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Abstract

Background: In December 2019, Coronavirus disease turned into a global pandemic that is
caused by the highly contagious severe acute respiratory syndrome (coronavirus). Above all, eye
redness and irritation were found in COVID-19 patients. Therefore true challenge was made by
ophthalmologists as they were the first medical professionals to assess a patient with COVID-19 and
initiate a concern, as respiratory illness could be transmitted through the eye. Up until that point, only
HCoV-NL63 and SARS-COYV has been confirmed to cause ocular abnormalities (cotton wool spot,
retinal hemorrhage and conjunctivitis). Moreover, Reports continue to emerge on further associations
of COVID-19 and the frequency is correlated to the severity of the disease. It has provided an
expanding proof that provocative cytokine storm and viral evasion of cellular resistant reactions play
an essential part in infection seriousness and progression. As a result, the virus is capable of targeting
the endothelium cells in the retina, causing secondary damage to the retinal microvasculature.

Aim: This paper was designated to:

(i) Summarize the retinal findings and the degree of retinal involvement in COVID-19 patients.
(i) Describe the risk factors relating to retinal landings. (iii) To explain the retinal changes found
in COVID-19 patients.

Methodology: Firstly, a systemic electronic database search was used to investigate for articles
and reviews providing the information on retinal entanglement in COVID-19 patients. Eight
papers were found related to our review, finally PubMed and Google Scholar were used as they
were easily accessible, and papers related to our topic found were open access. Other data bases
such Scopus, Cochrane and web of sciences were involved in the search, but most of the related
papers were found to be closed access. Lastly, the quality of each report study was evaluated
using Pierson’s 5- component scheme.

Result: Data bases search provided a total of eight papers were attached. Four case reports, two
cross sectional studies, one cohort study and one case series study with mild to severe COVID-19
were involved in this review. In addition, retinal hemorrhage has been reported in three out of
eight papers. Eventually, retinal artery and vein occlusion were observed, in more than two of
these studies hypertension and diabetes were common risk factors.

Conclusion: As a result, the study infers that the retinal alterations due to COVID-19 have been
established through several previous studies, that is to say exaggerated immune response is more
likely the mechanism. Adult patients with risk factors are affected by the hypercoagulable
state more than the exaggerated immune response, especially in patients with anti-coagulants’
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deficiency. The outstanding result that has been observed in various studies was retinal vascular
diameter enlargement, which has been mainly linked to impaired venous drainage and reduction

of oxygen supply.
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Introduction

As a fact that the COVID-19 disease has contributed in
developing eye symptoms that appeared on a large scale among
COVID-19 patients, this study was intended to summarize
most of the eye symptoms to elaborate in early intervention
and anticipated risk management as an approach to reach the
lowest level of complications following the infection.

Interestingly, ophthalmology is seldom to be involved in other
systematic diseases, but in COVID-19 disease, in many cases
it has appeared to contribute in early symptoms. The utmost
challenge for the healthcare professionals that the disease is
highly contagious and eyes represent a rout of transmission,
this was the biggest fear that needed to overcome and control
as early as possible.

On the 11" of March 2020, the novel Corona Virus, also
known as COVID-19, was declared as a pandemic by the
World Health Organization and as of the 1% of February 2021,
the recorded cases of COVID-19 virus were 102.40 million
cases and 2.21 million deaths worldwide [1].

The pathogenesis of COVID-19 remains ineffectively
caught on, in spite of the fact that there is expanding proof
that provocative cytokine storm and viral evasion of cellular
resistant reactions play an essential part in infection seriousness
and progression [2]. Coagulopathy and disseminated
intravascular coagulation (DIC) have been reviewed as vital
complications of serious COVID-19 and may be considered
the foremost common causes of death [3,4]. Patients with
COVID-19 usually presented with fever and respiratory tract
symptoms [5,6]. It also appeared that COVID-19 can influence
other organ systems such as cardiovascular [7], neurological,
gustatory, olfactory [8], gastrointestinal, hepatic [9], renal,
hematological, cutaneous and ocular symptoms.

Since the beginning of the pandemic, there were numbers of
theories explaining the pathophysiology of the corona virus
disease, however, the exact mechanism is still unknown.

In this review, there are 2 mechanisms suggested in order
to give an explanation for the pathogenicity of the disease,
expressed in the following:

As the virus invades the cells directly, it could affect the
endothelial wall of the cell through infiltration, which will
cause a state of cellular vasculitis but not like a true vasculitis;
rather a vasculitis that is under the effect of the wvirus.
Therefore, this state was referred to as a pseudo-vasculitis state
[2]. Moreover, another suggestive mechanism demonstrating
the disease mechanism of the SARS-COV-2 virus reported
that the hypercoagulable state caused by the virus has been
associated with an increased rate of mortality and morbidity
in COVID-19 patients, as this was explained with the elevated

inflammatory markers noticed in most of COVID-19 patients
[10].

Artificial Intelligence (AI) techniques has important in role in
opthalmology and in COVID-19 management as it can help in
improvement of the prediction, prevention and detection of the
future epidemic diseases [11]. A new framework is introduced
by A.S. Albahri and his team to tackle the challenges of
prioritization for COVID19 based on multiple laboratory
criteria and other Methods [12,13]. By using machine learning
to guide the transfusion of Convalescent plasma to patients
with severe COVID-19 infection, a rescue framework is
introduced based on biological requirements [14].

The link between the on-going SARS-CoV2 and
ophthalmology has been started on 30™ December 2019, when
a Chinese ophthalmologist named Dr. Li Wenliang warned his
colleagues about a SARS like outbreak in Wuhan city [15].
Among the seven types of corona viruses that affect the human,
only HCoV-NL63 and SARS-CoV have been confirmed to
cause ocular abnormalities, especially conjunctivitis [16].
Although the mechanism of ocular manifestations is not fully
understood [17], COVID-19 has reported numbers of ocular
abnormalities. A study had demonstrated that one out of three
patients with COVID-19 disease had ocular abnormalities and
the frequency is correlated to the severity of the disease [18].

The ocular manifestations vary from anterior segment
involvement such as; ocular pain, discharge, redness [19], dry
eye [20], conjunctiva conjection [21], hyperemia, epiphora,
visual disturbance, chemosis [22,18], follicular conjunctivitis
and hemorrhagic conjunctivitis with pseudomembranous [23],
to posterior segment involvement including; cotton-wool-
like lesions, microhaemorrhages [17,24,25] dilated veins,
tortuous vessels in retina [26], CRVO[2], CRAO[10] and
papillophlebitis [27].

Considering retinal abnormalities, studies have shown that
SARS-CoV2 RNA has been detected in patients’ retinae who
underwent autopsy [28]. The virus has the ability to target
the endothelium cells in the retina [29], causing secondary
damage to the retinal microvasculatures.

As this review article elucidate a relevant concern in a brief
and organized manner, which will help feasible and quick
access reference for the main objective of this review is to
summarize the retinal findings in COVID-19 infection, to
contribute as a brief reference for in other scientific papers
and help overcome the disease.

Materials and Methods

A systemic electronic database search conducted in PubMed
and Google Scholar was performed when screening for articles
and reviews providing the information on retinal involvement
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in COVID-19 patients. PubMed and Google Scholar were
used as they were easily accessible, and papers related to our
topic found were open access. Other data bases such Scopus,
Cochrane and web of sciences were involved in the search,
but most of the related papers were found to be closed access.
The inclusion criteria were any published case reports and
cross-sectional reports in English language. We excluded
any retinal manifestations before COVID-19 diagnosis in
patients, duplicate publications and articles with no significant
information. The quality of each report study was evaluated
using Pierson’s 5- component scheme, which is composed of
the following five components; uniqueness, documentation,

Mahgoub/Abdulgader/Abdelmoneim, et al.

interoperation, objectivity and educational value. Each of
these components carries a score of zero to one, with scores
of 5 or less indicative of insufficient quality. Assessment of
the endorsed papers was undertaken precisely by all authors
equally. In light of that, the most pertinent information was
summarized into different sections by each author, as well as
revising and formatting the final version of the text.

Results

There were eight papers in this review, most of which were
case reports as illustrated in Figure 1. A total of 223 patients
with mild to severe COVID-19. With cotton wool spot and

PubMed, Google Scholar, Scopus,
Cochrane and Web of Science server
search

45 scientific papers included

Inclusion criteria; retinal involvement
in COVID-19

Exclusion criteria: duplicate study,
retinal disease before COVID-19

Inclusion criteria; retinal
involvement in COVID-19

Exclusion criteria: duplicate study,
retinal disease before COVID-19

Materials and Methods: Flowchart

Type of reviewed articles

B Casereport

B CaSESETies

i cohort studies

B Cross s2ctional
studies

Figure 1: Types of articles involved in the review.
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retinal hemorrhage being reported in three out of the eight
papers. Furthermore, retinal artery and vein occlusion were
noticed in three out of these studies. Most of the involved
patients were adults with the age reported to be in a range
between 30 and 75 years. Furthermore in accordance with this
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prevalence
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autoimmune
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systemic
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was 23.8%,
42.5%, and
23.8%,
respectively

hypertension,
dyslipidemia,
stable
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artery
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Table 1A. Summary of retinal signs and associated conditions from three studies.

positive
ocular test

Fluorescein
angiography
showed
marked
delay in
arteriovenous
transit time,
staining
of dilated
tortuous veins
and masking
by retinal
hemorrhages.
Fundoscopy
showed
tortuosity and
dilatation of
all branches
of the central
retinal vein,
dot, blot and
flame-shaped
hemorrhages
throughout
all four
quadrants,
and optic disc
edema

Mean IOP at
the visit was
16.2+1.5
mmHg,RNFL
average
thickness
was linearly
correlated to
RPCP-FI and
RPCP-PD
within post-
COVID-19
group.

age, diabetes and hypertension was noticed to be a common
comorbidity with a percentage as high as 60% and 32% in the
Rafael et al. study.

A complete list of retinal findings and risk factor are illustrated
in Table 1A and Table 1B.
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case
reports

case
serious

D-dimer
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C-Reactive
Protein 7.02
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Table 1B. Summary of retinal signs and associated conditions from five studies.
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Discussion

From the start of the COVID-19 pandemic, there were
reported cases of ocular changes, more specifically related to
the retinal part. However, based on the literature and to our
current knowledge, the direct potential impact of COVID-19
on the retina is still in debate and needs broader studies to be
clear.

Ocular thromboembolic events associated with

COVID-19

Ocular involvement, specifically retinal circulation changes,
was reported to be associated directly with the hypercoagulable
condition through the disease stage, or indirectly by a delayed
immune response; whether they are the retinal arteries or
veins. Regarding that, most of the authors prefer the delayed
immune-mediated response as a more reasonable mechanism
[10].

In light of the above, this explains the increased incidence rate
of the COVID-19 related retinal vascular occlusion diseases
in adult patients, where the main risk factors of the retinal
changes are absent and those risk factors are hypertension,
diabetes and hyperlipidemia. In contrast, contribution of the
hypercoagulable state in the process of the disease in adult
patients is strongly suggestive and is more adherent to patients
who have anticoagulants deficiency, including protein C
and S, antithrombin 3 and activated protein C resistance. In
view of the above, ruling out thrombophilia in COVID-19
patients less than 50 years old as well as performing angle
neovascularization would be highly valuable [2].

Based on the reported cases in the literature, the effect of
COVID-19 on the retinal vasculature is suggested despite the
presence of controversial opinions. Upon that, a central retinal
vein occlusion was reported in a 33 year-old male, healthy
with an unremarkable free medical background presented
with unilateral blurred vision associated with flashing lights
with no other neurological symptoms involved, but he only
reported a 3 weeks history of COVID-19 symptoms at the
time of presentation. Additionally, COVID-19 antigen-
antibody test (IgG + IgM) was done, confirming the presence
of COVID-19 antibody and stage of disease recovery.
Eventually, eye symptoms showed a good prognosis and he
was fully recovered after one month [2].

Furthermore, a reported case of a central retinal artery
occlusion in a 60 year-old male with a medical background
of hypertension, diabetes, stable coronary artery disease and
chronic obstructive pulmonary disease (COPD), confirmed to
be positive for COVID-19 by PCR, on the 12" day prior to
admission he developed unilateral painless loss of vision. An
ophthalmology work-up was done and a central retinal artery
occlusion was found. Unfortunately, the prognosis was poor
and the occlusion did not resolve [10].

On the other hand, a case of a 52 year-old male presented
with unilateral decreased vision along with COVID-19
symptoms, for which it was confirmed positive by PCR
as well. Ophthalmology work-up also revealed a hemi-
retinal vein occlusion, macular edema and extensive

phlebitis. Surprisingly, there was no clear diagnosis for the
eye symptoms, for which a full systemic investigation was
conducted and was unremarkable. Given the suggestive
theories of the direct invasion of the retinal nerves by the
virus, a presumptive diagnosis of retinal vasculitis secondary
to COVID-19 was concluded, and fortunately it lead to a full
recovery after 1 month.

Incidence and degree of retinal changes in COVID-19
hospitalized/ICU patients

Another study done illustrated that a series of retinal changes
was reported in hospitalized COVID-19 patients who have risk
factors and others who have no risk factors. Pharmacological
support was provided for some patients, in addition to the
confined use of a dilated eye examination as a diagnostic tool
for which the study was very restricted and not precise in the
suggestion of direct involvement of COVID-19 in the retinal
changes. Despite that, some changes were reported (like
retinal pigment epithelium hypertrophy, choroidal navaeus)
which were considered degenerative changes and less likely to
be related to COVID-19. Other changes observed were flame-
shaped hemorrhage, cotton wool spots, and retinal sectorial
pallor [17].

A similar study debating the direct effect of COVID-19 on
the retina, presented only 12% of the hospitalized COVID-19
patients who developed serious retinal symptoms (including
micro-hemorrhage, flame-shaped hemorrhage and nerve fiber
layer infarct). More specifically, those patients were in the
late COVID-19 phase and genetic factors were associated
in some of these patients as well. Similar to a previously
mentioned study, this study suggests that the retinal changes
are more likely to be related to a hypercoagulable state and
the late immune storm, in which they can cause a multi-organ
dysfunction which can also be associated with these retinal
changes. In contrast, another theory suggested reports that due
to the presence of COVID-19 RNA in the CSF (Cerebrospinal
Fluid) and the virus protein spikes in the CNS (Central Nervous
System), specifically in the retinal vascular endothelium, it is
closely related to the viral involvement on the retina. Another
hypothesis supporting the previous one reported that the viral
genome was identified in a retinal biopsy through a positive
PT-PCR, as well as alternative entry host cell route through
the receptor CD147 accompanied by the high expression to
CD147 gene in the retina [24].

To the best of our knowledge, one of the noticeable changes
during COVID-19 active disease is retinal vascular diameter
enlargement. Subsequently, an impaired venous drainage and
decreased oxygen saturation was documented as a response
to the vascular enlargement under the effect of inflammatory
mediators, specifically on its highest peak, which eventually
showed a good prognosis. Up to date, there is no clear
pathophysiology explaining this enlargement [26].

Going further, another study showed signs of retinal toxicity as
a side effect of antiviral medications used to treat COVID-19,
taking ritonavir as an example. This drug was reported to exert
a toxic effect on the outer retinal pigment epithelium (RPE).
Upon fundus examination, atrophy of RPE affecting the macula
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was remarkable, optical coherent tomography investigation
showed outer retinal thinning and loss of photoreceptors,
intraretinal cyst and cavitation, epiretinal membrane and full
thickness macula hole, and finally incomplete RPE showed
an outer retinal atrophy with some visible discontinuous
hypertransmission [20].

On a different scope study here, we find a post-COVID-19 low
radial peripapillary capillary plex (PRCP) and PRC flow index
in comparison with healthy people as a result to anticoagulant
medications. On the other hand, micro-vascular impairment
involved retinal capillary hemostasis and retinal ganglion
cell function. Interestingly, it was reported that RPCP density
is highly correlated to retinal nerve fiber layer (RNFL)
thickness and visual field (VF) index particularly in glaucoma
patients. It is worth mentioning that early limited changes of
the retina related to COVID-19 describes the presence of a
hyper-reflective lesion at the level of ganglion cell and inner
plexiform layer [29,30].

Comparison with another study has shed the light on the
same scope of this review, as it has shown that the ocular
manifestation could possibly start to appear in different
disease phases. Interestingly, some cases reported that
the ocular symptoms started to develop days before the
respiratory symptoms appear, while other cases reported
the ocular symptoms developed in the middle of the disease
and other cases were reported to have the symptoms 19 days
after the disease. This variety was applied as well for the
ocular manifestations including viral-induced retinitis, optic
neuritis, kerato-conjunctivitis, acute follicular conjunctivitis,
hemorrhagic and pseudo-membranous conjunctivitis. Overall,
the findings of this study were approximately similar to the
different studies discussed in this review [31].

Ultimately, we firmly believe that having solid based
evidences related to retinal changes as a response to the direct
invasion of COVID-19 (which are broader, more precise and
comprehensive) are highly recommended.

Conclusion

Our Study concludes that the retinal changes due to COVID-19
have been confirmed through several previous studies, but the
exact mechanism needs further investigation.

Several studies claimed and concluded simultaneously that
age and other risk factors for retinal changes are determinant
factors for the prognosis as the mechanism of pathogenicity is
different. Furthermore, it was claimed that the robust immune
response and vasculitis caused by the virus itself has a good
prognosis, and in contrast, a poor prognosis is associated with
the hypercoagulable state. Some studies found retinal changes
in hospitalized patients but it has been linked to risk factors
and a hypercoagulable state.

The most noticeable change that has been observed in the
various studies was retinal vascular diameter enlargement
which has been mainly linked to impaired venous drainage
and decreased oxygen supply.

In addition, antivirals like Ritonavir have been associated with
a toxic effect as a side effect causing atrophy of RPE. Also low
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PRCP and PRC flow was noticed and related to usage of anti-
coagulants which has been linked to RNFL.

Recommendations
We recommend the following:

*  Further studies to be done on large scales to determine the
exact mechanism of retinal involvement in COVID-19
patients.

*  More clinical trials are demanding to test the use of angle
neovascularization for patients aged less than 50 years
whom have been excluded from thrombophilia.

*  Further studies to be conducted regarding immune response
towards corona virus and robust immune response.

* Biopsies and specimens from retina, CSF and CNS should
be considered for further investigation.

* The effects of COVID-19 medications like antivirals
should be consider in any further studies.
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