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Feasibility of a Synthetic MR Imaging Sequence for
Spine Imaging

M.I. Vargas, "“’'M. Drake-Pérez, "“'B.M.A Delattre, **'). Boto, ““K.-O. Lovblad, and “*S. Boudabous

ABSTRACT

BACKGROUND AND PURPOSE: Synthetic MR imaging is a method that can produce multiple contrasts from a single sequence, as well as
quantitative maps. Our aim was to determine the feasibility of a synthetic MR image for spine imaging.

MATERIALS AND METHODS: Thirty-eight patients with clinical indications of infectious, degenerative, and neoplastic disease
underwent an MR imaging of the spine (11 cervical, 8 dorsal, and 19 lumbosacral MR imaging studies). The SyntAc sequence, with an
acquisition time of 5 minutes 40 seconds, was added to the usual imaging protocol consisting of conventional sagittal T1 TSE, T2 TSE,
and STIR TSE.

RESULTS: Synthetic TI-weighted, T2-weighted, and STIR images were of adequate quality, and the acquisition time was 53% less than
with conventional MR imaging. The image quality was rated as “good” for both synthetic and conventional images. Interreader
agreement concerning lesion conspicuity was good with a Cohen k of 0.737. Artifacts consisting of white pixels/spike noise across
contrast views, as well as flow artifacts, were more common in the synthetic sequences, particularly in synthetic STIR. There were
no statistically significant differences between readers concerning the scores assigned for image quality or lesion conspicuity.

CONCLUSIONS: Our study shows that synthetic MR imaging is feasible in spine imaging and produces, in general, good image quality
and diagnostic confidence. Furthermore, the non-negligible time savings and the ability to obtain quantitative measurements as well
as to generate several contrasts with a single acquisition should promise a bright future for synthetic MR imaging in clinical routine.

R?diologists base their diagnoses on morphologic and, increas-
ingly more, quantitative imaging. The current trend in imag-
ing is to reach a diagnosis based on not only morphologic and
qualitative evaluation but also methods that can provide quanti-
tative information. Quantitative imaging can be achieved by 2
different techniques: synthetic (used in clinical practice) and fin-
gerprinting (used solely for research purposes)."> Synthetic MR
imaging is a method that can produce multiple contrasts from a
single sequence, as well as quantitative T1, T2, STIR, and proton-
density maps. This offers the possibility of shortening the study
duration and the option of relying on more objective parameters
to reach a diagnosis. Recently, this emerging technique has been
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applied to several brain diseases in adults™* and children,”” but to
our knowledge, it has never been used in spine imaging. The pur-
pose of this work was to apply synthetic MR imaging to the spine®
and spinal cord and to compare the overall image quality, diag-
nostic confidence, and lesion conspicuity produced by synthetic
MR imaging with conventional sequences.

MATERIALS AND METHODS

Patients

The local ethics committee on research involving humans ap-
proved this study (CCER 2016-1821).

A synthetic MR image was added to our usual spine imaging
protocol in 38 patients referred to our institution with suspi-
cion of multiple sclerosis or degenerative, infectious, and neo-
plastic diseases, or for postsurgical follow-up. Exclusion crite-
ria were children, pregnant women, and motion artifacts on
the images.

Image Acquisition

Synthetic imaging was performed in addition to the conven-
tional sequences (T1, FSE, T2, proton-density, and STIR) used
in daily clinical practice at our hospital. The patients were
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scanned on an Ingenia 1.5T scanner (Philips Healthcare, Best,
the Netherlands).

The SyntAc sequence (Philips Healthcare) is based on a turbo
spin-echo acquisition with a saturation pulse of 120°, four TIs, and 2
TEs, producing 8 images with different contrasts. These images are
then used by the SyMRI software, Version 8 (SyntheticMR,
Linképing, Sweden)® to generate T1, T2, and proton-density quan-
titative images and to create synthetic T1, T2, and STIR contrasts
with specific TEs, TRs, and TTs, which are chosen in postprocessing.

The sequence parameters were the following: sagittal orienta-
tion, FOV = 200 X 321 mm, acquisition (reconstruction), voxel
size = 0.89 X 1.48 mm (0.71 X 0.72 mm), 15 contiguous 4-mm-
thickness slices, TE = 11/100 ms, TR = 2485 ms, TSE factor = 12,
sensitivity encoding acceleration factor = 2. The acquisition
time of the synthetic sequence is 5 minutes 40 seconds. Syn-
thetic images were generated with matching TE/TR parameters
and compared with the conventional sequences (T1, T2, and
STIR when available) with an imaging acquisition time of 11
minutes 20 seconds. TI was chosen to maximize suppression of
the fat signal.

Two sets of images were created for each patient: conventional
and synthetic sequences.

Image Evaluation

Two qualified readers, with 15 and 11 years of experience, respec-
tively, reviewed the images. Image quality was evaluated on con-
ventional T1, T2, and STIR images (when available) and on syn-
thetic images for each patient in random order. Image quality was
rated as “poor,” “fair,” or “good” (scores of 1, 2, and 3, respec-
tively). The presence or absence of lesions was also assessed. Sub-
sequently, both readers rated their degree of confidence regarding
the presence or absence of a lesion, which was recorded as “cer-
tain” (score = 1) or “not certain” (score = 0). The presence or
absence and the type of artifacts were also evaluated.

Statistical Analysis

The medians of the scores for image quality and lesion conspicuity
obtained with each method (synthetic versus conventional) were
compared using the Wilcoxon test. The scores assigned by each
reader were compared by the same method. Interreader agree-
ment regarding the certainty of the presence or absence of a lesion
was evaluated by the Cohen k. All statistics were performed with
RStudio (Version 3.3.2; http://rstudio.org/download/desktop).

RESULTS

A total of 38 patients were included in this study (22 males, 16
females; mean age, 57 years; age range, 17—87 years). Clinical
indications for MR imaging were as follows: degenerative pathol-
ogy, multiple sclerosis, postsurgical follow-up, and diagnosis or
follow-up of tumors. Eleven cervical, 8 dorsal, and 19 lumbosacral
MR imaging studies were performed.

Image quality was rated as good in synthetic and conventional
images by both readers. However, there was a statistically signifi-
cant difference in the scores assigned for image quality by reader 2
(P = .02) but not reader 1 (P = .053). Figure 1 shows the distri-
bution of scores for different methods and readers. Although the
medians are similar, the synthetic method produced more “fair”
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FIG 1. Distribution of scores for image-quality ratings for readers 1

(left) and 2 (right).
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FIG2. Distribution of scores for certainty of the presence or absence
of a lesion for readers 1 (left) and 2 (right).

and “poor” scores (n = 3 and n = 2, respectively, for reader 1 and
n = 6 and n = 0 for reader 2).

There was agreement between readers in identifying the pres-
ence or absence of lesions in all cases, except 1 case for reader 1
and 2 cases for reader 2. In these 3 cases, the lesions were not
detected on the synthetic sequence but were easily identified on
the conventional sequences. Lesions that were not present on the
conventional images were also not incorrectly detected on the
synthetic images (no false-positives).

The relative frequencies of certainty for the presence or ab-
sence of a lesion, with a median score of 1, are shown in Fig 2.
Interreader agreement was good with a Cohen « of 0.737, but
there were cases in which there was discordance between the
synthetic and conventional images (n = 3 for reader 1, n = 5
for reader 2). This difference was not statistically significant for
reader 1 (P =.149), but it was significant for reader 2 (P = .04).

Artifacts consisting of white pixels/spike noise across con-
trast views and flow artifacts were more common in the syn-
thetic sequences (except proton-density), especially in syn-
thetic STIR (Fig 3).

There were no statistically significant differences between
readers regarding the scores assigned for image quality or lesion
conspicuity. The Table summarizes these results.

DISCUSSION

The clinical use of synthetic MR imaging has focused mainly on
brain pathology. The first mention of synthetic images possibly
having a diagnostic value comparable with that of conventional
sequences was in a study by Blystad et al* in 2012. Other studies
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FIG 3. Conventional FSE T2 (A), spin-echo T1 (B), and STIR (C) images show a postsurgical lumbar spine with postoperative changes in the
posterior soft tissues. The synthetic images (D—F) depict these changes with similar detail. Note the dirty appearance of the vertebral
bodies observed in the synthetic reconstructions and flow artifacts from the aorta, especially in the synthetic STIR sequence.

have since assessed the clinical feasibility of synthetic MR imaging This technique has also been recently used for musculoskeletal
across different neurologic conditions®” such as multiple sclero- ~ imaging. A recent study, focusing on imaging of the normal
sis'® and metastatic disease of the brain'' and in the pediatric ~ knee,'* assessed the feasibility and diagnostic accuracy of syn-
population.>”!>!? thetic MR imaging compared with conventional MR imaging as
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Median scores for image quality and the certainty of the presence or absence of a lesion and statistical differences between methods

and readers®

Reader 1 Reader 2 Between Readers
Conventional  Synthetic P Conventional  Synthetic P Conventional  Synthetic
Image quality 3 3 .053 3 3 .02 1.00 78
Certainty of the presence or 1 1 149 1 1 .04 1.00 35
absence of a lesion
? Scores for image quality: 1 = poor, 2 = fair, 3 = good; scores for the certainty of the presence or absence of a lesion: 0 = not certain, 1 = certain.

FIG4. Sagittal conventional FSET2 (A) and spin-echo T1(B) images and synthetic T2 (C), T1(D), and STIR (E) images illustrate a syrinx of the cervical

cord. Note the same level of detail in both types of sequences.

well as the utility of synthetic quantitative T2 maps of the
different knee structures compared with conventional T2 map-
ping sequences. The conclusion was that synthetic MR imaging
provided comparable image quality and offered the potential
to reduce the overall examination time. An exception was
noted for bone marrow where the relative signal intensity and
contrast of synthetic T1 images were lower than on conven-
tional T1. Other studies focused on the feasibility of synthetic
MR imaging for knee pathology.'>'® To our knowledge, this is
the first study exploring the potential utility of synthetic MR
imaging for spine and spinal cord imaging in clinical routine
(Figs 4 and 5). In this pilot study, synthetic MR has been shown
to be a feasible alternative or complement to conventional
T1WI, T2WI, and STIR sequences in spine imaging. Image
quality was considered not significant different from that pro-
duced by conventional sequences, and both diagnostic confi-
dence and lesion conspicuity were at acceptable levels. These
results are in agreement with previous reports stating that syn-
thetic and conventional imaging have similar diagnostic
utility.4,(‘;>9,l()

Some differences were nevertheless observed between the 2
methods. The synthetic sequence, on occasion, had less contrast, a
“dirty” appearance to the images, and less resolution (Fig 2), re-
sulting in lower image-quality scores assigned by the readers in
some cases. These differences were, however, not statistically sig-
nificant and did not affect the overall perception of imaging qual-
ity or the diagnostic confidence. As previously reported, arbitrary
signal changes found in the voxels containing 2 tissues that are
particularly different are thought to be partial volume artifacts
because they cannot be described using a monoexponential
function. Consequently, fitted T1 and T2 relaxation appears as
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a combination of the 2 tissue values™'” and can represent a
limitation in synthetic imaging. In contrast, some authors de-
scribed synthetic T1-weighted images having higher but not
significantly different mean overall image-quality scores than
conventional images and less subjective noise.® This finding
was due to the relatively low signal-to-noise ratio on conven-
tional T1-weighted images.

The different backgrounds of the 2 readers (neuroradiology and
musculoskeletal radiology, respectively) are probably the main fac-
tors affecting the lack of agreement observed in some cases. For
example, some benign spine lesions, such as hemangiomas,
were identified as abnormalities by reader 2, but minimized by
reader 1.

With respect to the artifacts produced by synthetic MR imag-
ing, it is known that synthetic FLAIR images of the brain have

more pronounced artifacts,'®

requiring adding conventional
FLAIR sequences to the imaging protocol. At the level of the spine,
image artifacts were particularly noticeable in the synthetic STIR
sequence, pulsatile (vascular) flow artifacts (Fig 2) being the most
frequent ones. Additionally, a dirty appearance to the images was
observed in all synthetic sequences. Artifacts secondary to the
presence of metal in the spine were identified on the synthetic
sequences but were not more pronounced than in the conven-
tional sequences (Fig 6).

These artifacts occurred more often in the dorsal and lumbar
spine, where the synthetic images showed more noise com-
pared with scans of the cervical spine, almost certainly due to a
higher number of channels and coils used to image this area
(spine and cervical coils versus spine coil only in the dorsolum-
bar region).
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FIG 5. The normal dorsolumbar spine with conventional (A—C) and synthetic (D—F) sequences.

MR imaging time should be considered, especially in spine
imaging due to the high prevalence of spinal pathology and,
consequently, the high number of requests for MR imaging of
this region. Furthermore, patients requiring spinal imaging
frequently have back pain and find it more difficult to remain
supine for long periods. Currently used imaging protocols for
the spine have an average duration of approximately 30 min-
utes when the clinical indication does not warrant the use of

contrast agent or only part of the spine needs to be imaged, as
in disc herniation. When contrast administration is indicated
or the whole spine needs to be imaged, the acquisition time is
approximately 1 hour.

The SyntAc sequence was adapted for spine imaging and can
produce at least 3 conventional sequences (T1, T2, STIR), which
usually require an acquisition time of 11 minutes 20 seconds,
offering the possibility of generating other contrasts if required. In
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FIG 6. Sagittal conventional FSE T2 (A), spin-echo T1(8B), and STIR (C) sequences and corresponding synthetic sequences (D—Ff) in a patient with
an intervertebral cage (arrows). Note that the degree of magnetic susceptibility artifacts is the same in both sequences.

the present study, the acquisition time of synthetic MR imaging (5
minutes 40 seconds) was approximately half of that required for
conventional sequences. Sagittal synthetic spine MR imaging
could therefore potentially replace conventional sagittal T1, T2,
and STIR sequences for imaging 1 spinal region (cervical, dorsal,
or lumbar) and halve the acquisition time. However, if fat-satu-

6 Vargas @ 2018 www.ajnr.org

rated postcontrast sequences were needed, they would be ob-
tained separately by conventional methods.

In addition to allowing shorter acquisition times, synthetic
sequences provide quantitative T1, T2, and proton-density maps
(Fig 7). These can be used to derive relaxometry parameters of

spinal components,'? thus providing quantitative information of




FIG7. The dorsal spine in a patient with bone metastases illustrated by conventional FSE T2 (A) as well as T2 (B), T1 (C), and proton-density (D)

maps.

interest for research and potentially clinical purposes with a view
to using these quantified parameters daily in the assessment of
common spine diseases (demyelinating diseases, degenerative
conditions, spondylodiscitis).

In this study, identical TR and TE parameters were used in all
patients to produce the synthetic sequences.

The main limitations of this study were the relatively small
sample size and the limited number of pathologies in the patients
included. From our observation, a compromise is still needed to
increase the SNR while maintaining a reasonable acquisition time
in the dorsolumbar region. This could potentially be improved
with the implementation of this sequence on 3T MR imaging.
Conversely, in our study, the image quality and diagnostic confi-

dence were very good in the cervical area, where the SyntAc se-
quence currently produces the best results.

We believe that our findings could facilitate the integration of
quantitative MR imaging in clinical routine.

CONCLUSIONS

Synthetic MR imaging is feasible in spine imaging. However,
some work and development are still required to improve syn-
thetic STIR to reduce flow artifacts and increase the signal-to-
noise ratio, particularly in the lumbar region. We believe that
in the future, a significant reduction in acquisition time will be
possible with this technique without sacrificing diagnostic ac-
curacy. Furthermore, the quantitative information generated
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with this method will allow a novel approach to the diagnosis

of spine disease.
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