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Abstract
Background/aims To quantify the longitudinal changes of the macular microvasculature and the foveal avascular zone 
(FAZ) parameters in patients recovered from coronavirus disease-2019 (COVID-19) using optical coherence tomography 
angiography (OCTA) analysis.
Methods This observational, longitudinal study was performed on patients recovered from COVID-19. The OCTA images 
were recorded at baseline and after 1 and 3 months at the follow-up examination. Vessel density (VD) of the retinal superfi-
cial (SCP) and deep capillary plexus (DCP), as well as the area of the FAZ of patients who had recovered from COVID-19, 
were measured.
Results In total, 36 eyes of 18 patients (62.2% female) with a mean age of 34.5 ± 7.5 years old were included. Regarding SCP, 
while the VDs of the whole image, fovea, and parafovea were comparable at different time points, the mean VDs in inferior 
hemifield, as well as superior and inferior regions of perifovea, underwent significant reductions at month 3, compared to 
the baseline. In DCP, the mean of VD in the whole image was 54.3 ± 2.7 at the first visit which significantly decreased to 
52.1 ± 3.8(P = 0.003) and 51.4 ± 2.7(P = 0.001) after 1 and 3 months, respectively. The VDs in all regions of parafovea and 
perifovea revealed a significant reduction after 1 and 3 months, compared to the first visit. The mean FAZ area was 0.27 ± 0.08 
 mm2, 0.26 ± 0.08  mm2, and 0.27 ± 0.08  mm2 at the baseline, month 1, and month 3, respectively (P > 0.05).
Conclusion Based on the results, the patients who had recovered from COVID-19 had a progressive decrease of VD at the 
follow-up visit 3 months after COVID-19 infection.

Key messages
Vessel density in superficial and deep retinal capillary plexuses in the macular perifoveal and parafoveal regions is
reduced in patients with a history of Coronavirus disease 2019 (COVID-19).  

The patients who recovered from COVID-19 had a progressive decrease of VD at the follow-up visit three months 
after the COVID-19 infection. 

The foveal avascular zone did not reveal significant changes in the present study.

COVID-19 may affect the endothelial cells in various organs including retinal vessels

Keywords Coronavirus disease 2019 (COVID-19) · Optical coherence tomography angiography (OCTA) · Macula · 
Retina · Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)

Introduction

In December 2019, severe acute respiratory syndrome 
corona virus 2 (SARS-CoV-2), a recently discovered mem-
ber of the Coronaviridae family, was found in Wuhan, China, 
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and quickly spread to other countries which led to a world-
wide pandemic [1]. Coronavirus disease 2019 (COVID-19) 
is primarily an infection in the lower respiratory tract that 
is transmitted especially through respiratory droplets and 
physical contact. It can cause pneumonia and multi-organ 
failure which can be fatal in patients at severe stages of the 
disease [1].

The virus binds to the epithelial cells in the upper respira-
tory tract and subsequently propagates and migrates down 
the respiratory tract; afterward, it replicates [2]. It triggers 
the innate immune response via its main receptor, angio-
tensin-converting enzyme (ACE) 2 [3]. The ACE2 recep-
tors are present in various types of cells in the body, such 
as cell membranes of type II alveolar cells in the lung and 
enterocytes of the small intestine, the arterial and venous 
endothelial cells, and arterial smooth muscle cells of most 
organs [3]. The ACE and ACE2 have been seen in the cho-
roid and different cell types of the retina, including Müller 
cells, ganglion cells, retinal vascular endothelial cells, and 
photoreceptor cells [4].

Results of previous studies about the ocular manifesta-
tions of COVID-19 primarily report anterior segment pres-
entations, such as conjunctival congestion, chemosis, con-
junctivitis, clear ocular secretions, conjunctival follicles, and 
tender preauricular lymphadenopathy [5, 6]. Subsequently, 
although it is rare, posterior segment, uveitic, and neuro-
ophthalmic manifestations have been reported [7–11]. In 
our previous cross-sectional case–control research project, 
we found a decrease in the macular vascular density of the 
recovered COVID-19 patients [12]. Other later reports also 
support these optical coherence tomography angiography 
(OCTA) findings of COVID-19 patients [13–16].

This longitudinal study aimed to examine patients with 
a history of SARS-CoV-2 infection by OCTA analysis to 
evaluate the retinal microvasculature. The purpose of the 
present research was to measure the vessel density (VD) 
of the retinal capillary plexuses and the area of the foveal 
avascular zone (FAZ) at the follow-up visit after 3 months.

Materials and methods

Study participants

This longitudinal study was carried out at the Khatam Eye 
Hospital, the referral eye center of Mashhad University of 
Medical Sciences (MUMS), Mashhad, Iran. The inclusion 
criteria were a definite history of COVID-19 confirmed 
by the positive test result of a nasopharyngeal swab sam-
ple with real-time reverse transcription-polymerase chain 
reaction (RT-PCR) and a history of recovery from the sys-
temic symptoms for at least 1 week. Detailed ocular and 
systemic histories of all the participants were collected. All 

the patients included in this study were the personnel of the 
Khatam Eye Hospital who had recovered from COVID-19. 
They volunteered to go through ophthalmological examina-
tion and OCTA analysis in all three follow-up visits for the 
objectives of the present study.

The exclusion criteria were any history of refractive or 
intraocular surgery, history of diabetes mellitus, glaucoma, 
migraine, breastfeeding, current pregnancy, clinically appar-
ent retinal disease, or auto-immune diseases. Those who 
had a history of hospitalization or systemic corticosteroid 
treatment for COVID-19 were not included. Furthermore, 
patients with a spherical refractive error greater than 5 diop-
ters and a cylindrical refractive error of more than 2 diopters 
were also excluded. Any evidence of ocular media opac-
ity preventing high-quality imaging or reduced OCTA scan 
quality (i.e., quality scan index less than 7/10) were also not 
included in the analysis. In addition, those with the best-
corrected visual acuity less than 20/20 were also excluded 
from the protocol.

Personnel who were infected with COVID-19 and 
returned to their workplace 2 weeks after the completion of 
the symptomatic period were included in the study during 
the first week after their return. Patients were also imaged 
using the same machine 1 and 3 months after their return. 
All imaging was performed between 11 AM and 2 PM to 
avoid diurnal changes in VD and by one operator. Patients 
who did not complete the follow-up imaging were excluded 
from the study.

Image acquisition and analysis

All the OCTA scans were performed with the AngioVue 
system (RTVue XR Avanti, Optovue, Fremont, CA, USA; 
Software version 2018.0.0.14). The centration of the fovea 
was checked for all images. All measurements were per-
formed using the automated default segmentation with the 
preset settings for the superficial retinal capillary plexus 
(SCP) and the deep retinal capillary plexus (DCP); after-
ward, all segmentations were checked manually. We used 
the AngioRetina protocols of 3 × 3-mm scan (304 lines × 304 
lines A-scans) and 6 × 6 mm scan (400 lines × 400 lines 
A-scans) using the AngioVue 3D Projection Artifact 
Removal technique.

All images were centered on the fovea and displayed a 
quality scan index of at least 7/10. All images with a quality 
scan index of less than seven were not included in the study. 
All images in the study were carefully reviewed by the two 
retina specialists (MA and MRAA) to ensure their adequate 
quality and resolution. Moreover, the images with significant 
motion artifacts that interfered with vessel density analysis, 
according to both the first author (MoA), were not included.

For the 3 × 3-mm scans, measurements of the fovea 
avascular zone (FAZ) (namely FAZ area, the perimeter 
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circumference of the FAZ [PERIM], and foveal vessel den-
sity [FD]) and the vascular density (VD) of the fovea and 
parafovea at the level of the SCP and DCP were recorded. 
The VDs in perifoveal regions were extracted from the 
6 × 6-mm AngioAnalytic report. A circle with an inner diam-
eter of 1 mm and an outer diameter of 3 mm was considered 
the parafoveal area. Accordingly, a circle with a diameter of 
6 mm and an inner diameter of 3 mm was considered a peri-
foveal region. Two retina specialists checked all the images 
for segmentation errors (MA and SMH).

Statistical analysis

To present the data, descriptive statistics were used, includ-
ing mean, median, standard deviation (SD), and range. The 
normal distribution of variables was tested using the Shap-
iro–Wilk test and normality plots and homogeneity of vari-
ances were examined by Levene’s test. To compare changes 
within the study subjects generalized estimating equation 
analyses were performed. It should be mentioned that a 
p-value of 0.05 was considered statistically significant. All 
statistical analyses were performed using the SPSS software 
for Windows (version 25).

Ethical considerations

The study was performed based on the tenets of the Decla-
ration of Helsinki. Accordingly, written informed consent 
was obtained from all participants before enrollment and the 
study was ethically approved by the Regional Committee on 
Medical Ethics at Mashhad University of Medical Sciences 
(IR.MUMS.MEDICAL.REC.1399.402).

Results

In total, 36 eyes of 18 patients were entered into the present 
study. The mean age of the participants was 34.5 ± 7.5 years 
old (median = 34, range: 24–51) and 61.1% (n = 11) of the 
participants were female.

Means (median, range) of scan quality indices were 
8.4 (8, 7–9), 8.3 (8, 7–9), and 8.5 (9, 7–9) at the first visit, 
and after 1 and 3 months, respectively. There was no sta-
tistically significant difference between the scan qualities 
(p- value= 0.27), and segmentation errors were found in 
none of the images included in the final analysis. In SCP, the 
mean VD (%) (3 × 3-mm scan) of the whole image (± SD) 
was 46.5 ± 3.4 at the first visit and decreased to 45.8 ± 3.1 
and 45.7 ± 3.3 after 1 and 3 months, respectively (P > 0.05).

The corresponding values for the foveal VD (%) were 
18.7 ± 3.4, 18.5 ± 5.2, and 18.3 ± 5.3, respectively. In the 
whole image of fovea and parafovea, VDs remained compa-
rable between different visits while VD of perifoveal inferior 

hemifield significantly decreased from 51.2 ± 2.6 at the first 
visit to 49.8 ± 2.9 after 3 months ( p-value = 0.024). Similar 
significant reduction patterns were observed in perifoveal 
superior and inferior regions between the baseline and the 
third months (Table 1).

In DCP, the mean of VD (%) in the whole image (3 × 3) 
was 54.3 ± 2.7 at the first visit and significantly decreased 
to 52.1 ± 3.8 (P = 0.003) and 51.4 ± 2.7 (P = 0.001) after 
1 and 3 months, respectively. The corresponding values 
for the DCP VD of fovea (%) were 35.4 ± 6.0, 34.8 ± 6.2, 
and 34.5 ± 6.1 at the abovementioned visits, respectively 
(P = 0.054). Regarding the parafovea (3 × 3) and perifovea 
(6 × 6), VDs in all regions revealed a significant reduction 
after 1 and 3 months, compared to the first visit (Table 2).

The mean FAZ area was 0.27 ± 0.08  mm2, 0.26 ± 0.08 
 mm2, and 0.27 ± 0.08  mm2 at the first visit and after 1 and 
3 months, respectively, which were not statistically sig-
nificant (Table 3). Correspondingly, the mean of PERIM 
(perimeter circumference of the FAZ) was 2.07 ± 0.3 mm, 
2.04 ± 0.33 mm, and 2.06 ± 0.35 mm at the aforementioned 
visits, respectively. The FAZ and PERIM were comparable 
at different time intervals (Fig. 1).

Discussion

In this longitudinal study, the vascular density of the retinal 
capillary microvasculature in a cohort of relatively young 
recovered COVID-19 patients in a midterm follow-up was 
compared using the OCTA. The severity of COVID-19 was 
relatively mild, and none of the patients needed hospitaliza-
tion. The mean values of macular SCP VD and DCP VD 
significantly decreased in the COVID-19 cohort during the 
follow-up, more prominently in the DCP while the FAZ area 
change was not statistically significant.

The SARS-CoV-2 virus was detected in the tears of symp-
tomatic and asymptomatic patients and also in the retina of 
the deceased patients [17–19]. In previous reports of ocular 
tropism of coronaviruses, many ocular diseases have been 
attributed to diseases caused by the family Coronaviridae 
[20]. Reports of pulmonary and extrapulmonary microvascu-
lar injury and thrombosis in patients with severe COVID-19 
infection would seem to underline the significance of assessing 
the retinal vascular involvement with this disease [21].

Endotheliopathy due to direct endothelial infection with 
SARS-CoV-2 and the indirect damage caused by inflam-
mation have also reported extrapulmonary presentations 
of COVID-19 [22]. Nevertheless, the expression of ACE 
and ACE2 in various cell types of the retina, choroid, and 
different vessel types [4] have been reported far before the 
emergence of COVID-19. Hence, these findings indicate the 
possibility of retinal implications of the SARS-CoV-2 infec-
tion through a wide variety of mechanisms.
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Multiple hypotheses are explaining the reduced VD in 
patients with COVID-19. First, the direct invasion of the 
virus to the endothelial cells of blood vessels could cause 
microangiopathy in multiple organs. In a postmortem anal-
ysis, endotheliitis was found in several organs as a direct 
consequence of viral involvement, with evidence of the pres-
ence of viral inclusion structures, accompanying the host 
inflammatory response [23]. Second, it has been previously 
shown that retinal VD increases in response to hypoxemia 
and inversely decreases as a result of hyperoxemia [24, 25].

The use of supplemental oxygen in the acute phase of the 
disease has been considered a possible mechanism. However, 
the continuous reduction observed in the present study dimin-
ished the role of hyperoxemia proposed in previous reports [16]. 
Another plausible mechanism is the inflammatory-mediated 
responses to COVID-19 infection. Inflammation can cause 
overexpression of adhesion molecules on the endothelial cells 
through inflammatory cytokines. Endothelial dysfunction is the 
ultimate outcome of the interaction between proinflammatory 
cytokines and endothelial cells [26].

In the first case-series report of retinal changes in patients 
with COVID-19, Marinho et al. reported cotton-wool spots 
and microhemorrhages in four patients which suggest an 

inner retinal ischemic process [27], although the OCT find-
ings were questioned later [28]. However, funduscopic reti-
nal hemorrhages and ischemic retinal presentations were 
also reported later [29–31].

In the present research, the SCP VD and DCP VD sig-
nificantly decreased in a longitudinal midterm follow-up, 
and the changes were more pronounced in DCP. It is well-
known that COVID-19 can cause widespread microangiopa-
thy in several extrapulmonary organs, including the brain 
[32], intestine [33], heart [34], and kidneys [35]. Therefore, 
microvascular angiopathy and subsequent changes in the 
blood flow of the retina are not surprising findings.

The findings of the present study are in line with those of 
the previous research performed on the retinal microvascular 
changes in patients with COVID-19. In recent case–control 
studies, using Optovue AngioVue OCTA machine, alterations 
of retinal microvasculature are found subsequent to COVID-
19 infections, compared to healthy control groups [12, 13]. 
Moreover, in a case–control study performed on patients with 
mild, moderate, and severe COVID-19 and normal controls, 
patients with moderate and severe disease had decreased 
macular VD on OCTA, compared to control subjects or even 
those who were asymptomatic or paucisymptomatic [16].

Table 1  Vascular density of the superficial capillary plexuses in the foveal, parafoveal, and perifoveal regions in recovered patients with COVID-
19 at baseline, after 1 and 3 months

The bold enteries reflect significant p values
SD, standard deviation
γ Based on generalized estimating equation analysis unadjusted for the baseline
¥Pairwise comparisons were corrected for multiple measurements with Bonferroni technique
* Statistically significant results

SCP VD (%) Baseline 1st month 3rd months P-value P-value¥

Mean ± SD Range Mean ± SD Range Mean ± SD Range

Whole image 46.5 ± 3.4 37.5–55.9 45.8 ± 3.1 38.5–51.3 45.7 ± 3.3 36.3–52.3 0.29
Superior hemifield 46.4 ± 3.4 37.2–56.6 45.6 ± 3.2 38.1–53.5 45.3 ± 3.2 36.7–52.3 0.23
Inferior hemifield 46.7 ± 3.5 37.9–55.2 46.0 ± 3.2 38.8–51.5 46.1 ± 3.5 35.6–52.3 0.28
Fovea 18.7 ± 3.4 8.1–37.4 18.5 ± 5.2 9.6–28.9 18.3 ± 5.3 9.6–27.5 0.44
Parafovea 49.1 ± 3.6 38.9–58.3 48.3 ± 3.3 39.5–54.9 48.3 ± 3.3 39.6–55.1 0.32
Superior hemifield 48.8 ± 3.6 37.6–58.6 48.0 ± 3.5 39.3–57.1 47.8 ± 3.2 40.7–55.1 0.32
Inferior hemifield 49.4 ± 3.7 40.2–58.1 48.7 ± 3.5 39.7–54.4 48.8 ± 3.6 38.4–55.2 0.31
Temporal 48 ± 3.7 38.8–57.9 47.0 ± 2.9 40.0–55.1 47.3 ± 3.3 39.7–54.2 0.28
Superior 50.1 ± 3.9 36.6–58.9 49.5 ± 4.2 40.0–60.6 49.0 ± 3.3 40.8–56.4 0.49
Nasal 47.7 ± 4.2 38.6–59.1 47.1 ± 3.6 38.3–54.1 47.1 ± 3.7 37.4–54.7 0.45
Inferior 50.7 ± 3.6 41.7–57.5 49.8 ± 4.0 39.7–55.8 49.8 ± 3.9 38.3–56.0 0.35
Perifovea 51.2 ± 2.4 45.4–55.5 50.6 ± 2.8 44.6–54.9 49.8 ± 2.7 43.1–55.0 0.061
Superior hemifield 51.2 ± 2.4 44.7–55.0 50.4 ± 2.7 45.8–55.9 49.8 ± 2.8 44.5–55.3 0.061
Inferior hemifield 51.2 ± 2.6 44.7–56.0 50.7 ± 3.2 43.2–56.4 49.8 ± 2.9 41.8–54.7 0.025* 1.3 (0.024)
Temporal 47.0 ± 3.3 36.7–51.6 46.1 ± 3.6 38.9–51.1 46.0 ± 3.4 38.5–51.7 0.13
Superior 51.9 ± 2.4 45.4–55.9 50.8 ± 2.6 46.3–56.9 49.8 ± 4.5 37.1–58.5 0.01* 1.3 (0.012)
Nasal 54.7 ± 2.2 51.2–58.9 54.1 ± 3.0 47.4–59.9 53.3 ± 2.6 45.8–58.6 0.07
Inferior 51.3 ± 2.8 40.3–65.1 51.2 ± 3.2 43.0–56.3 46.0 ± 3.0 41.9–55.0 0.026* 1.3 (0.027)
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Table 2  Vascular density of the deep capillary plexuses in the foveal, parafoveal, and perifoveal regions in recovered patients with COVID-19 at 
baseline, after 1 and 3 months

The bold enteries reflect significant p values
SD, standard deviation; DCP, deep capillary plexus; VD, vessel density
γ Based on generalized estimating equation analysis unadjusted for the baseline
*  and **Statistically significant results
¥Pairwise comparisons were corrected for multiple measurements with Bonferroni technique

DCP VD (%) Baseline 1st month 3rd months P-value γ P-value¥

Mean ± SD Range Mean ± SD Range Mean ± SD Range

Whole image 54.3 ± 2.7 48.4–59.7 52.1 ± 3.8 41.3–56.3 51.4 ± 2.7 45.5–56.1 0.001** 1.2 (0.003)
1.3 (0.001)

Superior hemifield 54.5 ± 2.9 48.1–61.5 52.1 ± 3.7 41.8–57.1 51.3 ± 2.8 44.4–56.9  < 0.001** 1.2 (0.001)
1.3 (0.003)

Inferior hemifield 54.1 ± 2.7 46.8–57.9 52.2 ± 3.2 40.5–56.2 51.4 ± 2.7 45.6–56.6 0.002* 1.2 (0.004)
1.3 (0.008)

Fovea 35.4 ± 6.0 23.2–47.1 34.8 ± 6.2 21.9–47.0 34.5 ± 6.1 22.3–48.7 0.054
Parafovea 56.5 ± 2.8 50.9–62.7 54.3 ± 3.5 44.2–58.9 53.6 ± 2.4 47.6–58.2 0.001** 1.2 (0.001)

1.3 (0.003)
Superior hemifield 56.6 ± 3.0 50.1–65 54.3 ± 3.5 45.1–59.4 53.7 ± 2.5 47.6–58.8  < 0.001** 1.2 (0.005)

1.3 (0.002)
Inferior hemifield 56.3 ± 2.9 49.8–63 54.2 ± 3.7 43.2–58.5 53.6 ± 2.5 47.5–57.9 0.001** 1.2 (0.001)

1.3 (0.004)
Temporal 56.4 ± 2.7 51.4–63.6 54.3 ± 3.3 45.7–58.9 53.6 ± 2.5 48.8–58.8 0.001** 1.2 (0.006)

1.3 (0.003)
Superior 56.8 ± 3.1 49.4–65 54.1 ± 3.5 44.6–59.1 53.2 ± 2.5 47.8–58.2  < 0.001** 1.2 (0.001)

1.3 (< 0.001)
Nasal 56.4 ± 2.9 49.7–61.8 57.3 ± 3.8 43.2–59.3 54.2 ± 2.6 46.2–59.7 0.001** 1.2 (0.01)

1.3 (0.001)
Inferior 56.6 ± 5 50.2–61.3 54.2 ± 3.9 42.7–59.2 52.7 ± 4.5 45.9–57.6 0.008* 1.2 (0.016)

1.3 (0.023)
Perifovea 56.8 ± 6.3 39.1–65 53.7 ± 6.6 35.7–62.9 50.6 ± 5.5 39.1–61.0  < 0.001** 1.2 (< 0.001)

1.3 (< 0.001)
Superior hemifield 57.0 ± 6.5 37.2–64.6 51.9 ± 6.1 37.1–60.6 49.5 ± 5.4 38.3–60.9  < 0.001** 1,2 (< 0.001)

1,3 (< 0.001)
Inferior hemifield 56.5 ± 6.3 41.0–65.5 53.9 ± 6.6 34.6–63.5 50.6 ± 5.6 38.8–60.7  < 0.001** 1.2 (< 0.001)

1.3 (< 0.001)
Temporal 58.7 ± 5.6 43.2–64.5 56.0 ± 6.2 39.2–63.5 54.2 ± 5.3 42.8–62.9  < 0.001** 1.2 (< 0.001)

1.3 (< 0.001)
Superior 57.3 ± 7.4 35.4–65.4 53.2 ± 7.5 34.8–63.6 49.9 ± 6.4 35.8–61.5  < 0.001** 1.2 (< 0.001)

1.3 (< 0.001)
Nasal 54.6 ± 6.9 35.4–66 51.5 ± 6.6 35.8–61.7 47.6 ± 5.4 36–60.7  < 0.001** 1.2 (0.002)

1.3 (< 0.001)
Inferior 56.4 ± 6.9 40.3–65.1 54.2 ± 7.2 33.1–63.9 50.8 ± 6.0 38.8–61.4  < 0.001** 1.2 (0.002)

1.3 (< 0.001)

Table 3  Measurements of the fovea avascular zone (FAZ) (including FAZ area, the perimeter circumference of the FAZ (PERIM), and foveal 
vessel density (FD)) in recovered patients with COVID-19 at baseline, after 1 and 3 months

FAZ fovea avascular zone, PERIM, perimeter circumference of the FAZ, FD foveal vessel density
γ Based on generalized estimating equation analysis unadjusted for the baseline

Baseline 1st month 3rd months P-value γ

Mean ± SD Range Mean ± SD Range Mean ± SD Range

FAZ  (mm2) 0.27 ± 0.08 0.09–0.43 0.26 ± 0.08 0.09–0.44 0.27 ± 0.08 0.09–0.44 0.53
PERIM (mm) 2.07 ± 0.3 1.29–2.67 2.04 ± 0.33 1.29–2.87 2.06 ± 0.35 1.20–2.94 0.73
FD (%) 50.7 ± 4.2 41.5–57.1 49.91 ± 3.57 44.3–56.5 50.6 ± 3.19 45.0–56.4 0.80
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The results of the present study demonstrated the possi-
bility of subclinical vascular alterations in individuals who 
have recovered from COVID-19 infection. Moreover, the 
findings were found to be associated with the severity of the 
COVID-19. Therefore, it is important to monitor these reti-
nal microvasculature changes to ascertain their longitudinal 
course. In a longitudinal investigation, which was scarce to 
our knowledge, it was found that the decremental changes 
continue.

Notably, the persistence of these microangiopathic 
changes over 3 months is the most important finding of 
the present study. To explain the persistent changes over 
3 months, several possible mechanisms could be consid-
ered, including persistent direct invasion of the virus, per-
sistent microvascular changes, and midterm consequences 
of inflammation. In another study performed by Qin and 
associates [36], some neurological changes in the brain 
were persistent after 3 months in patients who had recovered 
from COVID-19 with no neurological manifestations upon 
the onset of the disease. In accordance with our findings, 
reduction of VDs in foveal SCP persisted after a 6-month 
follow-up in a study by Bilbao-Malave and associates [37]. 

However, the authors reported the larger superficial FAZ 
area in COVID-19 cohort after 6 months. The difference 
with our results could be attributed to the older population 
and severe disease in the mentioned study [37]. Furthermore, 
the FAZ area is reported in total SCP and DCP in the present 
study. Minimal changes in superficial FAZ might not be dis-
covered in our study.

An alternative explanation for the persistence of micro-
vascular changes could be the reperfusion after an ischemic 
event [38]. In patients with paracentral acute middle macu-
lopathy [39] and experimental ischemia rat models [40], the 
reperfusion caused a reduction in the macular VD. COVID-
19 could cause endothelial dysfunction, a shift towards the 
vasoconstrictive phase, and subsequent ischemic changes 
in the acute phase, followed by the reperfusion that could 
continue the reduction of VDs.

In the present study, the DCP was more prominently 
involved, compared to SCP. In our previous report [12], VDs 
in both SCP and DCP were lower than healthy controls. How-
ever, in the present study, the DCP showed more prominent 
changes in the COVID-19 cohort, compared to the first visit. 
Therefore, it could be implied that changes in DCP persist for 

Fig. 1  Representative OCTA 
images of the right eye of a 
24-year-old lady at baseline, 1 
and 3 months after COVID-19 
initiation denoted by 0, 1, and 3. 
Columns A, B, and C represent 
superficial capillary plexus 
(SCP), deep capillary plexus 
(SCP), and foveal avascular 
zone (FAZ), respectively. FAZ, 
FD, and PERIM were 0.35 
 mm2, 2.57 mm, and 45.96% at 
baseline and reached 0.34  mm2, 
2.67 mm, and 45.01% after 
1 month. The corresponding 
values after 3 months were 0.41 
 mm2, 2.8 mm, and 46.9%
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a longer duration. It has been previously reported that DCP 
is more susceptible to pathological injuries possibly due to 
a lower vascular endothelial resistance [41]. In patients with 
diabetic retinopathy [42], or systemic lupus erythematosus 
[39], DCP is earlier and more extensively affected, respec-
tively. Besides the possible lower hemodynamic stability of 
capillaries in DCP, the close relationship between the neuronal 
unit might make this plexus more susceptible to injuries [43]. 
It has also mentioned that DCP is affected in patients with 
COVID-19 or vaccinated against COVID-19, as acute macular 
neuroretinopathy, the same as other systemic diseases with 
vascular impairment, like diabetes mellitus [44–46]. It should 
be noted that the SARS-CoV-2 virus has a tendency towards 
neuronal tissues [47].

This study had some limitations; first, the sample size 
was not large enough (n = 18), and better results could be 
achieved by a larger scale OCTA longitudinal analysis and 
also by evaluating the symptomatic phase of the disease. 
Second, while this study strictly applied to a cohort of rela-
tively young patients who had mild severity of the disease 
and visual acuity of 20/20, the evaluation does not represent 
the changes that may appear in patients in severe stages of 
the disease or patients who may have underlying systemic 
comorbidities, like diabetes mellitus. Our cohort might be 
considered non-random since it consisted of nurses and 
physicians. The short follow-up of the patients is another 
limitation of the present study. However, the OCTA longi-
tudinal analysis of 18 similarly imaged patients with RT-
PCR-confirmed COVID-19 is novel and can underline the 
significance of constant monitoring to detect the ocular and 
retinal complications secondary to COVID-19 as the pan-
demic develops.

In conclusion, the results of the present research displayed 
significant retinal vascular changes in patients with a history 
of COVID-19, such as reduced vessel density in the SCP and 
DCP in the perifoveal and parafoveal regions in a longitu-
dinal cohort of patients. Further research should be carried 
out on the possible involvement of the retina by COVID-19 
on larger scales to represent the increasing number of peo-
ple with COVID-19 around the world. The involvement of 
retinal blood vessels can also indicate similar changes in the 
vascular system of other organs during COVID-19 infection.
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