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Dedicated 3D-T2-STIR-ZOOMit Imaging Improves
Demyelinating Lesion Detection in the Anterior Visual
Pathways of Patients with Multiple Sclerosis

E. Pravata, ““L. Roccatagliata, “M.P. Sormani, “*L. Carmisciano, ““'C. Lienerth, "“R. Sacco, “” A. Kaelin-Lang, “*’A. Cianfoni,
C. Zecca, and "W C. Gobbi
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ABSTRACT

BACKGROUND AND PURPOSE: Demyelinating lesions in the anterior visual pathways represent an underestimated marker of dis-
ease dissemination in patients with MS. We prospectively investigated whether a dedicated high-resolution MR imaging technique,
the 3D-T2-STIR-ZOOMit, improves demyelinating lesion detection compared with the current clinical standard sequence, the 2D-
T2-STIR.

MATERIALS AND METHODS: 3T MR imaging of the anterior visual pathways (optic nerves, chiasm, and tracts) was performed using
3D-T2-STIR-ZOOMit and 2D-T2-STIR, in patients with MS and healthy controls. Two experienced neuroradiologists assessed, inde-
pendently, demyelinating lesions using both sequences separately. 3D-T2-STIR-ZOOMit scan-rescan reproducibility was tested in 12
patients. The Cohen k was used for interrater agreement, and the intraclass correlation coefficient for reproducibility. Between-
sequence detection differences and the effects of location and previous acute optic neuritis were assessed using a binomial
mixed-effects model.

RESULTS: Forty-eight patients with MS with (n = 19) or without (n = 29) past optic neuritis and 19 healthy controls were evaluated.
Readers’ agreement was strong (3D-T2-STIR-ZOOMit: 0.85; 2D-T2-STIR: 0.90). The 3D-T2-STIR-ZOOMit scan-rescan intraclass correla-
tion coefficient was 0.97 (95% Cl, 0.96-0.98; P <.001), indicating excellent reproducibility. Overall, 3D-T2-STIR-ZOOMit detected
more than twice the demyelinating lesions (n =89) than 2D-T2-STIR (n =43) (OR= 2.7; 95% Cl, 1.7-4.1; P <.001). In the intracranial
anterior visual pathway segments, 33 of the 36 demyelinating lesions (91.7%) detected by 3D-T2-STIR-ZOOMit were not disclosed
by 2D-T2-STIR. 3D-T2-STIR-ZOOM it increased detection of demyelinating lesion probability by 1.8-fold in patients with past optic
neuritis (OR= 18; 95% Cl, 1.2-3.; P=.01) and 5.9-fold in patients without past optic neuritis (OR= 5.9; 95% Cl, 2.5-13.8; P <.001).
No false-positive demyelinating lesions were detected in healthy controls.

CONCLUSIONS: Dedicated 3D-T2-STIR-ZOOM.it images improved substantially the detection of MS disease dissemination in the an-
terior visual pathways, particularly in the intracranial segments and in patients without past optic neuritis.

ABBREVIATIONS: AON = acute optic neuritis; aVP = anterior visual pathway; DL = demyelinating lesion; HC = healthy controls; iCanal = intracanalicular
optic nerve; iCran = intracranial optic nerve; iOrb = intraorbital optic nerve; OC = optic chiasm; OT = optic tract; pPON = past optic neuritis

S is the most common immune-mediated demyelinating
disease in young adults,' with frequent involvement of the
visual pathways.® Pathologic investigations demonstrated a high
prevalence of demyelinating lesions (DLs) in the anterior visual
pathways (aVPs), including the optic nerve, chiasm (OC), and
tract (OT), in patients either with or without previous episodes of
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acute optic neuritis (AON).> Accordingly, ophthalmologic studies
showed frequent occurrence of subclinical visual impairment in
MS, even in patients without previous AON.* Nevertheless and
despite a previous proposal,” the aVPs are currently not included
among the sites investigated by MR imaging to demonstrate dis-
ease dissemination in space, due to the lack of supportive data
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about DL prevalence and MR imaging characteristics.® Including
highly sensitive examinations in the diagnostic workflow may
potentially lead to earlier diagnosis and start of treatment’ and
provide structural correlates for patients’ asymptomatic visual
loss.* Furthermore, in the monitoring phase, an improved detec-
tion of new-onset lesions may help tailor treatment in individual
patients.”

In a group of patients with MS with and without a history of
AON and in a group of healthy controls (HC), we tested whether
a dedicated inversion-recovery (STIR)-prepared T2-weighted
technique, combining high spatial resolution and tissue contrast
characteristics, the “3D-T2-STIR-ZOOMit” (Siemens), may
improve DL diagnostic performance in the aVPs with respect to
2D-T2-STIR, the current standard '[echnique.8

MATERIALS AND METHODS

The study was authorized by the Ethics Committee of Canton
Ticino, Switzerland (2017-00814-CE3224, May 24, 2017). All
participants provided written informed consent.

Study Participants

This was a prospective, cross-sectional, single-center study includ-
ing 49 adult patients with relapsing-remitting MS according to the
2010 McDonald criteria® and with or without previous AON his-
tory (pON+ and pON-, respectively), and 24 HC. Participants
were enrolled between November 2017 and March 2019 at the MS
Center of the Ospedale Regionale di Lugano (Neurocenter of
Southern Switzerland), Switzerland, the regional center for neuro-
ophthalmologic disorders. AON diagnosis was based on a history
of visual acuity and color detection loss, typical field deficits, ocular
pain, and fundus examination. MR imaging and visual evoked

Table 1: Acquisition parameters for 3D-T2-STIR-ZOOMit and 2D T2-STIR

potentials (prolonged P100 latency) were used as supportive tools
when needed. All participants with MS were relapse- and steroid
therapy—free for at least 3 months before enrollment. Specific
exclusion criteria were other neurologic and ophthalmologic disor-
ders (glaucoma, ocular hypertension, retinopathy, maculopathy).

MR Imaging Acquisition
Acquisition parameters of 3D-T2-STIR-ZOOMit and 2D-T2-
STIR are reported in Table 1.

3D-T2-STIR-ZOOMit. We adapted the vendor-provided default
T2-weighted sequence for small-FOV imaging with selective
region excitation on a 3T Magnetom Skyra (Siemens) scanner'>"!
with a 64-channel head/neck coil. We applied a nonselective inver-
sion recovery preparation pulse,'>"? using an acquisition voxel size

of 0.6 mm”. Scan duration was 8 minutes 54 seconds.

2D-T2-STIR. A standard 2D-T2-STIR sequence, with 2.5-mm sec-
tion thickness, was acquired on the coronal plane, covering the
orbits and the intracranial aVPs. The scan duration was 2 minutes
57 seconds

Additional information about sequences, image acquisition,
and preparation, is provided in the Online Supplemental Data.

Image Quality

Figure 1 shows the normal anatomy of the aVPs as depicted by 3D-
T2-STIR-ZOOMit and the segment boundaries defined for the
analyses: intraorbital (iOrb), intracanalicular (iCanal), and intra-
cranial (iCran) optic nerves, OC, and OT. The corresponding
anatomic landmarks were also used for 2D-T2-STIR. One neurora-
diologist (A.C.) and 1 neurologist (C.G.) with >15 years of experi-
ence in MS imaging rated, in each of the 5 aVP segments, field
inhomogeneity and motion-related arti-
facts, according to a previously used
scale: 0 = no relevant artifacts; 1 = mild

Parameter 3D-T2-STIR-ZOOMit 2D-T2-STIR . L .
artifacts not preventing image analysis;

Mode 3D 2D . . .

L 2 = artifacts preventing accurate image
Acquisition plane Transversal Coronal 4
TR/TE (ms) 240/119 4880/101 analysis.
Magnetization preparation Non-selective STIR Non-selective STIR
Tl (ms) 220 220 Image Reading Sessions

FOV read/FOV phase 80 mm x 100%

180 mm x 100% Two neuroradiolgists (E.P. and L.R.)

Base resolution/phase/section 128/100%/100%
Acquired voxel size (X, Y, Z) (mm) 0.6, 0.6, 0.6
Interpolated voxel size (X, Y, Z) (mm) 0.3,0.3,0.6
Flip angle Variable

Turbo factor 46

Averages 14
Acceleration factor (GRAPPA) 2

Scan duration (min/sec) 8/54

320/100%/~ with >15years of experience in MS

0.6,0.6,25 . . . .
imaging performed 3 reading sessions

140° each, >3 months apart to avoid recall

35 bias.

1

None Session 1. The blinded readers reviewed

2/57

Note:—GRAPPA, generalized autocalibrating partially parallel acquisition; STIR, short tau inversion recovery.

separately the 3D-T2-STIR-ZOOMit
and 2D-T2-STIR image sets in a

Table 2: Confusion matrix illustrating DL detection rates of 3D-T2-STIR-ZOOMit and 2D-T2-STIR per each aVP segment in all

patients with MS*

3D-T2-STIR-ZOOMit

iOrb— iOrb+ iCanal- iCanal+ iCran— iCran+ oC- OoC+ oT- oT+
D-T2-STR - 67(69.8) 9(94)  68(708) 8(83)  87(90.6) 7(7.3) 79(823) 16(167) 86(89.6) 10 (10.4)
+  0(0) 20(08)  4(42) 16067  0(0) 2(2]) 0(0) 1(10) 0(0) 0(0)

®Data are number of DLs (n =96, for each aVP segment) with percentages in parentheses and refer to 96 observations (left and right sides together in 48 patients) in each
aVP segment. Absence of a lesion is indicated with —; presence, with +”.
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10 mm

FIG 1. Geometrically unbiased, high-resolution representation of the aVP segment anatomy by 3D-T2-STIR-ZOOM.it (healthy control No. 9001).
The left panel shows curved reconstructions along the true long axis of the right and left aVPs. The thin arrow points to the porus opticus.
Coronal-oblique reconstruction images corresponding to the iOrb (A, from the eye bulb to the optic canal), iCanal (B, in the optic canal), and
iCran (C, from the optic canal to the chiasm) segments and OC (D) and OT (E) segments highlighted in white circles are presented. By compari-
son, the right panel (F-, different healthy volunteer) shows corresponding coronal-oblique images obtained with a 3D-ZOOMit standard
sequence without the STIR preparation pulse. Note substantial contrast resolution gain with 3D-T2-STIR-ZOOMit, particularly at interfaces
between different signal tissues and between the OT and adjacent hypothalamus (thin arrows in E).

random order. 3D-T2-STIR-ZOOMit images were presented in
orthogonally reconstructed planes, whereas 2D-T2-STIR images
were presented in the acquisition (coronal) plane. To assess the
presence of a lesion, we used a previously employed binary scale:'*
0=no lesion; 1=Ilesion. Lesions were defined as areas of signal
hyperintensity, referenced to the normal-appearing white matter
of the frontal lobes, either partially or completely involving the
whole aVP short-axis section. A consensus was reached after
resolving discrepancies during a subsequent separate session.

Session 2. To test the hypothesis that 3D-T2-STIR-ZOOMit may
detect false-positive lesions in HC assuming that these had no
DLs, the readers performed an additional joint session on scans
of the 19 HC and 19 randomly chosen participants with MS.

Session 3. To assess scan-rescan reproducibility, a final joint ses-
sion compared the 3D-T2-STIR-ZOOMit images re-acquired
from 12 participants with MS with those from session 1.

Statistical Analysis

Categoric variables were reported with count and percentages; con-
tinuous variables, with mean (SD) or median and interquartile
range. Interrater reliability was reported with accuracy, Cohen «,
and their 95% CIs. A Cohen « of >0.8 suggests a strong level of
agreement between the raters. To assess scan-rescan reproducibil-
ity of 3D-T2-STIR-ZOOMit images, we calculated the interclass
correlation coefficient. Between-sequence detection differences
and the effects of DL side and location in the aVPs, accounting for
within-patient correlation, were assessed using a binomial mixed-

effects logistic model. OR, 95% confidence intervals, and P values
were reported.

P values < .05 were considered significant. R statistical and
computing software, Version 3.6.0 (http://www.r-project.org/)
was used for all analyses.

RESULTS

Participant Characteristics

Of 73 initially included participants (49 with MS, 24 HC), 48 par-
ticipants with MS (39.1 [SD, 13.1] years of age, 30 women) with
(n = 19) or without (n = 29) past optic neuritis (pPON+/pON-)
and 19 HC (35.1 [SD, 8.1] years of age, 10 women) were finally
evaluated (Fig 2). On image inspection, scans of 1 participant
with MS and 3 HC were discarded due to poor image quality in
all aVP segments (movement) and also scans of 2 HC for coil-
related artifacts (shading artifacts). The main demographic and
clinical characteristics of participants with MS are presented in
the Online Supplemental Data. Patients’ neurologic impairment
severity, assessed with the Expanded Disability Status Scale,'” was
mild (median = 2; range, 1-3.5). Twenty-nine participants
(60.4%) were pPON—. Among those with pON+ (n =19, 39.6%),
4 had bilateral AON. When we counted individual eyes, 73 (76%)
had no AON and 23 (24%) had previous AON.

Image Quality

The Online Supplemental Data illustrate samples of the encoun-
tered artifacts. As for 3D-T2-STIR-ZOOMit, grade I movement
artifacts were noted in all aVP segments in 3 patients with MS
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DL detection DL detection control Scan-rescan
comparison. analysis: reproducibility:
3D-STIR-ZOOMit
vs 2D-STIR: n=19 patient n=12 patient MS
MS ;19 HC
n=48 patient MS

FIG 2. Flow chart showing the numbers of participants and healthy
participants with MS included in the study who were assessed and
evaluated.

and only in the iOrb segment in 7 patients. Field inhomogeneity
artifacts occurred in the iCanal segment in 11 patients with grade
1 and 6 with grade 2, and in 3 (grade 1) and 3 (grade 2) HC. No
relevant artifacts were recorded on 2D-T2-STIR images.

3D-T2-STIR-ZOOM it Reliability

Interrater Reliability. Accuracy for 3D-T2-STIR-ZOOMit was
0.96 (95% CI, 0.93-0.97), and the Cohen k was 0.85 (95% CI,
0.78-0.91), whereas accuracy for 2D-T2-STIR was 0.98 (95% CI,
0.97-0.99) and the Cohen k was 0.90 (95% CI, 0.83-0.97). The
strong level of interrater reliability for 3D-T2-STIR-ZOOMit and
the overlapping k confidence intervals suggest similar agreement
between the techniques.

HC Analysis. We assessed 19 HC and 19 randomly chosen partici-
pants with MS, for a total of 380 sites (10 aVP segments in 38 par-
ticipants). At consensus, 28 lesions were found in participants with
MS, whereas no lesions were found in HC. Agreement was 0.995
(95% CI, 0.981-0.999). k was 0.96 (95% CI, 0.91-0.99).

For scan-rescan reproducibility, the ICC was 0.97 (95% CI,
0.96-0.98), F(120) = 38, P <.001), indicating excellent reprodu-
cibility (Online Supplemental Data)."*

DL Detection Comparison: All Participants with MS

Figure 3 illustrates the DL appearance on 3D-T2-STIR-ZOOMit
sequences. Lesions involved either completely or, partially, the
aVP cross-section. Subtle and diffuse signal abnormalities with-
out definite segmental boundaries were also encountered, but
this pattern was not systematically assessed in the present
investigation.

Ten aVP segments (5 for each side) were reviewed in 48 par-
ticipants with MS and 96 eyes, for both techniques. Table 2
presents the DL detection rates of 3D-T2-STIR-ZOOMit and 2D-
T2-STIR. With 3D-T2-STIR-ZOOMit, more than twice the DLs
(n=289) were detected compared with 2D-T2-STIR (n=43)
(OR=2.7;95% CI, 1.7-4.1; P < .001). Detection capability differ-
ences were similar across sides (right versus left, OR= 1.1; 95%

4 Pravata 2021 www.ajnr.org

FIG 3. An example of the DL appearance on 3D-T2-STIR-ZOOMit
images in a patient with MS (No. 0034). The upper panel shows
curved reconstructions along the true long axis of the right and left
aVPs. Focal signal hyperintensities indicate DLs with partial (right) and
complete (left) involvement of the optic nerve cross-section (arrow-
heads). There are areas of diffuse signal hyperintensity with no defi-
nite boundaries along the aVP (thin arrows), possibly related to
diffuse demyelination and/or degeneration. The white arrow indi-
cates the ophthalmic artery causing nerve impression. Ro and Lo
images present sagittal-oblique reconstructions of R and L.

CI, 0.7-1.7; P=.47), but not across segments ( )(2 [df=4] = 20.4;
P<.001).

In particular, in the iOrb segment (Fig 4), 9 of 29 DLs (31%,
corresponding to 10.1% of all aVP lesions) detected by 3D-T2-
STIR-ZOOMit were missed by 2D-T2-STIR.

In the iCanal segment only, 4 DLs were detected with 2D-T2-
STIR, but not with 3D-T2-STIR-ZOOMit. Of these, one occurred
in a participant with MS with grade 2 movement artifacts, and



FIG 4. Comparison of extra cranial aVP detection in a participant with MS with previous unilat-
eral AON on the left side (patient with MS No. 0038). A_3, A very small, asymptomatic DL partially
involving the superolateral aspect of the right iOrb segment (arrowheads on coronal, sagittal-
oblique, and axial-oblique images) was missed on the 2D-T2-STIR image (B). A larger L iOrb lesion
was instead detected by both sequences (thin arrows in A;, As and B), possibly representing

chronic changes related to the previous AON.

one was on a scan with grade 2 magnetic field inhomogeneity
artifacts. Two DLs were missed by 3D-T2-STIR-ZOOMit but
could be retrospectively noticed after being detected by 2D-T2-
STIR.

If one takes all intracranial segments together (iCran, OC, and
OT), 33 of 36 DLs (corresponding to 40.5% of all aVP lesions)
detected by 3D-T2-STIR-ZOOMit were missed by 2D-T2-STIR.
These DLs appeared generally smaller than the extracranial
lesions (Fig 5). OT lesions, representing 10.4% of all aVP lesions,
were characterized by signal contrast loss between the OT and
the adjacent hypothalamus gray matter (Fig 5). Due to a resem-
blance to lobster antennas, we propose this appearance as the
“lobster antenna” sign.

DL Detection Comparison: pON+ and pON—
3D-T2-STIR-ZOOMit revealed =1 lesion in 18 of the 19 (94.7%)
pON+, and in 13 of the 29 (44.8%) pON- patients whereas 2D-
T2-STIR revealed lesions only in 17 patients with pON+ (89.5%)
and 5 (17.2%) patients with pON- (Online Supplemental Data
and Fig 6). DLs were about 6.5 times more frequently found in
pON+ than in pON- (OR=6.5; 95% CI, 2.8-15.1; P<.001).
Lesion-detection probability using 3D-T2-STIR-ZOOMit was 1.8
times higher in pON+ (OR = 1.8; 95% CI, 1.2-3.1; P=.01) and
5.9 times higher in pON- (OR = 5.9; 95% CI, 2.5-13.8; P < .001)
than when using 2D-T2-STIR. The larger detection increment in
pON- compared with pPON+ was statistically significant (P for
interaction = .049). Among the 73 individual eyes with no AON,
3D-T2-STIR-ZOOMit revealed 32 DLs, whereas 2D-T2-STIR
revealed only 4.

DISCUSSION

We showed that 3D-T2-STIR-ZOOMit
may detect a substantially larger num-
bers of aVP DLs, particularly in the
intracranial segments and in patients
without pON-, compared with the
standard 2D-T2-STIR>® Because optic
nerve lesions represent a hallmark of
MS disease dissemination,'® including
highly sensitive MR imaging examina-
tions in the diagnostic workflow may
lead to earlier diagnosis and start of
treatment’ and provide structural cor-
relates for patients’ asymptomatic
vision loss.* The technique specificity
was supported by the absence of false-
positive lesions in HC.

The classic 2D-T2-STIR uses a
STIR pulse to both suppress orbital fat
and increase image contrast by exploit-
ing the T1 relaxation time difference

. 12,13
among tissues,

ultimately leading
to an increased lesion conspicuity with
respect to non-inversion recovery-pre-
pared T2-TSE sequences using spectral
fat saturation. However, 2D imaging
offers suboptimal demarcation of ana-
tomic details'’*° because of through-
plane partial volume effects.*’ The ZOOMit is a recently developed
MR imaging technology that focuses on data sampling by applying
an excitation pulse that is spatially selective in both section
and phase-encoding directions.'”"" The dedicated 3D-T2-STIR-
ZOOMit technology allowed disclosing aVP disease dissemination
with a 5.9-fold probability increase compared with 2D-T2-STIR,
thus revealing a substantially larger number of clinically asymp-
tomatic DLs.

3D-T2-STIR-ZOOMit detected at least 1 DL in 44.8% of
patients with pON-. Using a 3D double inversion recovery
sequence, Sartoretti et al** identified lesions in 72% of a group of
patients with MS without visual symptoms within the past
3 years. Patient selection criteria might, at least in part, account
for such a relatively higher percentage because patients who had
visual symptoms before the previous 3 years might have been
included. Indeed, with the same technique, Hadhoum et al®
found lesions in 38.5% of optic nerves without AON history,
while Riederer et al** observed subclinical lesions in 18% of their
patients. However, these studies did not assess the OT, whose
lesion burden constituted 10.4% of all DLs in our participants
with MS.

Most interesting, DLs frequently targeted the intracranial aVP
segments, which, altogether, had 40.5% of aVP lesions, a figure
that was largely missed with 2D-T2-STIR. Although brain 3D tech-
niques used in clinical practice, such as double inversion recovery
or FLAIR, might detect a relatively higher number of intracranial
aVP lesions than 2D-STIR, their spatial resolution is substantially
lower than that of 3D-T2-STIR-ZOOMit.!** Here, we were able
to disclose a frequent occurrence of the OT involvement in MS,

AINR Am J Neuroradiol ®:@ @ 2021 www.ajnr.org 5



FIG 5. Intracranial aVP detection of asymptomatic DL in a participant with MS without a previous AON history (patient with MS No. 0020) on
3D-T2-STIR-ZOOMIit images. A;, and B,, Bilateral DLs partially affecting the OTs and impairing tissue contrast (arrowheads) with the adjacent
hypothalamus ventrolateral aspects (asterisks). G, Further depiction of DLs with partial involvement of the OC (arrowheads). All these lesions
were not detectable on 2D-T2-STIR (middle panel, B,, C,). The right panel (As, Bs, Cs) provides the reference normal anatomy (empty arrow-
heads) from a healthy control (No. 9005). Because of the axial plane appearance of the OTs and hypothalamus ventrolateral aspects resembling
lobster antennas, we propose the “lobster antenna” sign to indicate loss of normal tissue contrast between the OT and hypothalamus. Thin
arrows in Ay and As indicate the mammillary bodies, corresponding to the lobster’s eyes in the artwork (A,). Courtesy of Dr. Andrea Diociasi.

leading to the proposed lobster antenna sign appearance. Future
investigations in larger cohorts and longitudinal studies are war-
ranted to compare with other autoimmune disorders typically
involving this region, such as the neuromyelitis optica spectrum
and the antimyelin oligodendrocyte glycoprotein antibodies disor-
ders.? Indeed, a detailed knowledge of DL appearance and spatial
distribution patterns in the entire aVP may support prompt differ-
ential diagnosis and appropriate treatment initiation.

Our technique has several limitations. First, we did not use post-
mortem specimens as a criterion standard to definitely assess 3D-
T2-STIR-ZOOMit accuracy. As far as we are aware, no previous
radiologic-pathologic correlation data are available in the literature
for the aVP. However, our control analysis showed that 3D-T2-
STIR-ZOOMit was unlikely to provide false-positive results in
healthy participants. Moreover, between-reader agreement and
scan-rescan consistency were high, suggesting adequate technique
reproducibility. Second, scan duration was relatively long, and
images from 3 participants had to be discarded for severe movement
artifacts. Implementation in the clinical setting requires appropriate
hardware as well as patient coaching before the examination (see

6 Pravata @ 2021 www.ajnr.org

the MATERIALS AND METHODS section). This study was per-
formed in patients with relatively mild disability. Future sequence
developments, using, for example, compressed sensing,”® 3D parallel
imaging acceleration techniques,”” and/or motion-correction techni-
ques™ may facilitate image acquisition by reducing the scan time and
movement artifacts, therefore optimizing the examination workflow.
Third, field inhomogeneity artifacts preventing visualization of the
iCanal segment were relatively frequent, leading to a reduced DL-
detection capability at this level. Finally, we did not assess here
whether the increased sensitivity allowed by 3D-T2-STIR-ZOOMit
may help to explain patients’ subclinical vision loss and to predict dis-
ability accrual and clinical relapses. Future studies are planned to
investigate the relationships among DL load, precise ophthalmologic
measurements of visual acuity loss, and neurologic disability.

CONCLUSIONS

We showed that the assessment of MS disease dissemination in
the aVP may be substantially improved using dedicated high-spa-
tial-resolution and contrast-optimized 3D-T2-STIR-ZOOMit
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