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Abstract
● AIM: To evaluate the potential role of hyperreflective foci (HF) 
as a prognostic indicator of visual outcome in patients 
with macular edema (ME) due to retinal vein occlusion (RVO).
● METHOds: We retrospectively reviewed 50 eyes of 
50 patients with ME due to ischemic central retinal vein 
occlusion (CRVO), non-ischemic CRVO and branch retinal 
vein occlusion (BRVO) who were treated with anti-vascular 
endothelial growth factor (anti-VEGF) at Beijing Tongren 
Eye Center from January 2013 to July 2016. All patients 
underwent best-corrected visual acuity (BCVA), spectral 
domain optical coherence tomography (sd-OCT) at baseline 
and follow-up. such factors were evaluated and compared 
among three groups as baseline and final BCVA, central 
retinal thickness (CRT), external limiting membrane (ELM) 
status and the numbers of HF in different position. Multiple 
linear regression analysis was employed to analyze the 
relationship between baseline HF and final BCVA. Changes 
of HF before and after treatment were evaluated too.
● REsuLTs: Among three groups, HF could be located in 
each retinal layers, as well as in vitreous cavity. The mean 
HF in outer retinal layer (ORL) at baseline was 5.29±8.48 in 
ischemic CRVO with intact ELM, 1.93±2.76 in non-ischemic 
CRVO, and 1.75±2.05 in BRVO. With disrupted ELM, 
the mean HF in ORL increased. There was statistically 
difference of HF in ORL between intact and disrupted ELM. 
The numbers of HF in ORL were associated with poor 
visual outcome among three groups. However, HF in inner 
retinal layer (IRL) and vitreous cavity were not associated 
with poor visual outcome. Meanwhile, the baseline HF 
in ORL and vitreous cavity reduced significantly in non-
ischemic CRVO and BRVO after anti-VEGF treatment.

● CONCLusION: The numbers of HF in ORL are prognostic 
factors associated with the final BCVA in patients with ME 
due to RVO after anti-VEGF treatment. 
● KEyWORds: hyperreflective foci; retinal vein occlusion; 
treatment; optical coherence tomography
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intRoduCtion

R etinal vein occlusion (RVO) is one of the most common 
retinal vascular diseases, and macular edema (ME) is 

the most common cause of visual impairment in people with 
these diseases[1-2]. Therefore, various treatments have been used 
to try to reduce the ME as soon as possible, for example, grid 
laser photocoagulation[3-4], intravitreal injections anti-vascular 
endothelial growth factor (anti-VEGF)[5-6], intravitreal injections 
of triamcinolone acetonide[7-8], and pars planavitrectomy[9].
Although complete resolution of ME may be achieved with all 
these treatment options, some patients experience poor visual 
outcomes, suggesting that there may be several factors that 
predict the final visual outcome independent to the agent used 
to treat the ME.
Spectral-domain optical coherence tomography (SD-OCT), 
a noninvasive optical imaging modality, is the standard and 
the most common equipment used to objectively evaluate 
and monitor the efficiency of treatment by quantifying 
the resolution of ME[10]. With increase of resolution, more 
details can be evaluated by SD-OCT. Bolz et al[11] observed 
hyperreflective foci (HF) on SD-OCT in 2009 at the first time 
and Hasegawa et al[12] captured hyperreflective line in 2015. 
Both results showed that HF and hyperreflective line were 
associated with final best-corrected visual acuity (BCVA). 
More experts expressed their interests in HF on SD-OCT. 
Recently, HF was defined as the presence of small discrete, 
well-circumscribed, dot-shaped lesions, with equal or greater 
reflectivity than the retinal pigment epithelium (RPE) band 
on SD-OCT[13]. HF was observed in patients with age-related 
macular degeneration (AMD), RVO, diabetic retinopathy 
(DR), central serous choroidoretinopathy, Stargardt disease 
and retinitis pigmentosa[13-18]. Previous studies reported that HF 
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regressed after treatment and the presence of HF at baseline 
was positively correlated with final visual acuity in patients 
with exudative AMD after treatment with anti-VEGF[15,19-20].
Furthermore, other reports suggest that the number and 
potentially the location of HF may be a predictor of final 
treatment outcome in ME treated with anti-VEGF agents[14,21-22].
Because of what was discussed above, the purpose of this 
study was to evaluate the effect of HF in different position as 
a prognostic factor of visual outcome in patients treated with 
intravitreal ranibizumab for ME due to RVO. 
SuBJECtS and MEthodS
Patients  We retrospectively reviewed 50 eyes of 50 patients 
with ME due to RVO including ischeminc central retinal 
vascular occlusion (CRVO), non-ischemic CRVO and branch 
retinal vascular occlusion (BRVO) who were treated with 
intravitreal ranibizumab and followed up for at least 9mo at 
Beijing Tongren Eye Center from January 2013 and July 2016. 
The study was conducted in accordance with the tenets of the 
Declaration of Helsinki. 
Exclusion criteria included high myopia, glaucoma, media 
opacities due to cataract or corneal disease, vitreous hemorrhage, 
history of uveitis, presence of epiretinal membrane or macular 
hole, AMD or other ocular pathology that may affect the 
visual acuity, any intraocular surgery or laser treatment, 
including focal/grid macular photocoagulation and panretinal 
photocoagulation within 6mo before the treatment, and bad 
quality of images because of strong eye movements.
At initial visit (baseline examination), each patient underwent 
comprehensive ophthalmic examination including measurement 
of BCVA, intraocular pressure, slit-lamp biomicroscopy, 
indirect ophthalmoscopy, color fundus photography, fluorescein 
angiography, and SD-OCT (Spectralis HRA+OCT®; Heidelberg 
Engineering, Heidelberg, Germany). Specifically, for BCVA 
measurement, all patients were refracted by a certified examiner, 
and BCVA was measured using standard Early Treatment 
Diabetic Retinopathy Study (ETDRS) protocol at 4 m distance 
with a modified ETDRS distance chart. 
All patients were treated with an injection of intravitreal 
ranibizumab (0.5 mg/0.05 mL), and BCVA, color fundus 
photography, and SD-OCT were evaluated at every visit. Re-
treatment was permitted for persistent fluid and/or decrease in 
visual acuity by at least five letters. 
optical Coherence tomography Measurement  The 
OCT acquisition was performed on the SD-OCT. The OCT 
volume scan was performed on a 20×20° cube, consisted of 
49 horizontal B-scans with 20 averaged frames per B-scan 
centered over the fovea, each containing 1064 pixels, separated 
by 125 mm. The integrated follow-up mode of the device was 
used to ensure that the exact same retinal area was imaged at 
every follow-up visit. The eye-tracking system of the device 
was used to assure that the correct position was maintained 

during the scanning process. The morphologic features of ME, 
central retinal thickness (CRT), external limiting membrane 
(ELM), ellipsoid zone (EZ), interdigitation zone (IZ), and the 
number of HF in different position were assessed and analyzed 
with SD-OCT by two experienced masked graders.
The CRT defined as the retinal thickness within the central 
circle of the ETDRS grid (1 mm diameter) centered over the 
fovea was automatically calculated using the incorporated 
software of the Spectralis SD-OCT. The status of the ELM, 
EZ and IZ was classified into intact or disrupted status. Intact 
ELM, EZ and IZ were defined as a continuous hyperreflective 
line. Disrupted ELM, EZ and IZ were defined as loss or 
irregularity of the hyperreflective line. 
The method used for evaluation of HF has been reported in 
several previous studies as a reliable measure of HF[11,22-25]. The 
numbers of HF in the cube were subjectively determined in all 
patients at baseline and final visit by two experienced masked 
graders. The position of the HF was classified as 1) HF in the 
outer retinal layers (from the ELM to the RPE); 2) HF in the 
inner retinal layers [from the internal limiting membrane (ILM) 
to the outer nuclear layer (ONL)]; 3) HF in the whole retinal 
layers (from the ILM to the RPE); 4) HF in the vitreous cavity. 
Due to the variation of scan window location, the numbers of 
HF in the vitreous cavity were not counted directly. Firstly, HF 
numbers of the vitreous cavity on each scan window had to be 
counted. Meanwhile, the areas for each vitreous cavity had to 
be measured. Then, the ratio of HF numbers to the total areas 
of vitreous cavity (it’s abbreviated as RATIO in the following 
part) can be calculated.
Statistical analysis  All data were analyzed using SPSS for 
Windows, Version 22.0. Chicago, IL: SPSS Inc., and results 
were presented as the mean±SD. Differences were evaluated 
using ANOVA, followed by the Student-Newman-Keuls test 
for multiple comparisons. The Student’s t-test was used to 
analyze pairwise comparisons. Then, multiple linear regression 
analysis with backward elimination was employed to analysis 
the association of BCVA with the numbers of HF in different 
layers. A P-value<0.05 was considered statistically significant.
RESultS
Baseline Characteristics of Patients  The baseline characteristics 
of the patients in three groups are shown in Table 1. A total of 
50 patients were included in this study, 14 eyes of 14 patients 
with ME secondary to ischemic CRVO, 21 eyes with non-
ischemic CRVO, 15 eyes with BRVO were examined. There 
was no significant difference among ischemic CRVO, non-
ischemic CRVO and BRVO with regard to age, follow-up 
period, and mean number of injections using ANOVA; there 
was no significant difference statistically between non-ischemic 
CRVO and BRVO with regard to CRT and BCVA; however, 
ischemic CRVO diversely different from non-ischemic CRVO 
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and BRVO regarding CRT and BCVA (P<0.05). The mean 
BCVA at baseline was 49.36±18.11 in ischemic CRVO, 
57.67±7.98 in non-ischemic CRVO, 60.13±9.68 in BRVO. 
Baseline Hyperreflective Foci Situation in Retinal layers 
and Vitreous Cavity  Among the three groups, HF can be 
located in each retinal layers, as well as in vitreous cavity, but 
mainly located around outer plexiform layer (OPL) within 
the inner retinal layer (Figures 1 and 2). The location of HF 
in retinal layers can be confluent and/or sparse, however, its 
location in vitreous cavity is sparse. The confluent location is 
mainly around OPL, corresponding to hard exudates on color 

fundus photographs. There was no obvious difference about 
numbers of HF in inner retinal layer, outer retinal layer and 
RATIO among the three groups. Meanwhile, we evaluated the 
situation of HF location according to the status of ELM/EZ/IZ. 
The results showed that numbers of HF in outer retinal layer in 
intact ELM were much less than those in disrupted ELM, no 
matter that it’s CRVO or BRVO. The mean HF in outer retinal 
layer at baseline was 5.29±8.48 in ischemic CRVO with intact 
ELM, 1.93±2.76 in non-ischemic CRVO with intact ELM, 
1.75±2.05 in BRVO with intact ELM. While, with disrupted 
ELM, the mean HF in outer retinal layer was 16.43±34.09 
in ischemic CRVO, 8.29±8.88 in non-ischemic CRVO, 
8.29±6.42 in BRVO. There was statistically difference of HF 
in outer retinal layer between intact ELM and disrupted ELM. 
However, there was no apparent variation of the numbers of 
inner retinal layers and RATIO according to the status of ELM/
EZ/IZ among the three groups. More details can be referenced 
in Table 2.
Relationship Between Baseline Hyperreflective Foci in 
Different Location and Final Best-corrected Visual Acuity  
To evaluate the association of final BCVA with baseline HF 
in retinal layer and vitreous cavity, multivariate analysis was 
performed (Table 3). The results showed that the numbers 
of HF in the outer retinal layers were associated with poor 
visual outcome in ischemic CRVO (R=-0.527, P=0.050), non-
ischemic CRVO (R=-0.609, P=0.049) and BRVO (R=-0.581, 

table 1 the baseline characteristics of patients

Baseline characteristic
CRVO

BRVO
Ischemic Non-ischemic

No. of eyes/patients 14 21 15

Age (a) 58.64±12.31 55.33±13.15 61.3±7.19

Men/women 10/4 9/12 10/5

Study eye (n)

Right 7 10 8

Left 7 11 7

BCVA (EDTRS) 49.36±18.11 57.67±7.98 60.13±9.68

CRT (μm) 841.14±147.09 659.57±136.16 549.07±125.11

Follow-up (mo) 24.71±11.01 25.67±8.40 27.80±9.98

Times of injection 12.14±4.87 11.52±3.68 9.27±4.82

No. HF 1/14 2/21 3/15

Figure 1 Representative case of CRVO with HF  The initial BCVA was 51 letters and the final BCVA was 65 letters. A: Fundus finding at 
baseline shows optic vascular loop at baseline; B: SD-OCT image shows ME with serous retinal detachment, the HF in the inner (blue arrow) 
and outer retina (red arrow) were detected; C: Fundus finding at final visit after intravitreal injection; D: SD-OCT image shows ME decreased 
and HF were not detected.
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P=0.023). While, the numbers of HF in inner retinal layer and 
RATIO were not associated with poor visual outcome among 
the three groups. 
Changes of Hyperreflective Foci Before and After Anti-vascular 
Endothelial Growth Factor Treatment  We analyzed the 
changes of HF after anti-VEGF injection (Table 4). The 
numbers of HF in retinal layers decreased in 7 eyes (50%), 
was stable in 4 eyes (28.57%), and increased in 3 eyes (21.43%) 

in ischemic CRVO. The numbers of HF in the whole retinal 
layers at baseline reduced significantly from 83.36±115.80 to 
42.29±64.94 at final visit in ischemic CRVO (P=0.272). The 
numbers of HF in outer retinal layer at baseline reduced from 
10.86±24.56 to 6.57±15.52 at final visit in ischemic CRVO 
(P=0.611). Our results also showed that the numbers of HF 
in retinal layers decreased in 14 eyes (66.67%), was stable in 
3 eyes (14.29%), and increased in 4 eyes (19.05%) in non-

Table 2 Numbers of HF in retinal layers and in the vitreous cavity according to the status of ELM/EZ/IZ

Groups Baseline HF in 
retinal layer

Baseline HF in 
ORL

Baseline HF in 
INL Baseline RATIO

CRVO

  Ischemic ELM/EZ Intact 84.43±146.78 5.29±8.48 79.14±138.58 0.242±0.260

Disrupted 82.29±86.64 16.43±34.09 65.86±81.23 0.209±0.193

IZ Intact 93±158.86 6±9.06 87±150.09 0.242±0.285

Disrupted 76.13±82.09 14.5±32.03 61.63±76.15 0.213±0.179

  Non-ischemic ELM Intact 44.36±60.27 1.93±2.76 42.50±59.31 0.453±0.711

Disrupted 75.57±97.21 8.29±8.88 67.29±92.12 0.507±0.401

EZ Intact 51.0±62.89 1.92±2.87 49.17±61.78 0.429±0.749

Disrupted 59.78±89.83 6.89±8.24 52.89±84.74 0.527±0.409

IZ Intact 55.27±64.11 2.09±2.95 53.27±63.06 0.443±0.784

Disrupted 54.20±86.51 6.20±8.07 48.0±81.38 0.502±0.394

BRVO ELM/EZ/IZ Intact 29.63±62.61 1.75±2.05 27.88±61.07 0.238±0.323

Disrupted 98.43±122.15 8.29±6.42 90.14±121.04 0.097±0.963

ORL: Outer retinal layer.

Figure 2 Representative case of BRVO with HF  The initial BCVA was 57 letters and the final BCVA was 80 letters. A: Fundus finding at 
baseline shows lots of hard exudates in the unaffected area at baseline; B: SD-OCT image shows ME with HF in the inner (blue arrow) and outer 
retina (red arrow), and in the vitreous cavity (yellow arrow); C: Fundus finding showed hard exudates resolved at final visit after intravitreal 
injection; D: SD-OCT image shows ME resolved.
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ischemic CRVO; the numbers of HF decreased in 8 eyes 
(53.33%), was stable in 6 eyes (40%), and increased in 1 eye 
(6.67%) in BRVO. The numbers of baseline HF in outer retinal 
layer reduced significantly in non-ischemic CRVO and BRVO, 
meanwhile, the RATIO also decreased significantly in non-
ischemic CRVO and BRVO. There was statistically difference 
of numbers of HF in outer retinal layer and RATIO for non-
ischemic CRVO and BRVO before and after anti-VEGF 
treatment. However, there was no significant difference in 
ischemic CRVO.
We also compare the changes of BCVA and CRT before 
and after anti-VEGF treatment. The mean BCVA showed 
significant improvement from baseline to final in non-ischemic 
CRVO and BRVO, but there was no significant difference in 
ischemic CRVO. The mean CRT showed significant reduction 
from baseline in the three groups (P<0.05) (Table 4). 
diSCuSSion
ME is a well-known cause of visual impairment in retinal 
vascular diseases including retinal vascular occlusion and 
diabetic retinal disease. In the last 2 decades, the role of 
OCT was stressed to analyze morphologic retinal changes 
and to understand physiopathologic mechanisms of ME. In 
2009, Bolz et al[11] described a novel finding on SD-OCT 
characterized by dots scattered throughout all retinal layers by 
DME firstly. Recently, HF was defined as the presence of small 
discrete, well-circumscribed, dot-shaped lesions, with equal 
or greater reflectivity than the retinal pigment epithelium band 
on SD-OCT[13]. HF was observed in patients with AMD, RVO, 
DR, central serous choroidoretinopathy, Stargardt disease and 
retinitis pigmentosa[13-18]. 

Several studies have shown that the presence of HF in various 
retinal layers was positively associated with final BCVA, on the 
other hand, other studies showed that the presence of HF was 
not associated with final BCVA. Chatziralli et al[21] reported that 
the number and foveal location of HF are independent factors 
associated with the final BCVA in patients with ME due to DR 
and BRVO, suggesting HF as a potential biomarker of poor 
final visual outcome. Uji et al[23] showed the clinical relevance 
of HF, reporting that their presence in the outer retina layers 
decreases visual acuity of subjects with DME. Coscas et al[20]

reported that HF were primarily detected in the outer retinal 
layers and near the RPE but also disseminated into all retinal 
layers (but less numerous) and HF resolution was associated 
with better final visual acuity in nAMD and polypoidal 
choroidal vasculopathy (PCV). However, Akagi-Kurashige 
et al[26] reported that the presence of HF in neurosensory 
retina at baseline was not correlated with final visual acuity 
in univariate regression analysis in 35 nAMD patients and 61 
PCV patients together. The present study prompted us to focus 
on HF in different location, the relationship between baseline 
HF and final BCVA, and whether or not the numbers of HF 
decrease after anti-VEGF treatment in other retinal vascular 
diseases such as ischemic CRVO, non-ischemic CRVO and 
BRVO.
Our results showed that HF could be located in each retinal 
layers, as well as in vitreous cavity, but mainly located 
around outer plexiform layer within the inner retinal layer. 
The location of HF in retinal layers can be confluent and/or 
scattered, however, its location in vitreous cavity is sparse. 
The confluent location is mainly around OPL, corresponding 

Table 4 Changes of baseline HF and baseline BCVA after anti-VEGF treatment

Main outcomes

CRVO
BRVO   

Ischemic Non-ischemic

Baseline Final P Baseline Final P Baseline Final P

BCVA 49.36±18.11 55.93±20.47 0.361 57.67±7.98 69.33±14.70 0.002 60.13±9.68 76.67±6.34 0.0001

CRT 841.14±266.21 308.79±147.09 0 659.57±136.19 302.43±122.16 0.0000 549.07±125.11 292.8±72.96 0.0001

HF in retinal layer 83.36±115.80 42.29±64.94 0.272 54.76±73.64 19.76±26.83 0.020 61.67±98.11 17.33±22.52 0.106

HF in ORL 10.86±24.56 6.57±15.52 0.611 4.05 ± 6.17 0.57 ± 1.25 0.015 4.80 ± 5.58 2.13 ± 2.78 0.027

HF in IRL 72.50±109.35 36.43±59.67 0.290 50.76±70.54 18.71±26.89 0.024 56.93±95.80 15.27±21.40 0.126

RATIO 0.225±0.221 0.112±0.129 0.105 0.471±0.615 0.051±0.041 0.005 0.248±0.064 0.089±0.023 0.035

Table 3 Results of multivariate regression on numbers of HF as a prognostic parameter for poor visual outcome

Baseline HF in different layers

CRVO
BRVO

Ischemic Non-ischemic
Pearson correlation 

coefficient P Pearson correlation 
coefficient P Pearson correlation 

coefficient P

Baseline HF in retinal layer 0.025 0.931 0.116 0.618 0.066 0.817

Baseline HF in ORL -0.527 0.050 -0.609 0.049 -0.581 0.023

Baseline HF in IRL 0.143 0.626 0.108 0.640 0.101 0.720

Baseline RATIO -0.494 0.073 0.040 0.862 0.184 0.513
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to hard exudates on color fundus photographs. In our study, 
only 1 eye (7.14%) in ischemic CRVO, 2 eyes (9.52%) in non-
ischemic CRVO and 3 eyes (20%) in BRVO at baseline had 
no HF detected on SD-OCT. The percentage of eyes with no 
HF was similar to that of a previous study by Ogino et al[18], 
who reported the absence of HF in 22.4% of eyes with BRVO. 
What’s the origin of HF? The exact origin of HF is unclear, 
but recent studies suggested that HF could be deposition of 
extravasated lipoproteins (the precursor of hard exudates), 
lipid-laden macrophages, photoreceptor degeneration, and 
activated or over-phagocytosed retinal pigment epithelium 
cells, or retinal pigment epithelium metaplasia, microglia in an 
inflammatory environment[13-18]. In RVO, HF seems to reflect 
the extravasation of fluid caused by breakdown of the blood-
retina barrier, which finally lead to hard exudates and ME. 
Ogino et al[18] reported that in BRVO, the fine scattered HF in 
the affected area represented leakage of blood constituents, 
whereas the confluent HF around the OPL in the unaffected 
area were associated with absorption of water and solutes. 
This study also showed that hard exudates or confluent HF in 
BRVO spared the fovea, where there are no retinal capillaries, 
and that confluent HF were rare in the retinal parenchyma in 
CRVO. In AMD, the origin of HF could reflect RPE migrating 
cells because there is similar expression as for the RPE layer 
providing the most highly reflective surface, and it was 
presumed that HF might reflect leukocytes, which are able to 
invade the extracellular spaces in inflammatory regions. In 
2016, Chen et al[27] reported that HF associated with acquired 
vitelliform lesions were of RPE origin by light microscopy 
and transmission electron microscopy from a donor eye. We 
can speculate that the origin of HF differs in different diseases, 
consequently, the location of HF varies in SD-OCT.
Our results showed that the baseline numbers of HF in the 
outer retinal layers were associated with poor visual outcome 
in ischemic CRVO (R=-0.527, P=0.050), non-ischemic CRVO 
(R=-0.609, P=0.049) and BRVO (R=-0.581, P=0.023). While, 
the baseline numbers of HF in inner retinal layer and RATIO 
were not associated with poor visual outcome among the 
three groups. It was similar with the previous study by 
Ogino et al[18] and Chatziralli et al[21]. However, Lee et al[15] 
reported that subretinal HF could be considered as a new 
reliable visual prognostic factor in nAMD and PCV. Why is 
the numbers of HF in outer retinal layer relevant to final visual 
outcome in RVO? Murakami et al[28] reported that HF in the 
outer retinal layers were associated with either a disrupted 
ELM or EZ and poor prognoses in diabetic ME. Chatziralli 
et al[21] also reported that poor final visual acuity was correlated 
with poor initial visual acuity and photoreceptor disruption. It 
had already been verified by our results. The results showed 
that numbers of HF in outer retinal layer in intact ELM were 
much less than those in disrupted ELM, no matter that it’s 

CRVO or BRVO. There was statistically difference of HF in 
outer retinal layer between intact ELM and disrupted ELM. 
However, there was no apparent variation of the numbers of 
inner retinal layers and RATIO according to the status of ELM/
EZ/IZ among the three groups. A disrupted ELM cannot block 
the migration of extravasated lipoproteins in the inner retinal 
layers to the outer retinal layers of the ELM, and makes it 
possible to pass these extravasated blood constituents through 
the outer retinal layer[25]. These materials are deposited to 
the outer retinal layers including the photoreceptors. For this 
reason, we could find that the eyes with HF in the outer retinal 
layers had significantly more ELM disruption and EZ disruption 
at final visit. HF position, which was positively associated with 
final visual outcome, varied in different diseases depending on 
various pathologic mechanisms.
The mean number of baseline HF in outer retinal layer reduced 
significantly in non-ischemic CRVO and BRVO, meanwhile, 
the RATIO also decreased significantly in non-ischemic CRVO 
and BRVO after anti-VEGF treatment. There was statistically 
difference of numbers of HF in outer retinal layer and RATIO 
for non-ischemic CRVO and BRVO before and after anti-
VEGF treatment. Chatziralli et al[21] and Kang et al[25] reported 
that there was a significant reduction in the number of HF and 
retinal tissue integrity was enhanced and leakage was reduced 
after anti-VEGF treatment as in ME patients of BRVO and 
DR. Our result was consistent with previous studies. However, 
there was no significant difference of numbers of HF in outer 
retinal layer in ischemic CRVO before and after anti-VEGF 
treatment. Also, the mean BCVA showed no significant 
improvement from baseline to final in ischemic CRVO. 
Because of severe ischemia, inner retinal ischemia cannot 
be improved and blood-retinal barrier function would not 
be improved in ischemic CRVO after anti-VEGF treatment; 
for ischemic CRVO, neither final BCVA showed significant 
improvement, nor the numbers of HF in outer retinal layer was 
reduced obviously. 
In 2016, Korot et al[29] showed that higher vitreous HF scores 
existed in patients with DME compared with controls and 
diabetic patients without retinopathy. In that paper, the analysis 
against the relationship between HF in vitreous cavity and 
final visual outcome was not done, nor the analysis against the 
changes of vitreous HF after treatment. In this study, it showed 
that baseline ratio of HF in vitreous cavity to the total areas of 
vitreous cavity was not associated with poor visual outcome, 
there was a significant reduction in both non-ischemic CRVO 
and BRVO after anti-VEGF treatment. It is the first time 
that this result is reported. Some investigators had noticed 
the presence of HF in OCT scans of the vitreous of patients 
with inflammatory conditions, including uveitis[30-31]. If these 
vitreous HF represent inflammatory cells, additional questions 
are raised regarding the contribution of vitreous inflammatory 
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cells in the pathogenesis and progression of ME in RVO that 
warrant further investigation. Our results encouraged us to 
hypothesize that the vitreous HF possibly represent cell debris 
or other factors except inflammatory cells, and extravasated 
blood constituents might diffuse into the vitreous cavity 
in RVO. Extravasated proteins or lipids might increase the 
osmotic pressure in the vitreous, resulting in the development 
of serous retinal detachment (SRD). In this study, there was no 
statistically significant difference in the ratio of HF in vitreous 
cavity to the total areas of vitreous cavity between CRVO and 
BRVO. However, Ogino et al[18] and Tsujikawa et al[32] stated 
that the hyperreflective foci in the vitreous were often observed 
in CRVO, instead of the deposition of foci on the ELM or 
the subfoveal hard exudates, suggesting the flow of blood 
constituents into the vitreous. They did not provide the method 
of measuring vitreous HF. The vitreous is a fluid structure with 
likely nonhomogeneous distribution of vitreous HF, and our 
scan window is restricted to the posterior portion; due to the 
variation of scan window location, the numbers of HF were 
not counted directly. So, the ratio of HF numbers to the total 
areas of vitreous cavity can be calculated. It is also the first 
time that this method is used for calculation, and it still need to 
be verified in the future. 
Our study has some weakness that should be mentioned. First, 
it was a retrospective nature and relatively small sample size. 
Second, we may have missed HF in eyes that were considered 
as the absence of HF, because the amount, size, and exact 
location of HF appeared to be highly variable in our study. 
These HF were round or oval shapes, and of different size 
regardless of the location of HF. Prospective, randomized 
clinical study with a specific demarcation and calculation of 
HF will be required to reveal the precise pathogenesis and 
predictive role of these HF in the patients with RVO in the near 
future.
In conclusion, this study demonstrated that the numbers of 
baseline HF in outer retinal layer were associated with the 
final BCVA in patients with ME due to CRVO and BRVO, 
suggesting HF as a biomarker of poor final visual outcome. 
However, the numbers of HF in the inner retinal layer and in 
the vitreous cavity were not associated with final BCVA. The 
numbers of HF in outer retinal layer reduced significantly in 
non-ischemic CRVO and BRVO after anti-VEGF treatment, 
but in ischemic CRVO, they were not reduced significantly.
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