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Abstract. The aim of the present study was to explore the 
amplitude of low‑frequency fluctuations (ALFF; a measure-
ment of spontaneous brain activity) in different brain regions 
of patients with retinal vein occlusion (RVO) and its association 
with vision changes measurements. A total of 24 RVO patients 
(12 males and 12  females) and 24 healthy controls (HCs, 
12 males and 12 females) were recruited, and they were closely 
matched regarding age, gender and education level (classified 
according to nine‑year compulsory education in China and 
higher education, all including primary school, junior school, 
high school and university). ALFF values of different brain 
regions were gathered and analyzed, and statistical analysis 
software was used to explore the correlations between the 
average ALFF signals and clinical features. The ability of 
ALFF values to distinguish between subjects with RVO and 
HCs was analyzed by receiver operating characteristic (ROC) 
curves. The results indicated that the subjects from the RVO 
group had higher ALFF values than the HCs in the posterior 
lobe of the left cerebellum, inferior temporal gyrus, cerebellar 
anterior lobe, right cerebellum posterior/anterior lobe, and 
lower ALFF values in the medial frontal gyrus, right precu-
neus, left middle frontal gyrus, right angular gyrus and right 
superior frontal gyrus. The ROC curve analysis of each brain 

region indicated that the accuracy of the area under the ROC 
curves regarding the prediction of RVO was excellent. The 
best‑corrected visual acuity (VA) in the left eye was posi-
tively correlated with the ALFF value of the right precuneus 
(r=0.767, P=0.004) and the best‑corrected VA in the right 
eye was positively correlated with the ALFF value of the left 
middle frontal gyrus (r=0.935, P<0.001). The central subfield 
retinal thickness in the left eye was negatively correlated with 
the ALFF value of the right precuneus (r=‑0.895; P<0.001). 
The duration of RVO in the right eye was positively correlated 
with the ALFF value of the left middle frontal gyrus (r=0.868; 
P<0.001). In conclusion, the present results indicate that 
RVO is associated with dysfunction of diverse brain regions, 
including language‑ and movement‑associated areas, which 
may reflect the underlying pathogenic mechanisms of RVO 
(trial registry no. CDYFY‑LL‑2017025).

Introduction

Retinal vein occlusion (RVO) is a type of ophthalmic vascular 
lesion characterized by tortuous expansion and hemorrhage 
along a retinal vein that may be visualized on funduscopic 
exams. The prevalence of these lesions determined by epide-
miological studies varies between 0.1 to 0.5% in middle‑aged 
and elderly individuals. It is the second most common retinal 
vascular disease after diabetic retinopathy (1,2). The major 
pathogenesis of RVO is venous thrombosis (3). According to 
different occlusion sites, Hayreh (4) proposed that RVO may 
be divided into three categories: Central retinal vein occlu-
sion (CRVO), top or bottom hemi‑(H)CRVO and branch 
retinal vein occlusion. Depending on the presence of ocular 
fundus ischemia, CRVO and HCRVO may be sub‑divided 
into ischemic and non‑ischemic groups. If left untreated, RVO 
may lead to blindness. RVO is affected by systemic diseases 
and is more likely to occur in individuals with hypertension, 
hyperlipidemia (5), diabetes (6), coagulation disorders (7), 
anti‑phospholipid antibody syndrome (8) and migraine (9). 
The control of systemic risk factors may effectively reduce the 
occurrence of RVO. At our center, fundus fluorescein angiog-
raphy (FFA) is commonly used to diagnose RVO. The degree 
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of retinal edema is observed by optical coherence tomography 
(OCT), but elucidation of the underlying pathophysiology 
is rarely achieved through neuroimaging. A previous study 
reported significantly decreased functional connectivity in the 
occipital visual cortex of early blind patients (10). If untreated, 
patients with RVO may eventually become blind. Therefore, 
the investigation of RVO‑associated brain processes using 
modern imaging techniques may lead to a better understanding 
of the underlying visual mechanisms.

Recently, increasing attention has been paid to resting‑state 
functional magnetic resonance imaging (RS‑fMRI) for the 
study of ongoing neuronal processes during rest (11). As a reli-
able method to measure the correlation amplitude, ALFF has 
proven to be a valuable technique for investigating the inten-
sity of spontaneous neural activity (12), and it has been applied 
in studies of neurophysiological activity and diseases occur-
ring in different brain regions. In 2007, Zang et al (13) first 
proposed the ALFF index. By calculating the low‑frequency 
amplitude of each individual element, this method directly 
represents the intensity of blood oxygen level dependent 
(BOLD), and reflects the level of spontaneous activity of 
each brain area in the resting state from the perspective of 
energy. The reduction of ALFF represents the decrease of the 
BOLD signal in this brain region. To date, ALFF has been 
applied in ophthalmology research on conditions including 
glaucoma  (14,15), amblyopia  (16), strabismus  (17), high 
myopia (18), optic neuritis (19), eye trauma (20), blindness (21), 
retinal detachment  (22), diabetic retinal diseases  (23) and 
acute eye pain (24). To the best of our knowledge, the present 
study is the first to explore ALFF in different brain regions of 
patients with RVO.

Materials and methods 

Participants. A total of 24 patients with RVO (12 males and 
12 females; age range, 27‑85 years; average age, 54 years) 
were recruited from the First Affiliated Hospital of Nanchang 
University (Nanchang, China) with the following inclusion 
criteria: i) Signs of RVO on ophthalmoscopy; ii) indication 
of macular edema on OCT; iii) FFA indicating occlusion of a 

retinal vein (Fig. 1); iv) no history of nervous system diseases 
(e.g. cerebral hemorrhage, cerebral infarction or brain atrophy); 
v) no history of psychiatric illness, myocardial infarction 
and/or cerebral infarction disease; and vi) ability to undergo 
MRI examination. The exclusion criteria for the RVO group 
were as follows: i) History of ophthalmic surgery (intraocular 
or extraocular surgery) within three months; ii) history of other 
eye diseases (glaucoma, cataracts, infections, inflammation, 
congenital pathology and hereditary eye diseases); iii) systemic 
diseases that affect the appearance of the eye; iv) presence of 
a cardiac pacemaker or other implanted metal implants that 
may represent a counterindication for MRI scans; v) medical 
history of risk factors, including hypertension, hyperlipidemia, 
diabetes, coagulation disorders, anti‑phospholipid antibody 
syndrome and migraine headaches. Anti‑phospholipid anti-
bodies may have a role in the development of atherosclerosis. 
Induction of a prothrombotic vascular endothelial microen-
vironment may be involved in the pathogenesis of RVO (25). 
The aforementioned additional risk factors were excluded 
according to data obtained from previous studies (8,9). 

Furthermore, 24 healthy controls (HCs; 12  males and 
12 females) of comparable age and educational status to those 
of the RVO subjects were enrolled. The inclusion criteria 
were as follows: i) No ocular disease history; ii) no history of 
nervous system diseases (e.g. cerebral hemorrhage, cerebral 
infarction or brain atrophy); iii)  no history of psychiatric 
illness, myocardial infarction and/or cerebral infarction 
disease; and iv) ability to undergo MRI examination.

MRI parameters. The MRI scanning was performed using 
a Trio 3‑Tesla MRI scanner (Siemens AG). For these MRI 
examinations, each of the subjects was instructed to relax, 
keep their eyes closed and continue to breathe steadily until 
the end of the scan. The functional data were obtained using 
a 3D metamorphic gradient recalled‑echo pulse sequence. 
First, 176 structural images with the parameters set as follows: 
Acquisition matrix, 256x256; field of view, 250x250 mm; 
echo time, 2.26 msec; repetition time, 1,900 msec; thick-
ness, 1.0 mm; gap, 0.5 mm; flip angle, 9°. Subsequently, 240 
functional images were obtained with the following settings: 

Figure 1. Example of RVO seen on fundus colorized photography and FFA. (A) Colorized image of the fundus of an eye with RVO. (B) FFA of the same eye 
with RVO. RVO, retinal vein occlusion; FFA, fundus fluorescein angiography.
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Acquisition matrix, 64x64; field of view, 220x220 mm; thick-
ness, 4.0 mm; gap, 1.2 mm; repetition time, 2,000 msec; echo 
time, 30 msec; flip angle, 90°, 29 axial.

RS‑fMRI data analysis. Functional data from different brain 
regions were differentiated by using MRIcro software (REST; 
http://www.restfmri.net), and unqualified data were elimi-
nated. Qualified data were processed using software from 
rs‑fMRI (DPARSFA 2.3, http://rfmri.org/DPARSF), including 
digital image form conversion, slice time, head action adjust-
ment, spatial standardization, and with a smooth Gaussian 
core 6x6x6 mm3 widescreen at half‑peak. If during the scan, 
the patient's head moved by >1.5 mm along the x‑, y‑ or z‑axis 
and the angle range was >1.5 mm, the data were deemed 
ineligible. A previous study indicated that the higher‑order 
model is more effective in eliminating head movement 
errors (26). Using linear regression to help eliminate uncon-
trollable variables, signals from the central white matter of 
the brain were excluded (27). The longer the scan, the more 
agitated the patients became, accompanied by an increase in 
body movements, including head movements, and therefore, 
brain function images were extracted after corrections were 
performed to compensate for any movement artifacts (13). 

Brain‑visual acuity and other eye parameters correlation 
analysis. These other eye parameters include onset time of 
RVO and central subfield retinal thickness. First, Brain areas 
with different ALFF findings between groups were classi-
fied as regions of interest using the resting‑state fMRI data 
analysis toolkit software. Second, the average ALFF values 
for the different brain regions were calculated. Finally, a linear 
correlation analysis was performed to define the correlation 
between the behavior of the RVO group and the average ALFF 
value in the different brain regions (P<0.05).

Statistical analysis. The clinical data, including the duration 
of the onset of RVO, best‑corrected VA and central subfield 

retinal thickness were recorded and analyzed in the study 
with independent sample t‑test (SPSS 24.0; IBM Corp.). The 
differences in ALFF values of the RVO and HC groups were 
collected and receiver operatin characteristic (ROC) curves 
were plotted and analyzed. The ALFF values in RVO patients 
were also compared with clinical features, and the correla-
tion was analyzed through the Pearson's correlation analysis 
software and the scatter diagram was generated. P<0.05 was 
considered to indicate statistical significance.

Results 

Demographics and clinical behavioral results. As demon-
strated in Table I, there were no significant differences in body 
weight (P=0.916), gender (P>0.999) or age (P=0.753) between 
the subjects with RVO and the HCs. In addition, there were 
obvious differences in best‑corrected VA‑right (P=0.001), 
best‑corrected VA‑left (P=0.001), central subfield retinal 
thickness (P=0.012) and cube average thickness (P=0.009) 
between the RVOs and the HCs (Table I).

Differences in ALFF. Compared with the HCs, subjects with 
RVOs had significantly higher ALFF values areas in the 
posterior lobe of the left cerebellum, inferior temporal gyrus, 
anterior lobe of the cerebellum, right cerebellar posterior/ante-
rior lobe, lower area of the medial frontal gyrus, the right 
precuneus, left middle frontal gyrus, right angular gyrus and 
right superior frontal gyrus (Figs. 2 and 3; Table II). 

ROC curve analysis. The mean ALFF values of the two 
groups were analyzed using ROC curves, with a larger the 
area under the curve (AUC) indicating a higher diagnostic 
rate. The following AUCs were determined for ALFF values 
(RVOs>HCs) in the different brain regions: Left cerebellar 
posterior lobe, 0.897 (P<0.001); right inferior temporal gyrus, 
0.949 (P<0.001); left inferior temporal gyrus, 0.926 (P<0.001); 
bilateral anterior lobes of the cerebellum, 0.949 (P<0.001); 

Table I. Demographics and clinical measurements in the two groups.

Characteristics	 RVO (n=24)	 HC (n=24)	 T	 P‑value

Males/females	 12/12	 12/12	 N/A	 >0.99
Age (years)	 54.04±4.93	 56.76±5.87	 0.097	 0.753
Body weight (kg)	 66.46±6.12	 68.11±5.98	 0.154	 0.916
Right‑handedness	 24	 24	 N/A	 >0.99
Duration of RVO (days)	 66.67±24.28	 N/A	 N/A	 N/A
Best‑corrected VA
  Right eye	 0.16±0.07	 0.95±0.12	 ‑0.432	 0.001
  Left eye	 0.22±0.10	 0.98±0.22	 ‑0.396	 0.001
IOP (mmHg)
  Right eye	 14.69±1.11	 16.54±1.23	 0.078	 0.673
  Left eye	 14.62±0.99	 15.18±2.32	 0.085	 0.731
Central subfield retinal thickness (µm)	 701.13±81.61	 301.58±46.18	 0.683	 0.012
Cube average thickness (µm)	 746.83±86.67	 312.34±44.52	 0.531	 0.009

VA, visual acuity; RVO, retinal vein occlusion; HC, healthy controls; N/A, not applicable; IOP, intraocular pressure.



WU et al:  ALFF ALTERATIONS IN RVO PATIENTS2066

right posterior/anterior lobe of the cerebellum, 0.893 (P<0.001; 
Fig. 4A). For ALFF values (RVOs<HCs), the following AUCs 
were determined: Bilateral medial frontal gyrus, 0.967 

(P<0.001); right precuneus, 0.849 (P=0.001); left middle frontal 
gyrus, 0.919 (P<0.001); right angular gyrus, 0.868 (P<0.001); 
and right superior frontal gyrus, 0.904 (P<0.001; Fig. 4B).

Figure 2. Significant differences in spontaneous brain activity between the retinal vein occlusion group and healthy controls. The sizes of the spots denote 
the degree of quantitative changes. The different brain regions were observed in the left cerebellar posterior lobe, right inferior temporal gyrus, left inferior 
temporal gyrus, bilateral cerebellar anterior lobe, right cerebellar posterior/anterior lobe, bilateral medial frontal gyrus, right precuneus, left middle frontal 
gyrus, right angular gyrus and right superior frontal gyrus. The red areas denote that patients with RVO exhibit higher ALFF in brain areas than HCs and the 
blue areas denote brain regions with a lower ALFF [P<0.001 for multiple comparisons using Gaussian random field theory (z.2.3, P<0.001, cluster >13 voxels, 
Alphasim corrected)]. ALFF, amplitude of low‑frequency fluctuation; L, left; R, right. RVO, retinal vein occlusion; HCs, healthy controls; 1, left cerebellar 
posterior lobe; 2, right inferior temporal gyrus; 3, right cerebellar posterior/anterior lobe; 4, left inferior temporal gyrus; 5, bilateral cerebellar anterior lobe; 
6, right angular gyrus; 7, bilateral medial frontal gyrus; 8, right superior frontal gyrus; 9, left middle frontal gyrus; 10, right precuneus.

Figure 3. Means of altered spontaneous brain activity between the retinal vein occlusion group and HCs. All differences were statistically significant (P<0.05). 
ALFF, amplitude of low‑frequency fluctuation; HCs, healthy controls.
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Correlation analysis of eye parameters and ALFF value. 
The best‑corrected VA in the left eye was positively corre-
lated with the ALFF value of the right precuneus (r=0.767; 
P=0.004) and the best‑corrected VA in the right eye was 
positively correlated with the ALFF value of the left middle 
frontal gyrus (r=0.935; P<0.001). Furthermore, the central 
subfield retinal thickness of the left eye was negatively 
correlated with the ALFF value of the right precuneus 
(r=‑0.895; P<0.001). The duration of RVO in the right eye 
was also positively correlated with the ALFF value of the 
left middle frontal gyrus (r=0.868; P<0.001; Fig. 5). It can be 
inferred that with the extension of the onset time of RVO and 
the improvement of the best corrected VA in the right eye, 
the ALFF value in the left middle frontal gyrus increases 
gradually. Furthermore, with the improvement of the best 
corrected VA in the left eye, the ALFF value of the right 
precuneus increased gradually. However, the central subfield 
retinal thickness in the left eye was negatively correlated 
with the ALFF value of right precuneus. That is, with the 
increase of the central subfield retinal thickness in the left 
eye, the ALFF value of right precuneus decreases gradually.

Discussion 

The current study assessed the association between clinical 
behavior and brain changes in patients with RVO on 
resting‑state brain activity using the ALFF technique. The 
clinical behaviors assessed include the duration of the onset 
of RVO, best‑corrected VA and central subfield retinal thick-
ness. Compared to the HCs, the subjects with RVO of the 
present study exhibited distinctly increased ALFF values in 
the left posterior lobe of the cerebellum, bilaterally in the 
inferior temporal gyri, bilaterally in the anterior lobes of the 
cerebellum, as well as the right posterior/anterior lobes of 

the cerebellum. By contrast, the ALFF values of the medial 
frontal gyri, right precuneus, left middle frontal gyrus, right 
angular gyrus and right superior frontal gyrus were signifi-
cantly decreased.

Reduced ALFF values in the subjects with RVO vs. HCs 
were first analyzed. The middle frontal gyrus is thought to be 
associated with mental and physical balance. Carter et al (28) 
used fMRI to synchronously track and delay the acquisition 
of explicit knowledge in a conditioned reflex paradigm. Their 
experiments demonstrated that activity in the frontal gyrus 
was associated with the accuracy of clear emergency aware-
ness in each trial. Leung et al (29) used fMRI to study activity 
in the MFG, revealing that, during more demanding tasks, it 
may provide up to 24 sec of memory, and the signal changes 
in this area are greater than those in other pre‑frontal areas. 
Therefore, the middle frontal gyrus constitutes an important 
part of the brain's memory storage. Japee et al (30) investigated 
the function of the middle frontal gyrus and concluded that it 
has an important role in attention control. Talati and Hirsch (31) 
reported that the middle frontal gyrus participates in advanced 
execution and decision making. Furthermore, previous studies 
have indicated that patients with depression have dysfunctional 
middle frontal gyri (32,33). In adjustment disorder, stress is not 
proportional to physical and mental stimulus. In other words, a 
more obvious the clinical manifestation may not necessarily be 
proportional to the pressure (34). The best‑corrected VA in the 
right eye was positively correlated with the ALFF value of the 
left middle frontal gyrus (r=0.935, P<0.001). Therefore, it may 
be hypothesized that, with the decrease of the ALFF value, the 
best‑corrected VA may also decrease, which means that the 
dysfunction of the left middle frontal gyrus would increase. 
The duration of RVO in the right eye was positively correlated 
with the ALFF value of the left middle frontal gyrus (r=0.868, 
P<0.001). With the extension of the course and progression of 

Table II. Brain areas with significantly different ALFF values between groups.

	 MNI coordinates
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Brain area	 BA	 X	 Y	 Z	 Peak voxels	 T‑value	 P‑values

RVO>HC
  Left cerebellar posterior lobe	 0	 ‑30	 ‑36	 ‑39	 81	 4.4823	 P<0.001
  Right inferior temporal gyrus	 20	 42	 ‑6	 ‑39	 97	 5.1104	 P<0.001
  Left inferior temporal gyrus	 20	 ‑33	 3	 ‑39	 66	 4.9095	 P<0.001
  Bilateral cerebellar anterior lobe	 0	 9	 ‑63	 ‑12	 175	 4.8534	 P<0.001
  Right cerebellar posterior/anterior lobe	 0	 42	 ‑54	 ‑30	 60	 4.3742	 P<0.001
RVO<HC
  Bilateral medial frontal gyrus	 9	 0	 36	 30	 150	 ‑4.2564	 P<0.001
  Right precuneus	 0	 15	 ‑63	 36	 41	 ‑4.4224	 P<0.001
  Left middle frontal gyrus	 9	 ‑30	 39	 39	 69	 ‑4.8306	 P<0.001
  Right angular gyrus	 7	 33	 ‑66	 45	 48	 ‑4.0212	 P<0.001
  Right superior frontal gyrus	 0	 24	 18	 54	 41	 ‑5.2273	 P<0.001

The significance level was set at voxel level with P<0.001 for multiple comparisons using Gaussian random field theory (z.2.3, P<0.001, cluster 
>13 voxels, Alphasim corrected). ALFF, amplitude of low‑frequency fluctuation; BA, Brodmann's area; RVO, retinal vein occlusion; HC, 
healthy control; MNI, Montreal Neurological Institute.
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the disease, the left middle frontal gyrus impairment of RVO 
patients became aggravated. The angular gyrus has the function 
of integrating and transmitting multi‑organ sensory informa-
tion in different ways. Therefore, the role of the angular gyrus 

in isolation cannot be determined. Yazar et al (35) performed 
a study on 61 healthy individuals and 61 patients with disease 
of the angular gyrus, indicating that the ability of patients with 
angular gyrus disease to acquire context features in diverse 

Figure 5. Correlation between the mean ALFF values of different brain areas and clinical behavior. (A) The best‑corrected VA in the left eye was positively 
correlated with the ALFF value of the right precuneus (r=0.767, P=0.004). (B) The duration of RVO in the right eye was positively correlated with the ALFF 
value of the left middle frontal gyrus (r=0.868, P<0.001). (C) The best‑corrected VA in the right eye was positively correlated with the ALFF value of the left 
middle frontal gyrus (r=0.935, P<0.001). (D) The central subfield retinal thickness in the left eye was negatively correlated with the ALFF value of the right 
precuneus (r=‑0.895, P<0.001). RVO, retinal vein occlusion; VA, visual acuity. ALFF, amplitude of low‑frequency fluctuation.

Figure 4. ROC curve analysis of the mean ALFF values for altered brain regions. (A) The AUCs of different brain regions were as follows: LCPL, 0.897 
(P<0.001; 95% CI: 0.790‑1.000); RITG, 0.949 (P<0.001; 95% CI: 0.874‑1.000); LITG, 0.926 (P<0.001; 95% CI: 0.841‑1.000); BCAL, 0.949 (P<0.001; 95% 
CI: 0.881‑1.000); RCP/AL, 0.893 (P<0.001; 95% CI: 0.783‑1.000). (B) The AUCs of different brain regions were as follows: BMFG, 0.967 (P<0.001; 95% CI: 
0.916‑1.000); RP, 0.849 (P=0.001; 95% CI: 0. 711‑0.988); LMFG, 0.919 (P<0.001; 95% CI: 0.822‑1.000); RAG, 0.868 (P<0.001; 95% CI: 0.742‑0.993), RSFG, 
0.904 (P<0.001; 95% CI: 0.798‑1.000). ALFF, amplitude of low‑frequency fluctuation; ROC, receiver operating characteristic; AUC, area under the ROC 
curve; LCPL, left cerebellar posterior lobe; RITG, right inferior temporal gyrus; LITG, left inferior temporal gyrus; BCAL, bilateral cerebellar anterior lobe; 
RCP/AL, right cerebellar posterior/anterior lobe; BMFG, bilateral medial frontal gyrus; RP, right precuneus; LMFG, left middle frontal gyrus; RAG, right 
angular gyrus; RSFG, right superior frontal gyrus.
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modes was reduced, and that the angular gyrus was required 
for memory experiences. Yazar et al (36) then indicated that 
reduced stimulation of the angular gyrus was associated with 
lower levels of subjective recall.

The superior frontal gyrus is part of the frontal lobe, 
dividing it into three sub‑regions. A positive correlation has 
been identified between the default network and the cognitive 
control network in the anterior medial inferior region of the 
frontal gyrus (37). There was a positive correlation between 
the superior dorsolateral sub‑area default network and the 
cognitive execution network (38). Studies using fMRI experi-
ments have indicated that the superior frontal gyrus is involved 
in self‑awareness (39) and laughter (40). The present study 
suggested that ALFF values of RVO patients were lower in the 
right superior frontal gyrus, which suggested that there was 
brain dysfunction in this area.

The precise function of the precuneus remains elusive. 
Three different functional modes may exist in the precuneus: 
The anterior precuneus exhibits functional connectivity with 
sensorimotor regions, the central precuneus appears to be 
a cognitive/associative region, and the posterior precuneus 
displays functional connectivity with adjacent visual cortical 
regions (41). Uchimura et al (42) reported that the right precuneus 
is involved in visuospatial cognitive tasks. This is similar to the 
result of another study, according to which the right precuneus 
has a causal role in visual short‑term memory capacity, particu-
larly in bilateral visual displays (43). Therefore, the precuneus 
is considered ‘an active region that can continuously collect 
information about the surrounding world’ (44). Chen et al (45) 
indicated that responses in the right anterior cingulate gyrus 
were enhanced in individuals with higher language creativity. 
Therefore, it may be concluded that the size of the anterior right 
wedge is positively correlated with the individual's linguistic 
creativity. Functional fMRI studies have indicated that this 
region of the brain participates in the integration of behavior, 
visual images and consciousness (46). The present study deter-
mined that the best‑corrected VA in the left eye was positively 
correlated with the ALFF value of the right precuneus (r=0.767, 
P=0.004). Furthermore, the central subfield retinal thickness in 
the left eye was negatively correlated with the ALFF value of 
the right precuneus (r=‑0.895, P<0.001). The average thickness 
of the macular fovea was increased in RVO patients vs. HCs. 
The increase in thickness of the central subfield retinal reflects 
the severity of RVO, so the ALFF value reduction of the right 
precuneus may be associated with the severity of RVO.

Increased ALFF values in the subjects with RVO vs. HCs 
were then analyzed. The inferior temporal gyrus is located on the 
outer and lower surfaces of the temporal neocortex. The temporal 
cortex is composed of three parts, of which the inferior temporal 
gyrus (20, 21 and 37 region) is associated to visual information 
processing, and is particularly important for promoting cogni-
tive processing and emotional regulation (47). Stoeter et al (48) 
suggested that somatic pain disorder was associated with 
increased temporal lobe activation, which was consistent with 
the present result that ALFF values were significantly increased 
in the sub‑temporal region. This may be associated with the 
activation of multiple cortical regions when patients are anxious 
that a serious eye disease may lead to blindness (49).

Anatomically, the cerebellar is located in the posterior 
fossa. Cerebellar function includes cognition, coordination 

and balance, and fine regulation of the eye  (50). Ataxia 
occurs when the cerebellar is damaged. According to 
studies, the functions of the cerebellar include cognition and 
memory (51), and dysfunction of the cerebellar is associated 
with Alzheimer's disease (52), bipolar disorder (53), depres-
sion  (54) and schizophrenia  (55). This is consistent with 
the present study, as RVO patients were generally anxious 
over their condition while they underwent fMRI scanning. 
Therefore, it is likely that the high ALFF value of the infe-
rior lobe of the cerebellar was the result of anxiety in these 
patients. The ALFF method has been successfully applied 
to patients with ophthalmological diseases (Table III) and 
is expected to have huge prospects for development. In the 
present study, the mean ALFF values of specific ROIs were 
collected and subjected to ROC curve analyses. The accuracy 
was considered excellent if the AUC was >0.8. In the present 
ROC curve analysis, excellent AUC values were obtained for 
all ROIs, including the right precuneus and the left middle 
frontal gyrus, indicating that ALFF methodology may 
provide promising biological indicators for distinguishing 
patients with RVO from HCs.

Of note, the present study had several limitations. First, 
the small sample size may have affected the experimental 
results. Furthermore, the best corrected visual acuity is easily 
influenced by subjective factors. In addition, the spontaneous 
activity in different brain regions was affected by different 
scanning times. At present, it remains elusive whether 
lowering blood pressure, blood lipid and/or blood sugar levels 
may improve vision or complications of RVO, and this may be 
worthy of further study. In the future, more objective indicators 
may be used to record and analyze data, and the determina-
tion of spontaneous activity changes in different brain regions 
in RVO patients may also be improved. This may provide a 
theoretical basis for further study of the pathophysiological 
changes and treatment of RVO.

In conclusion, the present study was the first, to the best 
of our knowledge, to report that brain activity disorders occur 
in RVO patients. In the future, ALFF may provide guidance 
in the early detection of the neuropathological mechanisms of 
RVO and provide a basis for clinical diagnosis.

Table  III. Amplitude of low‑frequency fluctuation method 
applied in ophthalmological diseases.

First author (year)	 Disease	 (Refs.)

Liu (2014)	 Glaucoma	 (14)
Huang (2015)	 Glaucoma	 (15)
Shao (2015) 	 Optic neuritis	 (19)
Huang (2016) 	 Strabismus	 (17)
Tan (2017) 	 Amblyopia	 (16)
Huang (2016) 	 High myopia	 (18)
Tan (2016) 	 Open‑globe injury	 (20)
Li (2016) 	 Monocular blindness	 (21)
Wang (2017) 	 Diabetic retinopathy	 (23)
Xin (2017) 	 Retinal detachment	 (22)
Pan(2018)	 Acute eye pain 	 (24)
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