.2x119x1
TR (ms) 24 13
TE (ms) 35 1.43/2.6
Flip angle (°) 20 5
Matrix 400 x 189 168 x 123
Field of view (mm) 200 x 150 200 x 148
SENSE (phase x slice) 3x1 1x1
Number of slices 159 150
Acquisition time (min) 2:43 1:51

mDixon = modified Dixon, MRA =magnetic resonance angiography, TE=echo time, TOF =time-of-
flight, TR=repetition time.

Medicine

ROTsite. The arterial signal-to-noise ratio (SNR) and contrast-to-
noise ratio (CNR) between the arteries and perivascular tissue of
each MRA method were calculated using the following formulas:

Contrast = SIartery_SItissue
SNR - SIartery /SDnoise
CNR = Contrast/SDypise

2.4. Qualitative image analysis

To evaluate image quality of the different sequences, we
performed qualitative image analysis on a PACS viewer
(SYNAPSE; Fujifilm Corp., Tokyo, Japan). Available images
included axial source images and maximum intensity projection
images. Images acquired with the 2 MRA methods were
randomized. Two board-certified radiologists with 6 and 14
years of MRI experience, respectively, who were blinded to the
acquisition parameters and techniques, independently graded
image contrast, vessel sharpness (apparent flow-related dephas-
ing), and overall image quality using a 4-point subjective scale:
image contrast and overall image quality (1=unacceptable,
2 =poorer than average, 3 =good, 4 =excellent), image sharpness
(1=Dblurry, 2=poorer than average, 3=Dbetter than average,
4 =sharpest). Inter-observer disagreement was settled by consen-
sus. For qualitative analysis, a total of 60 carotid arteries
were evaluated (30 patients, left and right). The radiologists were
able to adjust window level and width during the qualitative
assessment. The number of arteries with inappropriate image
quality (score=1 or 2) was recorded for each assessment
parameter.

2.5. Statistical analysis

Statistical analyses were performed using JMP statistical software
version 12.0 (SAS Institute, Inc., Cary, NC, USA). All numerical
values are reported as means=standard deviation. SNR, CNR,
and qualitative scores were compared between mDixon-MRA
and TOF-MRA using the paired # test or Wilcoxon signed-rank
test as appropriate. The number of arteries with inappropriate
image quality was compared using the Fisher exact test. P<.0S
was considered significant.

3. Results

3.1. Quantitative analysis

All neck MRA studies were successfully completed. As shown in
Table 2, the SNR of the CCA, ICA origin, and mid-portion of the
ICA were significantly higher on mDixon-MRA than TOF-MRA
(P<.01, P<.01, and P<.01, respectively). There was no
significant difference between the 2 methods in CNR (CCA,
P=.05; ICA origin, P=.52; mid-portion of the ICA, P=.52).

3.2. Qualitative analysis

The results of our qualitative image quality assessment are shown
in Table 3. The visual score for vessel sharpness was significantly
higher on mDixon-MRA than TOF-MRA (P <.01), whereas the
score for contrast was significantly higher on TOF-MRA than
mDixon-MRA (P <.01). There was no significant difference
between the 2 methods in overall image quality (P=.40).
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Quantitative analysis comparing mDixon-MRA and TOF-MRA.

Signal-to-noise ratio

TOF-MRA mDixon-MRA P value
CCA 58.3+17.9 66.3+20.3 <.01
ICA origin 57.0+17.4 67.0+20.8 <.01
Mid-portion of ICA 58.5+18.0 68.1+219 <.01

Contrast noise ratio

TOF-MRA mDixon-MRA P value
CCA 441 +15.1 A.7+142 .05
ICA origin 428 +147 424146 .52
Mid-portion of ICA 42.8+14.7 42.4+146 .52

Values are mean + standard deviation. P< .05 was considered significant.

CCA=common carotid artery, ICA=internal carotid artery, mDixon = modified Dixon, MRA=magnetic resonance angiography, TOF =time-of-flight.

Of the 60 arteries evaluated, 9 were judged as inappropriate
image quality (score=1 or 2) for image contrast, 2 for vessel
sharpness, and 2 for overall image quality on mDixon-MRA. On
TOF-MRA, the number of arteries judged as inappropriate image
quality was 0 for image contrast, 11 for vessel sharpness, and 2
for overall image quality. The difference was significant for image
contrast and vessel sharpness (P<.01) but not overall image
quality (Table 4). Figures 1 and 2 show 2 representative cases.

4. Discussion

Our results demonstrate that non-contrast neck MRA using the
mDixon method provides images with higher SNR and better
vessel sharpness than conventional TOF-MRA. Moreover, the
acquisition time was shorter for mDixon-based MRA than TOF-
MRA. This suggests that mDixon-MRA can be less sensitive to
blood turbulence, enabling better carotid artery depiction than
conventional TOF-MRA. Although further studies should assess

Qualitative analysis comparing mDixon-MRA and TOF-MRA.

TOF-MRA mbDixon-MRA P value
Image contrast (both sides) 3.6+04 29+05 <.01
Left-side 3.5+0.4 3.0+0.4 <.01
Right-side 3.6+0.4 31+03 <.01
Vessel sharpness (both sides) 3.2+06 3.8+04 <.01
Left-side 3.2+0.6 3.7+04 <.01
Right-side 3.4+0.6 3.8+0.2 <.01
Overall image quality (both sides) 35+0.3 35+0.2 40
Left-side 3.6+0.3 3.5+0.3 A
Right-side 3.7+0.3 3.5+0.2 .07

Values are mean + standard deviation. P<.05 was considered significant.
mDixon = modified Dixon, MRA=magnetic resonance angiography, TOF =time-of-flight.

Number of arteries judged as inappropriate image quality (score =
1o0r2).

TOF-MRA mDixon-MRA P value
Image contrast 0 9 <.01
Vessel sharpness I 2 <.01
Overall image quality 2 2 .69

P<.05 was considered significant.
mDixon = modified Dixon, MRA=magnetic resonance angiography, TOF =time-of-flight.

the applicability of our findings, mDixon-MRA may assess the
ICA more accurately compared to TOF-MRA.

Vessel sharpness was significantly better with 3D mDixon-
MRA than 3D TOF-MRA. This could be due to flow void artifact
related to blood flow turbulence seen on 3D TOF-MRA,"*! which
often leads to stenosis overestimation. Flow void artifact can be
related to both TE and spatial resolution.!®! However, in our
study, 11 of 60 arteries showed lower vessel sharpness, even
though we used a relatively short TE of 3.5 ms in 3D TOF-MRA.
Weber et al® acquired 3D TOF-MRA images using almost
identical TE and spatial resolution parameters as our study and
reported that it overestimated proximal ICA stenosis. On the
mDixon sequence, water and fat images are based on differences
in the resonant frequency of fat and water protons.®! The
generated set of water images are characterized by robust
homogeneous fat suppression and significantly less artifact.!'®!
Moreover, the mDixon sequence is relatively insensitive to BO
and B1 field inhomogeneities.''”! On the other hand, although the
mDixon sequence can be acquired with shorter TE than the TOF
sequence, the spatial resolution was lower on mDixon-MRA than
TOF-MRA in this study. Therefore, factors other than TE and
spatial resolution may also be related to flow void artifact.

We found that the visual image contrast was significantly lower
on mDixon-MRA than TOF-MRA. However, mDixon-MRA
SNR and CNR were not inferior. This may be due to the lower
image noise of mDixon-MRA, which can be explained by several
factors. First, the pixel size was larger on mDixon-MRA than
TOF-MRA. Second, mDixon-MRA can acquire water images,
which are characterized by robust homogeneous fat suppression.
Third, mDixon-MRA is relatively insensitive to BO and B1 field
inhomogeneities. The mDixon-MRA water imaging shows the
resonant frequency of water protons, thus background SI is not
suppressed, as in TOF-MRA. In previous reports, T2-prep plus
and non-selective inversion recovery have been applied with a
short inversion time to suppress background tissue signal.!'?!
These techniques can potentially increase contrast and improve
the image quality of mDixon-based neck MRA.

This study has several limitations. First, we investigated a small
number of normal subjects at a single center, thus selection bias
may have been introduced. Future large-scale clinical studies
involving normal and pathological vessels are needed to validate
our results. Second, we did not evaluate the diagnostic
performance of mDixon-MRA for detecting ICA stenosis by
correlating our imaging findings with DSA results because DSA
imaging was not available in most study patients. Rather, we
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TOF-MRA mDixon-MRA

Figure 1. Maximum intensity projections of the carotid bifurcation in a 64-year-old man who underwent MRA of the neck. The visual scores for image contrast,
vessel sharpness, and overallimage quality were 4, 3, and 4, respectively, for TOF-MRA, and 4, 4, and 4, respectively, for mDixon-MRA. mDixon = modified Dixon,
MRA =magnetic resonance angiography, TOF =time-of-flight.

focused on comparing the quality of images of neck MRA  methods in our study were optimal for neck MRA. The MRA
obtained with mDixon with those obtained with TOF. Diagnostic ~ imaging parameters may need further optimization.

performance of mDixon-MRA should be compared to that of In conclusion, although non-contrast 3D mDixon-MRA
TOF-MRA using the patients with ICA stenosis in the future.  showed lower visual contrast than conventional 3D TOF-
Third, it is unclear whether the MRA scan parameters of the 2~ MRA, it provided images with significantly higher SNR and

TOF-MRA mDixon-MRA

Figure 2. Maximum intensity projections of the carotid artery bifurcation in a 66-year-old man who underwent MRA of the neck. The visual scores for image
contrast, vessel sharpness, and overall image quality were 4, 3, and 4, respectively, for TOF-MRA, and 3, 4, and 3, respectively, for mDixon-MRA. mDixon =
modified Dixon, MRA=magnetic resonance angiography, TOF = time-of-flight.
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better vessel sharpness than TOF-MRA in normal subjects.
However, further research is needed to confirm the findings.
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