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Abstract

Optic neuritis (ON) is a general term for inflammation of any part of the optic nerve resulting from demyelination or infection. The
number of patients with MOG-1gG antibody-related optic neuritis is increasing recently. Our study uses the fractional amplitude of low-
frequency fluctuation (FALFF) method to compare the activity of specific brain regions in MOG-1gG ON patients and healthy controls
(HCs). We selected a total of 21 MOG-1gG ON patients and 21 HCs were included in the study. All subjects underwent resting-state
functional magnetic resonance imaging (rs-fMRI). The independent-samples 7-test was used to compare demographic data and average
fALFF values between groups. The specificity and sensitivity of fALFF values for distinguishing between MOG-1gG ON patients and
HCs were evaluated by receiver operating characteristic (ROC) curve analysis. Pearson’s correlation analysis was used to analyze the
relationship between fALFF values and clinical characteristics in MOG-1gG ON patients. Our results showed that fALFF values of the
right cerebellum and left middle cingulum were lower whereas those of bilateral inferior temporal lobes, right gyrus rectus, and the left
superior and right middle frontal lobes of MOG-IgG ON patients were higher than those of HCs (P < 0.05). The average fALFF value
of the left superior frontal lobe in MOG-IgG ON patients was positively correlated with Hospital Anxiety and Depression Scale score
(HADS) (r = 0.6004; P < 0.05) and duration of MOG-IgG ON (r = 6487; P < 0.05). Thus, patients with MOG-1gG ON have abnormal
activity in the brain regions related to vision. Changes in fALFF value can reflect functional sequelae of MOG-1gG ON, including

abnormal anxiety or depressive emotional changes.

Keywords: MOG-1gG; Optic neuritis; Fractional amplitude of low-frequency fluctuation; Brain regions; Clinical diagnosis

1. Introduction

Optic neuritis (ON) is a general term for inflamma-
tion of any part of the optic nerve resulting from demyelina-
tion or infection and causes visual impairment in young and
middle-aged patients, affecting 115 out of every 100,000
individuals [1]. ON can be classified as papilliis with op-
tic disc edema or retrobulbar ON without optic disc edema
according to the affected location, and can be further cate-
gorized as idiopathic demyelinating ON—which is closely
related to multiple sclerosis—or inflammatory or infectious
ON. The most common optic neuritis is idiopathic optic
neuritis, which is divided into (1) idiopathic demyelinating
optic neuritis (IDON); (2) neuromyelitis optica related op-
tic neuritis (NMO-ON); (3) other central optic neuritis asso-
ciated with demyelinating diseases of the nervous system.
The optic nerve leads to signal transmission barriers and
affects vision under certain circumstances [2,3], and can
cause other complications related to brain activity [4]. For
example, autistic patients with chronic ON exhibit nerve at-
rophy [5] and impairments in vision and cerebellar function
[6] that suggest damage to specific brain areas. Recently,

it was discovered that myelin oligodendrocyte glycopro-
tein (MOG) antibody was positive in the serum of AQP-
4 antibody-negative ON patients. Therefore, we selected
MOG-1gG positive ON patients for research to explore the
changes in brain activity and possible abnormal pathologi-
cal manifestations.

Functional magnetic resonance imaging (fMRI) is
used to investigate brain activity and metabolism [6] and
is commonly employed for the diagnosis of ON. fMRI
can provide information on brain function in blind pa-
tients [7] such as changes in activity in the visual cortex
[8]. Resting-state (rs)-fMRI measures spontaneous fluctu-
ations in BOLD-fMRI signal intensity (measured as frac-
tional amplitude of low-frequency fluctuation (fALFF) cor-
responding to neural activity, which can reveal changes in
the functional connectivity of the brain in disease states [9—
12]. Analysis with the fALFF method excludes nonspecific
signals in rs-fMRI for increased detection sensitivity and
specificity [13,14] and has been applied to the investiga-
tion of neurologic disorders [15,16] as well as ophthalmic
diseases such as Monocular Blindness [17], glaucoma [ 18],
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diabetic retinopathy [19]. However, the effect of ON on
neural activity in specific brain regions is not fully known.
As fMRI can reflect the functional status of the visual cortex
and visual pathway in real time, we used fALFF method to
evaluate changes in brainarea associated with ON. Patients
with MOG-1gG ON often have a series of central nervous
system diseases in the later stages of the disease. There-
fore, we believe that this may also be one of the reasons for
the abnormal activity of the brain, and the changes in the
function of different brain regions can cause visual defects
other than visual impairment. Various complications, such
as the aforementioned anxiety and depression, and changes
in cognitive function. Because the course of MOG-1gG ON
develops rapidly, the prevention of complications and se-
quelae after clinical diagnosis is also very necessary. Com-
bined with fALFF imaging examination, abnormal activi-
ties in the brain area of the patient can be effectively found,
which contributes to the next diagnosis and treatment.

2. Materials and methods
2.1 Subjects

From the Department of Ophthalmology, the First Af-
filiated Hospital of Nanchang University, 21 patients with
MOG-1IgG ON were included, including 8 males and 13
females. All subjects met the following criteria: (1) with
or without acute vision loss; (2) nervous-related visual im-
pairment; (3) patients with abnormal pupil conduction or
abnormal visual evoked potential; (4) no retinal disease;
(5) no treatment with any drugs before resting-state func-
tional MRI scanning; and (6) no obvious abnormality in
the brain parenchyma on head MRI; (7) no drug, alcohol,
or tabacco addictions ; (8) no organ transplantation; (9)
all patients were positive serum MOG-1gG ON; (10) ex-
clude other types of optic neuropathy, such as compres-
sion, infiltration, trauma, toxic and nutritional metabolism,
hereditary optic neuropathy; and (11) exclude optic neuri-
tis caused by autoimmune diseases, such as systemic lupus
erythematosus.

We also recruited 21 healthy controls (HCs) including
8 men and 13 women. The inclusion criteria for NCs were
as follows: (1) normal brain function; (2) no disease that
affects vision (VA) >1.0; (3) no neuropsychiatric disease;
(4) ability to go through an MRI scan.

All subjects (or their guardians for subjects under the
age of 18 years) provided written, informed consent before
participation in the study. The study was approved by the
Research Ethics Committee of the First Affiliated Hospital
of Nanchang University (CDYFY-LL-2015-29), and the re-
search protocol was in compliance with the Declaration of
Helsinki.

2.2 MRI parameters

MRI scanning was performed using a 3-Tesla MR
scanner (Trio; Siemens, Munich, Germany). All subjects’
eyes are closed obtaining fMRI data. Functional data were

obtained using a 3-dimensional metamorphic gradient echo
pulse sequence. The scanning parameters were as follows:
repetition time = 2000 ms, echo time = 40 ms, flip angle
=90°, slice thickness/gap = 4.0/1 mm, field of view = 240
x 240 mm, and plane resolution = 64 x 64 pixels. A total
of 30 axial slices covering the brain were recorded and 240
functional images were obtained for each subject.

2.3 fMRI data analysis

We used MRIcro software (REST; http://www.MRIc
ro.com) to classify functional data and remove incomplete
data. SPMS software (http://www.fil.ion.ucl.ac.uk/spm/)
was used to preprocess the fMRI image according to the fol-
lowing steps. The first 10 time points were discarded to ob-
tain a steady signal, and slice timing and correction of head
motion (<2 mm, with rotation <1.5°) were performed. The
data were spatially homogenized into the standard Montreal
Neurological Institute echo-planar imaging template and re-
sampled into a 3 X 3 x 3-mm cube. Covariates used for
regression analysis included 6 head motion parameters, av-
erage frame displacement, overall brain signal, and average
white matter and cerebrospinal fluid signals. The passiva-
tion trend was eliminated and filtered (0.01-0.08 Hz).

2.4 fALFF analysis

fALFF values were calculated based on data trends us-
ing REST software (https://www.nitrc.org/projects/rest/);
fALFF values were obtained as the ratio of each frequency
in the low-frequency range (0.01-0.08 Hz) to the power in
the entire frequency range (0-0.25 Hz). Bandpass filtering
at 0.01-0.08 Hz was performed to eliminate the influence of
low-frequency drift and high-frequency physiologic noise.

2.5 Statistical analysis

Data were analyzed using SPSS v21.0 software (IBM,
Armonk, NY, USA). Differences in clinical characteris-
tics between groups were evaluated with the independent-
samples z-test. Receiver operating characteristic (ROC)
curve analysis was carried out in order to assess the clinical
utility of fALFF values in distinguishing between MOG-
1gG ON patients and HCs.

3. Results
3.1 Demographic and clinical characteristics data

No statistically significant differences between MOG-
1gG ON patients and HC subjects in terms of weight, height,
body mass index, age, and handedness (Table 1). The mean
duration of ON was 4.67 £ 3.26 days. Best-corrected visual
acuity of both right and left eyes was significantly lower in
ON patients than in HC subjects (P < 0.001). The retinal
nerve fiber layer thickness (RNFLT) of MOG-IgG ON pa-
tients were obviously thinner than HCs (P < 0.05) (Table 1).
Ophthalmoscopy and the fluorescein fundus angiography
indicated clinical manifestations of optic neuritis (Fig. 1).
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Table 1. Clinical characteristics of patients between ON and HC groups.

Characteristics ON HCs T-value  P-values
Male/female 8/13 8/13 NA NA
Age (years) 44.83 +£10.71 4583 +11.38 —0.222 0.821
Weight (kg) 57.08 + 7.30 58.85+£585 0463 0.652
Height (cm) 160.81 +9.31 161.38 +6.28  —0.485 0.634
The side of impaired eye (left/right/both) 2/3/16 NA NA NA
BMI (kg/m?) 21.13 £ 1.62 21.174+£1.27  -0.056 0.963
Handedness (left/right) 1/20 0/21 0.348 0.736
Duration of ON (days) 4.67 +3.26 NA NA NA
Duration from onset of ON to rs-fMRI scan (days) 542 +2.94 NA NA NA
Treatment Azathioprine NA NA NA
Best-corrected VA, right 0.25 + 0.32* 1.30 + 0.31 —8.138 <0.001
Best-corrected VA, left 0.85 £+ 0.52* 1.28 +0.32 —2.481 <0.001
RNFLT-right (um) 102.98 + 6.54*  128.52 £+ 8.36 1.643 0.024
RNFLT-left (um) 106.16 + 7.61*  130.56 £ 8.55 1.154 0.031

Notes: Independent ¢-tests comparing the two groups (*P < 0.05) represented statistically significant differ-

ences.

Abbreviation: ON, optic neuritis; HCs, healthy controls; NA, not applicable; BMI, body mass index; rs-

fMRI, resting-state functional magnetic resonance; VA, visual acuity; RNFLT, retinal nerve fiber layer thick-

ness.

Table 2. Brain areas with significantly different fALFF
values between on and HCs groups.

Brain areas M BA Peak voxels T value
X Y V4

HC > ON

Right Cerebellum 3 60 —12 121 4.62
Cingulum Mid L 0 -9 33 24 170 4.67
HC < ON

Temporal Inf L 42 -24 -39 20 220 —4.65
Temporal Inf R 57 -18 27 20 168 —4.58
Rectus_R 9 54 -15 11 175 -3.94
Frontal Sup L -15 69 -9 10 116 -3.12
Frontal Mid R 30 36 12 10 102 —4.31

Abbreviation: ON, optic neuritis; HCs, healthy controls;
fALFF, fractional amplitude of low-frequency fluctuation; Inf,

Inferior; Sup, Superior; Mid, Middle; L, left; R, right.

3.2 Differences in fALFF between MOG-IgG ON patients
and HCs

ON patients had higher fALFF values for bilateral in-
ferior temporal lobes, right rectus, and left superior and
right middle frontal lobes and lower fALFF values for the
right cerebellum and left middle cingulum than HC subjects
(Fig. 1 and Table 2). The average fALFF value was signif-
icantly lower in MOG-IgG ON patients than in HCs (P <
0.001) (Table 3).

3.3 ROC curve analysis

The utility of fALFF values of the abovementioned
brain regions for distinguishing between MOG-1gG ON pa-
tients and HCs was evaluated by ROC curve analysis. The

Table 3. Two sample #-tests between mean fALFF values
between ON patients and HCs related brain regions.

ON HCs t P

Right Cerebellum  —0.813 -0.186  4.622  <0.001
Cingulum Mid L -0.025  1.020 4.668  <0.001
Temporal Inf L -0.633 -1.150 —4.647 <0.001
Temporal_Inf R 0338 0398 —4.581 <0.001
Rectus_R 0.955 0.016  -3.948 <0.001
Frontal Sup L -0.167 -0.765 -3.123 0.003

Frontal Mid_R -0.335 0901 4309 <0.001

Abbreviation: ON, optic neuritis; HCs, healthy controls;
Inf, Inferior; Sup, Superior; Mid, Middle; L, left; R, right.

areas under the ROC curves (AUCs) were as follows: right
cerebellum (0.175); left middle cingulum (0.152) (Fig. 2A);
left inferior temporal lobe (0.859), right inferior temporal
lobe (0.839), right rectus (0.814); left superior frontal lobe
(0.766), and right middle frontal lobe (0.816) (Fig. 2B).

3.4 Correlation analysis

The fALFF value of the left superior frontal lobe of
MOG-1gG ON patients was positively correlated with Hos-
pital Anxiety and Depression Scale (HADS) score (r =
0.6004; P < 0.05) and time from the onset of ON to the
rs-fMRI scan—i.e., ON duration (r = 0.6487; P < 0.05)

(Fig. 3).

4. Discussion

ON is diagnosed based on medical history and clinical
manifestations, which may not appear until the disease has
progressed. Early diagnosis is critical for successful clini-
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Fig. 1. Ophthalmoscopy and fluorescein fundus angiography of ON patients and spontaneous cerebral activity in ON patients and

HCs. Notes: Significant brain activity differences were observed among ON patients. The red or yellow denotes increased fAIFF values,

and the blue areas indicate decreased fAIFF values, respectively. Ophthalmoscopy and the fluorescein fundus angiography indicates

clinical manifestations of typical optic neuritis. Abbreviation: ON, optic neuritis; HCs, healthy controls; fALFF, fractional amplitude of

low-frequency fluctuation; Inf, Inferior; Sup, Superior; Mid, Middle; L, left; R, right.

cal outcome. fMRI can be used for early diagnosis of ON,
and recent studies of ON have demonstrated abnormal ac-
tivation in the insular cortex, temporal lobe, posterior pari-
etal cortex, and thalamus [20-22]. In addition, it was found
that patients with ON had abnormal brain activity [23]. ON-
related demyelination and axonal damage in craniocerebral
trauma can lead impaired brain function [24]. An increase
in the ALFF value of the left parahippocampal gyrus may
be related to ON severity [25]. Patients with recurrent ON
show reduced activation of different brain areas, which is
associated with visual information processing, suggesting
that ON leads to brain dysfunction and potentially reflect-

ing the pathologic mechanism of ON.

Abnormal vision caused by ON, which can elicit com-
pensatory activation in the contralateral brain area (Table 4).
In addition, previous studies have confirmed the abnormal
activation of brain regions in patients with ON [26]. Com-
pared with IDON, which has mostly monocular attacks and
recovers well, MOG-1gG ON is more disabling. The MOG
antibody specifically binds to the MOG on the cell surface,
resulting in a change in the configuration of MOG, so that
oligodendrocytes lose their function of maintaining myeli-
nation and supporting neurons, forming MOG-mediated
pathological changes. MOG antibody-related central ner-
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Fig. 2. ROC curve analysis of the mean fALFF values for changed areas. Notes: The AUCs of fALFF values were as follows: Right
Cerebellum (0.875); Cingulum_Mid L(0.852) (A); Temporal Inf L (0.859), Temporal Inf R (0.839), Rectus R (0.814); Frontal Sup L
(0.766) and Frontal Mid R (0.816) (B). Abbreviation: ON, optic neuritis; ROC, receiver operating characteristic; AUC, area under the
curve; fTALFF, fractional amplitude of low-frequency fluctuation; HCs, healthy controls; Inf, Inferior; Sup, Superior; L, left; R, right;
Mid, Middle.

Fig. 3. Correlations between the mean fALFF signal values of the Left frontal superior and HADS and duration of ON in ON
patients. Notes: The mean fALFF signal value of the Left frontal superior showed positively correlations with HADS (r = 0.6004, P
< 0.05) (A). The mean fALFF signal value of the Left frontal superior showed positively correlations with duration of ON (days) (B).
Abbreviation: ON, optic neuritis; HADS, Hospital Anxiety and Depression Scale.

vous system demyelinating disease clinical studies have  with alternating eyes, repeated or simultaneous seizures in
found that bilateral simultaneous involvement of ON is the ~ both eyes and severe visual impairment. Therefore, early
most common form of clinical onset. Patients with MOG- clinical diagnosis and prevention are essential to reduce the
1gG ON present a different form of seizures than IDON, occurrence of complications, which can rely on the appli-
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Table 4. Brain regions alternation and its potential impact in ON patients.

Brain regions Experimental results Brain function

Anticipated results

Right Temporal Inferior ONs > HCs Associated with ocular diseases

Left Temporal Inferior ONs > HCs

Right Rectus ONs > HCs Control oculomotor nerve movement
Left Frontal Superior ONs > HCs emotional and cognitive processing
Right Frontal Mid ONs > HCs Sensory nerve impulse conduction
Right Cerebellum ONs < HCs

Left Cingulum Middle ONs < HCs

ment

Accept visual nerve information transmission Visual system abnormalities

Affect eye movement
Abnormal changes in mental activity
symptom in perception system

Balance, muscle tone and voluntary movement Unsteady gait
Receive nerve impulse output from the amyg- Depression symptoms

dala, orbitofrontal gyrus and medial frontal

gyrus

Abbreviation: ON, optic neuritis; HCs, healthy controls.

Fig. 4. The fALFF results of brain activity in the ON pa-
tients. Notes: Compared with the HCs, the fALFF of the follow-
ing regions were increased to various extents: Temporal Inf L,
Temporal Inf R, Rectus R, Frontal Sup L and Frontal Mid R.
and decreased fALFF values in the Right Cerebellum and Cin-
gulum_Mid L. Abbreviation: ON, optic neuritis; ROC, receiver
operating characteristic; AUC, area under the curve; fALFF, frac-
tional amplitude of low-frequency fluctuation; HCs, healthy con-
trols; Inf, Inferior; Sup, Superior; L, left; R, right; Mid, Middle.

Table 5. fALFF method applied in other diseases.
Author Year

Lai CH, et al. [28] 2015
Wang JJ, et al. [29] 2016
Fang JW, et al. [30] 2020
Shuy, et al. [31] 2020
Zhou F, et al. [32] 2020

Discase

Pure major depressive disorder
Migraine
monocular blindness
Young depressed patients

diffuse axonal injury

ance of fALFF in the near future. We found that fALFF
value in bilateral inferior temporal lobes, right rectus, and
left superior and right middle frontal lobes were increased
in MOG-1gG ON patients compared to HCs, indicating that
visual information processing was affected. On the other
hand, fALFF in the right cerebellum and were decreased in
MOG-1gG ON patients compared to HCs. The ROC curve

Fig. 5. Correlations between mean fALFF signal values and
behavioral performance. Notes: The fALFF value of brain ar-
eas change in patients with ON indicates a series of symptoms of
anxiety and depression, symptoms of perceptual system disease

and loss of visual system.

analysis showed that the average fALFF value of these brain
areas has moderate accuracy in distinguishing between the
2 groups, as demonstrated by AUC values ranging from
0.766 (left superior frontal lobe) to 0.875 (right cerebel-
lum). The left middle cingulum is located above the sul-
cus of the corpus callosum on the inner side of the cere-
bral hemisphere below the cingulate groove. The output of
the medial frontal gyrus to the anterior cingulate gyrus and
striatum constitutes the emotional circuit that is involved
in self-evaluation. In our study we found that the fALFF
value of the left superior frontal lobe of MOG-1gG ON pa-
tients was positively correlated with HADS score, high-
lighting the functional consequences of MOG-1gG ON. The
difference in fALFF value of the right cerebellum between
MOG-IgG ON patients and HCs suggests abnormalities in
the processing of nerve impulses from head proprioceptors
and external receptors, but recent studies have also showed
that there is a link between cerebellar disorders and depres-
sion [27]. Thus, changes in fALFF in specific brain regions
associated with MOG-IgG ON can not only cause visual im-

Reflect intraocular inflammation and visual impair-
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pairment, but can also have behavioral consequences such
as anxiety and depression (Fig. 4). Fig. 5 is a model that
summarizes the effects of MOG-1gG ON on the value of
fALFF in specific brain regions. MOG-1gG ON is a type of
immune-mediated central nervous system inflammatory de-
myelinating disease. The effect of the disease on the brain
regions of patients during the progression of the disease
cannot be ignored. In other dieases, fALFF method was
also used to have further results (Table 5, Ref. [28-32]).
We use the method of fALFF to study the brain activity of
patients with MOG-I1gG ON Change, so as to achieve early
detection of related complications and sequelae brain area
abnormal fALFF signal prompts, to achieve timely detec-
tion and treatment, which is essential to improve quality of
patients’ daily life.

5. Conclusions

Results of our study demonstrate that MOG-1gG ON is
associated with alterations in fALFFs in brain areas related
to vision, perception, and emotion. Although the detailed
neuropathologic mechanisms remain to be determined and
optic neuritis may be caused by various pathological con-
ditions, but we performed fMRI and fALFF analysis on pa-
tients with MOG-1gG ON and compared the results with
HCs and found abnormal changes in brain activity, which
inferred that patients with MOG-1gG ON may face compli-
cations and related sequelae because of the abnormal brain
activities. Therefore, we believe that the value of fALFF
can be considered as one of the auxiliary methods of clini-
cal diagnosis, and can contribute to clinical prevention and
early intervention.
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