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Abstract
Purpose The objective of this study was to analyze hyperreflective foci at the vitreous-retinal interface in cases of 
idiopathic epiretinal membrane (iERM) using enface-OCT.

Methods This study included 47 patients (52 eyes) diagnosed with iERM between January 2020 and July 2023. We 
observed changes in hyperreflective foci in the macular area at each stage of iERM using OCTA on a 6 mm slab of the 
VRI. Evaluations included the density and percentage of hyperreflective foci of the epiretinal membrane at each stage, 
as well as the relationship between hyperreflective foci density and other OCT parameters, such as macular thickness 
and changes in macular superficial vascular density.

Results Statistically significant differences in hyperreflective foci density and percentage were observed across the 
four stages of patients (p < 0.05). Additionally, statistically significant differences in superficial vascular density were 
noted among the four stages (p < 0.05). Hyperreflective foci area percentage and density correlated significantly 
with hyperreflective foci, FAZ area, and FAZ perimeter (p < 0.005). However, no correlation was found between 
hyperreflective foci density and area percentage with superficial vascular density and superficial perfusion density 
(p > 0.05).

Conclusion Hyperreflective foci were identified in all stages of iERM, with their number and density increasing as the 
disease progressed.
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Introduction
Idiopathic Epiretinal Membrane (iERM) is a fibrous cel-
lular membrane arising from a multifactorial etiological 
factors, which leads to cell proliferation on the retinal 
surface in the macular area. In its early stages, symptoms 
of visual deterioration may not be apparent [1]. However, 
when the condition affects the central fovea of the mac-
ula, it can cause visual impairment, distorted visual, and 
functional changes. It is also associated with disturbances 
in retinal hemodynamics. Epidemiological studies sugges 
that the iERM affects approximately 9.1% of the global 
population [2]. While the precise mechanisms underpin-
ning iERM are not fully understood, it is likely linked to 
posterior vitreous detachment (PVD), which damage the 
internal limiting membrane (ILM) [3], and triggers the 
activation and migration of retinal pigment epithelium 
(RPE) cells, glial cells, and transparent cells towards the 
ILM. Additionally, the residual vitreous cortex on the ret-
inal surface may act as a scaffold for inflammatory related 
cellular migration and proliferation, thereby fostering the 
formation of ERM.

Although iERM differs from inflammatory retinal dis-
eases such as retinal vasculitis, evidence suggests an 
inflammatory response is involved in its pathogenesis. 
Hyperreflective foci, represent a distinctive inflamma-
tory phenotype, comprising microglial cells, perivascu-
lar macrophages, macrophages derived from monocytes, 
and a subset of vitreous-resident cells [4]. Microglial cells, 
predominantly situated within the retinal tissues in the 
inner and outer plexiform layers, coexist with perivascu-
lar macrophages, which surround retinal blood vessels in 
the retinal nerve fiber layer and possess the potential to 
exhibit characteristics [5]. Both microglial cells and peri-
vascular macrophages assume pivotal roles in preserv-
ing retinal vascular homeostasis and the integrity of the 
blood-retinal barrier. However, in cases of inflammation 
and blood-retinal barrier breakdown, monocyte-derived 
macrophages can be induced to infiltrate the retina [6]. 
Considering that hyperreflective foci are a distinctive 
population of cells found at the vitreoretinal interface by 
optical coherence tomography angiography (OCTA), this 
study used OCTA to perform enface imaging in patients 
with iERM to determine the imaging features associated 
with hyperreflective foci.

Materials and methods
Subjects
This retrospective study comprised a cohort of 47 
patients (52 eyes) diagnosed with iERM at Aier Eye Hos-
pital between January 2020 and July 2023. The study 
was approved by the Ethics Committee at AIER Eye 
Hospital of Foshan (2023-IRB6), and adhered to the 
Declaration of Helsinki’s principles. Informed consent 
was obtained from all participants. Patients underwent 

fundus examination, fluorescein angiography (FFA), opti-
cal coherence tomography (OCT), and OCT angiography 
(OCTA). We also recorded best-corrected visual acuity 
(BCVA), intraocular pressure (IOP) and axial length (AL) 
for each eye. Exclusion criteria included: (1) Age-related 
macular degeneration; (2) Choroidal neovasculariza-
tion from any cause; (3) Diabetic retinopathy; (4) Retinal 
artery or vein occlusion; (5) History of retinal detach-
ment; (6) Tractional macular schisis; (7) Glaucoma or 
optic nerve disorders; (8) Ocular inflammation; (9) His-
tory of endophthalmitis or other intraocular infection; 
(10) History of intraocular surgery other than uncom-
plicated cataract phacoemulsification; (11) intravitreal 
injections or retinal laser photocoagulation within the 
past 6 months; (12) History of ocular or systemic trauma; 
(13) History of diabetes.

OCT imaging
All patients underwent Spectralis spectral domain-opti-
cal coherence tomography (SD-OCT; Heidelberg Engi-
neering GmbH, Heidelberg, Germany) to assess their 
condition. The ectopic inner foveal layers (EIFL) was 
observed using SD-OCT. The epiretinal membrane was 
observed as continuous hyporeflective and hyperreflec-
tive bands extending from the inner nuclear layer (INL) 
and inner plexiform layer to the central fovea. The iERM 
cases were classified into four stages based on the sever-
ity of the disease [7]. Stage I was featured mild morpho-
logical or anatomical disruption. In stage II involved loss 
of foveal depression without EIFL. Stage III presented a 
continuous EIFL across the central fovea. Stage IV was 
indicated by a continuous EIFL with anatomical macu-
lar disruption. Central macular thickness (CMT) was 
measured as the mean distance between the inner limit-
ing membrane (ILM) and the retinal pigment epithelium 
(RPE) within a 1 mm diameter centred on the fovea.

OCTA imaging
High-density (HD) macular angiography images were 
obtained using the Cirrus HD-OCT 5000 (Carl Zeiss 
Meditec Inc, Dublin, CA, USA) with a 6 × 6 mm scan cen-
tered on the fovea. In cases of deviation from the appro-
priate scanning position, manual corrections were made. 
Images with motion artifacts or a quality score less than 
5 were excluded. The built-in software quantified the 
superficial vascular density and perfusion density within 
a 6 × 6 mm area centered on the fovea, according to the 
Early Treatment Diabetic Retinopathy Study (ETDRS) 
grid [8]. The en face OCT images were manually adjusted 
to set a custom slab from the epiretinal membrane to 
6  μm below the ILM in the macular region for further 
processing.
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Quantification of hyperreflective foci
The en face images from the 6 × 6 mm OCTA scans were 
imported into ImageJ (National Institutes of Health, 
Bethesda, MD, USA). The hyperreflective foci layer OCT 
slab underwent a Gaussian blur (sigma 5.0) followed by 
an inverse transformation. The resulting blurred and 
inverted image was combines with the original image. A 
rolling ball background subtraction with a radius of 5 pix-
els corrected for smaller areas of background irregularity. 
Any remaining superficial vessel artifacts were manu-
ally removed, resulting in the ‘background-subtracted’ 
image [9]. Signal enhancement facilitated cell identifi-
cation. Binary thresholding was used to extract discrete 
cell shapes. The density of hyperreflective foci and the 
percentage of area occupied by these foci were quanti-
fied using the “Analyze Particles” function. Hyperreflec-
tive foci density was calculated by dividing the number of 
cells by the total image area (cells/mm²) (Fig. 1).

Statistical analysis
The statistical software used for data analysis was SPSS 
23.0 (IBM Corp., Armonk, NY, USA). All continuous data 
were presented as mean ± standard deviation (X ± s). A 
one-way analysis of variance (ANOVA) was utilized to 
examine the parameters, including CMT, foveal avascu-
lar zone (FAZ) area, FAZ perimeter, superficial vascular 
density, superficial perfusion density, hyperreflective foci 
density, and hyperreflective foci percentage, across vari-
ous iERM grades. Subsequently, pairwise comparisons 
were conducted using the “emmeans” function. Con-
sidering the presence of intra-group correlation in the 

eyes, this study employed a generalized estimating equa-
tion to carry out statistical analysis of CMT, FAZ_area, 
FAZ_perimeter, SVD, SPD, hyperreflective foci indexes 
of the four groups. To ensure accuracy, the impact of age 
and pvd were adjusted for during the analysis. Categori-
cal data were presented as counts (%) and comparisons 
among groups were made using a chi-square test. Pear-
son’s correlation coefficients were used to assess the 
linear relationship between different factors and hyper-
reflective foci. ggplot2 was utilized to create appropriate 
graphs. A significance level of P < 0.05 was deemed statis-
tically significant.

Results
Baseline characteristics
Accordaning to the predetermined inclusion and exclu-
sion criteria, a total of 47 individuals (52 eyes) were 
enrolled in this study. Among them, there were 13 males 
(18 eyes) and 34 females (34 eyes), with an average age 
of 67.21 ± 9.11 years. The cohort included 11 eyes classi-
fied as Stage I, with an average age of 63.91 ± 12.24 years. 
Additionally, 14 eyes were classified as Stage II, with an 
average age of 68.64 ± 7.37 years. 15 eyes were catego-
rized as Stage III, with an average age of 66.73 ± 8.38 years 
and a male-to-female ratio of 4:9. Finally, 12 eyes were 
designated as Stage IV, with an average age of 69.17 ± 8.80 
years. The conducted statistical analysis examining the 
basic characteristics of the four stages did not reveal 
any significant differences (P > 0.05) regarding eye lat-
erality, age, gender, intraocular pressure (IOP), or axial 
length (AL). However, there was a statistically significant 

Fig. 1 A: 6 μm OCTA enface image above the ILM, showing high reflectivity points representing the hyperreflective foci. B: Import enface image into 
imageJ and remove the background. C: Gaussian blur the image. D: Threshold the image to extract discrete cell shapes. E: OCT image of the iERM
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difference (P < 0.001) among the four groups in terms of 
PVD. The proportion of PVD gradually increased with 
the higher stages (I-IV)(Table 1).

Hyperreflective foci and OCTA parameters in different 
stages of idiopathic epiretinal membrane patients
In terms of CMT across the four stages, Stage I exhib-
ited a CMT of 285.82 ± 36.60, Stage II had 352.79 ± 34.23, 
Stage III had 454.67 ± 37.59, and Stage IV had 
550.00 ± 59.30. Statistical analysis revealed significant dif-
ferences in CMT among the four stages (p < 0.05). The 
comparison of FAZ area among the four stages yielded 
the following results: Stage I had an area of 0.25 ± 0.11, 
Stage II had 0.16 ± 0.09, Stage III had 0.07 ± 0.04, and 
Stage IV had 0.06 ± 0.03. There were statistically sig-
nificant differences in FAZ area among the four stages 
(p < 0.05). Similarly, the comparison of FAZ perim-
eter among the four stages revealed the following val-
ues: Stage I had a perimeter of 2.28 ± 0.54, Stage II had 
1.71 ± 0.28, Stage III had 1.13 ± 0.49, and Stage IV had 
0.94 ± 0.26. Statistical analysis indicated significant differ-
ences in FAZ perimeter among the four stages (p < 0.05).

Moving on to the comparison of superficial vascular 
density (SVD) among the four stages, the results were 
as follows: Stage I had a density of 16.03 ± 2.07, Stage II 
had 16.22 ± 2.03, Stage III had 16.77 ± 2.27, and Stage IV 
had 17.13 ± 1.17. No statistically significant differences 

were observed in SVD among the four stages (p > 0.05). 
Likewise, the comparison of superficial perfusion density 
(SPD) among the four stages yielded the following val-
ues: The density of Stage I was 0.39 ± 0.05, Stage II was 
16.77 ± 2.03, Stage III was 16.77 ± 2.27 and Stage IV was 
17.13 ± 1.17. There were no statistically significant differ-
ences found in SPD across the four stages (p > 0.05).

Turning our attention to the comparison of hyper-
reflective foci density among the four stages, the results 
were as follows: Stage I had a density of 5.84 ± 1.2, Stage 
II had 7.83 ± 1.48, Stage III had 11.51 ± 1.19, and Stage IV 
had 14.77 ± 3.30. Statistical analysis revealed significant 
differences in hyperreflective foci density among the four 
stages (p < 0.05). Finally, the comparison of hyperreflec-
tive foci percentage among the four stages yielded the 
following values: Stage I had a percentage of 0.32 ± 0.15, 
Stage II had 0.45 ± 0.17, Stage III had 0.83 ± 0.52, and 
Stage IV had 1.18 ± 0.91. (p < 0.05) (Table 2). Figure 2 pro-
vides a visual representation of typical examples in each 
stage (Fig. 2).

The study’s results indicated that the levels of hyper-
reflective foci index increased progressively with each 
stage. The statistical analysis confirmed significant differ-
ences for hyperreflective foci counts and hyperreflective 
foci density between all four stages. However, no statis-
tically significant differences in hyperreflective foci per-
centage were observed between Stage III and Stage IV. 

Table 1 Baseline characteristics of patients with iERM at all stages
Variables Total (n = 52) I (n = 11) II (n = 14) III (n = 15) IV (n = 12) p
eye, n (%) 0.701
 od 26 (50) 7 (63.6) 7 (50) 6 (40) 6 (50)
 os 26 (50) 4 (36.4) 7 (50) 9 (60) 6 (50)
age, Mean ± SD 67.21 ± 9.11 63.91 ± 12.24 68.64 ± 7.37 66.73 ± 8.38 69.17 ± 8.80 0.509
gender, n (%) 0.610
 female 34 (65.4) 9 (81.8) 8 (57.1) 9 (60) 8 (66.7)
 male 18 (34.6) 2 (18.2) 6 (42.9) 6 (40) 4 (33.3)
pvd, n (%) < 0.001
 no 20 (38.5) 9 (81.8) 9 (64.3) 2 (13.3) 0 (0)
 yes 32 (61.5) 2 (18.2) 5 (35.7) 13 (86.7) 12 (100)
IOP, Mean ± SD 14.15 ± 1.47 14.45 ± 1.57 14.14 ± 1.56 13.87 ± 1.60 14.25 ± 1.22 0.792
AL, Mean ± SD 23.42 ± 0.96 23.70 ± 0.93 23.24 ± 1.03 23.35 ± 1.12 23.46 ± 0.70 0.694
IOP: intraocular pressure, AL: The axial length, PVD: posterior vitreous detachment

Table 2 Hyperreflective foci and OCTA parameters with iERM at all stages
Variables I (n = 11) II (n = 14) III (n = 15) IV (n = 12) p
CMT (mm) 285.82 ± 36.60 352.79 ± 34.23 454.67 ± 37.59 550.00 ± 59.30 < 0.001
FAZ_area (mm2) 0.25 ± 0.11 0.16 ± 0.09 0.07 ± 0.04 0.06 ± 0.03 < 0.001
FAZ_perimeter (mm− 1) 2.28 ± 0.54 1.71 ± 0.28 1.13 ± 0.49 0.94 ± 0.26 < 0.001
SVD (mm− 1) 16.03 ± 2.07 16.22 ± 2.03 16.77 ± 2.27 17.13 ± 1.17 0.493
SPD 0.39 ± 0.05 0.39 ± 0.05 0.42 ± 0.06 0.43 ± 0.03 0.131
hyperreflective foci counts (cells) 208.82 ± 43.22 281.86 ± 53.46 414.53 ± 42.96 531.83 ± 118.94 < 0.001
hyperreflective foci _percentage (%) 0.32 ± 0.15 0.45 ± 0.17 0.83 ± 0.50 1.18 ± 0.91 < 0.001
hyperreflective foci _density (cells/mm2) 5.84 ± 1.22 7.83 ± 1.48 11.51 ± 1.19 14.77 ± 3.30 < 0.001
CMT: Central Macular Thickness, FAZ: foveal avascular zone, SVD: superficial vascular density, SPD: superficial perfusion density
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Nevertheless, the latter showed higher values than those 
between Stage I and Stage II. As the stage increased, the 
level of CMT also increased steadily, with significant dif-
ferences observed among the four groups. The grading of 

the Stage exhibited a negative correlation with the FAZ 
indexes. The latter gradually declined with the increase 
of Stage level (P < 0.001). Furthermore, SVD and SPD 
of different Stags displayed a significant correlation. 

Fig. 2 Typical examples in stages. A1: Hyperreflective foci of the stage IV iERM after processing by ImageJ. A2: OCT image of the stage IV iERM. B1: Hy-
perreflective foci of the stage III iERM after processing by ImageJ. B2: OCT image of the stage III iERM. C1: Hyperreflective foci of the stage II iERM after 
processing by ImageJ. C2: OCT image of the stage II iERM. D1: Hyperreflective foci of the stage I iERM after processing by ImageJ. D2: OCT image of the 
stage I iERM
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Specifically, Stage III and IV presented higher statistical 
significance compared to Stage I and stage II.

Correlation between hyperreflective foci and patient 
parameters
Hyperreflective foci counts and densities displayed sig-
nificant individual variations. Univariate correlation 
analyses were conducted between hyperreflective foci 
parameters in all iERM patients and factors such as 
gender, age, OCTA, and OCT parameters. Hyperreflec-
tive foci area percentage and hyperreflective foci density 
exhibited no significant correlations with gender and age. 
However, hyperreflective foci area percentage and hyper-
reflective foci density showed significant correlations 
with CMT, FAZ area, and FAZ perimeter (p < 0.005). 
Specifically, CMT strongly positively correlated with 
hyperreflective foci density, hyperreflective foci count, 
and hyperreflective foci percentage, with r-values of 
0.765,0.457,0.764, respectively. Although SVD showed 
only weak correlation with hyperreflective foci counts 
and hyperreflective foci density, FAZ area and FAZ 
perimeter demonstrated a significant negative correla-
tion with hyperreflective foci counts, hyperreflective foci 
percentage, and hyperreflective foci density (P < 0.001). 
Additionally, the correlation between SVD and hyper-
reflective foci density was insignificant (P > 0.05). It is 
important to note that technical terms such as MLC and 
SVD are explained when first used to improve compre-
hensibility (Table 3)(Fig. 3).

Discussion
This study represents is a pioneering effort in utilizing en 
face OCTA images for investigating changes in hyperre-
flective foci at the retinal vitreous interface in eyes with 
idiopathic epiretinal membranes (iERM). In this study, 
we observed variations in the density and distribution of 
hyperreflective foci among patients afflicted with iERM 
at different stages.

A substantial body of evidence indicates that the 
inflammatory response plays a in the pathological process 

of iERM. According to Joshi et al. [10] and Zhao et al. 
[11], the primary cell types in iERM are hyalocytes and 
müller cells. Hyalocytes are classified as macrophages a 
kind of inflammation cells [12]. Glial cells in the iERM 
tissue express some trophic factor receptors and tran-
scription factors, such as NF-kappaB, suggesting that glial 
cell signaling is involved in the development of the iERM, 
and whether there is a difference in the various stages of 
its development needs to be further investigated. Mül-
ler cells, microglia, and hyaloid cells are closely related 
to the development of iERM. It has been found that the 
internal limiting membrane tissue torn off during iMEM 
is predominantly glial and contains a variety of cells such 
as vitreous, retinal pigment epithelium (RPE) cells, mac-
rophage-like cells, fibroblasts, and myofibroblasts, and 
often residual anterior membrane tissue. and myofibro-
blasts, among others, and often with remnants of adven-
titial tissue. Our results show that the increased count 
and altered distribution patterns of hyperreflective foci, 
as observed in OCT en face images, provide compelling 
evidence of their critical role in the pathophysiological 
progression of iERM. Remarkably, as the developmental 
stages of iERM unfold, we have observed corresponding 
changes in hyperreflective foci density and distribution, 
thereby underscoring an intimate association between 
hyperreflective foci activation and aggregation and the 
specific stage of iERM development. Despite significant 
variations in cell counts among individuals, it is notewor-
thy that cell numbers increase in conjunction with higher 
iERM grades.

Moreover, this study has successfully determined a pos-
itive correlation between posterior vitreous detachment 
(PVD) and the density of hyperreflective foci in iERM. 
PVD stands as the most critical factor in the pathogen-
esis of iERM, with a staggering 80–95% of iERM cases 
being intricately linked to PVD [12]. During the process 
of PVD formation, it has been observed that neuroglial 
acidic proteins and vitreous wafers exert specific influ-
ences on immature neuroglial cells, stellate glial cells, and 
mesenchymal cells. The residual vitreous cortex forms a 

Table 3 Correlation between hyperreflective fociand patient parameters
Variables hyperreflective foci density hyperreflective foci count hyperreflective foci percentage
gender r = 0.132, p = 0.256 r = 0.239, p = 0.118 r=-0.144, p = 0.303
age r = 0.054, p = 0.701 r = 0.056, p = 0.717 r=-0.088, p = 0.568
BCVA(LogMAR) r = 0.117, p = 0.368 r = 0.821, p = 0.000 r = 0.534, p = 0.003
PVD r = 0.302, P = 0.043 r = 0.311, p = 0.037 r = 0.262, P = 0.082
CMT r = 0.765, p = 0.000 r = 0.457, p = 0.00 r = 0.764, p = 0.000
Faz area r=-0.559, p = 0.001 r=-0.720, p = 0.00 r=-0.599, p = 0.003
Faz perimeter r=-0.632, p = 0.000 r=-0.686, p = 0.00 r=-0.568, p = 0.005
SVD r = 0.215, p = 0.229 r = 0.368, p = 0.084 r = 0.094, p = 0.669
SPD r = 0.282, p = 0.112 r = 0.472, p = 0.022 r = 0.199, p = 0.363
BCVA: best-corrected visual acuity, PVD: posterior vitreous detachment, CMT: Central Macular Thickness, FAZ: foveal avascular zone, SVD: superficial vascular 
density, SPD: superficial perfusion density
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delicate layer on the macular surface and contains vitre-
ous cells, including hyalocytes. It serves both as a struc-
tural component and a nurturing medium, activating 
tissue repair mechanisms [13]. Consequently, this results 
in the retention, migration, and proliferation of glial 
cells and hyalocytes on the macular surface. Hyalocytes 
stimulate Müller cells to migrate or proliferate, utimately 
leading to the formation of the complete internal limit-
ing membrane (ILM) and the subsequent development of 
the epiretinal membrane [14]. Jacob et al. have detected 
the presence of macrophage-like cells on the retinal sur-
face subsequent to PVD, thereby signifying the existence 
of neuroglial cells that either persist or migrate from the 
residual vitreous cortex on the retinal surface [15].

This study intriguing found a positive association 
between the density of hyperreflective foci and central 
macular thickness (CMT) of ERM. Prior studies have 
established the involvement of inflammatory responses 
in the pathological progression of iERM [16]. In addition, 
the growth of iERM is closely associated with the pro-
liferation, migration, and phenotypic transformation of 
Müller cells [17]. It is postulated that the increasing den-
sity of hyperreflective foci, as indicated by the increasing 

EIFL grades, can be attributed to the persistent traction 
exerted by iERM, which causes centripetal mechanical 
displacement of the inner retinal layers. Concurrently, 
this traction exerts its influence on the normal Müller 
cells. Romano et al. Suggest that this effect triggers the 
migration and transformation of Müller cells, thereby 
activating them through the overexpression of glial fibril-
lary acidic protein (GFAP) [18]. Perturbations in nutrient 
availability and higher cytokine levels contribute to the 
development of ERM. Therefore, reactive proliferation of 
inner retinal glial cells ensues. The relationship between 
the proliferation of inner retinal glial cells and physi-
cal traction culminates in the formation of continuous 
ectopic inner foveal layers (CEIF), thereby giving rise to 
structural aberrations within the central fovea pertaining 
to the inner retinal layers [19]. Our data demonstrate that 
hyperreflective foci are correlated with CMT, but do not 
demonstrate causality.

Additionally, this study indicates a correlation between 
the increased count of hyperreflective foci and BCVA. 
Hyperreflective foci could also be microglia. Microglia, 
which are retinal macrophages, inhIbit both the inner 
and outer plexiform layers, and occasionally extend their 

Fig. 3 Scatter plots illustrating the correlation between and patient parameters was assessed in this study. The association between CMT and hyper-
reflective foci counts(A), hyperreflective foci percentage(F), hyperreflective foci density (k) was found to be positive; A negative association was observed 
between the FAZ area and hyperreflective foci counts(B), hyperreflective foci percentage(G), hyperreflective foci density (L); The hyperreflective foci 
counts(C), hyperreflective foci percentage(H), hyperreflective foci density (M) exhibited a negative correlation with the FAZ perimeter. Notably, the SPD 
demonstrated a positive association with hyperreflective foci counts(E), hyperreflective foci percentage(J), hyperreflective foci density (O)
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to the retinal nerve fiber layer [20, 21]. Therefore, this 
phenomenon results in fibrotic contraction and distor-
tion of the customary tissue architecture, thereby induc-
ing retinal thickening, disruption, and changes in the 
central foveal morphology, thus precipitating a decline in 
BCVA [22].

An association between metrics of hyperreflective 
foci and the superficial capillary plexus (SCP) in iERM 
was not identified in our study. This observation aligns 
with the findings of Zeng et al. [23], who also reported 
a lack of correlation between MLC density and SCP in 
patients with RVO. The retinal vascular plexus consists 
of the superficial SCP and the DCP, with the SCP situ-
ated in the ganglion cell layer and nerve fiber layer, while 
the DCP is located in the inner nuclear layer [24]. The 
mechanical traction exerted by iERM primarily affects 
the superficial retinal layers [22]. However, in terms of 
compromised blood flow, the DCP may be more sus-
ceptible to ischemic effects resulting from the increased 
presence of inflammatory cells due to iERM. Therefore, 
the impact of mechanical stress induced by iERM may 
have more profound consequences on the DCP than on 
the SCP [24, 25]. In addition, our observations indicate 
that hyperreflective foci in stage I and stage II iERM 
are predominantly situated at the periphery of the pro-
liferative membrane. In contrast, in stage III and stage 
IV iERM, hyperreflective foci are not only found at the 
periphery but also concentrated in the central area of the 
proliferative membrane. This phenomenon can be attrib-
uted to the fact that stage I and stage II iERM do not dis-
rupt the inner retinal structure. Conversely, in stage III 
and stage IV iERM, there is inner retinal ectopia at the 
central fovea, which adversely affects deep-layer blood 
flow, leading to hypoxia. This activation of retinal mac-
rophages in the inner and outer plexiform layers may be 
the underlying cause [26]. Therefore, while no correlation 
was established between SCP and hyperreflective foci, 
further study is necessitated to determine whether a rela-
tionship exists with the DCP.

There are some limitations to our study. Firstly, a ret-
rospective cross-sectional design was employed, result-
ing in inevitable biases in the obtained results. Secondly, 
the sample size was relatively small, and no subsequent 
statistical analysis was performed. The study was limited 
to analyzing the distribution and density of hyperreflec-
tive foci, without exploring their morphological aspects. 
Moreover, more precise techniques such as immunofluo-
rescence staining or transmission electron microscopy 
(TEM) analysis were not utilized, and a comprehensive 
characterization of hyperreflective foci across differ-
ent grades of iERM was not provided. Future research 
should seek to address these limitations by incorporat-
ing larger sample sizes and employing more comprehen-
sive methodologies to further explain the histological 

characteristics of hyperreflective foci in iERM and specu-
late on the underlying pathogenesis. There is no indica-
tion of how HRF and iERM develop over time based on 
disease progression to assess causality. In addition, due 
to equipment constraints, this study did not assess the 
correlation between DCP and hyperreflective foci, which 
warrants exploration in future studies.

Conclusions
In summary, hyperreflective foci may be inflammatory 
cells. It has been determined that hyperreflective foci 
represent a simple and non-invasive method for assess-
ing the severity of inflammatory reactions in all stages 
of iERM. Hyperreflective foci have been observed at 
all stages of iERM. In addition, this study has identified 
associations between hyperreflective foci and parameters 
such as PVD, CMT, FAZ area, and BCVA.
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