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neuropathy (NAION), characterized by a sudden onset hospital; (3) no history of hypertension, coronary artery

of unilateral painless visual loss and a swollen optic disc, is
the most common form of acute optic neuropathy in
patients over 50 years of age.[1] The pathogenesis of
NAION remains unclear, but most histopathological
studies support the concept of vasculopathic occlusion
in the region of the short posterior ciliary arteries.[2]

Functional magnetic resonance imaging (fMRI) is one of
the most widely used non-invasive techniques for measur-
ing brain function over time in vivo. To the best of our
knowledge, only one study has investigated the effects of
stimulating the affected eye in the extra-visual areas in
NAION in humans.[3] However, this previous study only
examined task-state fMRI, and lacked a measure of
resting-state fMRI (rs-fMRI). Thus, it remains unclear
whether regional spontaneous brain changes are limited to
the visual system.

Thirty-one patients with NAION (20 males, 11 females,
aged from 35 to 79 years, mean age 52.74±11.29 years)
and 31 normal controls (NCs) (20 males, 11 females, aged
from 33 to 66 years, mean age 50.97±8.20 years) matched
in age and gender were enrolled in the study treated at
Dongfang Hospital, Beijing University of Chinese Medi-
cine between June 2015 and November 2017. Sixteen of
the 31 patients exhibited unilateral NAION (eight in the
left eye and eight in the right eye) with 15 patients
exhibiting bilateral NAION (in both eyes, either sequen-
tially or simultaneously). All NAION patients met the
following criteria: (1) presenting with sudden, painless and
monocular visual loss or successively bilateral visual loss;
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disease, drug addiction, or sleep disorder; and (4) no
contraindication from MRI scans, such as claustrophobia
or irremovable metal in the body. All patients and NCs
underwent eyesight testing, intraocular pressure measure-
ment, optical coherence tomography (OCT) to measure
retinal nerve fiber layer (RNFL) thickness, and visual field
analysis.

All patients and NCs underwent MRI (1.5 Tesla, Philips
Intera Achieva system, Royal Philips, Amsterdam, the
Netherlands) while wearing a black blinder and sponge
earplugs before hospital treatment. High-resolution struc-
tural images were obtained using a three-dimensional
brain volume technique. Resting-state fMRI was obtained
using an echo planar imaging pulse sequence with each
scan: matrix 64�64, field of view 20 cm�20 cm, slice
thickness 3.6 mm, space between the slices 0.72 mm,
number of excitations 1, repetition time/echo time 3000/30,
flip angle 90°, 35 slices, dynamic scan 100 times, total scan
time of 5.06 min. Subjects were asked to remain motionless
with their eyes open, and not to think of anything specific
during the scan, particularly during functional scans.

Resting state fMRI data were obtained using Data
Processing Assistant for Resting-State fMRI (DPARSF)
software (http://www.rfmri.org/DPARSF_V2_3), which is
based on Statistical Parametric Mapping (SPM8), and
the Resting-State fMRI Data Analysis Toolkit (REST)
(http://www.rfmri.org/DPARSF_V2_3). Sequential pre-
processing included removing the first 10 volumes for
adapting to the scan environment and signal instability,
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slice timing and head motion correction. Any subjects with
head motion>1.5 mmmaximum displacement or rotation

The default mode network (DMN) is comprised of medial
prefrontal cortex (ventral medial prefrontal cortex and
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motion >1.5° in the x, y, or z-axis was excluded. Using
these criteria, four patients were excluded. The remaining
fMRI series was then spatially normalized for the purpose
of ensuring dataset comparability at the group level
and coregistered to standard stereotactic Montreal
Neurological Institute (MNI) space (resampling voxel
size, 3 mm�3 mm�3 mm).

After pre-processing, fMRI images were smoothed with
a Gaussian kernel of 4 mm�4 mm�4 mm full-width
at half maximum. To remove the effects of low-
frequency drift, physiological high-frequency respira-
tion, and cardiac noise, temporal bandpass filtering
(0.01–0.08 Hz) and linear trend removal were performed
on all pre-processed data. Individual amplitude of low-
frequency fluctuation (ALFF) maps were generated for
each data series.

REST was used for statistical analysis. Two-sample t tests
were used for comparisons between patients and normal
controls, with gender, age, and duration of disease as
covariates of no interest. We corrected the significance
level of multiple comparisons using a false discovery rate
(FDR)-corrected threshold of P<0.05 for analysis of
differences between NAION patients and NCs. The results
were presented using Xjview toolbox (http:www.alive
learn.net/xjview) and REST software. Finally, Pearson
correlation analyses were performed using SPSS 17.0
software (SPSS, Inc., Chicago, IL, USA) to explore the
correlation between abnormal ALFF values and clinical
parameters.

Compared with NCs, NAION patients showed lower
ALFF values in the right insula, right inferior frontal gyrus
and bilateral middle frontal gyrus, and higher ALFF values
in the right precuneus [Supplementary Table 1, http://links.
lww.com/CM9/A18 and Figure 1A]. In NAION patients,
the ALFF values in the right middle frontal gyrus were
positively correlated with right RNFL values (r=0.42, P=
0.02) [Figure 1B].
Figure 1: (A) Altered ALFF in NAION patients in comparison with normal controls. Compared w
gyrus, bilateral middle frontal gyrus and higher ALFF value in the right precuneus. (B) Correlatio
r=0.42, P=0.02). ALFF: Amplitude of low-frequency fluctuation; NAION: Non-arteritic anterior
Right middle frontal gyrus; RNFL: Retinal nerve fiber layer.
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anterior cingulate cortex), medial parietal cortex (posterior
cingulate), precuneus, lateral temporal parietal cortex
(superior gyrus, angular gyrus, and superior temporal
sulcus), parahippocampal gyrus and hippocampal forma-
tion.[4] The DMNplays a key role in many brain functional
networks, and DMN activity is negatively correlated
with many brain functions, such as vision, hearing, and
somatesthesia. In addition, the DMN is believed to be
closely associated with a range of phenomena, such as
anxiety, cognition, memory, and depression. The DMN in
the brain is active, with high metabolic rates during the
resting-state condition. In patients with glaucoma, Liu and
Tian[5] reported abnormal activity in the right medial
frontal gyrus. Furthermore, patients with optic neuritis
were found to have lower ALFF values in the medial
frontal gyrus, bilateral medial frontal gyrus/anterior
cingulate.[6] Based on these findings, it has been proposed
that optic neuritis may lead to DMN damage. In the
present study, we found that, compared with NCs, patients
with NAION had lower ALFF values in the right insula,
right inferior frontal gyrus, and bilateral middle frontal
gyrus, but higher ALFF values in the right precuneus. As
an important feature of rs-fMRI, ALFF provides more
information to aid the understanding the NAION-related
functional reorganization. Rather than examining each
individual area, the brain is examined as a whole entity,
recognizing that damage in one region may lead to
dysfunction in other brain regions. Therefore, the
decreased ALFF values in the present study indicate that
NAIONmay lead to DMNdysfunction, whereas increased
ALFF values in the right precuneus may reflect compensa-
tion to maintain the stability of the internal network.

A previous study reported that the inferior frontal gyrus
plays an important role in audiovisual communication.[7]

In another study, patients with advanced primary open-
angle glaucoma were found to exhibit decreased blood-
oxygen-level dependent (BOLD) values in inferior frontal
gyrus.[8] In the present study, we found that patients with
NAION exhibited lower ALFF values in right inferior
ith NCs, the ALFF in patients with NAION were lower in the right insula, right inferior frontal
ns between the RNFL in the right eye and ALFF values in right middle frontal gyrus (n=31;
ischemic optic neuropathy; NCs: Normal controls; r: Pearson correlation coefficient; RMFG:
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frontal gyrus, whichmay reflect functional damage in these
regions.

efforts will be made to conceal their identity, but
anonymity cannot be guaranteed.
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Furthermore, the precuneus plays a pivotal role in the
DMN. Recent fMRI studies in healthy subjects have
suggested a central role for the precuneus in a wide
spectrum of highly integrated tasks, including visuospatial
imagery, spatial awareness, and consciousness.[9] A
previous study reported significant increases in precuneus
activation in a patient with advanced primary open-angle
glaucoma.[8] In addition, strong interactions between the
precuneus/posterior cingulate region and the left inferior
parietal lobe with DMN have been reported.[10] Consistent
with these findings, in the present study, we found that
activity in the right precuneus was significantly increased in
NAION patients compared with NCs, indicating alter-
ations of the DMN in NAION patients. Therefore,
increased ALFF values in the precuneus, as part of the
DMN, may also reflect a type of spatial vision enhance-
ment in NAION patients, which in turn enhances the
processing capability of visual space.

In addition, the middle prefrontal cortex also is a
subsystem of the DMN, which is involved in the self-
relevant mental simulation. In the present study, we
observed some areas exhibiting lower ALFF values in
bilateral middle frontal gyrus in NAION patients
compared with NCs. Furthermore, ALFF values in the
right middle frontal gyrus exhibited a positive correlation
with right RNFL values. This finding suggests that NAION
may involve substantial damage to the middle frontal
gyrus. Thus, homolateral RNFL in themiddle frontal gyrus
may provide a useful index, providing insight into the
neural mechanisms underlying NAION.

In conclusion, the current study revealed that patients with
NAION exhibited abnormalities in spontaneous brain
activity, including a positive correlation with homolateral
RNFL. These findings indicated that NAION may affect
the hub position of the brain functional network-DMN.
The current results provide potentially important infor-
mation for improving our understanding of the inherent
neural mechanisms underlying NAION.
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