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Background: Neovascular glaucoma (NVG) is a secondary refractory disease with a poor prognosis, and 
there are few advanced studies on its pathogenesis and treatment. In this research, the fractional amplitude 
of low-frequency fluctuation (fALFF) technology was used in resting-state functional magnetic resonance 
imaging (rsfMRI) to investigate intrinsic neuron activity in the patient’s brain with NVG. 
Methods: Sixteen patients with NVG (eight males and eight females) and 16 healthy controls (HCs) of 
similar age and sex were included. All patients and controls received rsfMRI scans, and the differences 
between the two groups in fALFF values were compared by independent sample t-test. Receiver operating 
characteristic (ROC) curves were used to compare fALFF values in the brain regions of NVG patients and 
HCs and assess accuracy. Finally, Pearson linear correlation analysis assessed the correlation between fALFF 
signals in brain regions and the clinical evaluation indicators of patients with NVG.
Results: In patients with NVG, fALFF signal values in the right Rolandic operculum, left anterior 
cingulate and paracingulate gyri, and right caudate were significantly decreased. In contrast, fALFF signal 
values in the left precuneus were significantly higher than those recorded in the HCs. Analysis of the ROC 
curve for each brain region showed that the area under the ROC curve of NVG patients was large (close to 1), 
and the accuracy was good. In the NVG group, the hospital anxiety and depression scale (r=−0.952, P<0.001) 
and left best-corrected visual acuity (r=−0.802, P<0.001) had a negative linear correlation with the fALFF 
signal value of the right Rolandic operculum. The hospital anxiety and depression scale had a negative linear 
correlation with the fALFF signal value of the right caudate (r=−0.948, P<0.001).
Conclusions: NVG patients showed dysfunction in several brain regions. These findings may assist in 
revealing the underlying neural mechanism of brain activity associated with NVG.
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Introduction

Neovascular glaucoma (NVG) is a secondary refractory 
disease, accounting for 0.7–5.1% of glaucoma cases in Asians 
(1,2). It is typically characterized by iris neovascularization, 
eventual angle closure in the anterior chamber angle, and 
markedly increased intraocular pressure (IOP) (3). New 
blood vessels initially appear at the edge of the pupil and 
subsequently appear on the surface of the iris and anterior 
chamber angle. Coats first reported the growth of new 
blood vessels on the surface of the iris in 1906. Weiss et al. (4)  
coined the term “neovascularization glaucoma” in 1963 
based on the presence of new blood vessels and associated 
connective tissue related to IOP. The three most common 
causes of NVG are diabetic retinopathy, ischemic central 
retinal vein occlusion, and ocular ischemic syndrome, 
accounting for 33%, 33%, and 13% of cases, respectively. 
Other causes include chronic retinal detachment, 
intraocular neoplasms, severe intraocular inflammation, 
and vascular diseases (e.g., central retinal artery occlusion 
and branch retinal vein occlusion). These conditions are 
among the numerous disorders that cause anterior-segment 
neovascularization (5). The control of NVG involves two 
key aspects: (I) treatment of potential diseases that may 
lead to the early development of neovascularization, and 
(II) management of the increase in IOP (6). A pathological 
increase in IOP is the main risk factor for glaucoma, which 
can cause optic neuropathy and ultimately lead to ganglion 
cell death (7). Using functional magnetic resonance imaging 
(fMRI), neuroimaging studies have revealed damage in the 
anterior visual pathway and cerebral cortex. A common 
feature of most neurodegenerative diseases is the presence 
of protein aggregates in the central nervous system, and 
deposits of misfolded proteins have been found in the visual 
cortex and optic nerve of glaucoma patients. This shows 
that glaucoma is a disease that damages the visual pathway 
and neurodegenerative disease that influences numerous 
brain regions (8-11). Unfortunately, the mechanism of 
brain damage and optic neuropathy related to glaucoma 
has not been thoroughly studied. Most studies have focused 
on primary open-angle glaucoma and primary angle-
closure glaucoma, with little advanced research examining  
NVG (12). Our team has conducted studies on brain activity 
changes in patients with normal-tension glaucoma and 
primary angle-closure glaucoma, and abnormal spontaneous 
activity has been detected in some brain regions (13,14). 
In this study, we used neuroimaging to study NVG’s brain 
processes and sought to uncover the neural mechanisms 

underlying brain activity in patients with NVG.
Resting-state fMRI (rsfMRI) is a promising method 

to research brain activity in clinical patients (15-18). It 
has become a beneficial tool for investigating functional 
connections in the human brain (19) and can draw circuits 
that constitute the physiological basis of information 
processing and psychological representation (20). As 
it is both convenient and minimally invasive, rsfMRI 
can skillfully recognize the functional areas in different 
patient groups, such as children, unconscious patients, and 
those with low intelligence quality (IQ) metric (21). By 
recognizing changes in magnetic resonance signals produced 
by alterations in blood oxygen levels, it detects spontaneous 
neuron activity in brain tissue. When brain neurons are 
active, an increase in different proportions of regional brain 
tissue blood flow and oxygen consumption is triggered, 
and the ratio of oxyhemoglobin to deoxyhemoglobin 
changes. This leads to changes in the local magnetic field’s 
properties, resulting in enhanced magnetic resonance 
signals or weaken. According to the different properties of 
the two hemoglobin magnetic fields, MRI imaging methods 
can determine changes in local cerebral blood flow, thereby 
indirectly measuring the functional activities of the nervous 
system. Owing to its advantages of precise localization 
and combining functional and structural imaging without 
exposure to radioactive tracers, rsfMRI can provide new 
insight into the pathophysiology of glaucoma (22), and 
its use in the study of various neurodegenerative diseases 
and exploration of the mechanism of glaucoma is well 
established (23-26).

An important method for analyzing rsfMRI is to record 
spontaneous low-frequency fluctuations (LFF) in the brain. 
The amplitude of low-frequency fluctuations (ALFF) and 
fractional amplitude of low-frequency fluctuation (fALFF) 
are two indices thought to show the intensity of intrinsic 
spontaneous brain activity (24). As a normalized ALFF 
index, fALFF can specifically measure LFF in a specific 
frequency range (27) and detect spontaneous neural activity 
by measuring the low-frequency oscillation amplitude of 
brain blood flow (0.01–0.08 Hz). Zou et al. (27) showed 
that fALFF could effectively inhibit nonspecific signal 
components in the cistern areas, which means the sensitivity 
and specificity of spontaneous brain activity in the detection 
area can be significantly improved. In this study, we used 
rsfMRI to analyze fALFF in response to spontaneous brain 
activity in patients with NVG and healthy controls (HCs) 
and compare the values obtained in these two groups. This 



2140 Zhang et al. Inner cerebral neuron activity in NVG patients

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2021;11(5):2138-2150 | http://dx.doi.org/10.21037/qims-20-855

investigation may offer a deeper understanding of NVG 
and provide insight into its pathogenesis and treatment.

Methods

Subjects

This study included a group of 16 patients with NVG 
(eight males and eight females) and 16 sex-matched health 
controls (HCs). There was no significant difference in 
patients’ age or sex in each group (P>0.05). The study 
was approved by the Human Research Ethics Committee 
of the First Affiliated Hospital of Nanchang University 
(Nanchang, China). We fully described the study’s purpose 
to the subjects, and all subjects provided informed consent 
before their participation. The local Human Research 
Subcommittee approved all experimental protocols 
following the tenets of the Declaration of Helsinki.

The First Affiliated Hospital of Nanchang University 
recruited the patients with NVG, while HCs were recruited 
from the local area. The inclusion criteria for patients 
with NVG were as follows: (I) clinical diagnosis of NVG 
(diagnostic criteria for NVG: typical iris neovascularization 
and pupillary pigmentary valgus, neovascularization of 
the angular trabecular meshwork, peripheral anterior 
adhesion, IOP elevation, decreased vision, previous primary 
disease, characteristic glaucoma of visual field defect and 
cup); (II) persistent IOP >21 mmHg despite the use of 
IOP-lowering drugs; (III) absence of other eye diseases; 
(IV) absence of mental illness; and (V) right-handedness. 
The exclusion criteria were: (I) history of eye surgery; 
(II) neurological disease, hypertension, or diabetes; (III) 
inability to participate in MRI scans for subjective or 
objective reasons; and (IV) use of alcohol or psychotropic 
substances in the previous 3 months. Patients with 
hypertension were excluded because previous studies have 
found that hypertension causes gray matter abnormalities 
and other brain structural changes, affecting the results of 
this study. While diabetic retinopathy is the most common 
cause of NVG, long-term high blood sugar will also 
cause microvascular disease and neuropathy and synaptic 
degeneration in peripheral nerves, which could also affect 
our research results. On this basis, patients with diabetes 
were also excluded. The selection criteria for HCs were: (I) 
lack of history of eye diseases; (II) absence of abnormalities 
in the visual pathway and brain parenchyma as depicted 
on head MRI; (III) no contraindications to MRI; and (IV) 
normal neurology and mental evaluation (Figure 1).

MRI examination

A Siemens Trio 3.0T MRI scanner (Erlangen, Germany) 
with an 8-channel phased-array head coil was used for MRI 
scans. During the rsfMRI scan, subjects closed their eyes 
and maintained them in the center position while their head 
was fixed with a belt and foam pad to ensure they remained 
motionless. The lights in the examination room were left on 
during the examination. Functional data was acquired using 
an echo planar imaging sequence as follows: repeat time 
=2,000 ms; echo time =30 ms; flip angle =90°; slice thickness 
=3 mm with a 1-mm gap; field of view =240 mm × 240 mm.  
Each brain volume comprised 30 axial slices, and 240 
functional images were finally captured. The entire process 
was completed in 8 min.

Data processing

Functional data were analyzed through the MRIcro software 
(http://www.mricro.com), and SPM8 (http://www.fil.ion.
ucl.ac.uk/spm) was used for fMRI image preprocessing. The 
first two volumes of the functional image were discarded 
to achieve magnetization balance, and the remaining 230 
volumes were manipulated through a slice-timing correction 
procedure and realigned to the first volume to correct for 
head movements. A standard echo planar imaging templates 
was used for spatial standardization to meet the standard 
of Montreal Neurological Institute. (resampling voxel size  
=3 mm × 3 mm × 3 mm). Subsequently, a temporal bandpass 
filter (0.01–0.08 Hz) was applied to reduce the effects of 
low-frequency drift and high-frequency noise signals. 
Finally, the image was smoothed with 6mm full-width at 
half-maximum Gaussian kernel to reduce spatial noise.

fALFF analysis

We used REST software (http://www.resting-fmri.
Sourceforge.net) to perform fALFF measurements using 
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). 

Statistical analysis

Statistical analysis was performed using SPSS version 
19.0 software (IBM Corp., Armonk, NY, USA), and 
independent sample t-test and chi-square tests were used 
to compare demographic and clinical indicators between 

http://www.mricro.com
http://www.fil.ion.ucl.ac.uk/spm
http://www.fil.ion.ucl.ac.uk/spm
http://www.resting-fmri.Sourceforge.net
http://www.resting-fmri.Sourceforge.net
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the two groups. Differences in fALFF values between 
NVG patients and HCs were compared using a two-sample 
t-test in REST software, and P values <0.05 indicated 
statistical significance. The receiver operating characteristic 
(ROC) curve was used as a dichotomous variable model 
that detected whether NVG was present utilizing elevated 
fALFF values in different brain regions, as we hypothesized 
that fALFF values in different brain regions could be a 
potentially useful diagnostic marker for distinguishing 
between the NVG and HCs groups. The ROC curve 
was drawn to compare the fALFF values of the two brain 
regions. The correlation between the fALFF signal in the 

brain-related areas and the clinical evaluation indicators 
of patients with NVG was evaluated using Pearson linear 
correlation analysis. The area under the curve (AUC) of 
different brain regions represented the change of fALFF 
values in this brain region, which could then be used as the 
true positive rate for NVG and HC’s differential diagnosis 
1-AUC represented the false positive rate.

Results

Demographics and clinical indicators

There was no significant difference in sex (chi-square test, 

Figure 1 Eye examination results of NVG patients. Eye examination results for NVG patients are as follows: (A) results of anterior segment 
photography in NVG patients; (B) fundus photographic results; (C) results of  iris fluorescein angiography in NVG patients; (D) FFA results 
of NVG patients. NVG, neovascular glaucoma; FFA, fundus fluorescein angiography.

A B

C D
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P>0.99), age (independent sample t-tests, P=0.947), and 
weight (independent sample t-tests, P=0.973) between the 
HCs and patients with NVG. The best-corrected visual 
acuity (BCVA) values for the left and right eyes of the NVG 
group were 0.31±0.15 and 0.24±0.11, respectively; and the 
IOP values for the left and right eyes were 29.52±10.19 and 
27.21±11.27, respectively (Table 1).

Differences in fALFF 

Patients with NVG showed markedly higher fALFF 
values in the left precuneus (LP) than that seen in HCs. In 
contrast, fALFF values in the right Rolandic operculum 
(RRO), left anterior cingulate and paracingulate gyri (LCA), 
and right caudate (RC) decreased significantly in patients 
with NVG (Figure 2, Tables 2,3). 

ROC curve

The ROC curve analyzed the average fALFF values of 
changes in brain areas. It was assumed that differences 
in fALFF values might be a potentially useful diagnostic 
marker to distinguish the NVG group from the HC group. 
The greater the AUC, the closer the curve is to the upper 
left corner, and the higher the diagnostic accuracy. Accuracy 
was considered low or high if the AUC was 0.5–0.7 or 
0.7–0.9, respectively, and the AUC of the following fALFF 
values in different brain regions was determined: LP (0.967, 
P<0.001), RRO (0.962, P<0.001), LCA (0.981, P<0.001), 
RC (0.924, P<0.001) (Figure 3).

Correlation analysis

In the NVG group, the hospital anxiety and depression scale 
(HADS), and left BCVA had a negative linear correlation 
with the fALFF signal value of RRO. Moreover, HADS had 
a negative linear correlation with RC’s fALFF signal value 
(Figure 4).

Discussion

To the best of our knowledge, fALFF is one of the most 
effective ways to measure spontaneous neuronal activity 
changes and has been successfully applied to the study of 
patients with neurodegenerative diseases. In addition to 
being a retinal disease, glaucoma is also a neurodegenerative 
disease that affects numerous brain regions, and fALLF 
has great potential for elucidating the neural mechanism 
of NVG (Table 4) (23-26). While rsfMRI has been used to 
study glaucoma in the retina and optic nerve in detail, the 
brain’s activity as a whole has rarely been studied. Crish 
et al. (28) reported that the early disruption of axonal 
transport in glaucoma is initiated in the brain, and lesions 
progress from the distal to the proximal (eye). In recent 
years, an increasing number of studies have utilized rsfMRI 
to investigate patients’ intrinsic functional activities with 
glaucoma and provide meaningful insights into its neural 
mechanisms. In this study, we confirmed that the brain’s 
internal activities changed in the NVG group compared 
with the HC group. The fALFF values of RRO, LCA, 
and RC in patients with NVG were significantly reduced, 

Table 1 Conditions of participants included in the study 

Condition NVGs HCs t P value*

Male/female 8/8 8/8 N/A >0.99

Age (years) 54.87±5.34 53.14±5.97 0.167 0.947

Weight (kg) 61.24±7.65 63.56±6.72 0.158 0.973

Handedness 16R 16R N/A >0.99

Duration (years) 4.09±0.09 N/A N/A N/A

BCVA-L 0.31±0.15 0.96±0.25 −5.653 0.021

BCVA-R 0.24±0.11 1.02±0.25 −5.653 0.017

IOP-L 29.52±10.19 15.92±4.08 13.214 0.009

IOP-R 27.21±11.27 16.61±4.22 11.669 0.011

Independent sample t-test between NVG patients and HCs (P<0.05 represented statistically significant differences). BCVA, best corrected 
visual acuity; HC, healthy control; L, left; R, right; N/A, not applicable; NVG, neovascular glaucoma; IOP, intraocular pressure.
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Figure 2 Spontaneous brain activity in patients with NVG versus HCs. MRI cross-sectional views and 3D images of the brain showed 
obvious differences in brain activity, with yellow areas representing higher fALFF values and blue areas representing lower fALFF values. 
The histogram shows the mean ± standard deviation of the fALFF values for different brain regions between the two groups, with the red 
representing the NVG group and the dark blue representing the HC group. It shows that fALFF values in RRO, LCA, and RC decrease 
significantly in NVG patients, and fALFF values in LP increase significantly in NVG patients. fALFF, fractional amplitude of low-frequency 
fluctuation; NVG, neovascular glaucoma; HCs, healthy controls; RRO, right Rolandic operculum; RC, right caudate; LP, left precuneus; 
LCA, left anterior cingulate and paracingulate gyri; MRI, magnetic resonance imaging.
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whereas those of the LP was significantly increased  
(Figure 5).

The precuneus is located in the anterior precuneus (upper 
occipital lobe) and connected to the cuneiform muscle 
and primary visual cortex’s visual region. The precuneus is 
divided into the 7M and precuneus visual (PCV) areas, and 
the PCV area is found in the anterior precuneus, posterior 
to the marginal ramus of the cingulate sulcus (29). Studies 
using fMRI have shown that the PCV area is involved in 
the process of recognizing emotional faces and working 
memory images of the face, body, and location (30-32). 
The 7M area is part of the precuneus involved in listening 
to stories over answering arithmetic problems; paying 
attention to social interaction objects in the geometry of 
random movement; recognizing the expression of these 
neutral objects; comparing the feature size of objects and 
match object according to language classification. Its other 

functions are the same as those performed by the PCV area 
(30-32). The precuneus is also essential in the function of 
visual space, which is essential for the integration of brain, 
body, and environment and the management of internal 
cognitive models (33-35). We found that patients with 
NVG showed they increased fALFF values of the LP when 
compared with HCs. We hypothesized that the anterior 
wedge’s high activity might reflect obstacles in the visual 
space perception of patients with NVG and initiated neural 
compensation to maintain damaged neural reserve causing 
compensation for vision loss and visual field defects. Visual 
impairment plays an important role in the effect of the 
compensation mechanism.

The cingulate gyrus is a crescent-shaped brain gyrus 
located on the inner side of the brain. It is the main part 
of the limbic system and involves many functions, such as 
memory, cognitive function, and attention. Previous studies 
have shown that the anterior cingulate cortex plays a role 
in cognitive-related visual functions, in which the dorsal 
anterior cingulate cortex is involved in the true classification 
and recognition of visual objects (36-38). Our findings 
showed that the fALFF value of LCA in patients with NVG 
was decreased. This difference between HCs and NVGs 
may imply that the anterior cingulate and paracingulate gyri 
function is impaired in patients with NVG and that vision 
is also affected. We can also hypothesize that the function 
of the limbic system of patients with NVG may also be 
affected.

The cortex adjacent to the insula is termed the operculum 
and is composed of three lobes. The lobes’ function is 
important in a variety of neurological and psychiatric 
conditions, including sensory, motor, autonomous, and 

Table 2 Brain regions where fALFF values differ significantly between NVG patients and HCs

Brain areas
MNI coordinates

BA Number of voxels t-value ROI order
x y z

NVG > HC

LP −18 −36 54 – 248 3.9329 4

NVG < HC

RRO 51 −15 12 48 118 −4.3576 3

LCA −3 33 3 24 200 −5.1229 2

RC 9 18 9 25 62 −4.1344 1

The statistical threshold was set at voxel with P<0.01. fALFF, fractional amplitude of low-frequency fluctuation; NVG, neovascular 
glaucoma; HC, healthy control; P, left precuneus; RRO, right Rolandic operculum; LCA, left anterior cingulum and paracingulate gyri; RC, 
right caudate; ROI, region of interest.

Table 3 Independent sample t-tests between mean fALFF values 
between NVG patients and HCs related brain regions

Region HC NVG t-value P value

LP 1.115±0.066 1.287±0.062 −7.566 P<0.001

RRO 1.085±0.065 0.905±0.082 6.901 P<0.001

LCA 1.112±0.071 0.922±0.048 8.816 P<0.001

RC 1.067±0.089 0.914±0.056 5.835 P<0.001

Independent t-tests were compared between the two groups 
(P<0.05 represents a statistically significant difference). fALFF, 
fractional amplitude of low-frequency fluctuation; NVGs, 
neovascular glaucoma subjects; HCs, healthy control subjects; 
LP, left precuneus; RRO, right Rolandic operculum; LCA, left 
anterior cingulate and paracingulate gyri; RC, right caudate.
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Figure 3 ROC curve based on the average fALFF value of NVG patients and HCs. It was assumed that the difference in fALFF values 
might be a potentially useful diagnostic marker to distinguish the NVG group from the HCs group. The greater the area under the curve 
(AUC), the closer the curve is to the upper left corner, and the higher the diagnostic accuracy. The AUC of the following fALFF values 
in different brain regions was determined: (A) the area under the ROC curve were 0.967 (P<0.001; 95% CI: 0.911–1.000) for LP; (B) the 
area under the ROC curve were 0.962 (P<0.001; 95% CI: 0.903–1.000) for RRO; LCA 0.981 (P<0.001; 95% CI: 0.939–1.000); RC 0.924 
(P<0.001; 95% CI: 0.820–1.000). fALFF, fractional amplitude of low-frequency fluctuation; NVG, neovascular glaucoma; HC, healthy 
control; AUC, area under the curve; ROC, receiver operating characteristic; LP, left precuneus; RRO, right Rolandic operculum; LCA, left 
anterior cingulate and paracingulate gyri; RC, right caudate.

Figure 4 Correlation between relevant clinical evaluation indicators and brain regions in NVG patients. (A) Correlation between the 
BCVA-L and fALFF value of RRO in the NVG group. This figure shows a negative correlation between the BCVA-L and the fALFF signal 
value of RRO (r=−0.802, P<0.001). (B) Correlation between HADS and the fALFF value of RRO in the NVG group. This figure shows 
a negative correlation between HADS and the fALFF signal value of RRO (r=−0.952, P<0.001). (C) Correlation between HADS and the 
fALFF value of RC in the NVG group. This figure shows a negative correlation between HADS and the fALFF signal value of RC (r=−0.948, 
P<0.001). BCVA-L, left best corrected visual acuity; HADS, hospital anxiety and depression scale; RRO, right Rolandic operculum; RC, 
right caudate; fALFF, fractional amplitude of low-frequency fluctuation; NVG, neovascular glaucoma.
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Figure 5 Specific brain regions with significant differences in internal brain activity between the NVG and HC groups. Compared with 
the HCs, the fALFF of NVG patients in the precuneus was increased. 1: LP (t=3.9329); in these positions, the fALFF of NVG patients was 
reduced to varying degrees: 2: RRO (t=−4.3576); 3: LCA (t=−5.1229); 4: RC (t=−4.1344). NVG, neovascular glaucoma; HC, healthy control; 
fALFF, fractional amplitude of low-frequency fluctuation; LP, left precuneus; RRO, right Rolandic operculum; LCA, left anterior cingulate 
and paracingulate gyri; RC, right caudate.

cognitive processing (39). Blefari et al. (40) found that the 
bilateral Rolandic operculum adjacent to the island process 
participates in the processing and perception of sensory 
signals, as well as in bodily self-consciousness-related 

processes based on cardiac visual stimulation. Research 
data also confirmed the role of the Rolandic operculum 
and neighboring areas, including the insular, in processing 
sensory signals related to other conscious operations such 

Table 4 fALFF applied in neurodegenerative diseases

Author Year Disease
Brain areas

fALFF increased fALFF decreased

Tang Y, et al. (23) 2017 Parkinson’s disease – RCPL

Guo Z, et al. (24) 2017 Alzheimer’s disease RFG, LCN, RMTG SMA

Sarappa C, et al. (25) 2017 Huntington’s disease RITG, BCL (VI, VII, IX) BPL, SFG

Ma X, et al. (26) 2016 Amyotrophic lateral 
sclerosis

Slow-4: RCN, LSFG, RACC;  
Slow-5: RMFG

Slow-4: RIOG, BMOG;  
Slow-5: LMOG

fALFF, fractional amplitude of low-frequency fluctuation; RCPL, right cerebellum posterior lobe; RFG, right fusiform gyrus; LCN, left 
caudate nucleus; RMTG, right middle temporal gyrus; SMA, supplementary motor area; RITG, right inferior temporal gyrus; BCL, bilaterally 
cerebellar lobules; BPL, bilaterally parietal lobes; SFG, superior frontal gyri; Slow-4, slow-4 band; Slow-5, slow-5 band; RCN, right 
caudate nucleus; LSFG, left superior frontal gyrus; RACC, right anterior cingulate cortex; RMFG, right middle frontal gyrus; RIOG, right 
inferior occipital gyrus; BMOG, bilateral middle occipital gyrus; LMOG, left middle occipital gyrus.

Increased fALFF

Decreased fALFF

Impaired visual function

3

4

2

1
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as visual awareness (41). Functional breakdown of the 
operculum can affect the nervous system and cause mental 
distress. In this study, we found that the fALFF value of 
RRO in patients with NVG was significantly reduced 
compared to HCs. We hypothesize that NVG involves 
significant damage to the Rolandic operculum. The reduced 
regional activity of the Rolandic operculum may reflect 
impaired visual function, and the psychological mood of 
patients with NVG may also be affected.

The caudate is a subcortical nucleus of gray matter, 
divided into dorsal and ventral areas according to their 
connectivity and functions (42). Considering connectivity 
is the basis of function, Huang et al. (43) adopted a 
segmentation method based on functional connectivity 
using fMRI data in a quiescent state. When combined 
with the clustering method, caudate functional subregions 
were expected to be generated. This approach resulted in 
a cauda cluster with connections, including the auxiliary 
motor region, posterior cingulate cortex, temporo-
parietal junction, and hippocampus. Another cluster 
corresponding to the cauda abdomen’s central part is 
functionally connected to the anterior cingulate cortex, 
parietal lobule, putamen, orbital frontal cortex, and 
primary visual cortex. Together with the putamen and pale 
globules, the caudate forms the basal ganglia, which can 
regulate cortical excitability and sensory processing (44). 
Our results showed that the RC’s fALFF value in the NVG 
group was significantly decreased, along with the activity of 
corresponding brain regions, which may affect the function 
of caudate and visual conduction. This may also partly 
explain the higher incidence of anxiety and depression in 
patients with glaucoma (29.66% and 27.76%, respectively), 
shown by Zhang et al. (45).

Conclusions

NVG is a complex neurodegenerative disease. Our research 
shows that spontaneous activity is abnormal in certain 
areas of the brain of NVG patients, revealed the potential 
neural mechanism of abnormal brain activity in patients 
with NVG, and attempted to provide some insights for 
the further study of NVG. There were some limitations 
to this study. The sample size was small, and future studies 
with larger samples are warranted to confirm the present 
findings’ accuracy. Also, the subjects were recruited from a 
single-center, which may result in selection bias. Finally, the 
inclusion and exclusion criteria for the NVG group need 
to be further refined. Neuroprotective drugs are gradually 

being used for the treatment of NVG. It is worth noting 
that interventions focusing on patients’ psychological states 
with NVG should also be implemented early. We hope that 
our present research results can assist in the treatment and 
further study of NVG.
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