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Purpose: The percent amplitude of fluctuation (PerAF) method was used to study the 
changes in neural activities and functions in specific brain regions of patients with a retinal 
detachment (RD).
Patients and Methods: In this study, we recruited 15 RD patients (nine males and six 
females) and 15 healthy controls (HCs) matched for gender, age, and weight. All participants 
were scanned with resting functional magnetic resonance imaging (rs-fMRI). The PerAF 
method was then used for data analysis to evaluate and detect changes in neural activity in 
relevant brain regions. Receiver operating characteristic (ROC) curve analysis was used to 
evaluate the two groups.
Results: The PerAF signal values of the right fusiform gyrus and the left inferior temporal 
gyrus of RD patients were significantly higher than those of HCs. This may indicate changes 
in neural activity and function in the related brain regions. The anxiety and depression scores 
of hospital anxiety and depression scale (HADS) and the durations in RD patients were 
positively correlated with the PerAF values of the left inferior temporal gyrus.
Conclusion: In this study, we demonstrated that there were significant changes in the PerAF 
values in specific areas of the brain in patients with RD. The change of PerAF values 
represent the changes of BOLD signal intensity, which reflect the hyperactivity or weakening 
of specific brain regions in RD patients, which are helpful to predict the development and 
prognosis of RD patients, and play an important role in the early diagnosis of RD. In 
addition, according to the results, changes in neural activity in specific brain regions of 
RD patients increase the risk of brain dysfunction related diseases, which may help to 
understand the pathological mechanism of vision loss in RD patients.
Keywords: retinal detachment, the percent amplitude of fluctuation, resting-state, functional 
magnetic resonance imaging, hospital anxiety and depression scale

Introduction
Retinal detachment (RD) is a dreaded eye disease. Maintaining a direct connection 
between the retina and retinal pigment epithelium is the basis for retinal function. 
When RD occurs in the fovea, it can lead to severe loss of vision and even 
blindness.1 There are many circumstances that lead to RD and rhegmatogenous 
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RD is the most common type. It is mainly due to retinal 
fissure or tearing so that liquid enters and accumulates 
under the retina to separate the retina from the block 
below.2 In addition, mechanical traction and fluid exuda-
tion can cause the disease.3 Patients with RD have obvious 
visual abnormalities, which are characterized by “flying 
mosquito syndrome,” blurred or defective visual field, 
abnormal light spots, visual loss, and even blindness 
within hours or days.4 At present, surgery is the most 
commonly used method for the treatment of RD.5

Ultrasound is one of the effective methods for the 
diagnosis of RD, with a sensitivity of 94.2%,6 but it cannot 
be used to determine the range, severity, and microscopic 
changes in the retina. SD-OCT is also an effective method 
for analyzing and diagnosing changes in the retinal layer 
in RD. This technology can be used to accurately evaluate 
the structure of different retinal layers and the optic 
nerve.7 However, there has been no report on changes in 
the visual center in patients with RD, and the related 
neural mechanism is not clear. The using of imaging 
techniques to determine the structure and function of spe-
cific brain regions, especially the visual pathway, can help 
with exploration of the pathogenesis of RD, and early 
diagnosis and prognosis can also benefit treatment of RD.

At present, task-based fMRI is a technology used to 
evaluate and analyze the functional and structural changes 
in the human brain. Rs-fMRI has been used to analyze brain 
functional areas compared with other types of fMRI 
because it is easy to obtain signals, requires a minimum 
workload from patients, and has proficiency in identifying 
functional areas of the brain.8 In recent years, many studies 
have used the amplitude of low-frequency fluctuations 
(ALFF) method to describe the activity intensity of an 
individual element in space by measuring spontaneous fluc-
tuation in the process of brain nerve activity to study 
changes in various brain activities.9 However, due to the 
arbitrary unit of BOLD signals, subsequent statistical ana-
lysis is difficult. Regional homogeneity (ReHo) is a newly 
developed method that can be used to evaluate the similarity 
or consistency of spontaneous low-frequency (<0.08 Hz) 
BOLD signal fluctuations in whole-brain voxel analysis. 
However, since it is based on time consistency, it can 
analyze the brain functional state as a whole, but it cannot 
reflect the activity of neurons in a certain integrin.10 At 
present, many studies have proposed the percent amplitude 
of fluctuation (PerAF) of re-fMRI using the percentage of 
signal changes in a task functional MRI.11 Although rs- 
fMRI lacks a clear control design, the percentage of 

BOLD signal intensities relative to the average BOLD 
signal intensity at each time point is measured and the 
average value is obtained in the whole time series, which 
is the “percent amplitude of fluctuation” or PerAF.12 PerAF 
could be further standardized by global mean PerAF, ie, 
mPerAF. The mPerAF has two stages of standardization, 
the first is the percentage of fluctuation amplitude at the 
single voxel or signal time series level. The second is 
divided by the average PerAF of the whole brain. In other 
words, mPerAF can correct the change caused by the dif-
ference of relative BOLD signal strength.12 Some studies 
have shown that PerAF shows similar scanner internal 
reliability as ALFF, but with reduced influence of the 
BOLD signal strength, and it can become a higher reliability 
index than ALFF, ReHo, and degree centrality (DC).11 

Therefore, PerAF has great potential in voxel whole-brain 
analysis. Unfortunately, there are few studies that have used 
PerAF to explore the characteristic changes in brain func-
tion and activity.

This is the first study assessing the changes in neural 
activity and brain function in patients with RD using the 
PerAF method, which may provide a basis for an early 
diagnosis and prognosis of patients with RD.

Patients and Methods
Participants
We enrolled 15 patients with RD from the Ophthalmology 
Department of the First Affiliated Hospital of Nanchang 
University, including nine males and six females. The selec-
tion criteria for the RD group were: (1) age 20~60 years old; 
(2) idiopathic RD with 1−2 retinal tears detected by ophthal-
mic ultrasound; (3) RD range not exceeding two quadrants; 
and (4) no other ophthalmic diseases (eg, optic neuritis and 
glaucoma). The exclusion criteria of the RD group were: (1) 
patients with RD who had received eye surgery or laser 
therapy; (2) RD patients with severe complications (such 
as macular degeneration and vitreous hemorrhage); (3) 
patients with RD secondary to ocular trauma; and (4) RD 
patients with other systemic diseases. An example of RD 
seen by ocular ultrasound is shown in Figure 1.

Fifteen healthy controls (HCS; nine males and six 
females) were included in the study, and they were closely 
matched in gender, age, and weight with the RD group. 
The HC group met the following conditions: (1) patients 
with uncorrected visual acuity > 1.0; (2) could accept MRI 
scanning (such as no pacemaker or other implanted metal 
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devices); (3) no history of eye diseases; and (4) no history 
of mental or nervous system diseases.

Parameters for MRI
Participants in the study were scanned with a Trio 3-Tesla 
MRI scanner, which required them to be quiet and main-
tain closed eyes. To obtain the structure image, we used 
the parameters to modulate the metamorphic gradient echo 
sequence. Then, the 3D metamorphic gradient echo pulse 
sequence was used to obtain the needed functional image. 
The specific parameters are shown in Table 1.

fMRI Data Analysis
In this study, we analyzed the above functional images. 
First, we used the MRIcro software to delete and classify 
the incomplete function data. In addition, to obtain 
balanced measurement signals, we deleted the first 10 
volumes for each participant. Then, we used DPARSFA 

4.0 software and SPM8 to pre-filter the data. After input-
ting the data into the Digital Image Communications sys-
tem, the images were smoothed with the 3 × 3 × 3 mm3 

full-width of 6 mm. Subsequently, we corrected the head 
motion and excluded the individuals whose head moved 
more than 1.5 mm to the x-, y-, or z-axes and whose angle 
range exceeded 1.5 mm.13 A linear regression method was 
used to remove false variables from other sources.14 

Finally, we used the echo plane image template to stan-
dardize the fMRI images to satisfy the MNI space criteria.

We innovatively used the PerAF method to process 
fMRI data. Compared with ALFF, ReHo, and DC, PerAF 
is a more reliable and direct method based on rs-fMRI of 
voxel brain activity. PerAF can detect the changes and 
differences in specific brain regions in patients with RD 
and HCs. By measuring the percentage of BOLD signal 
strengths relative to the average BOLD signal intensity at 
each time point and obtaining the average value for the 
whole time series, the PerAF value was obtained. The 
PerAF value of each voxel was calculated as follows:

PerAF ¼
1
n

∑n
i¼1

xi � μ
μ

�
�
�
�

�
�
�
�� 100% (1) 

μ ¼
1
n

∑n
i¼1xi (2) 

where xi represents the signal intensity of the ith time point, 
n refers to the total number of time points in the time series, 
and μ represents the mean value of the time series.

Correlation Analysis
All RD patients who participated in this study were assessed 
with the Hospital Anxiety and Depression Scale (HADS), 

Figure 1 Example of retinal detachment seen on ocular ultrasound.

Table 1 Information About MRI Parameters

Data Acquisition Metamorphic Gradient Echo Sequence 3D Metamorphic Gradient Echo Pulse Sequence

Patient

Sex

Male 9 9
Female 6 6

Age, average range 48.63±12.16 49.69±12.36

Scan parameters

Repetition time/echo time 1900/2.26 ms 2000/30 ms
Thickness/gap 1.0/0.5 mm 4.0/1.2 mm

Acquisition matrix 256×256 64×64

Field of view 250×250 mm 220×220 mm
Flip angle 90° 90°

Abbreviation: MRI, magnetic resonance imaging.
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and the anxiety score (AS) and depression score (DS) for 
each patient were obtained. Pearson’s correlation analysis 
was used to evaluate the correlation between HADS and 
PerAF values in the left inferior temporal gyrus, and the 
results were statistically significant at P < 0.05. We also 
used SPSS 24.0 software to analyze the data and produce 
a linear correlation graph.

Statistical Analysis
We used statistical software (SPSS 20.0; SPSS, Chicago, 
IL) to conduct an independent sample t-test and compare 
the differences between the two groups. The results were 
considered statistically significant at P < 0.05. The differ-
ences in PerAF values between the two groups were 
assessed with two-sample t-tests using the SPM8 toolkit 
(P < 0.005 for multiple comparisons using Gaussian 
Random Field theory. AlphaSim corrected at cluster > 40 
voxels). Finally, ROC curve analysis was used to deter-
mine the average values of PerAF in specific brain regions 
of the RD and HC groups. Pearson’s correlation analysis 
was used to evaluate the correlation between the specific 
brain regions of RD patients and their clinical character-
istics and manifestations.

Results
Demographics and Visual Measurements
As shown in Table 2, the mean age of patients in the RD 
group was 48.63 ± 12.16 years old, and the mean weight was 
57.64 ± 5.43 kg. The mean age of the HC group was 49.69 ± 
12.36 years old and the mean weight was 56.63 ± 5.54 kg. 
We found that there were no significant differences in gender 
(P > 0.99), age (P = 0.912), or weight (P = 0.821) between 
the RD and HC groups. All participants in this study were 
right-handed. The best-corrected VA-left (P = 0.017) and 
best-corrected VA-right (P = 0.012) were significantly dif-
ferent. The mean duration of RD was 18.13 ± 7.75 days.

PerAF Differences
The PerAF signal values of the right fusiform gyrus and 
the left inferior temporal gyrus [Brodmann area (BA) 20] 
of RD patients were significantly higher than those of the 
HCs (P < 0.001). Details are shown in Figure 2A and B, 
and Table 3. As shown in Figure 2C, the mean altered 
PerAF values in the left inferior temporal gyrus and the 
right fusiform gyrus of the brain regions of RD and HC 
groups.

ROC Curve Analysis
ROC curve analysis was used to determine the average value 
of PerAF in different brain regions of the RD and HC groups. 
The results showed that there was a difference in the PerAF 
values between the RD and HC groups, which could be used 
as a potential diagnostic index. In our study, the AUC value of 
the right fusiform gyrus was 0.960 (P < 0.001; 95% CI: 0.900 
−1.000), and the AUC value of the left inferior temporal gyrus 
was 0.947 (P < 0.001; 95% CI: 0.874−1.000; Figure 3).

Correlation Analysis
A linear correlation analysis showed that the AS 
(r = 0.885, P < 0.001)/DS (r = 0.756, P < 0.001) of 
the HADS questionnaire and the duration (r = 0.880, 
P < 0.001) were positively correlated with the PerAF 
value of the left inferior temporal gyrus (Figure 4).

Discussion
PerAF is a new and more reliable processing method than 
ALFF, ReHo, and DC. It can also reduce the influence of the 
BOLD signal strength. In this experiment, we first used the 
PerAF method to study neural activity and its changes in 
different brain regions of patients with RD. The final results 
showed that the PerAF values of the right fusiform gyrus and 
the left inferior temporal gyrus were significantly higher than 
those of the HCs (see Figure 5 for details).

Table 2 The Conditions of Participants Included in the Study

Condition RD HCs t value P value*

Male/female 9/6 9/6 N/A >0.99
Age (years) 48.63±12.16 49.69±12.36 −0.964 0.912

Weight (kg) 57.64±5.43 56.63±5.54 −0.889 0.821

Handedness 15R 15R N/A >0.99
Best-corrected VA-R 0.20±0.05 1.05±0.15 2.727 0.017

Best-corrected VA-L 0.15±0.05 1.05±0.20 2.946 0.012

Duration of RD (days) 18.13±7.75 N/A N/A N/A

Note: *P <0.05 Independent t-tests comparing two groups. 
Abbreviations: RD, retinal detachment; HCs, healthy controls; L, left; R, right; N/A, not applicable; VA, visual acuity.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                   

Neuropsychiatric Disease and Treatment 2021:17 254

Yang et al                                                                                                                                                             Dovepress

http://www.dovepress.com
http://www.dovepress.com


Some studies have shown that the fusiform gyrus is the 
key structure of powerful advanced visual computing. Its 
functions involve face recognition, object recognition, and 

reading, and are closely related to memory, multi-sensory 
integration, and perceptual function.15 Through analysis of 
the functional neuroimaging results of young and old 

Figure 2 (A and B) Spontaneous brain activity in RD and HC groups. Red, blue and yellow shadows represent the strength of the signals. The right fusiform gyrus and left 
inferior temporal gyrus exhibit higher signals (P<0.005 for multiple comparisons using Gaussian random field theory, cluster >99 voxels, AlphaSim corrected). (C) The mean 
PerAF signal value between the RD and HC groups. 
Note: Compared with HCs, asterisk means the statistical significance P < 0.05. 
Abbreviations: RD, retinal detachment; HC, healthy control; PerAF, percent amplitude of fluctuation; R, right; L, left.

Neuropsychiatric Disease and Treatment 2021:17                                                                       submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                         
255

Dovepress                                                                                                                                                             Yang et al

http://www.dovepress.com
http://www.dovepress.com


people, it was determined that when a language task 
increased, the corresponding areas of the right hemisphere 
showed greater activation.16 The function of the fusiform 
gyrus in face recognition and object secondary classifica-
tion recognition is better in the right hemisphere than in 
the left hemisphere.17 The face recognition area is located 
in the fusiform gyrus, which is a key brain area related to 
the skill of obtaining similar objects. Damage in this area 
can cause facial agnosia. Electrical brain stimulation of the 
right fusiform gyrus will distort facial vision, while elec-
trical brain stimulation of the left fusiform gyrus will 
cause nonspecific visual changes.18 Many scholars have 
suggested that independent neural mechanisms of the 

ventral visual cortex of the two hemispheres support the 
function of face and word recognition, respectively, so 
damage to both sides of the region does not affect function 
of the contralateral brain region. However, after studying 
patients with fusiform gyrus injury, it was determined that 
they not only suffer from poor facial recognition but also 
have some degree of problems with word recognition.19 

Words and the face may share the same neural processing, 
which is the result of the selective response of discrete 
neural regions to specific types of visual information.20 

Some scholars have suggested that different nodes in the 
face selection region of the fusiform gyrus produce differ-
ent facial perception results, and when specific parts of this 
network area are damaged, corresponding facial distortion 
is observed.21 An fMRI study showed that, in medial 
temporal lobe epilepsy (MTLE) patients with normal 
recognition ability, bilateral parahippocampal area/fusi-
form gyrus (PH/FG) had compensatory enhancement, 
which enabled patients to maintain recognition ability. 
Therefore, when the sensory and memory system was 
damaged, the nonspecific attention network might have 
been activated alternately.22

Based on the above analysis and discussion, combined 
with this study, the PerAF values of the right fusiform 
gyrus in RD patients were significantly higher than those 
in HCs. We speculate that this is the impairment of sensory 
system in patients with RD. when memory, multi-organ 
integration and perception tasks are increased, in order to 
enable patients to maintain recognition ability, which leads 
to compensatory increase of fusiform gyrus activation 
(Figure 6).

The ITG is a component of the dorsal visual pathway, 
involving high cognitive function, vision, language under-
standing, and emotion regulation.23 Active maintenance of 
visual information is supported by activation of object 
representation in the subtemporal cortex.24 The ITG parti-
cipates in high-level visual processing and classification, 

Figure 3 ROC curve analysis of the PerAF values for altered brain regions. 
Notes: ROC curve analysis of the PerAF values for altered brain regions. The area under 
the ROC curve was 0.960, (P<0.001; 95% CI: 0.900–1.000) for the right fusiform gyrus, 
and 0.947 (P<0.001; 95% CI: 0.874–1.000) for left inferior temporal gyrus. 
Abbreviations: ROC, receiver operating characteristic; PerAF, percent amplitude 
of fluctuation; AUC, area under the curve.

Table 3 Brain Areas with Significantly Different PerAF Values Between the RD and HCs

Brain Areas MNI Coordinates BA Number of Voxels T value

X Y Z

Patient>HC

Right Fusiform Gyrus 42 −18 −30 56 123 4.2751
Left Inferior Temporal −42 −18 −30 89 123 4.7698

Note: The statistical threshold was set at a voxel level with P<0.005 for multiple comparisons using Gaussian random field theory (AlphaSim corrected at cluster >99 voxels, p<0.05). 
Abbreviations: PerAF, percent amplitude of fluctuation; RD, retinal detachment; BA, Brodmann area; HC, healthy control; MNI, Montreal Neurological Institute.
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especially in the analysis of observed shapes.25 When 
positron emission technology was used to analyze the 
semantic processing of words, the ITG showed obvious 
activation.26 Correspondingly, when the ITG is damaged 
in patients with aphasia, there are often semantic defects,27 

and some studies have observed ITG atrophy in semantic 
dementia,28 which supports their participation in semantic 
language understanding. Through meta-analysis connec-
tivity research of the ITG, it was found that, although the 
ITG participates in language processing, it cannot be con-
sidered as the core language processing area, and it can be 
understood as a kind of language processing edge area.29 

Some studies have analyzed patients with depression with 
voxel level resting-state functional connectivity neuroima-
ging and found that FC in the inferior temporal gyrus is 
relatively reduced.30 In addition, ITG dysfunction may be 
associated with eye diseases, such as primary open-angle 
glaucoma.31

We found that the PerAF values in the left inferior 
temporal gyrus of RD patients were significantly higher 
than those of HCs, suggesting that the functional activity 
of related brain regions was active. Because the category 
effect of the dorsal visual pathway is dominated by the 
top-down mechanism, but at the same time, it is the 

Figure 4 (A) Correlations between the anxiety scores of HADS and PerAF signal values in RD patients. (B) Correlations between the depression scores of HADS and 
PerAF signal values in RD patients. (C) Correlations between the durations of HADS and PerAF signal values in RD patients. The figure shows the anxiety and depression 
scores of HADS and the durations in RD patients were positively correlated with the PerAF values of left inferior temporal gyrus. 
Abbreviations: AS, anxiety score; DS, depression score; HADS, Hospital Anxiety and Depression Scale; PerAF, percent amplitude of fluctuation; RD, retinal detachment.

Figure 5 The mean PerAF values of altered brain regions. Compared with the HCs, the PerAF values of the following regions were increased to various extents: 1 – Left 
Inferior Temporal Gyrus (BA 89, t = 4.7698), 2 – Right Fusiform Gyrus (BA 56, t = 7.0916)). 
Abbreviations: PerAF, percent amplitude of fluctuation; HCs, healthy controls; BA, Brodmann’s area.
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result of the dual mechanism that is regulated by the 
bottom-up mechanism.23 We speculate that this may be 
due to abnormalities in the visual information transmis-
sion pathway in patients with RD, leading to dysfunction 
or overactivation of the dorsal visual pathway. This may 
provide some basis for cognitive function and visual 
impairment in patients with RD. In addition, we also 
found that the anxiety and depression scores of HADS 
and the durations in RD patients were positively corre-
lated with the PerAF values of the left inferior temporal 
gyrus. That is to say, the higher the PerAF value of the 
left inferior temporal gyrus, the more likely to have 
anxiety and depression in patients with RD, and the 
duration will also be prolonged.

Conclusion
To sum up, we innovatively used the PerAF method to 
study changes in neural activity and brain function in brain 
regions of patients with RD. We found that the PerAF 
signal values of the left inferior temporal gyrus 
[Brodmann area (BA) 20] and the right fusiform gyrus of 
RD patients were significantly higher than those of HCs. 
These changes may increase the risk of corresponding 
brain dysfunction related diseases (Table 4). There were 
limitations in this study, such as the small study population 
and the wide range of population inclusion. As a new and 
reliable method, PerAF has great potential in voxel whole- 
brain analysis. Its value is helpful to predict the develop-
ment and prognosis of RD patients and plays an important 

Figure 6 The relationship between retinal detachment, brain activity, and mood changes.

Table 4 Brain Region Alternation and Its Potential Impact

Brain Regions Experimental 
Result

Brain Function Anticipated Results

Right fusiform 

gyrus

RD>HC Face recognition, object recognition, reading, memory, multi-sensory 

integration and perceptual function

Face agnosia, character agnosia, perceptual disorder, 

memory disorder and dyslexia

Left inferior 

temporal gyrus

RD>HC High cognitive function, visual understanding, language understanding 

and emotion regulation

Visual comprehension disorders, visual processing 

and classification barriers, semantic defects

Abbreviations: RD, retinal detachment; HC, healthy control.
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role in the early diagnosis of RD. In addition, the changes 
of nerve activity in specific brain regions of RD patients 
increase the risk of brain dysfunction related diseases, 
which is helpful to understand the pathological mechanism 
of vision decline or related diseases in RD patients.
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