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INTRODUCTION

In late 2019, coronavirus disease 2019 (COVID-19) emerged and rapidly evolved 
into a global pandemic. Although initially recognized as a respiratory tract infection, 
COVID-19 has subsequently been established as a multisystemic disease. It presents 
with a broad clinical spectrum, ranging from asymptomatic or mild disease to severe 
illness and death. Clinical manifestations include fever, dry cough, fatigue, myalgia 
and arthralgia, sore throat, headache, loss of taste and smell, dyspnea, pneumonia, 
sepsis, septic shock, multiorgan failure, and thromboembolic events(1,2). Ocular 
manifestations associated with COVID-19 include ocular redness, tearing, burning, 
foreign body sensation, itching, diplopia, chemosis, retinal microhemorrhages, 
keratitis, optic neuropathy, and conjunctivitis(3).

Optical coherence tomography angiography (OCTA) is a noninvasive imaging 
modality that enables visualization of the retinal vascular network by detecting blood 
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ABSTRACT
Purpose: This study aimed to compare retinal, choroidal, and optic disc vascular density parameters before 

infection and at 6 months and 5 years after infection in individuals with a history of coronavirus disease 

2019 (COVID-19) using optical coherence tomography angiography. Methods: A total of 17 eyes from 17 

healthcare workers were included in this study. Retinal, choroidal, and optic disc vascular parameters 

were evaluated using optical coherence tomography angiography before infection and at 6 months 

and 5 years after infection. The Friedman test and Wilcoxon signed-rank test with Bonferroni correction 

were used for statistical analysis. Results: The foveal avascular zone area was significantly larger at 5 

years after infection than at 6 months after infection (p=0.002). Inner retinal parafoveal (p=0.022) and 

perifoveal (p=0.012) thicknesses were significantly lower at 5 years after infection than before infection. 

Total optic disc vascular density was significantly lower at 5 years after infection than at 6 months after 

infection (p=0.005). Furthermore, intraoptic disc vascular density was significantly lower at 5 years after 

infection than before infection (p=0.009). Conclusion: Microvascular impairment following COVID-19 

may persist over the long term. COVID-19 may also have lasting effects on retinal and optic nerve head 

microcirculation beyond the acute phase of infection. Larger prospective studies with longer follow-up 

periods are warranted to clarify the clinical significance of these alterations and their potential impact 

on visual function.
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flow within retinal vessels. This technique is based on the 
detection of motion contrast generated by the movement 
of erythrocytes(4). Previous studies have demonstrated 
that COVID-19 can affect vascular structures(5,6). In our 
previous study, we compared retinal and choroidal vascular 
density parameters before infection and 6 months after 
infection using OCTA and observed statistically significant 
differences(7). In the present study, retinal, choroidal, and 
optic disc vascular density parameters were evaluated and 
compared in individuals with a history of COVID-19 at three 
time points: before infection, 6 months after infection, and 
5 years after infection.

The aim of this study was to investigate potential long-
term alterations associated with COVID-19 in posterior 
segment structures and vascular density using OCTA.

METHODS

Patient selection

A total of 17 eyes from 17 healthcare workers who 
had been followed at the Department of Ophthalmology, 
University of Health Sciences Antalya Training and Research 
Hospital, were included in this study. For consistency, the 
right eye was selected for analysis in all participants, and 
the same eye was evaluated at all three assessment time 
points. None of the participants had a known systemic or 
ocular disease. The study cohort comprised individuals who 
had previously participated as a control group in a separate 
study conducted before the COVID-19 pandemic and who 
subsequently developed COVID-19 infection and recovered 
without requiring intensive care unit admission.

COVID-19 disease severity was classified according to the 
criteria established by the World Health Organization (WHO). 
Mild disease was defined as symptomatic COVID-19 without 
evidence of viral pneumonia or hypoxia, whereas severe 
disease was defined as severe pneumonia accompanied by a 
respiratory rate >30 breaths/min, severe respiratory distress, 
or oxygen saturation <90% on room air(8). All participants 
in the present study had experienced a mild clinical course 
according to these criteria.

In a previous study, comparisons between the pre-
COVID-19 period and 6 months after COVID-19 infection 
were performed in 20 patients. In the present study, three 
patients were excluded because of inadequate follow-up, 
resulting in the exclusion of data from all three assessment 
time points (preinfection, 6 months postinfection, and 
5 years postinfection). As this study was a retrospective 
longitudinal analysis of an existing cohort, no a priori sample 
size calculation was performed. The final sample size was 

determined by the availability of participants with complete 
data at all three assessment time points. Comprehensive 
ophthalmologic examination findings and OCTA images 
obtained before infection and at 6 months and 5 years 
after infection were retrospectively retrieved from patient 
records and compared.

The exclusion criteria were any ocular pathology, 
particularly glaucoma, uveitis, or diabetic retinopathy; 
myopia greater than −6.00 diopters; an axial length  
>26 mm; a history of ocular surgery other than uncomplicated 
cataract surgery; and any concomitant systemic disease.

Demographic characteristics and ophthalmologic 
examination findings were obtained from the participants’ 
medical records. All participants underwent comprehensive 
slit-lamp biomicroscopic anterior segment and fundus 
examinations. OCTA images acquired during the pre-
COVID-19 period and at 6 months and 5 years after infection 
were evaluated comparatively.

All OCTA imaging was performed using the AngioVue 
system (Optovue Inc., Fremont, California), which is based 
on spectral-domain OCTA technology.

OCTA measurements and parameters

OCTA measurements were obtained using high-resolution 
6 × 6 mm retinal angiography and 4.5 × 4.5 mm optic disc 
angiography protocols. Only images with a signal strength 
index >8/10 were included in the analysis.

Foveal vascular density was defined as the percentage 
of vascular density within a circular area 1 mm in diameter 
centered on the fovea. Parafoveal vascular density (PAFVD) 
was defined as the vascular density within the annular 
region between 1 and 3 mm in diameter, whereas perifoveal 
vascular density (PEFVD) was defined as the vascular 
density within the 3- to 6-mm annular zone. Total vascular 
density was defined as the percentage of overall vascular 
density within the 6-mm fovea-centered scan area. These 
measurements represented cross-sectional vascular density 
values of the superficial capillary plexus (SCP) obtained using 
the device’s automated analysis mode. Vascular density 
was calculated as the percentage of hyperreflective (white) 
pixels representing vascular structures relative to the total 
analyzed area within the OCTA image.

The foveal avascular zone (FAZ) area was determined 
using the device’s automated segmentation algorithm 
and recorded in square millimeters (mm²; Figures 1 and 2). 
Choriocapillaris blood flow (CCBF) was quantified as the 
area exhibiting flow signals within the choriocapillaris layer, 
which was automatically identified by the device, in a central 
region with a 1-mm radius (total area, 3.142 mm²). CCBF was 
expressed in mm².
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Figure 2. Foveal avascular zone (FAZ) measurement in the right eye of the same patient 5 years after COVID-19 infection. The FAZ area was 0.226 mm2.

Figure 1. Foveal avascular zone (FAZ) measurement in the right eye of a patient 6 months after COVID-19 infection. The FAZ area was 0.192 mm2.
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Optic disc vascular density was evaluated as the per
centage of vascular density within a circular area 4.5mm in 
diameter centered on the optic disc (Figures 3 and 4).

Retinal nerve fiber layer (RNFL) thickness was measured 
using the device’s automated measurement algorithm along 
a 3.4-mm-diameter peripapillary circular scan centered on 

Figure 3. Intraoptic disc vascular density in the right eye of a patient before COVID-19 infection. The optic disc vascular density was 61.7%.

Figure 4. Intraoptic disc vascular density in the right eye of the same patient 5 years after COVID-19 infection. The optic disc vascular density was 57.7%.
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the optic disc. Retinal thickness was automatically measured 
in the foveal, parafoveal, and perifoveal regions as the 
distance between the internal limiting membrane and the re
tinal pigment epithelium (RPE).

Choroidal thickness was measured manually on “Enhanced 
HD Line” scans at the subfoveal region by two independent 
observers. The mean of the two measurements was used 
for the analysis. Subfoveal choroidal thickness (SCT) was 
defined as the distance between the RPE and the choroid–
scleral interface (Figures 5 and 6).

Statistical analysis

Statistical analyses were performed using SPSS software, 
version 22.0 (IBM Corp., Armonk, New York). Given the 
limited sample size, the normality of the data distribution 
was assessed using analytical methods based on skewness 
and kurtosis values. Because the data did not conform to a 
normal distribution, as indicated by skewness and kurtosis 
values outside the range of −1.5 to +1.5, nonparametric 
statistical tests were used for subsequent analyses.

Although nonparametric analyses were performed, 
continuous variables were presented as mean ± standard 
deviation (SD) to facilitate clinical interpretation. Differences 

among repeated measurements were evaluated using 
the Friedman test. When a statistically significant overall 
difference was identified, post-hoc pairwise comparisons 
were performed using the Wilcoxon signed-rank test to 
determine which time points contributed to the observed 
differences. To control for the type I error associated with 
multiple comparisons, the Bonferroni correction was applied, 
and statistical significance for these pairwise comparisons 
was set at p<0.016 (0.05/3). For all other analyses, p<0.05 was 
considered statistically significant.

RESULTS

The mean age of the 17 participants was 41.41 ± 1.70 years. 
Of the participants, 10 were female, and seven were male. 
Best-corrected visual acuity was 1.0 (20/20) in all 17 eyes 
at the pre-COVID-19, 6-month, and 5-year follow-up visits, 
indicating stable visual acuity throughout the follow-up 
period. None of the participants had pneumonia, and 
all coagulation parameters, including activated partial 
thromboplastin time (aPTT), prothrombin time, international 
normalized ratio (INR), D-dimer, and fibrinogen levels, were 
within normal limits. Oxygen saturation ranged from 94% 
to 100% in all participants, and none required supplemental 

Figure 5. Inner retinal parafoveal and perifoveal thickness measurements in the right eye of a patient before COVID-19 infection. The parafoveal and peri-
foveal thicknesses were 129 and 118 μm, respectively.
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oxygen therapy. All participants received favipiravir and 
anticoagulant therapy. None required hospitalization or 
received corticosteroid treatment. No participant had 
active or persistent COVID-19-related symptoms, including 
ocular symptoms, at either the 6-month or 5-year follow-up 
visit. Furthermore, none of the participants experienced a 
subsequent episode of COVID-19 infection during the 5-year 
follow-up period.

OCTA measurements obtained before infection and at 6 
months and 5 years after infection are presented in Tables 1 
and 2. Differences in OCTA measurements across the three 
time points were initially assessed using the Friedman test. 
For variables showing statistically significant differences, 
pairwise comparisons were performed using the Wilcoxon 
signed-rank test. The Bonferroni correction was applied 
to control for type I error, and statistical significance for 
pairwise comparisons was set at p<0.016.

As shown in table 1, SCP and deep capillary plexus (DCP) 
vascular density, optic disc vascular density, and retinal nerve 
fiber layer (RNFL) thickness parameters were compared 
across the three time points. Statistically significant temporal 
differences were observed in the foveal avascular zone 
(FAZ) area (p=0.044) and nonflow area (p=0.007). Post-
hoc analyses demonstrated a significant increase in the 
FAZ area at 5 years after infection compared with the 

6-month postinfection measurement (p=0.002). In addition, 
the nonflow area was significantly larger at 5 years after 
infection than before infection (p=0.003). In the optic disc 
analysis, total optic disc vascular density was significantly 
lower at 5 years after infection than at 6 months after 
infection (p=0.005). Similarly, intraoptic disc vascular density 
was significantly lower at 5 years after infection than before 
infection (p=0.009). Regarding RNFL thickness, a statistically 
significant reduction was observed at 6 months after 
infection compared with the preinfection measurement 
(p<0.001). No statistically significant differences were 
observed in the remaining vascular or structural parameters 
(p>0.05).

As shown in table 2, retinal thickness parameters and 
subfoveal choroidal thickness (SCT) were compared across 
the three time points. Statistically significant differences 
were observed in inner retinal parafoveal thickness (p=0.022) 
and inner retinal perifoveal thickness (p=0.012). For both 
parameters, values at 5 years after infection were significantly 
lower than the corresponding preinfection measurements 
(p<0.016). In addition, a statistically significant difference in 
SCT was observed across the three measurement periods 
(p<0.001), with SCT increasing significantly at 6 months 
after infection and subsequently decreasing at 5 years after 
infection.

Figure 6. Inner retinal parafoveal and perifoveal thickness measurements in the right eye of the same patient 5 years after COVID-19 infection. The 
parafoveal and perifoveal thicknesses were 126 and 116 μm, respectively.
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Table 1. Comparison of superficial and deep capillary plexus vascular density, optic disc vascular density, and retinal nerve fiber layer thickness values over time

Variables
Pre-COVID-19

(P1)
6 months post-COVID-19 

(P2)
5 years post-COVID-19 

(P3) p-valuea Post-hoc (p-valueb)
Mean (SD) Mean (SD) Mean (SD)

SCP Total vascular density (%) 52.18 (3.20) 52.50 (2.72) 51.86 (2.30) p=0.348

SCP Foveal vascular density (%) 19.10 (5.20) 19.44 (6.39) 18.11 (4.86) p=0.163

SCP Parafoveal vascular density (%) 54.69 (3.55) 54.71 (3.83) 53.64 (2.89) p=0.179

SCP Perifoveal vascular density (%) 52.96 (3.30) 53.09 (3.07) 52.42 (2.67) p=0.405

DCP Total vascular density (%) 54.61 (2.81) 54.93 (4.31) 52.15 (3.83) p=0.249

DCP Foveal vascular density (%) 36.43 (6.44) 36.69 (8.14) 35.37 (6.56) p=0.486

DCP Parafoveal vascular density (%) 57.63 (2.45) 57.96 (4.06) 55.40 (2.84) p=0.141

DCP Perifoveal vascular density (%) 56.27 (2.90) 56.53 (4.33) 52.58 (3.22) p=0.174

Foveal avascular zone (mm2) 0.30 (0.12) 0.30 (0.12) 0.30 (0.11) p=0.044 p3>p2
p=0.002

Choriocapillaris flow area (mm2) 2.03 (0.10) 2.09 (0.10) 2.02 (0.11) p=0.068

Nonflow area (mm2) 0.51 (0.10) 0.52 (0.12) 0.60 (0.09) p=0.007 p3>p1 
p=0.003

Optic disc total vascular density (%) 57.38 (1.86) 57.92 (1.44) 56.03 (2.43) p=0.005 p2>p3 
p=0.002

Intraoptic disc vascular density (%) 61.09 (2.69) 60.66 (2.20) 58.68 (2.49) p=0.017 p1>p3 
p=0.009

Peripapillary vascular density (%) 59.45 (1.59) 60.07 (1.97) 58.97 (2.49) p=0.052 - 

Retinal nerve fiber layer thickness (μm) 119.55 (11.74) 117.45 (12.31) 119.83 (13.50) p=0.001 p1>p2 
p=0.000

DCP= deep capillary plexus; p1= pre-COVID-19; p2= 6 months post-COVID-19; p3= 5 years post-COVID-19; SCP= superficial capillary plexus; SD= standard deviation. Statistically significant values are 
highlighted in bold.
aFriedman test.
bWilcoxon signed-rank test with Bonferroni correction.

Table 2. Comparison of the subfoveal choroidal thickness and retinal thickness parameters over time.

Variables
Pre-COVID-19 

(P1)
6 months post-COVID-19 

(P2)
5 years post-COVID-19 

(P3) p-valuea Post-hoc (p-valueb)
Mean (SD) Mean (SD) Mean (SD)

Total retinal foveal thickness (μm) 245.95 (17.69) 245.95 (17.92) 241.89 (16.85) p=0.549

Total retinal parafoveal thickness (μm) 316.35 (11.13) 316.90 (13.07) 314.33 (10.80) p=0.225

Total retinal perifoveal thickness (μm) 293.55 (7.83) 294.20 (7.83) 292.94 (7.57) p=0.876

Inner retinal foveal thickness (μm) 67.50 (10.37) 68.80 (9.13) 65.00 (10.52) p=0.424

Inner retinal parafoveal thickness (μm) 135.05 (6.57) 13.20 (6.72) 131.17 (5.02) p=0.022 p1>p3 
p=0.004

Inner retinal perifoveal thickness (μm) 120.80 (4.06) 120.20 (3.91) 119.00 (3.29) p=0.012 p1>p3 
p=0.003

Outer retinal foveal thickness (μm) 178.00 (9.26) 177.30 (10.18) 176.78 (10.45) p=0.905

Outer retinal parafoveal thickness (μm) 181.20 (5.24) 182.90 (8.18) 183.11 (7.84) p=0.559

Outer retinal perifoveal thickness (μm) 172.90 (4.90) 174.05 (5.73) 173.89 (5.25) p=0.247

Subfoveal choroidal thickness (μm) 254.00 (29.72) 277.07 (18.74) 248.07 (24.64) p=0.000 p1<p2 
p=0.001 
p2>p3

p=0.001
DCP= deep capillary plexus; p1= pre-COVID-19; p2= 6 months post-COVID-19; p3= 5 years post-COVID-19; SCP= superficial capillary plexus; SD= standard deviation. Statistically significant values are highlighted 
in bold.
aFriedman test.
bWilcoxon signed-rank test with Bonferroni correction.

DISCUSSION

In this study, long-term alterations in retinal, choroidal, 
and optic disc vascular structures in individuals with a 
history of COVID-19 infection were evaluated using OCTA. 

The principal findings were an increase in the FAZ and 
nonflow areas, reductions in inner retinal parafoveal and 
perifoveal thicknesses, an initial increase followed by a long-
term decrease in SCT, and reductions in optic disc vascular 
density parameters. These findings suggest that COVID-19 
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may have persistent effects on retinal and optic nerve 
head microvascular structures beyond the acute phase of 
infection.

Although COVID-19 was initially recognized primarily 
as a respiratory disease, it has subsequently been esta
blished as a multisystemic disorder characterized by endo
thelial dysfunction, inflammation, activation of coagu
lation pathways, and microthrombotic processes(1,2,6). 
Endothelial injury associated with the infection may lead 
to microcirculatory disturbances, particularly in tissues 
with dense microvascular networks(2,4,6). The retina and 
choroid, owing to their high metabolic demands and rich 
vascular supply, may be particularly susceptible to systemic 
vascular alterations. Accordingly, OCTA has emerged as 
an important noninvasive imaging modality for evaluating 
retinal microvascular changes following COVID-19(7,9–11).

In our study, although no statistically significant 
differences were observed in superficial and DCP vascular 
density parameters, significant increases in the FAZ area 
and nonflow area were observed at 5 years after infection. 
Enlargement of the FAZ is considered an important indicator 
of reduced retinal capillary perfusion and microvascular 
ischemia. Previous OCTA studies conducted after COVID-19 
have reported reduced retinal vascular density, FAZ 
enlargement, and impaired capillary perfusion(12–17). Zapata et 
al.(12) demonstrated that retinal microvascular abnormalities 
following COVID-19 may be associated with disease severity. 
Similarly, a meta-analysis by Kazantzis et al.(17) reported 
FAZ enlargement in individuals with a history of COVID-19, 
together with reduced vascular density, particularly in the 
DCP. The increases in FAZ and nonflow areas observed at 
5 years in our study suggest that microvascular alterations 
following COVID-19 may persist over the long term in some 
individuals.

Although the precise mechanisms underlying retinal 
microvascular involvement after COVID-19 remain incom
pletely understood, endothelial cell injury, inflamma
tory cytokine responses, complement activation, and 
microthrombotic processes have been proposed as potential 
pathogenic mechanisms(2,4,10). The retinal capillary network 
represents one of the few vascular beds that allows direct 
in vivo visualization of the systemic microcirculation. Recent 
studies have reported persistent retinal microvascular 
changes during the post-COVID-19 and long-COVID 
periods(13,15,18,19). Our study extends these findings by providing 
longitudinal data over a 5-year follow-up period.

In our study, inner retinal parafoveal and perifoveal 
thicknesses were significantly reduced at 5 years after 
infection, whereas total retinal thickness remained unchanged, 
suggesting preferential involvement of the inner retinal 

layers. Previous studies have similarly reported retinal 
structural alterations following COVID-19, including thinning 
of the retinal nerve fiber layer, ganglion cell complex, and 
inner macular structures(15,19–22). These findings may reflect 
an association between retinal microvascular and neural 
alterations following COVID-19.

Regarding SCT, our study demonstrated a significant 
increase at 6 months after COVID-19 infection, followed by a 
subsequent reduction at the 5-year follow-up. Given its high 
vascularity, the choroid may be particularly susceptible to 
systemic inflammation, increased vascular permeability, and 
hemodynamic alterations. The early postinfection increase 
in choroidal thickness may be associated with inflammatory 
activity, vascular congestion, or hyperemia(7,9,15). In contrast, 
the reduction observed at 5 years suggests that choroidal 
involvement may be more prominent during the acute and 
subacute phases, with attenuation of inflammatory effects 
over the long term. However, whether this late reduction 
represents a return toward baseline or reflects chronic 
vascular remodeling remains unclear and warrants further 
investigation in larger cohorts.

A reduction in optic disc vascular density, particularly 
at the 5-year follow-up, represents one of the key findings 
of our study. The microcirculation of the optic nerve head 
depends heavily on small-vessel perfusion and may therefore 
be susceptible to systemic endothelial injury. Urfalıoglu et 
al.(18) reported that OCTA can detect alterations in optic nerve 
head and retinal microvascular structures even in patients 
with COVID-19 without pneumonia. Similarly, Batioğlu et 
al.(19) demonstrated that persistent microvascular changes 
in the optic disc and macular regions may be present during 
long-term follow-up after COVID-19 infection. In our study, 
the significant reduction in total optic disc vascular density 
at 5 years compared with 6 months after infection, together 
with the decrease in intraoptic disc vascular density at 5 
years compared with preinfection values, suggests that optic 
nerve head microcirculation may remain altered over the 
long term following COVID-19.

RNFL thickness decreased at 6 months after infection 
but returned toward baseline by 5 years, whereas optic disc 
vascular density remained reduced. This divergent pattern 
may indicate that vascular alterations persist longer than 
some neural structural changes and may be more readily 
detected using OCTA(10,14,19,20).

Compared with our previous findings at 6 months after 
infection(7), the 5-year results indicate distinct trajectories 
among the evaluated vascular parameters. The early increase 
in subfoveal choroidal thickness regressed over time, 
whereas the FAZ area, nonflow area, and optic disc vascular 
density demonstrated more persistent alterations.

Arq Bras Oftalmol. 2026;89(6):e2026-02258
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Physiological aging should also be considered when 
interpreting the long-term OCTA changes observed in 
this study. Previous studies have reported age-related 
reductions in retinal and optic disc vascular density and RNFL 
thickness(23,24). In our cohort, SCP density showed a small 
annualized decline of 0.064 percentage points, whereas 
RNFL thickness did not show a progressive decline over 
the 5-year period. DCP density showed a numerical decline 
of 0.492 percentage points per year; however, this change 
was not statistically significant (p=0.249). Therefore, the 
contribution of physiological aging cannot be completely 
excluded, and the observed changes cannot be attributed 
solely to COVID-19.

Our study has several limitations. First, the relatively small 
sample size limits the statistical power of the analysis. In 
addition, because all participants experienced a mild clinical 
course of COVID-19, the generalizability of the findings to 
patients with moderate or severe disease may be limited. 
Nevertheless, a major strength of this study is the availability 
of pre-COVID-19 OCTA data for all participants, allowing 
longitudinal comparisons within the same individuals at 
6 months and 5 years after infection. To the best of our 
knowledge, relatively few studies have evaluated retinal and 
optic disc microvascular structures over such a long follow-up 
period after COVID-19 infection(19,25). Therefore, our findings 
provide additional information regarding the potential long-
term ocular microvascular effects of COVID-19.

In conclusion, even among individuals who experienced 
a mild clinical course of COVID-19, long-term alterations in 
retinal, choroidal, and optic disc microvascular structures 
may occur. In our study, the increases in FAZ and nonflow 
areas, together with reduced inner retinal thickness and 
decreased optic disc vascular density at 5 years, suggest that 
microvascular alterations following COVID-19 may persist 
over an extended period. The initial increase in subfoveal 
choroidal thickness followed by a long-term reduction 
may indicate that choroidal involvement is more closely 
associated with transient inflammatory or hemodynamic 
changes. Although the observed long-term OCTA alterations 
may be associated with a history of COVID-19, a causal 
relationship cannot be established. Further prospective 
studies with larger sample sizes, appropriate control groups, 
and longer follow-up periods are warranted to clarify the 
clinical significance of these alterations and their potential 
impact on visual function.
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