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Abstract

Background: The coronavirus disease 2019 (COVID‐19), caused by severe

acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2), has led to a global

pandemic in an unprecedented time frame. Systemic vascular involvement

in COVID‐19 has been identified, and SARS‐CoV‐2 has also been found to

cause multiple organ ischemia and posterior ocular segment disease in

mammals, raising concerns about the human retinal microvascular

involvement in SARS‐CoV‐2.
Objective: To objectively assess the presence of retinal microvascular

impairment in COVID‐19 patients by optical coherence tomography

angiography (OCTA), so as to facilitate the clinical system management

of COVID‐19 patients.

Methods: We searched PubMed, Cochrane Library, EMBASE, Ovid, CBM to

collect eligible studies. The main outcomes included the vessel density (VD),

area or perimeter of foveal avascular zone (FAZ), central foveal thickness

(CFT), subfoveal choroidal thickness (SCT) in our meta‐analysis.
Results: We eventually included five studies with a total of 401 participants. Our

meta‐analysis showed that nonacute infectious COVID‐19 or post‐COVID‐19
patients presented significantly lower foveal VD of deep capillary plexus

(WMD=−4.22, 95% CI [−8.00, −0.43]) and thinner SCT (WMD=−10.33, 95%

CI [−19.08, −1.57]) than healthy controls. The foveal VD and parafoveal VD of

superficial capillary plexus, parafoveal VD of deep capillary plexus, CFT, area, and

perimeter of FAZ showed no significant differences between the groups.

Conclusion: The patients of nonacute infectious COVID‐19 or post‐COVID‐19
displayed alterations in the retinal microvasculature and choroidal vessels,

including a significantly lower foveal VD in deep capillary plexus and thinner

SCT. The impairment may be a medium to long‐term process. Close ophthalmic

surveillance is necessary for COVID‐19 patients or post‐COVID‐19 patients.
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1 | INTRODUCTION

The coronavirus disease 2019 (COVID‐19), caused by
severe acute respiratory syndrome coronavirus 2 (SARS‐
CoV‐2), has led to a global pandemic in an
unprecedented time frame.1 COVID‐19 is a highly
contagious disease that causes severe respiratory,
immune, and other organ systems dysfunction, leading
to severe morbidity and mortality.2 Studies have shown
that COVID‐19 patients manifest as cardiovascular,
neurological, hematological, cutaneous, and taste, gas-
trointestinal symptoms in addition to the usual fever and
respiratory symptoms.3 Various ophthalmic manifesta-
tions of SARS‐CoV‐2 infection have also been reported,
including anterior segment involvement such as con-
junctivitis, keratitis; and retinal microangiopathy.4–6

It is reported that the cell surface enzyme protein
angiotensin‐converting enzyme 2 (ACE2) is one of the
major actors for SARS‐CoV‐2 entry into host cells.7 In
humans, ACE2 has been observed in the central nervous
system, blood vessels, lungs, nose, immune system,
conjunctiva, cornea, and retina.8–11 A study conducted
by Casagrande et al.12 showed that SARS‐CoV‐2 virus
RNA was detected in the retinas of 3 out of 14 eyes of
deceased COVID‐19 patients. In addition, coronaviruses
cause a variety of ocular infections in animals, including
retinal disease, which has been demonstrated in feline
and murine models.13 Microvascular endothelial injury
and cytokine oversecretion are also considered to be the
key factors leading to multiple organ failure in patients
with severe COVID‐19.14 Vascular endothelial cells play
an important role in controlling vascular tension and
protecting the blood‐retinal barrier through their active
paracrine, endocrine, and autocrine functions. Despite
recent data showing retinal microvascular impairment in
COVID‐19 patients, the validity of these studies has been
controversial.15,16 In the context of the current SARS‐
CoV‐2 pandemic, the study of retinal vascular changes in
SARS‐CoV‐2 is of great significance for follow‐up and
identification of possible short‐ and long‐term sequelae
in COVID‐19 patients.

The retina is a relatively convenient organ that can be
used to assess and quantify these microvascular changes
by directly examining blood vessels. The optical coher-
ence tomography angiography (OCTA) is a novel,
noninvasive three‐dimensional retinal angiography tech-
nique that can quantitatively evaluate retinal blood

vessels, making it a unique advantage in the study of
COVID‐19‐related microvascular impairment.17 The pur-
pose of our meta‐analysis was to objectively assess the
presence of retinal microvascular impairment in COVID‐
19 patients by OCTA, so as to facilitate the clinical
system management of COVID‐19 patients.

2 | METHODS

2.1 | Search strategy

We searched PubMed, Ovid, Cochrane Library, EM-
BASE, CBM databases for relevant literatures without
language restrictions from December 2019 to May 2021,
using medical subject headings and free words combined
with COVID‐19, ocular, eye, retina, retinal vessels,
vessels, microvessels, OCTA. We also carefully sifted
the reference lists of published reviews to identify
applicable literature.

2.2 | Eligibility criteria

We selected the literature based on the following criteria:
(1) patients with confirmed diagnosis of COVID‐19, or
patients who have recovered from COVID‐19, (2)
comparison of COVID‐19 or post‐COVID‐19 patients
with healthy controls without COVID‐19 infection, (3)
the type of literature included was observational study,
cross‐sectional study, retrospective study, randomized
clinical study, and cohort study, (4) at least one
interesting outcome was reported in the literature,
including the macular vessel density (VD), area or
perimeter of foveal avascular zone (FAZ), central foveal
thickness (CFT), subfoveal choroidal thickness (SCT).
Conference abstracts, letters, duplicate publications, case
reports, reviews, and studies with incomplete data were
excluded.

2.3 | Data extraction and quality
assessment

Two researchers independently screened titles and abstracts
of the retrieved studies, and then carefully read the full
article to determine which literatures were finally included.
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Resolve differences through discussion. Data in the
included studies were independently extracted by two
investigators, including first author, country or region,
publication year, study type, sample size, primary out-
comes, main findings, and so on.

Two investigators independently assessed the quality
of the included studies. Resolve differences through
discussion. The methodological quality of case control or
cohort studies was assessed using the Newcastle‐Ottawa
Scale (NOS).18 The judging criteria of NOS include
selection, comparability, and exposure (case‐control
study) or outcomes (cohort study). The criteria of an
observational study by the Agency for Healthcare
Research and Quality (AHRQ) were used to evaluate
cross‐sectional studies.19 AHRQ evaluation criteria con-
sist of 11 items. The answer of each item is yes, no, or
unclear. Only the answer of yes scores 1, and the others
score 0. Studies with scores below 6 indicate low quality,
while a score of 6 or above indicates good quality.

2.4 | Statistical analysis

We used stata 14.0 software for data analysis. This study
was registered on PROSPERO: CRD42021229728.
Weighted mean deviation (WMD) and 95% confidence
intervals (CIs) were calculated for each related study.
Heterogeneity was assessed by I2 test. When I2≥ 50%, we
used the random effect model for meta‐analysis; other-
wise, we used the fixed‐effects model. We performed
sensitivity analysis to investigate the sources of heteroge-
neity. There were not enough studies (n< 10) to analyze
the publication bias.

3 | RESULTS

3.1 | Literature search and study
characteristics

Our initial database search yielded a total of 1041 articles.
We screened 606 articles after eliminating duplicates.
Then 572 articles were excluded for irrelevance, and the
eligibility of 34 full‐text articles was evaluated. Ulti-
mately, we included five studies for systematic review
and meta‐analysis after reading the full text. The flow
diagram in Figure 1 shows the screening process for
included studies.

Among those five studies included, two studies were
performed in Italy,20,21 two in Spain22,23 and the remain-
ing one24 in Iran. Two studies21,24 were case‐control
studies, two22,23 were cross‐sectional case‐control studies,
one20 was retrospective cohort study. Their exclusion

criteria indicated that related retinal diseases were
excluded in all studies. The quality scores of study design
among those five studies included were not less than 6. A
total of 401 participants participated in the meta‐analysis.
Four20,21,23,24 studies included early post‐COVID‐19 pa-
tients, one22 included patients diagnosed with COVID‐19
(nonacute infectious stage). In three studies,20–22 OCTA
images were obtained using Spectral Domain Zeiss Cirrus
5000‐HD‐OCT Angioplex (Carl Zeiss Meditec, Inc.). One
study23 obtained OCTA images using the DRI OCT Triton
SS‐OCT Angio (Topcon Medical Systems, Inc). The
remaining study24 performed OCTA scans with the
AngioVue (RTVue XR Avanti, Optovue; Software Version
2018.0.0.14) system. Table 1 shows detailed characteristics
of studies included.

3.2 | Comparison of VD between
COVID‐19 or post‐COVID‐19 patients and
healthy controls

Four studies reported and analyzed foveal VD in the
superficial capillary plexus (SCP). It was worth noting that
in one of those studies, OCTA images were performed with
a 3 × 3 and a 6 × 6mm volume scan pattern centered on the
fovea.20 We extracted data from these four studies for a
meta‐analysis. The integrated results indicated that there
was a large heterogeneity among them (p< .001,
I2 = 99.6%), then the random effect model was chosed.
The combined results indicated that there was no statistical
difference in foveal VD of SCP between groups (WMD=
−4.14, 95% CI: −9.76, 1.48), as shown in Figure 2. We
performed sensitivity analysis, and the result revealed that
no studies changed the overall heterogeneity, which was
stable (see Figure 1).

Three studies involved foveal VD in the deep capillary
plexus (DCP). We extracted the data from these three
studies. The combined results revealed that the foveal VD
of DCP in patients was significantly lower than that in
control group (WMD=−4.22, 95% CI: −8.00, −0.43), as
shown in Figure 3. The random‐effect model was chosed
due to a large heterogeneity (p< .001, I2 = 94.4%). We
also conducted sensitivity analysis to investigate the
sources of heterogeneity. The result also showed that no
studies changed the overall heterogeneity, which was
stable, as shown in Figure 4.

Three studies analyzed the parafoveal VD of SCP
between the two groups. We extracted data from these
studies. The pooled results indicated that there was no
significant difference in parafoveal VD of SCP between
the two groups (WMD=−5.26, 95% CI: −12.26, 1.75).
We chosed the random effect model because of a large
heterogeneity (p< .001, I2 = 99.5%). Sensitivity analysis
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was also performed and the result was equally stable (see
Figures 2 and 3).

Two studies involved the parafoveal VD of DCP
between the two groups. The pooled results revealed that
there was also no statistical difference between groups
(WMD=−1.25, 95% CI: −3.25, 0.76). The random‐effect
model was selected because of a large heterogeneity
(p= .027, I2 = 79.5%). Sensitivity analysis was also
performed and the result was still equally stable (see
Figures 4 and 5).

4 | COMPARISON OF THE AREA
OF FAZ BETWEEN COVID ‐19 OR
POST ‐COVID ‐19 PATIENTS AND
HEALTHY CONTROLS

Four studies reported the area of FAZ between COVID‐
19 or post‐COVID‐19 patients and healthy controls.
The comprehensive results showed that WMD was

0.05, 95% CI (−0.02, 0.13), indicating no significant
difference between the two groups, as shown in
Figure 5. We chosed the random effect model because
of a large heterogeneity (p < .001, I2 = 88.4%). The
result of sensitivity analysis was also stable (see
Figure 6).

4.1 | Comparison of the perimeter of
FAZ between COVID‐19 or post‐COVID‐19
patients and healthy controls

Three studies involved the perimeter of FAZ between the
two groups. The integrated results indicated that there
was no significant difference in the perimeter of FAZ
between groups (WMD=−0.62, 95% CI: −1.77, 0.53), as
shown in Figure 6. The random‐effect model was also
chosed, because there was a large heterogeneity
(p< .001, I2 = 98.9%). The result of sensitivity analysis
was also stable (see Figure 7).

FIGURE 1 Flowchart of eligible studies
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FIGURE 2 Forest plot of the comparison of foveal vessel density in superficial capillary plexus

FIGURE 3 Forest plot of the comparison of foveal vessel density in superficial capillary plexus

FIGURE 4 Sensitivity analysis of the comparison of foveal vessel density in superficial capillary plexus

4.2 | Comparison of CFT between
COVID‐19 or post‐COVID‐19 patients and
healthy controls

Three studies reported the CFT between COVID‐19
or post‐COVID‐19 patients and healthy controls.

The combined results showed a WMD of 1.50, 95%
CI (−1.93, 4.94), which suggested there was no
significant difference between groups. There was no
statistical heterogeneity between two groups (p = .572,
I2 = 0.0%), and the fixed effect model was chosed
(Figure 7).
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4.3 | Comparison of SCT between
COVID‐19 or post‐COVID‐19 patients and
healthy controls

Three studies reported and analyzed SCT between two
groups. The integrated results showed that the SCT in
patients was significantly thinner than that in control
group (WMD=−10.33, 95% CI: −19.08, −1.57), as shown
in Figure 8. There was no statistical heterogeneity
between groups (p= .279, I2 = 21.6%), we chose the fixed
effect model.

5 | DISCUSSION

Our meta‐analysis suggests that nonacute infectious
COVID‐19 or post‐COVID‐19 patients present signifi-
cantly lower foveal VD of the DCP and thinner SCT than

healthy controls. There is a quantitative difference in
retinal microcirculation between the two groups. Our
main findings provide information on SARS‐CoV‐2
infection with retinal microvascular involvement. To
our knowledge, this is the first meta‐analysis on the
quantitative analysis of retinal microvascular involve-
ment in SARS‐CoV‐2 infection.

In these studies we included, the subjects included
COVID‐19 and post‐COVID‐19 patients. Ophthalmologi-
cal examination and OCTA were performed 12 weeks
after diagnosis for COVID‐19 patients, and 2 weeks or
1month after hospital discharge for post‐COVID‐19
patients. These results suggest that the impairment of
SARS‐CoV‐2 to retinal microvessels may be a medium to
long term process. One study also found that 22% of
patients showed retinal microangiopathy manifested as
cotton wool spots at average 43 days after COVID‐19
symptoms onset.25 The retina is the body's most

FIGURE 5 Forest plot of the comparison of the area of foveal avascular zone

FIGURE 6 Forest plot of the comparison of the perimeter of foveal avascular zone

FIGURE 7 Forest plot of the comparison of central foveal thickness
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metabolically demanding tissue. The foveal flow impair-
ment may occur, when thrombosis occurs in blood vessel
and blood flow in vascular bed slows down, as observed
in our study, VD is decreased. Inflammation and
endothelial dysfunction may also be involved in this
process. In addition, we also found that the subfoveal
choroidal thickness became thinner in COVID‐19 pa-
tients. As we all know, choroidal blood flow is abundant,
accounting for about 95% of the blood flow in the eyeball,
which is the main source of blood supply to the outer
retina and macula. The choroidal thickness in macular
area can indirectly reflect the choroidal blood flow. Given
the presence of ACE2 receptors in choroid, choroidal
vessels involvement of SARS‐CoV‐2 may be expected.

The mechanism by which SARS‐CoV‐2 may affect the
retinal vascular system has not been unanimously
concluded. Some scholars have explained several possi-
ble mechanisms. First of all, ACE2, which has been
found in eyes in connection with Muller cells, retinal
pigment epithelium, and pericytes of endothelial cells, is
the main receptor of SARS‐CoV‐2 cellular entry.26

Furthermore, a novel SARS‐CoV‐2 entry route has been
revealed, CD147‐spike protein, which has been shown a
moderate to high expression in human retina.27,28

Microvascular endothelial injury and cytokine oversecre-
tion are also thought to be key factors due to their
important roles in controlling vascular tension and
protecting the blood‐retinal barrier. In addition, The
concept of thromboinflammation should not be ignored.
SARS‐CoV‐2 can cause direct cytopathy and indirect
damage associated with intense inflammatory response
and hypercoagulant state it induces.22

It has also been suggested that the retinal vascular
system may be altered by a conjunction of events including
thromboembolism, hypercoagulability, hypoxia, and en-
dothelial dysfunction. Moreover, they also found that the
retinal vascular changes were not associated with the
clinical severity of the disease, suggesting that COVID‐19‐
related microvascular involvement may depend on the

patient's procoagulant state rather than the severity of the
disease.29 Unfortunately, most of subjects in our included
studies were post‐COVID‐19 patients, and there was not
enough data to allow us to conduct a study on the
correlation between retinal microvascular changes and
disease severity. Nevertheless, in this meta‐analysis, one22

of the included studies found no difference in OCTA
parameters within the COVID‐19 group when thrombotic
events were taken into account, which may suggest that the
retinal microvascular involvement of SARS‐CoV‐2 is not
restricted by other levels of thrombotic events. Meanwhile,
another study30 found that the retinal vein diameters were
significantly larger in COVID‐19 patients than that in
unexposed subjects, and their size was positively correlated
with disease severity. The authors suggest that this may be
related to the inflammatory response and/or endothelial
damage in COVID‐19. It can be seen that the mechanism of
SARS‐COV‐2 affecting the retinal vascular system is
complex and requires further study.

There are some limitations in our study. First, It is
clear to us that the small number of studies available is
the reason for the limited effectiveness of our earlier
meta‐analyses. Despite a comprehensive search of multi-
ple databases, only five observational studies fitted the
bill, and randomized controlled studies were lacking.
Fortunately, we did not include low‐quality studies, and
the sensitivity analysis indicated that the results were not
affected by individual studies in our meta‐analysis. Of
course, with more high‐quality, large‐sample randomized
or nonrandomized controlled trials, we could draw more
reliable conclusions. Second, these studies included did
not involve critically ill patients, and the changes in
retinal microvessels cannot be detected in patients with
acute SARS‐CoV‐2 infection or severe cases. we were also
unable to study the correlation between retinal micro-
vascular changes and disease severity. The selected
sample of nonacute infectious COVID‐19 or post‐
COVID‐19 patients was not fully representative of the
average population of COVID‐19 patients. Third, there

FIGURE 8 Forest plot of the comparison of subfoveal choroidal thickness
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was a greater number of COVID‐19 patients with
immune diseases, arterial hypertension, diabetes mellitus
than healthy controls. These factors may be indepen-
dently associated with SARS‐CoV‐2 infection and should
be considered. Fourth, our five included studies did not
all use the same device to obtain OCTA images, nor did
they use the same scanning pattern, which could also be
a source of heterogeneity.

6 | CONCLUSION

The retinal vascular system has the unique advantage of
being easy to study in vivo compared with the vascular
systems of other organs. It is of great significance to study
retinal microvascular involvement of SARS‐CoV‐2,
because this may represent vascular damage in other
organs. Therefore, OCTA becomes a valuable clinical
tool. The patients of nonacute infectious COVID‐19 or
post‐COVID‐19 presented significantly lower foveal VD
of DCP and thinner SCT than healthy controls. The
impairment of SARS‐CoV‐2 to retinal microvessels and
choroidal vessels maybe a medium to long‐term process.
These findings provide relevant information on the
retinal microvascular damage of SARS‐CoV‐2, and also
indicate that vascular damage may occur in other organs.
This has important implications for follow‐up and
identification of short‐and long‐term sequelae that may
occur in COVID‐19 patients.
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