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Abstract

Objectives The aim of the study is to compare coronal spectrally fat-suppressed 2D turbo spin-echo (TSE) with 2D short-tau

inversion-recovery (STIR) sequences for the detection of optic nerve hyperintensities in patients with acute optic nerve neuritis

(ON).

Methods A retrospective review of patients with suspected unilateral ON and pathological visual evoked potentials, who

received coronal TSE and STIR sequences with similar fast and clinically feasible acquisition times in addition to our standard

imaging protocol. All images were evaluated and compared concerning the presence of optic nerve lesions, lesion lengths, and

signal intensities in different anatomical parts of the optic nerves and CNR measures. A summary confidence score (CS) was

calculated based on each reader’s subjective confidence regarding the scoring items.

Results Interobserver agreements regarding the detection of optic nerve lesions were excellent for both sequences (TSE, x =0.89

and STIR, x = 0.80). Greater extensions (17.4 £ 6.3 mm vs. 14.1 £5.8 mm), as well as higher numbers of optic nerve lesions in

symptomatic nerves, were detected on TSE (49/52) compared with STIR (45/52) sequences (both p < 0.001). Overall CS were

significantly (p <0.001) higher for TSE (2.8) compared with STIR (2.1) sequences regarding the presence or absence of optic

nerve lesions. CNR ratios of lesions’ mean signal intensities vs. ipsilateral surrounding orbital fat and vs. signal intensity

measurements from contralateral optic nerves were significantly higher on TSE compared with STIR (p <0.001 for both

comparisons).

Conclusion Spectrally fat-suppressed coronal 2D TSE sequences appear to be more sensitive for the detection of hyperintense

optic lesions compared with 2D STIR sequences.

Key Points

* Spectrally fat-suppressed TSE sequences showed higher detection rates of hyperintense optic nerve lesions, as well as a higher
reader confidence scores compared with STIR.

* Optic nerve signal abnormalities on TSE sequences were brighter and showed a greater expansion along the optic nerve
course.

* CNR measures were significantly higher on TSE compared with STIR, when comparing the ratios of mean signal intensities of
optic nerve lesions to ipsilateral orbital fat and to contralateral healthy optic nerves of both sequences.
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Abbreviations
AQP4-IgG  Aquaporin-4 immunoglobulin G

AU Arbitrary unit

CHESS Chemical shift selective

CIS Clinically isolated syndrome

CS Compound confidence score

CSF Cerebrospinal fluid

IQR Interquartile range

L-CON-Q Lesion contralateral optic nerve quotient
MRI Magnetic resonance imaging

MS Multiple sclerosis

NMOSD Neuromyelitis optica spectrum disorder
ON Optic neuritis

PACS Picture archiving and communication system
ROI Region of interest

SE Spin-echo

SPIR Selective-partial inversion-recovery
STIR Short-tau inversion-recovery

TSE Turbo spin-echo

VEP Visual evoked potentials

WM White matter

Introduction

Optic nerve neuritis (ON) is the most common optic neurop-
athy, especially affecting young adults [1]. It is considered as
an inflammatory demyelinating disorder of the optic nerve,
which is strongly associated with chronic inflammatory CNS
diseases, such as multiple sclerosis (MS) [2] or neuromyelitis
optica spectrum disorders (NMOSD) [3], and is defined as a
core criterion for the diagnosis of NMOSD (Table 1 in [4]).
The diagnosis of ON is typically based on clinic aspects: pa-
tients present with reversible painful unilateral loss of vision
in combination with abnormal visual evoked potentials (VEP)
[5]. Nevertheless, clinical and laboratory assessments alone
are not able to diagnose lesions’ location and extension along
the course of the optic nerve [6]. Therefore, MRI has gained
an important role in the assessment of optic nerve lesions [6,
7]. For optic nerve imaging, coronal MRI techniques are
broadly used and several studies have demonstrated the ad-
vantages of supplementary fat-suppression techniques [8—10].
Recent studies reported that the course of the optic nerve
adjacent to fatty tissue may be best imaged using high-
resolution, strongly T2-weighted fat-saturated spin-echo
(SE) or inversion recovery sequences [6]. Consequently, the
utilization of short-tau inversion-recovery (STIR) sequences is
widespread [11], but other approaches using spectral fat
presaturation may also be useful for the detection of ON [11,
12]. However, MRI-based evaluation of ON remains

challenging, since the surrounding orbital fat may lead to high
focal signal intensities and chemical shift artifacts may occur
through perineural cerebrospinal fluid (CSF) [12]. Moreover,
apart from a research environment, MRI sequences conducted
in the clinical routine need to provide both clinically feasible
acquisition times and sufficient diagnostic quality. To date,
only a few studies exist evaluating the diagnostic findings of
different fat suppression MRI techniques in patients with
symptomatic ON. In this retrospective investigation, we con-
ducted a clinical rater-based study to compare a strongly T2-
weighted, spectrally fat-suppressed coronal 2D turbo spin-
echo (TSE) sequence to the dedicated coronal 2D STIR se-
quence, both with similarly fast acquisition times. We
assessed both sequences regarding the detectability of hyper-
intense optic nerve lesions, the assessability of anatomical
localizations, investigators’ confidence, and NMOSD-
specific lesion criteria.

Methods
Patients’ characteristics

The study was approved by the local research Ethical
Committee following the guidelines of the Declaration of
Helsinki and written informed consent was obtained from ev-
ery subject.

From May 2015 to August 2018, 58 patients were re-
ferred to the Institute of Neuroimmunology with the sus-
picion of acute unilateral ON, confirmed by clinical find-
ings of pathological visual evoked potentials and conclu-
sive neuro-ophthalmological examination. All 58 patients
underwent subsequent neuroimaging within 2 weeks after
initial symptom onset and received coronal TSE and STIR
sequences in addition to our standard protocol. As general
inclusion criteria for our retrospective data analysis, we
defined (1) patients with symptoms of acute ON, (2) oph-
thalmic examination prior to MRI with unilateral loss of
vision in combination with abnormal visual evoked poten-
tials (VEP), and (3) initial brain MRI imaging including
additional coronal TSE and STIR sequences. Exclusion
criteria were insufficient diagnostic image quality (e.g.,
due to motion artifacts). Six patients were excluded from
our analysis, since optic nerve MRI images were not as-
sessable. In 5 patients, bad image quality due to severe
motion artifacts was detected on both sequences; in 1
patient considerable motion artifacts were detected on
the STIR sequence only. Consequently, 52 patients were
included in the present study.
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Image acquisition parameters
Please refer to Supplementary Table 1.
Image analysis

Image quality and data processing

Sufficient image quality was ascertained by two experienced
neuroradiologists prior to the reading and all images were
assessed for interfering artifacts. After completion of the
MRI scans, image data were transferred to the internal re-
search picture archiving and communication system (PACS)
and related patient data were anonymized simultaneously.

Standardized rating sheets

Supplementary Material 2 shows an example of a standard-
ized rating sheet utilized for our investigation. Prior to image
readings, a basic image-scoring training was performed by
both readers based on 5 random patients, which were not
included in our analysis.

Image data assessment

Image data of all enrolled patients were assessed in random
order and readers were blinded to patients’ identity and clini-
cal symptoms. Two experienced neuroradiologists (7 and
8 years of experience) assessed all images on the same stan-
dard PACS workstation. Reader 1 first scored all STIR images
and reader 2 scored all TSE images, respectively. After a delay
of 10 days, both readers scored the other set of images accord-
ingly. Lesion scoring was performed similar to the methodol-
ogy described in [13]. In brief, for each patient, each optic
nerve was assessed separately on TSE and STIR.
Hyperintense optic nerve abnormality within the cross-
sectional area of optic nerves was considered as a lesion. As
proposed before [5], sole circumferential hyperintense signal
abnormality of optic nerve sheaths was insufficient to be cat-
egorized as a lesion. The extent of optic nerve involvement
was measured by assessing the number of consecutive images
showing pathological hyperintensities and lesion length (in
mm) calculated considering the slice thickness and intersec-
tion gaps of the sequences. Region of interest (ROI)-based
mean relative lesion signal intensities, as well as correspond-
ing signal intensities of the contralateral healthy-appearing
optic nerves (on the same slices), were acquired. To compare
the mean signal intensities between TSE and STIR sequences,
additional ROI-based measurements were acquired from the
ipsilateral frontal white matter (WM) of each patient and a
ratio of mean relative lesion signal intensity to WM was cal-
culated (lesion white matter quotient (L-WM-Q)) similar to
[14]. To compare contrast measures (contrast-to-noise ratio
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(CNR)) between both sequences, two ROI-based signal inten-
sity ratios were calculated: (1) hyperintense optic nerve lesion /
adjacent ipsilateral orbital fat (mean of two ROIs at 1 and 7
o’clock position) (lesion orbital fat quotient (L-OF-Q)) and (2)
hyperintense optic nerve lesion / contralateral optic nerve
(lesion contralateral optic nerve quotient (L-CON-Q)). Optic
nerve morphology was surveyed along with three distinct ana-
tomical localizations: (1) intraorbital, (2) intracanalicular, and
(3) intracranial (posterior part of the optic nerve including optic
chiasm) as proposed in [6]. In case of disagreement and dispu-
tatious lesion assignment, a final consensus reading was per-
formed by both readers.

Confidence rating

Following the approach described in [14], readers had to state
their confidence level during image scoring based on a sub-
jective grading system: (1) uncertain if abnormal, (2) possible
abnormality, and (3) definite abnormality. To compare confi-
dence ratings between the TSE and STIR sequences, a com-
pound confidence score (CS) of subjective image ratings was
calculated, as described in [14].

Statistical analysis

Univariable distribution of metric variables is described by
median and interquartile range (IQR). For categorical data,
absolute and relative frequencies are given. Interobserver re-
liability was assessed by computing Cohen’s x. Non-
parametric Wilcoxon rank test was applied for comparisons
of subjective confidence ratings (compound score). Paired
t test was computed for comparisons of pathological imaging
findings of optic nerves, i.e., comparisons of mean signal in-
tensities of optic nerve lesions, lesion lengths, and CNR ratios
between TSE and STIR images. Statistical significance for the
results of hypothesis tests was corrected for multiple testing
(Bonferroni correction) if applicable and assumed with an o-
error of p <0.05. For data analysis and spreadsheets, software
packages SPSS (SPSS 24.0) and statistics in R version 3.2.2
were used.

Results
Baseline characteristics

Fifty-two patients (between May 2015 and August 2018) were
enrolled in our study (13 male, 39 female). Median age was
34.3+9.9 (interquartile range (IQR) 18-56). Until October
2018 (follow-up end for this study), all patients were re-
assessed clinically and by neuroimaging on a regular basis.
Eleven patients were diagnosed with NMOSD based on the
“International consensus diagnostic criteria for neuromyelitis
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optica spectrum disorders” [4], of which 10 patients showed
positive aquaporin-4 immunoglobulin G (AQP4-IgG) serum
antibodies and one without proof of AQP4-IgG. During
follow-up, 9 patients were diagnosed with clinically isolated
syndrome (CIS) (i.e., patients showed typical early neurolog-
ical symptom suspicious of MS at the time of study inclusion,
but no definitive diagnosis of M'S was made during follow-up
[15]). Twenty-eight patients were diagnosed with relapsing-
remitting MS (as indicated by ongoing relapses and proof of
dissemination in time during follow-up), and 4 with secondary
progressive MS (as indicated by progressive clinical worsen-
ing after 2 or more verifiable clinical relapses / 2 or more
verifiable clinical lesions) based on the revised 2010
McDonald criteria [15].

Image quality

Subjectively, overall fat suppression was considered sufficient
on both sequences. In 12 patients, artificial hyperintensities
due to CSF flow-related artifacts were detected along the in-
tracranial portion of the optic nerve on STIR images. In addi-
tional 8 patients, minor inhomogeneities of orbital fat were
detected on STIR images in the intraorbital part of the optic
nerve at the interfaces of air to bone. In 6 patients, minor CSF
flow-related artifacts were present on TSE images along the
intracranial part of the optic nerve. None of these artifacts
impaired the diagnostic image quality with regard to the read-
ing process.

Interobserver reliability

The overall interrater agreement concerning the presence
or absence of hyperintense optic nerve lesions was excel-
lent for both sequences (x =0.89 for TSE and « =0.80 for
STIR). Rater CS was significantly higher regarding the
detection of optical lesions on TSE compared to STIR
sequences (TSE CS, 2.8 vs. STIR CS, 2.1; p <0.001; z-
score, —5.28). Table 1 summarizes the results of the con-
fidence rating of both readers.

Optic nerve lesion characteristics

After final consensus agreement, 45 hyperintense lesions were
identified on STIR and 49 on TSE sequences (p < 0.001). In 3
patients, circumferential signal hyperintensities around the
nerve sheaths of symptomatic nerves were present but were
not considered as nerval abnormalities. No signal abnormali-
ties were detected in asymptomatic nerves. Standardized mean
signal intensities of optic nerve lesions differed significantly
comparing TSE (L-WM-Q, 1.21+0.19) to STIR (L-WM-Q,
0.98+£0.20) (p <0.001, z-score, —4.55). A greater extent of
lesions (lesion length) was found on TSE (17.4+6.3 mm)
compared with STIR (14.1+5.8 mm) images (p =0.001).
Regarding the CNR, the ratio of hyperintense optic nerve
lesion to healthy adjacent orbital fat was significantly higher
for the TSE (L-OF-Q, 4.41) compared with STIR (L-OF-Q,
3.21) (p <0.001; t-score, —4.12). The ratio of mean signal
intensities of lesions to contralateral inconspicuous healthy
optic nerves was significantly different between TSE (L-
CON-Q, 2.31) and STIR (L-CON-Q, 1.57) (p < 0.001; t-score,
—3.89).

Assessability of anatomical localizations

Table 2 summarizes the findings of optic nerve lesions detect-
ed in different anatomical localizations. Of 49 optic nerve
lesions detected on TSE images, 46 (98.9%) were located in
the intraorbital, 34 (93.8%) in intracanalicular, and 14 (28.6%)
in intracranial localizations. From a total number of 45 STIR
optic nerve lesions, 39 (86.7%) appeared to be present
intraorbital, 25 (55.6%) intracanalicular, and 14 (31.1%) intra-
cranial. Overall CS, regarding the subjective assessability of
anatomical localizations on both sequences, was higher for
TSE compared with STIR sequences for intraorbital and
intracanalicular, but not for intracranial localizations.

NMOSD-specific lesion characteristics

Table 3 displays imaging findings of readers’ consensus scor-
ings regarding NMOSD-specific optic lesion characteristics.

Table 1 Comparison of

confidence ratings regarding the Sequence  Confidence rating Compound
presence or absence of an optic score
lesion between TSE and STIR Definite abnormality*,n  Possible abnormality*, Uncertain if abnormal, n ~ CS*
sequences (%) n (%) (%)

STIR 21 (46.7%) 23 (51.1%) 1(2.2%) 2.1

TSE 41 (83.7%) 8 (16.3%) 0 (0%) 2.8

TSE, turbo spin-echo; STIR, short-tau inversion-recovery. Confidence ratings are displayed as percentage and
compound score (CS, right column). Significant differences (p <0.05) between the sequences are marked by an
asterisk (*); 49 and 45 lesions were identified on TSE and STIR sequences, respectively. Non-parametric
Wilcoxon rank test was applied for comparisons of subjective confidence ratings (compound score) between
TSE and STIR sequences (p <0.001; z-score, —5.28)
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Table 2 Summary of the findings of optic nerve signal abnormalities
grouped by different anatomical localizations. Confidence ratings
regarding the presence or absence of an optic nerve lesion are displayed
as compound score (CS). Non-parametric Wilcoxon rank test was applied

for comparisons of subjective confidence ratings (compound score)
between TSE and STIR sequences. Significant differences (p < 0.05)
between the sequences are marked by an asterisk (*). TSE, turbo spin-
echo; STIR, short-tau inversion-recovery

Localization STIR (n=45) TSE (n=49) CS STIR/TSE p value z-score
Intraorbital, n (%) 39 (86.7) 46 (98.9) 2.12.9 <0.001%* -6.01
Intracanalicular, 7 (%) 25 (55.6) 34 (93.8) 2.2/3.0 <0.001* —-6.42
Intracranial (including optic chiasm), n (%) 14 (28.6) 14 (28.6) 3.0/3.0 0.54 —4.54

Summary of the findings of optic nerve signal abnormalities grouped by different anatomical localizations. Confidence ratings regarding the presence or
absence of an optic nerve lesion are displayed as compound score (CS). Non-parametric Wilcoxon rank test was applied for comparisons of subjective
confidence ratings (compound score) between TSE and STIR sequences. T'SE, turbo spin-echo; ST/R, short-tau inversion-recovery

No significant difference (p =0.41) between TSE and STIR
was detected regarding the presence of optic nerve lesions in
the posterior parts including the optic chiasm. Lesions affect-
ing more than half of the optic nerve length were detected
more frequently on TSE compared with STIR (p <0.001).
From 11 patients diagnosed with NMOSD, NMOSD-
specific lesion characteristics were fulfilled in 10 (90.9%) pa-
tients on TSE and 4 (36.4%) patients on STIR sequences
(p<0.001). CS, regarding NMOSD criteria, were high for
both sequences and did not differ significantly (CS on TSE,
3.0 vs CS on STIR, 3.0 for all scoring items).

Discussion

In this retrospective rater-based study, we assessed hyper-
intense optic nerve lesions in patients with CIS, MS, and
NMOSD, comparing coronal spectrally fat-suppressed
TSE with conventional STIR sequences. We explored a
superior diagnostic performance of TSE compared with
conventional STIR sequences for the detection of optic
nerve lesions in patients with acute ON. Lesions on TSE
sequences exhibited significantly higher standardized sig-
nal intensities, higher CNR, and more extent optic nerve

involvement and both readers stated a higher subjective
scoring confidence when investigating lesions and ana-
tomical landmarks on TSE sequences. Finally, in patients
diagnosed with NMOSD, related optic nerve lesion char-
acteristics [4] were fulfilled more conclusively on TSE
compared with STIR sequences (Fig. 1). Our findings
suggest that the utilization of TSE sequences for the de-
tection of acute ON may be worthwhile for the clinical
routine.

There are some dissimilarities between the TSE and STIR
sequences, which may explain the different findings explored
in our study. The beneficial effects of fat-suppression tech-
niques, particularly in the context of ON, have been widely
explored before [6, 12—-14].

Technically, fat suppression on STIR images is
achieved by the conduction of a 180° radio frequency
pulse to invert the longitudinal magnetization as an initial
excitation pulse in order to null fat signal. In contrast, as
for the fat suppression of TSE sequences, the utilization
of chemical shift selective (CHESS), short-duration radio
frequency (RF) pulses are widely used [16]. Spectrally
selective techniques employ a short-duration RF pulse
tuned to the fat resonance frequency together with a spoil-
er gradient that saturates and dephases fat protons [17].

Table 3 Imaging findings
regarding NMOSD-specific optic
lesion characteristics and com-
parison of confidence ratings be-
tween TSE and STIR sequences

NMOSD criteria STIR TSE pvalue ¢ CS P z-
(n=45) (n=49) score  gT[R; Vvalue score
TSE
Fulfillment of NMOSD-specific 4(8.9) 10 (20.4) <0.001 229 30/3.0 0.61 -2.71
lesion characteristics
> half of optic nerve length 5(11.1) 14(28.6) <0.001 20 3.0/3.0 0.65 —3.00
Posterior part of optic nerve 14 (31.1) 14 (28.6) 041 24,7 30/30 0.88 —-2.53

(including optic chiasm)

Summary of the findings of optic lesion scoring regarding the neuromyelitis optica spectrum disease (NMOSD)—
specific lesion criteria. Numbers in parenthesis in the top row display the number of all hyperintense lesions found
in the specific sequence. Confidence ratings are displayed as compound score (CS). Non-parametric Wilcoxon
rank test was applied for comparisons of subjective confidence ratings (compound score) between TSE and STIR
sequences, but no significant differences were found regarding reader certainty between both sequences. Non-
parametric Wilcoxon rank test was applied for comparisons of NMOSD-specific lesion criteria between both
sequences. TSE, turbo spin-echo; STIR, short-tau inversion-recovery
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Fig. 1 Comparison of
hyperintense optic nerve lesions
between the TSE and STIR
sequences. Exemplification of the
diagnostic findings of TSE (lower
three images) in comparison with
STIR sequences (upper three
images). Fat suppression seems to
be more distinct on the TSE
sequence, as the orbital fat
appears strongly hypointense.
White arrows indicate optic nerve
lesions inside the left optic nerve.
Confidence rating for lesions on
TSE sequence was indicated as
“possible abnormality,” whereas
optic nerve lesion on STIR was
rated as “uncertain if abnormal”

The popularity of this method derives from the fact that it
is easy to implement, generally effective and time-saving,
and can be used in conjunction with any imaging se-
quence [18]. The major difference between both fat sup-
pression techniques is that the conduction of inversion
pulses is time-consuming and may result in elongated se-
quence TR at the expense of decreased image resolution.
In contrast, the utilization of spectral fat suppression tech-
niques may save valuable TR and thus signal, which may
be used to enhance the spatial resolution of the conducted
sequence. Consequently, when TSE and STIR sequences
with similar acquisition times are being considered, TSE
sequences can be performed with a better spatial resolu-
tion at the same amount of time. In accordance with pre-
vious reports [11-14], on the one hand, our results sup-
port the observation that higher spatial resolutions may
result in improved detectability of optic nerve lesions
and improved rater confidence. On the other hand, our
results also suggest that the improved discriminability of
lesions towards surrounding tissues or contralateral
healthy nerves is also driven by higher CNR. Although
the SNR of the used TSE is slightly lower compared with
STIR, it appears that the interplay of improved spatial
resolutions (smaller voxel sizes, similar FOV) and higher
CNR is mainly responsible for the improved detection
rates of optic nerve lesions in our investigation.
However, the utilization of STIR sequences is wide-
spread for the detection of ON, due to their easy
implementability on most MRI scanners and their relative
robustness to magnetic field inhomogeneities [1, 13, 19].
In contrast, the major drawback of these useful sequences
is the high signal intensities originating from CSF and

loss of fat suppression is frequently observed within the
orbits at air-bone interfaces [12]. Especially when shifting
towards higher TEs, the proper discrimination of signal
hyperintensities from CSF of perineural sheaths and optic
nerve lesions remains challenging on STIR sequences [12,
14, 20]. Furthermore, any increase in proton density, T1
or T2, may result in an increase of signal intensities [14]
and, therefore, the magnitude of true T2-weighting is
comparatively low [14, 21, 22]. In contrast, strongly T2-
weighted TSE sequences may be more suitable for the
detection of edema-like T2 components within cross-
section of optic nerves that are widely found in patients
with ON [6, 23], since these techniques provide homoge-
neous fat suppressions, better CNR, and mostly ignore the
effect of additive T1/T2 contrast present on STIR (Fig. 2).
However, the resultant lower SNR in other brain parts
may restrict the use of highly T2-weighted TSE sequences
for the simultaneous evaluation of other structural abnor-
malities, such as demyelinating brain plaques (dotted ar-
rows on Fig. 3), since they may be “disguised” and diffi-
cult to detect.

Noteworthy, an improved detectability of optic nerve
lesions has also been demonstrated for other related hy-
brid imaging techniques, such as selective-partial inver-
sion recovery (SPIR) [2, 14, 21]. SPIR sequences utilize
additional spectral presaturation in combination with in-
version pulses to null fat. Compared with STIR, this ap-
proach also results in considerable increases of spatial
resolutions [14] and thus in increased ratios of signal in-
tensities between neuritic and non-neuritic nerve segments
[20], comparable to the findings on TSE sequences in our
study. However, this effect becomes even more distinct,
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Fig. 2 Hyperintense optic nerve
lesions in a patient with NMOSD.
A displayed comparison of
hyperintense optic nerve lesions
detected on the TSE (lower three
images) and the STIR sequence
(upper three images) in a patient
who was diagnosed with
NMOSD (positive AQP4-IgG).
Both sequences show
considerable signal
hyperintensities derived from
CSF of the optic nerve sheath.
White arrows indicate the same
optic nerve lesion on both
sequences. The optic nerve lesion
on the TSE sequence was
regarded as definite abnormality,
whereas the lesion on STIR was
indicated as possible abnormality

when additional suppression of water signals is induced
(SPIR-FLAIR), due to the absence of signal intensity
from perineural CSF [20]. However, compared with
TSE, acquisition times of SPIR/SPIR-FLAIR sequences
are considerably longer (TSE, ~2 min vs. SPIR-FLAIR,
4 min and 25 s in [14]), restricting its use for the clinical
routine and making it more prone to movement artifacts
due to longer scan times. Moreover, especially when
shifting towards higher TEs, the proper discrimination of
signal hyperintensities from CSF of perineural sheaths

Fig. 3 Comparison of
hyperintense optic nerve lesion
inside the optic chiasm.
Comparison of TSE (left side) vs.
STIR (right side) images on the
level of optic chiasm. Red circles
indicate a hyperintense optic
nerve lesion inside the optic
chiasm of an NMOSD patient.
Both readers referred to the lesion
as definite abnormality. Dotted
arrows indicate two
demyelinating white matter
lesions, hardly detectable on TSE
sequences

@ Springer

and nerve lesions remains challenging on SPIR sequences
[12, 14, 20].

In our investigation, NMOSD-specific MRI lesion criteria
of optic nerve involvement were fulfilled more conclusively
on TSE. Although the diagnosis of chronic inflammatory dis-
eases, such as MS or NMOSD, ultimately requires confirma-
tion through clinical laboratory tests, many studies reported of
the potential usefulness of suitable MRI sequences for the
evaluation of the extent of hyperintense optic nerve lesions
in terms of prognostic implications of these diseases [3, 4, 6,
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12]. Noteworthy, compared with STIR, lesions on TSE
showed considerably higher signal intensities. In accordance
with previous findings [14], this may be another explanation
for improved lesion detection rates on TSE along the course of
the optic nerve.

Our study holds some limitations. This retrospective study
was designed to compare two established and broadly avail-
able MRI sequences with different types of fat-suppression
techniques within similar acquisition times. We are aware of
the fact that there are vast possibilities to adjust scan parame-
ters, image resolutions, and acquisition times to modify image
quality. We acknowledge that an increase of scan time most
likely would result in an improvement of image quality; how-
ever, this is not a scope of this manuscript. Moreover, readers’
lesion and confidence scorings are subjective by nature and
therefore, we must stress a general subjectivity bias and a bias
resulting from readers suspicion towards the expected imag-
ing findings during the scoring process. Moreover, the diag-
nosis of NMOSD primarily is based on a conjunction of clin-
ical laboratory parameters and we would like to clearly point
out that findings of optic nerve MRI are only a minor contrib-
utor to the final diagnosis. Since no histopathological data was
included, all claims about the specificity of optic nerve lesions
must be mitigated.

Conclusion

Highly T2-weighted and spectrally fat-suppressed coronal
TSE sequences appear to be a useful tool for the detection of
optic nerve signal abnormalities, exhibiting considerably
higher spatial resolutions, as well as superior delineation of
optic nerve lesions and subjective rater confidence due to
higher CNR compared with STIR sequences with similar ac-
quisition times.
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Methodology

* Retrospective

* Diagnostic or prognostic study
« Performed at one institution
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