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potential imaging biomarker for detecting central nervous system 
injury in Wilson’s disease: an optical coherence tomography 
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Background: Studies have confirmed that optical coherence tomography angiography (OCTA) can detect 
early retinal microvascular impairment in many diseases. However, as far as we know, only one study has 
found retinal and optic disc microcirculation changes in Wilson’s disease (WD) by OCTA. The purpose of 
our study was to evaluate the OCTA parameters in WD. 
Methods: We performed a cross-sectional study at the First Affiliated Hospital of Guangdong 
Pharmaceutical University between June 2021 and April 2022. A total of 42 WD patients and 40 gender- 
and age-matched healthy controls (HEC) were recruited in this study. WD patients were divided into 
neurological form (NWD) and hepatic form (HWD) of the disease. All participants underwent retinal 
OCTA to assess the superficial vessel density (VD), deep VD, and foveal avascular zone (FAZ) parameters. 
The FAZ parameters included the area in mm2, perimeter in mm, and VD of the 300 μm-width annulus 
surrounding FAZ (FD-300). Statistical tests used in this study included Chi-squared test, one-way analysis, 
correlation analysis, and t-test or Mann-Whitney U test. 
Results: WD patients comprised 21 females and 21 males, with mean age of 30.54±9.83 years. HEC 
comprised 16 females and 24 males, with mean age of 30.42±7.37 years. NWD had smaller FD-300  
(51.67%±5.29% vs. 55.87%±3.85%, P<0.01) than HEC and smaller FD-300 (51.67%±5.29% vs. 
55.42%±4.09%, P<0.05) than HWD. There was no significant difference in OCTA parameters between 
HWD and HEC. 
Conclusions: Our study indicated that OCTA may be a useful tool for detecting central nervous system 
(CNS) injury in WD. We speculate that the decrease of FD-300 may be a sign of CNS injury in WD.
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Introduction

Wilson’s disease (WD) is a genetic disorder resulting from 
mutations in a gene that encodes the ATP7B protein (1),  
which plays a crucial role in copper transport and  
excretion (2). The production of defective protein will 
induce excessive copper accumulation, resulting in tissue 
and organ damage (3). The damage primarily affects the 
liver, and later manifests in the central nervous system 
(CNS), cornea, and other organs (4,5). Consequently, the 
typical clinical manifestations of WD include hepatic, 
neuropsychiatric, and ophthalmological symptoms (6).

Optical coherence tomography angiography (OCTA) 
adapted from optical coherence tomography (OCT), is a 
non-invasive imaging technique that visualizes the retinal 
microvascular system (7). Previous research has confirmed 
that changes in brain and cerebral microvascular structure 
may lead to alterations in retinal morphology and the 
microvascular system (8). Therefore, OCTA is widely used 
in the field of neurology. Studies have indicated that OCTA 
parameters of retinal microvascular system may be potential 
biomarkers in neurological diseases (9-12). Recently, several 
serum biomarkers regarding WD CNS injury have been 
identified (13-16). Radiological study has also provided 
useful prognostic and monitoring biomarkers in WD (17). 

As far as we know, only one study, conducted by Seyyar 
et al. (18), has reported that OCTA could pre-clinically 
detect retinal and optic disc microcirculation changes in 
WD patients. However, they did not divide patients into 
the neurological form (NWD) and hepatic form (HWD) 
of the disease (18). Meanwhile, as far as we know, some of 
the OCTA parameters were not detected. Therefore, we 
speculated that changes in OCTA parameters in WD may 
reflect changes in cerebral microvascular structure. 

We conducted the present study with the objective of 
evaluating OCTA parameters in WD patients. We present 
this article in accordance with the STROBE reporting 
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-24-1709/rc).

Methods

Ethics statement

This was a cross-sectional, non-interventional and 
observational research project. The work was conducted 
in accordance with the declaration of Helsinki (as revised 
in 2013). Written informed consent was provided by 
all participants or parents. The study was approved by 
the Ethics Committee of the First Affiliated Hospital of 
Guangdong Pharmaceutical University (No. WFLB0302). 

Participants

We included all consecutive WD patients admitted to the 
First Affiliated Hospital of Guangdong Pharmaceutical 
University between June 2021 and April 2022, excluding 
those who met the exclusion criteria. Finally, a total of 
42 WD patients were recruited in this study. All patients 
met the diagnostic criteria for WD (the diagnostic criteria 
developed at the 8th International Meeting on WD, 
Leipzig 2001; patient scores of 4 or higher establish the  
diagnosis) (19). All recruited patients had scores of 4 or 
higher in our study. Exclusion criteria: patients with an 
unclear diagnosis (a score of 3 or less), a contraindication 
to use of 1% tripicamide (tripicamide is used for pupil 
dilation before undergoing OCTA), a previous history of 
ocular trauma, inability to undergo OCTA due to severe 
involuntary motor symptoms (such as choreic movement, 
etc.), patients under the age of 15 years, and a history of 
diabetic retinopathy or hypertension were. In addition, 
40 gender- and age-matched healthy individuals were also 
recruited and served as a healthy controls (HEC) group. 
HEC were recruited from the hospital staff through 
advertisement and were matched to patients based on age 
and gender.

All patients were divided into NWD and HWD. The 
classification of patients was based on the presence and 
severity of neuropsychiatric and hepatic manifestations 
(decided together by Z.H.Z. and M.F.H., neurologists with 
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at least 20 years of treatment experience in WD). All NWD 
patients were assessed for neurological severity using Global 
Assessment Scale (GAS) tier 2 (20). 

In order to explore the OCTA parameters in different 
genders, patients were divided into a male group and 
a female group. Additionally, to assess the differences 
in OCTA parameters based on the disease duration, all 
participants were further divided into three groups: patients 
with a disease duration of less than 5 years (<5 years group), 
patients with a disease duration of 5–10 years (5–10 years 
group), and patients with a disease duration exceeding  
10 years (21).

OCTA evaluation

Each participant was evaluated by OCTA with RTVue XR 
Avanti System (Optovue, Inc., Fremont, CA, USA) and 
supported by AngioVue software (version 2018.1.1.63, 
Optovue). The erythrocyte movement was detected by 
AngioVue using a split-spectrum amplitude decorrelation 
angiography (SSADA) algorithm. Image acquisition and 
processing were also supported by the SSADA algorithm. 
All OCTA scans (including superficial and deep scans) were 
performed by the same experienced operator (blinded to 
the participants’ group assignments). The evaluator (blinded 
to the participants’ group assignments) checked all OCTA 
images for recognized segmentation errors, artifacts, and 
poor image quality, ensuring that only appropriate images 
were ultimately included in our study. Artifacts assessed in 
our study are the most prevalent types, including artifacts 
associated with eye motion, misidentification of retinal 
layers, projections, sliding vitreous, and low tomography 
signal. Therefore, our study excluded inferior images 
with poor signal strength (signal strength index <7/0), 
poor clarity, artifacts, doubling of vascular images, and 
segmentation errors.

All OCTA scans (including superficial and deep scans) 
both centered on the fovea (Figure 1). In our study, the 
superficial scan region is located 3 μm below the internal 
limiting membrane (ILM) to 15 μm below the internal 
plexiform layer (IPL); and the deep scan region is located 
15–70 μm below the IPL. The scan diameters included 1, 3,  
and 6 mm (Figure 1). The circular areas with diameters 
of 1, 3, and 6 mm were labeled as foveal, parafoveal, and 
perifoveal zone, respectively (Figure 1). Additionally, all 
parafoveal and perifoveal zones were divided into four 
equal-sized quadrants. We collected the average of vessel 

density (VD) from four equal-sized quadrants in parafoveal 
and perifoveal zones. In the superficial scan region, the 
superficial foveal VD was labeled as SVD-F, superficial 
parafoveal VD labeled as SVD-3, and superficial perifoveal 
VD labeled as SVD-6. In the deep scan region, the deep 
foveal VD was labeled as DVD-F, deep parafoveal VD 
labeled as DVD-3, and deep perifoveal VD labeled as 
DVD-6. 

The following measured parameters were recorded: 
SVD-F, SVD-3 SVD-6, DVD-F, DVD-3, DVD-6, and 
foveal avascular zone (FAZ) parameters after scanning. 
The FAZ parameters included the FAZ area in mm2, FAZ 
perimeter (PERIM-the length of the contour demarcating 
the FAZ) in mm and VD of the 300 μm-width annulus 
surrounding the FAZ (FD-300, does not include FAZ) 
(Figure 2). FD-300 is a recently emerged and promising 
FAZ parameter in OCTA and the number of studies that 
have included it is still limited (22). In addition, there are 
significant differences in FAZ perimeter and FAZ area 
between normal healthy individuals (23). Therefore, FD-300 
was recently introduced into OCTA research as an indicator 
reflecting capillary loss in the parafoveal region (24).

What we finally checked and collected in our study 
included the following: SVD-F, SVD-3 SVD-6, DVD-F, 
DVD-3, DVD-6, FAZ area,  PERIM, and FD-300  
(Figures 1,2). The VD collected in our study was quantified 
as the proportion of the vessel pixels out of the total number 
of pixels, in % percentage. 

Brain magnetic resonance imaging (MRI) evaluation

In order to identify the difference of OCTA parameters 
in different brain visual lesions groups, all WD patients 
underwent 3.0T brain MRI with a GE Discovery MR750 
(GE Medical Systems, Chicago, IL, USA). Imaging was 
performed by using T1, T2, fluid-attenuated inversion 
recovery (FLAIR), and susceptibility-weighted imaging 
sequences, and the resulting images were analyzed for 
changes in 5-mm axial planes. Emphasis was placed on 
regions commonly associated with pathological changes in 
WD, specifically the basal ganglia, cerebellum, midbrain, 
and other areas of white matter. Patients were categorized 
into three distinct subgroups based on the presence of visual 
brain MRI lesions in different regions: group 1: normal 
MRI (no visual brain MRI lesion), group 2: present of basal 
ganglia lesions, group 3: presence of basal ganglia lesions + 
brainstem lesions.
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Data analysis

The data were examined using the software SPSS 23.0 
(IBM Corp., Armonk, NY, USA), and P values below 0.05 
(two-tailed) were considered statistically significant. To 
avoid potential internal correlations, average values of 

measurements from both eyes were utilized in the analysis. 
The data were presented as means and standard deviation 
(M±S). Differences in demographic categorical variables 
between groups were assessed using the Chi-squared test. 
The assumption of normality was evaluated using the 

Figure 1 A representative image between HWD and NWD in retinal vessel density. The foveal zone is marked with yellow arrow; 
parafoveal zone is marked with red arrowhead; perifoveal zone is marked with white arrowhead. DSR, deep scan region; HWD, hepatic 
form of the disease; NWD, neurological form of the disease; SSR, superficial scan region.
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Shapiro-Wilk test. Depending on the date distribution, 
either the independent samples t-test or the Mann-Whitney 
U test was employed to compare numerical variables 
between groups. For comparison among groups, one-
way analysis of variance (ANOVA) was conducted, with 
Bonferroni and Tukey’s honest significant difference post 
hoc correction applied to normally distributed data to adjust 

for multiple comparisons. Pearson (r) and Spearman (ρor 
rho orrs) correlation coefficients were utilized to evaluate 
linear and non-linear correlations, respectively, between any 
OCTA parameters and GAS tier 2. 

Results

Demographic and clinical features

In this study, we analyzed a cohort of 42 patients diagnosed 
with WD, consisting of 21 females and 21 males, with 
a mean age of 30.54±9.83 years. These patients were 
categorized into two distinct groups: NWD, which 
included 8 females and 13 males with a mean age of 30.56± 
10.12 years, and HWD, comprising 10 males and 11 
females with a mean age of 30.53±10.00 years. Additionally, 
the HEC group consisted of 16 females and 24 males, with 
a mean age of 30.42±7.37 years. Statistical analysis revealed 
no significant differences in gender or age between the 
HEC and WD groups, nor between the NWD and HWD 
groups (Table 1). 

NWD had smaller DVD-F and FD-300 than HEC 

Compared  to  HEC,  NWD had  sma l l e r  DVD-F 
(35.32%±7.64% vs. 38.97%±5.09%, P=0.025) and FD-300  
(51.67%±5.29% vs. 55.87%±3.85%, P<0.01) (Table 2,  
Figure 3A). Compared to HWD, NWD had smaller FD-300  
(51.67%±5.29% vs. 55.42%±4.09%, P=0.018) (Table 2, 
Figure 3B; representative image see Figure 1). There was no 

Table 1 Clinical and demographic features of HEC, WD, NWD, and HWD

Feature HEC WD NWD HWD
P value

NWD vs. HWD WD vs. HEC

Number 40 42 21 (50%) 21 (50%) – –

Gender (male/female) 24/16 21/21 13/8 10/11 0.352 0.363

Age (years) 30.42±7.37 30.54±9.83 30.56±10.12 30.53±10.00 0.995 0.950

Age at onset (years) – 19.68±8.66 19.96±9.12 19.00±11.02 0.773 –

Age at diagnosis (years) – 19.85±10.08 20.39±9.43 19.00±11.08 0.681 –

Disease duration (years) – 10.78±4.56 10.10±6.79 11.40±4.25 0.513 –

Latency from diagnosis to 
treatments (years)

– 1.22±4.21 1.01±3.24 1.40±4.33 0.757 –

Treatment duration (years) – 10.27±6.65 9.14±7.05 11.13±3.77 0.323 –

Data are presented as n (%) or n or mean ± standard deviation. HEC, healthy controls; HWD, hepatic form of the disease; NWD, 
neurological form of the disease; WD, Wilson’s disease.

Figure 2 The FAZ parameters including the FAZ area in mm2, 
FAZ perimeter in mm and FD-300. Small circle refers to the 
perimeter and area of FAZ. FD-300 is between the small and big 
circle, does not include FAZ. AI, acircularity index; FAZ, foveal 
avascular zone; FD-300, vessel density of the 300 μm-width 
annulus surrounding the foveal avascular zone; PERIM, length of 
the contour demarcating the foveal avascular zone.

FAZ (mm2): 0.378.  PERIM (mm): 2.316  AI/FD: 1.06/53.92
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difference in OCTA parameters between HEC and HWD 
(Table 2). Male patients had smaller SVD-6, FAZ area, and 
PERIM than did female patients (Table 3, Figure 3C).

The group with basal ganglia + brainstem lesions and 
group with basal ganglia lesions had smaller SVD-3 than 
the group with normal MRI 

Compared to the group with normal MRI, the group with 
basal ganglia lesions had smaller SVD-3 (49.37%±3.34% vs. 
54.45%±2.17%, P=0.002) and SVD-6 (49.20%±2.22% vs. 
51.80%±1.63%, P=0.044) (Table 4, Figure 3D). Compared 
to the group with normal MRI, the group with basal ganglia 
+ brainstem lesions had smaller SVD-3 (50.50%±3.3% vs. 
54.45%±2.17%, P=0.002) (Table 4, Figure 3E). There was no 
difference in OCTA between the group with basal ganglia 
lesions and group with basal ganglia + brainstem lesions 
(Table 4).

Course of disease did not influence OCTA parameters

In our study, we also found that OCTA parameters were not 
associated with different disease course.

The correlation between GAS tier 2 scores and OCTA 
parameters

There was no association detected between OCTA 
parameters and GAS tier 2 scores.

Discussion

Our results firstly indicated that NWD had a smaller FD-
300 compared to HEC and HWD, with no significant 
difference in OCTA parameters between HWD and HEC. 
Additionally, we observed variations in OCTA parameters 
across different gender groups and among various 
subgroups with abnormal brain MRI lesions.

Several studies have revealed WD had cerebral vascular 
injury and low cerebral blood flow perfusion (25,26). The 
increased expression of vascular injury factors in the WD 
mouse model may account for the reduced cerebral blood 
flow perfusion in WD patients (27). At present, owing 
to the constraints of human anatomy and lack of direct 
pathway, it is difficult to conduct non-invasive monitoring 
of human cerebral microvascular injury in vivo. However, 
due to the anatomical and physiological similarities between 
the retinal microvascular system and cerebral microvascular 
system (8), changes in brain and cerebral microvascular 
structure may lead to alterations in retinal morphology 
and microvascular system. The embryological, structural, 
and functional continuity between the retina and CNS 
makes the visual pathway a potential non-invasive research 
target for neurodegenerative diseases (8). Previous studies 
have detected retinal histological lesions by OCT in WD  
(21,28-30). In some respects, these results reflected the 
feasibility of OCT application in WD.

OCTA, adapted from OCT, is a non-invasive imaging 
technique that visualizes the retinal microvascular system (7).  
Previous studies have identified abnormalities in retinal 
blood flow perfusion in Alzheimer’s disease by OCTA (31).  
Furthermore, the observed abnormalities in retinal 
vasculature of Alzheimer’s patients could serve as a 
biomarker for the severity and progression of the disease (32). 
Consequently, OCTA may prove to be a valuable tool for 
detecting CNS injury in neurodegenerative diseases.

Table 2 OCTA parameters in NWD, HWD, and HEC

Parameters HEC (n=40) NWD (n=21) HWD (n=21) P value

VD (%)

SVD-F 25.33±10.63 20.00±8.70 18.08±5.66 0.025

SVD-3 52.52±4.20 50.65±3.71 53.18±3.00 0.091

SVD-6 51.29±2.69 50.24±2.58 51.29±2.24 0.256

DVD-F 38.97±5.09 35.32±7.64* 36.28±5.61 0.068

DVD-3 54.64±4.40 53.80±4.73 56.42±3.53 0.240

DVD-6 51.49±5.49 49.17±5.52 53.27±5.45 0.081

FD-300 55.87±3.85 51.67±5.29**& 55.42±4.09 0.001

FAZ (mm2) 0.26±0.07 0.28±0.11 0.29±0.09 0.571

PERIM (mm) 1.95±0.26 2.09±0.47 2.11±0.39 0.258

Data are presented as mean ± standard deviation. P values 
below 0.05 (two-tailed) were considered statistically significant. 
Compared to HEC, *P<0.05, **P<0.01. Compared to HWD, 
&P<0.05. DVD-3, deep parafoveal vessel density; DVD-6, deep 
perifoveal vessel density; DVD-F, deep foveal vessel density; 
FAZ (mm2), foveal avascular zone area in mm2; FD-300, vessel 
density of the 300 μm-width annulus surrounding the foveal 
avascular zone (does not include FAZ); HEC, healthy controls; 
HWD, hepatic form of the disease; NWD, neurological form of 
the disease; OCTA, optical coherence tomography angiography; 
PERIM (mm), length of the contour demarcating the foveal 
avascular zone; SVD-3, superficial parafoveal vessel density; 
SVD-6, superficial perifoveal vessel density; SVD-F, superficial 
foveal vessel density; VD, vessel density. 
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In our study, we found that NWD had smaller FD-300  
than HEC and HWD. Furthermore, there was no 
significant difference in OCTA parameters between HWD 
and HEC. Our results suggested that NWD may be 
associated with retinal microvascular damage and reduced 
retinal blood flow perfusion. More importantly, our research 

findings suggested that FD-300 may be a potential index to 
reflect the appearance of CNS injury in WD. Therefore, 
we speculated that the decrease of FD-300 may be a sign of 
CNS injury in WD.

In the early stage, copper predominantly deposits in 
the liver of WD patients (4,5). We speculated that this 

Figure 3 OCTA parameters in different groups (A-E). *, P<0.05. DVD-3, deep parafoveal vessel density; DVD-6, deep perifoveal vessel 
density; DVD-F, deep foveal vessel density; FD-300, vessel density of the 300 μm-width annulus surrounding the foveal avascular zone; 
HEC, healthy controls; HWD, hepatic form group; M±SD, mean ± standard deviation; MRI, magnetic resonance imaging; NWD, 
neurological form group; OCTA, optical coherence tomography angiography; SVD-3, superficial parafoveal vessel density; SVD-6, 
superficial perifoveal vessel density; SVD-F, superficial foveal vessel density. 
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may be why there was no significant difference in OCTA 
parameters between HWD and HEC in our study. As 
the disease progresses, copper gradually migrates to and 
deposits in the brain (4,5). That may be one of the reasons 
why NWD had a smaller FD-300 than HWD in our study. 
Therefore, we speculated that the FD-300 may decrease 
when WD patients transform from HWD into NWD or 
upon the onset of NWD, CNS injury will present.

Previous research had revealed that then macular layer 
and retinal nerve fiber layer were thinner in patients with 
MRI lesions (33). In our study, we found that compared to 
the normal MRI group, the group with basal ganglia lesions 
and group with basal ganglia + brainstem lesions had smaller 
SVD-3. Therefore, we speculated that lesions in CNS may 
be reflected by changes in the retinal microvascular system. 
In addition, OCTA may not be applicable for qualitative 
and quantitative assessment of CNS lesions, but can 
probably reflect the presence of CNS lesions.

Svetel et al. revealed that retinal nerve fiber layer 
thickness remained unchanged when WD patients were 

divided into different course of disease groups (21). 
Although we had not performed a follow-up study, we had 
reached a similar conclusion that course of disease did not 
affect OCTA parameters in WD. We inferred that it may 
also be related to the fact that most of the patients were 
25–32 years old in our study.

An animal experiment revealed that WD significantly 
increased the expression of vascular injury factors (27). In 
addition, excessive copper induces cell death by targeting 
lipoylated tricarboxylic acid (TCA) cycle proteins (34). 
We speculated that excessive copper in the brain may 
stimulate an increase of the expression of vascular injury 
factors, leading to cerebral microvascular cell death by 
targeting acylated TCA circulating proteins. The result 
of the aforementioned pathophysiological changes may 
be cerebral micrangium occlusion and reduction. The 

Table 4 OCTA parameters in different brain visual lesions groups

Parameters
Group 1 
(n=12)

Group 2 
(n=17)

Group 3 
(n=13)

P value

VD (%)

SVD-F 20.77±10.36 18.56±2.65 19.80±6.62 0.855

SVD-3 54.45±2.17 49.37±3.34** 50.50±3.3
#

0.002

SVD-6 51.80±1.63 49.20±2.22* 50.85±2.30 0.044

DVD-F 35.91±4.73 34.43±7.61 35.94±8.73 0.881

DVD-3 55.58±3.94 54.87±3.38 53.44±5.72 0.555

DVD-6 52.60±6.48 50.10±3.04 48.25±5.87 0.213

FD-300 54.93±4.25 52.07±2.89 51.27±6.34 0.209

FAZ (mm2) 0.28±0.09 0.29±0.11 0.29±0.13 0.983

PERIM (mm) 2.08±0.37 2.12±0.42 2.14±0.56 0.963

Data are presented as mean ±standard deviation. Compared 
to group 1, #P<0.01. Compared to group 1, *P<0.05, **P<0.01. 
Group 1: normal MRI (no visual brain magnetic resonance 
imaging lesions); group 2: present of basal ganglia lesions; 
group 3: present of basal ganglia lesions + brainstem lesions. 
P values below 0.05 (two-tailed) were considered statistically 
significant. DVD-3, deep parafoveal vessel density; DVD-6,  
deep perifoveal vessel density; DVD-F, deep foveal vessel 
density; FAZ (mm2), foveal avascular zone area in mm2; FD-300, 
vessel density of the 300 μm-width annulus surrounding the 
foveal avascular zone (does not include FAZ); MRI, magnetic 
resonance imaging; OCTA, optical coherence tomography 
angiography; PERIM (mm), length of the contour demarcating 
the foveal avascular zone; SVD-3, superficial parafoveal vessel 
density; SVD-6, superficial perifoveal vessel density; SVD-F, 
superficial foveal vessel density; VD, vessel density.

Table 3 OCTA parameters in males and females

Parameters Male (n=21) Female (n=21) P value

VD (%)  

SVD-F 22.8±17.97 15.40±5.39 0.001

SVD-3 50.38±3.90 51.80±3.80 0.239

SVD-6 49.38±2.84 51.11±2.68 0.048

DVD-F 38.19±6.10 32.86±6.27 0.008

DVD-3 54.25±4.85 54.91±3.76 0.627

DVD-6 50.04±5.87 50.70±5.22 0.704

FD-300 52.13±4.26 53.55±5.54 0.358

FAZ (mm2) 0.25±0.10 0.32±0.09 0.032

PERIM (mm) 1.95±0.45 2.24±0.35 0.027

Data are presented as mean ±standard deviation. P values 
below 0.05 (two-tailed) were considered statistically significant. 
DVD-3, deep parafoveal vessel density; DVD-6, deep perifoveal 
vessel density; DVD-F, deep foveal vessel density; FAZ (mm2), 
foveal avascular zone area in mm2; FD-300, vessel density of the 
300 μm-width annulus surrounding the foveal avascular zone 
(does not include FAZ); HEC, healthy controls; HWD, hepatic 
form of the disease; NWD, neurological form of the disease; 
OCTA, optical coherence tomography angiography; PERIM (mm), 
length of the contour demarcating the foveal avascular zone; 
SVD-3, superficial parafoveal vessel density; SVD-6, superficial 
perifoveal vessel density; SVD-F, superficial foveal vessel 
density; VD, vessel density. 
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cerebral micrangium occlusion and reduction may induce 
abnormalities in retinal VD because of the anatomical and 
physiological similarities between the retinal microvascular 
system and cerebral microvascular system. Therefore, the 
decrease of FD-300 in HWD may suggest CNS injury 
or the transformation of HWD to NWD. However, the 
application of Pearson (r) and Spearman (ρor rho orrs) 
correlation coefficients to assess linear and non-linear 
correlations, respectively, revealed no association between 
OCTA parameters and GAS tier 2 scores. In our study, we 
speculated that the decrease of FD-300 in WD patients may 
not be related to disease severity assessed by GAS tier 2.  
However, it is worth noting that the decrease of FD-300 in 
HWD may suggest CNS injury or the transformation of 
HWD to NWD. 

Research has shown that OCTA is a relatively new, 
inexpensive, short duration, and dye-free imaging 
technology (35). It can pre-clinically and clinically provide 
a quantitative assessment of microvascular changes 
correlated with eye conditions (35). These advantages 
make it a dynamic method for observing the progression 
of diseases. However, as far as we know, it cannot directly 
perform a qualitative assessment of the brain lesions. MRI 
is a qualitative technique which can provide comprehensive 
information on brain anatomy, function, and lesions (36). 
Correspondingly, the technology behind its qualitative 
ability makes it expensive and time-consuming. Thus, we 
suggested that OCTA may be an option for long-term 
monitoring in WD.

Of course, our study had several limitations. Firstly, 
Litwin et al. found several new MRI sequences and 
techniques were used for evaluation in WD (37). We also 
believe that more features and MRI positivity might have 
been possible if more MRI sequences were used in our 
study. In future research, we will increase the sample size 
to facilitate a comparison of the differences in OCTA 
parameters across various new MRI sequences and 
techniques. Furthermore, due to the limited sample size of 
the current study, we cannot draw definitive conclusions 
regarding the significance of changes in retinal OCTA 
parameters in WD. Future studies will aim to expand the 
sample size to provide more robust findings, necessitating 
additional research to confirm or refute these results.

Conclusions

Our results firstly found that NWD had smaller SVD-F, 
DVD-F and FD-300 than HEC and NWD had smaller 

FD-300 than HWD. Our study suggested that OCTA may 
be a useful tool for detecting CNS in WD. We speculated 
that the decrease of FD-300 may be a sign of CNS injury  
in WD.
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