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Radiomics Analysis of DTI Data to Assess
Vision Outcome After Intravenous
Methylprednisolone Therapy in
Neuromyelitis Optic Neuritis
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Background: Neuromyelitis optica-optic neuritis (NMO-ON) patients are routinely treated with intravenous methylprednis-
olone (IVMP). For the patients nonresponsive to IVMP, more effective but aggressive therapy of plasma exchange
(PE) should be employed instead of IVMP in the first line.
Purpose: To assess the visual outcomes of NMO-ON patients after IVMP by radiomics analysis of whole brain diffusion
tensor imaging (DTI) data.
Study Type: Retrospective.
Population: In all, 57 NMO-ON patients receiving IVMP therapy for 3 days.
Field Strength/Sequence: 3.0T; DTl images acquired by a single-shot echo planar image sequence; T, images acquired
by 3D fast spoiled gradient echo (3D-FSPGR) MRI.
Assessment: In all, 200 DTI measures were extracted from the DTI data and employed as features to construct a radiomics
assessment model for visual outcomes of NMO-ON patients after IVMP. The assessment performance was evaluated by
area under the receiver operating characteristic curve (AUC), classification accuracy (ACC), sensitivity, specificity, and posi-
tive and negative predicted values (PPV and NPV). The selected DTl measures would reveal the white matter impairments
related to visual recovery of NMO-ON patients.
Statistical Tests: The relationship between the selected DTI measures and the clinical visual characteristics were investi-
gated by Pearson correlation, Spearman’s rank correlation, and one-way analysis of variance analysis.
Results: The radiomics model obtained an ACC of 73.68% (P = 0.002), AUC of 0.7931, sensitivity of 0.6207, specificity of
0.8571, PPV of 0.8182, and NPV of 0.6857 in assessing visual outcomes of the NMO-ON patients after IV/MP treatment.
The selected DTI measures revealed white matter impairments related to the visual outcomes in the white matter tracts of
vision-relevant regions, motor-related regions, and corpus callosum. The white matter impairments were found signifi-
cantly correlated with the disease duration and the length of lesions in the optic nerve.
Data Conclusion: Radiomics analysis of DTI data has great potential in assessing visual outcomes of NMO-ON patients
after IVMP therapy.
Level of Evidence: 2
Technical Efficacy: Stage 4
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euromyelitis optica (NMO) is a severe autoimmune
N inflammatory demyelinating disease of the central ner-
vous system (CNS); it is often associated with an antibody
targeting aquaporin-4 (AQP-4) and commonly seen in East
Asia,! which would lead to attacks of optic neuritis (ON) and
transverse myelitis.2 Neuromyelitis optica-optic neuritis
(NMO-ON) usually presents as severe visual impairment in
the clinic and is frequently characterized by poor visual out-
comes.”> Furthermore, irreversible loss of vision can be caused
by just two attacks of NMO-ON.*

Considering the high risk of visual disability, effective
treatments are necessary for NMO-ON patients to prevent
bad visual outcomes. Clinically, high-dose intravenous meth-
ylprednisolone (IVMP) is conventionally employed as the
first-line treatment in NMO-ON?’; nevertheless, the therapy
is only clinically effective for a proportion of patients.® Alter-
natively, plasma exchange (PE) with subtraction of the agents
responsible for inflammation in NMO-ON has served as an
effective treatment for patients nonresponsive to IVMP.” Due
to the relatively high risk of complications (anaphylactic reac-
tions, myocardial infarction) and complexity of implementa-
tion, the application of PE as a first-line treatment for NMO-
ON is limited in the clinic. In most situations, PE treatment
is just used as a remedial therapy for the NMO-ON patients
showing nonsatisfying visual recovery after IVMP treatment.®
It is noteworthy that irreversible visual impairment might
occur for the patients failing to respond to IVMP.? Neverthe-
less, the impairments could possibly have been prevented if
they had received PE treatment in the first place. Timely
application of PE is considered critical to acquire good visual
outcomes for the patients nonresponsive to IVMP, especially
in more serious cases.'” Thus, there is an urgent need to
identify the patients nonresponsive to IVMP prior to any
treatment. Precise assessment of the visual outcomes of IVMP
treatment in NMO-ON would aid the therapeutic decision
of whether to use PE as a first-line treatment.

Previous studies have reported clinical characteristics

112 quch as the lesion length

evaluation of visual outcome,
and the location of optic nerve detected by orbital magnetic
resonance imaging (MRI), reduced visual evoked potential

amplitude, 13,14

and extent of original visual damage.
Although these studies provided an understanding of the clin-
ical characteristics relating to visual recovery of NMO-ON,
there has been no study exploring the feasibility of employing
quantitative measures of medical images to assess the visual
outcomes. Diffusion tensor imaging (DTT) allows noninvasive
in vivo assessment of the white matter structure integrity of
optic nerve tissue."> In addition, there are also studies show-
ing the promising evaluation ability of DTI data for visual
outcomes in ON.'®!” Previous studies have shown that DTT
data analysis enabled the identification of occult tissue dam-

(NAWM) of
NMO.¥20 It was supposed that the DTI measures revealing

age in normal-appearing white matter
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the white matter impairments might have the potential to
assess the visual outcome of NMO-ON after IVMP.*!

In recent years, radiomics is proposed as a promising
approach to solve clinical problems by using the high-
dimensional features derived from medical imaging data.”>?
Previous studies have demonstrated that radiomics analysis
achieved outstanding performance in evaluating treatment
response, estimating prognosis, and aiding clinical diagno-
sis.”*? Liu et al employed radiomics analysis of MRI data to
evaluate the pathological complete response to neoadjuvant
chemoradiotherapy in locally advanced rectal cancer and
obtained satisfying performance.*®

In the current study, we aimed to assess the visual
recovery of NMO-ON after IVMP treatment by radiomics
analysis of DTI data. Furthermore, it was expected that the
results might provide insight into the white matter impair-
ments related to visual recovery in NMO-ON.

Materials and Methods
Subjects

Ethical approval was obtained for our retrospective study by the
Institutional Review Board of the Chinese PLA General Hospital.
This study retrospectively enrolled 57 patients clinically diagnosed as
neuromyelitis optica spectrum disorder® in conjunction with ON
between October 2014 and May 2017 (recruitment is provided in
Fig. S1 of the Supplementary Material). Neuromyelitis optica spec-
trum disorder refers to characteristic clinical symptoms such as ON,
longitudinally extensive transverse myelitis, and other core clinical
manifestations (including area postrema syndrome, acute dience-
phalic clinical syndrome, and acute brainstem syndrome).2 In the
present study, the inclusion criteria were: 1) no other neurological
history; 2) no abnormalities of the spinal cord and brain by conven-
tional MRI; 3) unilateral ON patients; 4) late onset of ON within
the 4 weeks prior to the corticosteroid treatment. Patients were
excluded if they presented with optic neuropathy other than ON or
had corticosteroids within the 8 weeks preceding our IVMP treat-
ment. All the patients were recruited as outpatients or inpatients of
the Chinese PLA General Hospital. All subjects underwent system-
atic clinical and laboratory examinations, including routine physical,
neurological, and ophthalmological examinations, visual evoked
potential (VEP), optical coherence tomography (OCT), and serum
between aqua-porin-4 antibody (AQP4-Ab) test before IVMP treat-
ment. Brain MRI examinations were used within 2 weeks after the
IVMP treatment. All patients received methylprednisolone (1 g
intravenously per day for 3 days) as a first-line treatment and were
subsequently followed up for over 3 months to evaluate the visual
recovery. The clinical and demographic characteristics of all the
patients are provided in Table 1.

Visual acuity (VA) scoring criterion proposed by Wingerchuk
et al was utilized to assess the visual recovery” (scoring criterion for
VA is provided in Table 2). Twice VA scores were obtained respec-
tively before the IVMP treatment and 3 months after the IVMP
treatment, and the VA score increase of at least three points was
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regarded as a good visual outcome. 7
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TABLE 1. Demographic and Clinical Information of the Enrolled Subjects

Characteristic Good visual outcomes (z = 29)  Poor visual outcomes (7 = 28) P-value
Age, mean + SD 31.75 + 12.47 35.21 + 12.06 0.293
Gender, male/female 3/26 3/25 0.964
Disease duration, month 12.78 + 25.97 25.53 + 36.79 0.135
Attacks times 1.55 + 0.69 2.07 + 1.25 0.059
VA scores before IVMP, 1/2/3/4/5/6 0/0/0/6/16/0 0/0/0/12/16/1 0.062
VA scores after IVMP, 1/2/3/4/5/6 0/0/8/10/10/0 14/14/1/0/0/0 <0.001%
Lesion length, cm 1.39 + 0.96 1.24 + 0.89 0.540
Time from ON to IVMP 3.38 + 2.09 4.25 + 291 0.199
Lesion location, 1/2/3/4/5 18/3/2/0/6 11/5/3/1/8 0.49
AQP4-Ab status, 1:10/1:100/1:1000 5/20/4 4/18/6 0.741
OCT, RNFL before IVMP 103.13 + 35.07 84.88 + 29.92 0.039°
VEP-P100 latency, msec 130.85 + 24.64 150.86 + 26.85 0.005"
VEP-N75:P100 Amplitude, mV 10.59 + 2.99 7.81 + 3.43 0.002*

Continuous variables were presented as mean + standard deviation. P-values were calculated by independent-samples #-tests for continu-

ous variables, Chi-square test for gender and AQP4-AD status, Fisher’s Exact test for lesion location. The scoring criterion for VA was pro-

vided in Table S1 of the supplementary material. The lesion location was defined as: 1. orbital segment of the optic nerve; 2. canalicular

segment of the optic nerve; 3. cisternal segments of the optic nerve; 4. chiasma; 5. multiple regions. The threshold for AQP4-Ab status

were 1:10/1:100/1:1000. Abbreviations: VA, visual acuity; OCT, optical coherence tomography; RNFL, retinal nerve fiber layer;

VEP-P100, visual evoked potential 100; SD, standard deviation.

P < 0.05.

MRI Examinations

All MRI scans were collected on a clinical 3.0T GE Healthcare MRI
scanner (Discovery750, GE Healthcare, Waukesha, WI) with a
32-channel head coil. T;-weighted and DTI MRI scans were
obtained on each participant within 2 weeks of IVMP therapy. T)-
weighted images were acquired by 3D fast spoiled gradient echo
(3D-FSPGR) MRI with the following scan parameters: repetition
time / echo time (TR/TE) = 8.2/ 3.2 msec, flip angle = 12°, axial
acquisition with a reconstructed matrix size = 256 X 256, field of
view (FOV) = 240 X 240 mm, slice thickness = 1.0 mm, contigu-
ous spacing. DTT images were acquired by the single-shot echo pla-
nar image sequence with the following scan parameters:
TR/TE = 6500/83.5 msec, flip angle = 90°, slice number = 55, one
reference volume with b = 0 s/mm,? 25 diffusion-weighted volumes
with b = 1000 s/mm? and each with a unique set of gradient direc-
tions optimized for axial DTI acquisition, reconstructed matrix
size = 128 X 128, slice thickness = 2 mm, FOV = 240 X 240 mm,

in-plane resolution = 1.9 X 1.9 mm.?

DTI Measures of Whole Brain White Matter Tracts

The pipeline for analyzing brain diffusion images (PAN DA)® imple-
mented based on the FMRIB Software Library (FSL)* were
employed to obtain the DTI characteristics of white matter tracts.
The DTI data were preprocessed using similar procedures to those
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described in previous studies’®®': The EddyCorrect tool was
employed to correct for the head motion and eddy current distor-
tions; the Brain Extraction tool’® was used to remove the nonbrain
tissues on the By image and create the brain mask; the DTIFIT

tool*® was employed to fit a diffusion tensor at each voxel, which

produced the FA, MD, AD, and RD maps after eddy current correc-
tion and brain extraction. The diffusion parameters maps including
fractional anisotropy (FA), mean diffusivity (MD), axial diffusivity
(AD), and radial diffusivity (RD) were derived from each subjects’
DTI data after preprocessing. Second, the mean DTI measures in
the 50 white matter tracts defined by the International Consortium
for Brain Mapping DTI-81 (ICBM DTI-81) atlas®® were calculated.
The individual FA, MD, AD, and RD maps were registered to the
FMRI58-FA template by the nonlinear registration based on the B-
splines model, allowing the mean values of each white matter tract
to be calculated for all the subjects. For each subject, 200 DTT mea-
sures, including FA, MD, AD, and RD were used as features in the

radiomics model.

Feature Selection and Radiomics Model
Construction

A logistic regression model was built to evaluate the visual out-
comes of the NMO-ON patients, using the DTI measures as

features:
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TABLE 2. Scores of Visual Acuity

Function Score

Visual acuity 0
1
2
3
4
5
6
7
8

Description

Normal

Scotoma but VA (corrected) better
than 20/30

VA 20/30-20/59
VA 20/60-20/199
VA 20/200-20/800
Count fingers only
Light perception only
No light perception

Unknown

d
:sigmoz'd(Zﬁjxj +By +€) (1)
i1

where y was the label of the subjects (1 for good visual outcomes,
0 for poor visual outcomes), & was the number of features (200 in
this case), x; represented the DT measures, f3; represented the model
parameters, f, represented the constant in the logistic regression
model, and € represented the error term.

We employed the penalized approach of Elastic-net (E-net) to
select the features related to the visual outcomes. The Elastic-net cost
function was defined as:

N d 2 d
> (- sigmoid Zﬁjwﬁo)) 2D (alB| + (1-0)(B))
i= j=1 j=1

(2)

where y; was the label of the i subject, IV represented the number of

the subject, X ™ feature of the subject, and A was the reg-

ulation parameters of the model. The E-net penalty was constituted

was the j

d d
with the Lasso penalty Z |B;| and ridge regression penalty Z ([3])2
j=1 j=1
The Lasso penalty and ridge penalty complemented each other,
achieving model sparsity while allowing the inclusion of highly cor-
related features.

Glmnet® (http://statweb.stanford.edu/~tibs/lasso.html) was
employed to select the features and estimate the model parameters
for the visual outcomes evaluation. The parameter o defined the
weights assigned to the Lasso and ridge penalties, with o = 1 corre-
sponding to the use of just the Lasso penalty, and & = 0 correspond-
ing to just the ridge penalty. The A was the regulation parameter in
Lasso penalty, and was used to tune the sparsity of the model, where
a large A would lead to a sparser model. In the current study, o was

4

chosen in the range of 0 to 1 in the step of 0.1; A (log-scale) was
chosen with the grid-mesh method, where the minimal A was set as
0.01; and the number of A was set as 100. The pair of o and A
achieved the best performance (area under the curve [AUC] and clas-
sification accuracy [ACC]) in the scheme of leave-one-out cross-
validation (LOOCV) were chosen as the optimal parameters. The
features selected by the optimal parameters were regarded as the
selected features and used to construct the radiomics model. The
selected features would reveal the white matter impairments associ-

ated with visual recovery.

Performance of the Radiomics Model

The performance of the radiomics model was assessed using AUC,
ACC, sensitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV). To estimate the significance of the
classification performance, we conducted permutation tests on the
classification ACC according to the framework implemented in pre-
vious studies.® The labels for each subject were first permuted for
500 times to provide the random dataset. Then the classification
model was reconstructed for each set of permuted data and the per-
muted ACC values were calculated. The P-value for the ACC was
defined as:

1+N, greaterACC

1+N (3)

Pycc =

where Pycc represented the P-values of ACC (with N being
500 here), and
ACC greater than the non-permuted ACC.

Ngrearer Acc Was the number of permutations with an

Statistical Analysis

The relationships between the white matter impairments and clinical
characteristics were investigated by statistical analysis. Pearson corre-
lation analysis was conducted between the selected DTT metrics and
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the continuous clinical characteristics, including the disease duration
and the lesion length. Spearman’s rank correlation analysis was con-
ducted between the selected DTI metrics and the rank variables,
including the VA 3 months after IVMP treatment and AQP4-Ab
status. One-way analysis of variance (ANOVA) analysis was con-
ducted on the DTT metrics grouped by the lesion location. The sig-
the
corrected for the number of clinical characteristics (0.025 for Pear-

nificances were two-sided and P-values were Bonferroni-

son correlation and Spearman’s rank correlation; 0.05 for one-way
ANOVA analysis). SPSS 18 (https://www.ibm.com/analytics/data-
science/ predictive-analytics/spss-statistical-software) was employed in
the statistical analysis.

Results

The demographic and clinical information of the enrolled
subjects is provided in Table 1. The VA scores after the
IVMP treatment were significantly different between the
patients with good visual outcomes and those with poor
visual outcomes. No significant difference was observed in
other demographic or clinical characteristics between the two
patients group.

Based the features selected by the E-net penalty, the
radiomics model achieved an ACC of 73.68% (P = 0.002),
AUC of 0.7931, sensitivity of 0.6207, specificity of 0.8571,
PPV of 0.8182, and NPV of 0.6857 under the LOOCV pro-
cedure. The ACC result was considered statistically signifi-
cant, as no better permuted ACC values were observed in the
permutation test (P = 0.002). The ROC plot and details of
the permutation results are displayed in Fig. 1.

As revealed by the selected DTI measures, multiple
white matter tracts were found to be associated with the
visual recovery, including the retrolenticular part of the inter-
nal capsule (RLIC), sagittal stratum (SS), cingulum (CG),
tapetum (TAP), hippocampus-cingulum region, splenium of
the corpus callosum (SCC), genu of the corpus callosum

(a)
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FIGURE 2: White matter tracts associated with the visual outcomes
of the NMO-ON patients after intravenous methylprednisolone
therapy, as identified by the Lasso regression analysis. (a)
lllustration of the white matter regions identified by different DTI
parameters (gray represents the tracts identified by FA, cyan
represents the tracts identified by AD, blue represents the tracts
identified by RD, red represents the tracts which were identified
by two or more diffusion parameters). (b) Pie charts illustrating the
percentage contribution of each white matter tract in predicting
the visual outcomes of NMO-ON patients (the inner pie chart
indicates the total contribution by FA, MD, AD, and RD; the outer
pie chart indicates the contribution of each different white matter
tract to the corresponding DTl parameter in the inner chart).

(GCQ), and middle cerebellar peduncle (MCP). Details on
the selected white matter tracts are provided in Table 2, and
3D views are shown in Fig. 2a. The percentage contributions
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FIGURE 1: (a) ROC curve for the classification of visual outcomes in NMO-ON patients after intravenous methylprednisolone
therapy (AUC = 0.7931, ACC = 73.68%). (b) The distribution of the permuted ACC values. The red line indicates the nonpermuted
ACC value (73.68%). Each bar represents the number of permutations obtaining an ACC within the corresponding range. As can be
seen from the illustration, no better classification ACC was observed with any of the 500 random permutations.
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FIGURE 3: Pearson correlations between white matter DTl parameters and the clinical characteristics of NMO-ON patients. (a) RD
values in the SS were significantly positively correlated with disease duration. (b) AD values in the TAP were significantly
negatively correlated with optic nerve lesion length. SS, sagittal stratum; TAP, tapetum.

of the white matter tracts and DTI parameters are shown in
Fig. 2b.

As indicated by Pearson correlation analysis, it was
found that the disease duration was significantly positively
correlated with the RD values in SS (» = 0.318; P = 0.016).
The lesion length was significantly negatively correlated with
the AD values in TAP (r = —=0.383; P = 0.003). The Pearson
correlation maps are illustrated in Fig. 3. As indicated by
Spearman’s rank correlation analysis, the VA after IVMP was
found significantly negatively related to the FA values in TAP
(rho = —0.321; P = 0.015) and AD values in SCC (rho = —
0.313; P = 0.018). No significant results were found in the
ANOVA analysis. The detailed statistical analysis results are
provided in Table S1.

Discussion

In the current study we conducted a radiomics model based
on DTI data to assess the visual outcomes of NMO-ON
patients. Based on the DTI measures selected by the E-net
penalty, the radiomics model could efficiently evaluate the
visual outcomes of the NMO-ON patients. The selected DTI
measures revealed the white matter tracts related to the visual
recovery of NMO-ON, which were mainly located in the
pathway of the optic radiation (OR), the corpus callosum,
temporal white matter, and occipital white matter.

The present study obtained relatively moderate ACC
and AUC in evaluating the visual recovery of NMO-ON
patients. Due to individual variability, NMO-ON patients
responded differently to IVMP treatment.® Nevertheless,
there are still no effective clinical approaches that can

6

accurately evaluate the visual outcomes of NMO-ON patients
after IVMP treatment. Numerous studies have evaluated the
visual outcomes in ON'>'*3 without NMO. However, in
contrast to isolated ON, much less research has focused on
the evaluation of visual outcomes in NMO-ON.**?? It was
found that ON lesion length in the acute phase, the impaired
segment of the optic nerve, OCT data from the chronic
phase, and onset age were all correlated with visual progno-
sis.”” Additionally, previous studies observed an association
between AQP4-Ab positivity and poor visual outcomes.”®
Although these studies provide valuable information on the
neuroimaging and clinical biomarkers of visual outcomes in
NMO-ON, none of these previous studies sought to imple-
ment visual prognosis at the individual level. The results of
the current study indicated the potential of radiomics analysis
in evaluating the visual prognosis of NMO-ON patients
after IVMP.

It was noteworthy that promising specificity and PPV
were obtained by the radiomics model. The specificity repre-
sented the ratio of the patient correctly classified as bad out-
comes to all the patients of bad outcomes. The high
specificity indicated that the patients nonresponsive to IVMP
treatment could be efficiently identified. The PPV repre-
sented the ratio of the patients correctly classified as good
outcomes to all the patients evaluated as good outcomes. The
high PPV indicated that the patients classified as good out-
comes by the radiomics model were highly possibly to be the
patients who responded to IVMP treatment. Radiomics was
proposed as extracting underlying pathophysiological informa-
tion from medical images that were originally intended for
only visual interpretation,”> which might account for the
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TABLE 3. Visual-Outcomes-Related White Matter Tracts Identified in the LASSO Regression Analysis
DTI parameters Impaired WM tracts Weights
FA RLIC.L —0.208
CG (cingulate gyrus).L —-0.361
TAP.L 0.419
MD PCT (a part of MCP) 0.420
GCC 0.140
AD PCT (a part of MCP) 0.332
GCC 0.818
SCC —0.242
CG (hippocampus).L 0.219
TAP.R —0.863
RD MCP —0.279
PCT (a part of MCP) 0.189
CST.L 0.181
SS (include ILF and IFO).R —0.142
TAP.L —0.294
RLIC, retrolenticular part of the internal capsule; CG, cingulum; TAP, tapetum; PCT, Pontine crossing tract; MCP, middle cerebellar
peduncle; GCC, genu of corpus callosum; SCC, splenium of corpus callosum; CST, corticospinal tracts; SS, sagittal stratum; ILF, inferior
longitudinal fasciculus; IFO, inferior fronto-occipital fasciculus; R, right; L, left. The weights were obtained from the coefficients of each
feature in the logistic regression model.

relatively high specificity and PPV. The promising results of
our study showed the potential advantages of radiomics
model in individually aiding the clinical decision of whether
to use PE as the first-line treatment for NMO-ON patients.
The selected DTI measures revealed white matter
changes related to the visual outcomes of NMO-ON in the
vision relevant regions of the RLIC. It is known that the OR
is the substantial constituent of the RLIC34; it begins at the
lateral geniculate body, passes through the internal capsule
(including the RLIC), and subsequently goes through the
external SS of the temporal and occipital lobes to the striate
area of the occipital cortex.’ 440 1n the previous univariate
analysis studies, Raz et al found obvious abnormal FA and
RD values in the ORs of patients with ON,*' and Yu et al*®
reported that increased MD and RD were found OR
(included RLIC, SS) of NMO patients and MD of the OR
was correlated with visual Kurtzke Functional Systems (KFES)
scores. They indicated that the lesions in the optic nerves of
NMO result in subsequent axonal degeneration that is the
most possible pathogenesis of abnormal diffusion indexes of
brain white matter. These results are consistent with our find-
ings that features selected within the OR (including the FA
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value of the RLIC and the RD value of the SS) were effective
in evaluating visual prognosis in NMO-ON after [IVMP. Our
finding provided preliminary evidence that the RD injury
might be responsible for the visual outcomes after IVMP
treatment of NMO-ON patients.

We also found that the white matter integrity in the
corpus callosum and motor-related white matter tracts were
related to the visual outcomes of NMO patients. In agree-
ment with our findings, previous univariate analysis studies
reported that white matter bunches along the corpus callosum
NMO

et al demonstrated FA abnormalities in the corpus callosum

. . 19,42
were  abnormal in patients. o Bester

of patients with ON, and Wallerian degeneration was
believed to have a key role in the first stage of the disease.*®
MD and AD values in the corpus callosum were also found
related to visual recovery in the present study. We supposed
that the corpus callosum was the crucial interhemispheric
structure of the whole white matter, so it was therefore most
vulnerable to the degeneration or damage brought about by
NMO-ON. The crucial white matter tracts identified in the

current study also involved motor-related white matter tracts,

including the corticospinal tract (CST) and MCP, which

7
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agrees with the finding of abnormal CST in NMO by previ-
ous studies."”*® Yu et al®® also found close correlations
between diffusion indexes of the CST and the lesion of the
spinal cord. Although the spinal cord of the NMO patients
in our study were normal with MRI, occult damage could
not be ruled out.

In the correlation analysis, we found that disease dura-
tion correlated with the RD value in the SS. It might be
inferred that longer disease duration might be indicative of
more serious injury of white matter tracts. It was also found
that the length of lesions in the optic nerve correlated with
AD values in the right TAP. This agreed with the previous
finding that the AD value was decreased in the longer lesion
of ON,* and that the AD value in acute ON was associated
with a worse visual outcome.'” In addition, the higher VA
scores was found significantly correlated with the white mat-
ter impairments in GCC and TAP, which indicated that the
more worse visual ability was related to the worse white mat-
ter integrity in the regions of the corpus callosum.'®

There were still several limitations in the current study.
First, the sample size of the current study was relatively small
due to the rarity of the disease. Thus, we employed the
scheme of LOOCV instead of independent validation to
assess the performance of the radiomics model. Future study
with larger numbers of patients and more diversified data is
needed to confirm and further explore the findings of the cur-
rent study in independent validation. Second, NMO-ON
patients with negative AQP-4 Ab were not enrolled in the
current study. Although negative AQP-4 Ab was rather rare
in NMO-ON patients, the inclusion of this cohort would
provide more insight into the evaluation of visual outcomes
of NMO-ON after IVMP treatment. Further studies includ-
ing negative AQP-4 Ab should be conducted in the future.

In conclusion, our study indicated the great potential of
the radiomics analysis of brain DTI data in assessing the
visual outcome of NMO-ON, which might help to aid the
therapeutic decision of whether to use PE in the first line. In
addition, our results demonstrated that the white matter
impairments in vision-related regions, motor-related regions,
and the CC might account for the poor visual prognosis of

NMO-ON patients.
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