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Background and Aim: To identify ocular findings related to SARS-CoV-2 infection in patients after the resolution of COVID-19
using complete ocular examinations and optical coherence tomography (OCT).

Methods: In this cross-sectional study, conducted from May 30 to October 30, 2020, patients who recovered from various stages
COVID-19 underwent eye examination and multimodal retinal imaging (Retinographies and Spectral-OCT).

Results: We included 50 patients, 29 (58%) males, median age of 46.5 [standard deviation 15.8]. Of these, 42% (21) had mild, 18%
(9) had severe and 40% (20) had critical disease. The median time interquartile range (IQR) between symptom onset and ocular
examination was 55 days [IQR 39-71]. Seven patients (14%) reported ophthalmic symptoms, transitory low visual acuity (6%) and
retroocular pain (8%). On OCT, one patient without comorbidities had sectoral retinal pallor suggestive of acute retinal ischaemia and
oedema of the retina’s inner layers and atrophy. All findings progressively and spontaneously improved months after resolution of
COVID-19.

Conclusion: Patients with COVID-19 present findings compatible with the general population depending on age and
comorbidities; nevertheless, acute retinal findings associated with the disease may be present, such as caused either by the
direct effects of retinal SARS-CoV-2 infection, by indirect effects of the cytokine storm or by the pro-thrombotic state
associated with COVID-19. Therefore, retinal involvement in patients with COVID-19 remains subject to considerable
discussion and study.
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Introduction
The year 2020 and 2021 was marked by the coronavirus disease 2019 (COVID-19) pandemic, with over 185 million
confirmed cases and more than 4.0 million deaths reported to the World Health Organization by July 2021." The disease is
caused by the severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), first identified in January 2020 as a new
human-infecting coronavirus from an outbreak of unexplained pneumonia cases in Wuhan, Hubei Province, China, in late
December 2019."* COVID-19 patients usually present with fever and respiratory tract symptoms. However, COVID-19
can affect other organ systems, including cardiovascular, neurological, gustatory, gastrointestinal, hepatic, renal, olfactory,
haematological, cutaneous, and ocular systems.' >*>

The ocular manifestations of SARS-CoV-2 infection are not entirely understood; most studies reported ocular
surface disorders.””’ However, there has been a growing interest in possible retinal findings in patients with
COVID-19, according to the hypothesis generated by Marinho et al.® The direct activity/immunogenicity of
SARS-CoV-2 or the pro-thrombotic status reported in critically COVID-19 patients is thought to mediate these
patients’ retinal damage.’ Several lines of evidence suggest that a subgroup of patients with severe COVID-19
might suffer from cytokine storm syndrome. Coagulation disorders are common in patients with SARS-CoV-2
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infection, especially in those with severe disease.'® The retina’s arteries and veins represent a window on the
vascular system as they are exposed to the same pathological processes and show changes in many systemic
diseases.'" To date, cotton wool spots and retinal haemorrhages have been reported in dilated eye examination of
patients with COVID-19.5%!2 An autopsy study identified viral RNA of SARS-CoV-2 in retinas of deceased
COVID-19 patients,"? and there was a correlation identified between retinal veins diameter and disease severity.'*
Nevertheless, the relationship between SARS-CoV-2 infection and retinal disease remains a matter of debate.'”

To help resolve this question, we performed comprehensive ophthalmologic evaluations, including multimodal retinal
imaging in patients who had recovered from all severities of COVID-19 to identify ocular findings that may be related to
SARS-CoV-2 infection.

Materials and Methods

Design

A single-centre cross-sectional study was carried out from May 30, 2020, to October 30, 2020, at the Ophthalmology
Outpatient Clinic of the Centro Universitario FMABC, Santo André, Sdo Paulo Metropolitan Area, Brazil. The study was
approved by the Institutional Research Ethics Committee of the Centro Universitario FMABC under protocol 4.067.204.
It was carried out following the relevant guidelines and regulations and ethical principles of the Declaration of Helsinki.
Written informed consent was obtained from all patients, consistent with Brazilian’s National Research Ethics Committee

resolution for research conducted during the COVID-19 pandemic.

Participants

We included patients with a confirmed diagnosis of COVID-19 by RT-PCR test. These patients were under Delta or
Gamma infection in Brazil.'"®'” According to the Brazilian Epidemiological Monitoring Guidelines for the Public
Health Emergency of COVID-19 published by the Brazilian Ministry of Health on April 3, 2020,'® they were out of
the isolation period. Patients were recruited for this study from two sources: those hospitalised in the local referral
centre for the treatment of COVID-19 patients after hospital discharge (Mario Covas State Hospital, Santo André, Séo
Paulo Metropolitan Area, Brazil) and health-care workers from the Centro Universitario (FMABC, Santo André, Sdo
Paulo Metropolitan Area, Brazil). Patients were classified into mild, severe or critical disease categories according to
the World Health Organization’s (WHO) guideline agreement for clinical management of COVID-19, published
May 27, 2020." Exclusion criteria: use of any eye drop other than artificial tears, eye surgery in the last year, and
terminal cancer.

Patients underwent an ophthalmological evaluation only once, except for patients with findings likely related to the
COVID-19 condition, who were followed until resolution. All participants received the Free and Informed Consent Form
(ICF) which was duly signed. The present study was conducted in accordance with the relevant guidelines and
regulations/ethical principles of the Declaration of Helsinki.

Confirmation of COVID-19 Diagnosis
All patients who participated in the study had COVID-19 infection confirmed by molecular testing (RT-PCR) as it is the

most sensitive and accurate test available.

Clinical Data

An ophthalmologist on the research team interviewed patients to assess any new ocular symptoms during or after the
appearance of systemic COVID-19 symptoms. The clinician also recorded comorbidities, date of symptoms onset, the
disease’s clinical course, admission to the intensive care unit (ICU), and the necessity for invasive mechanical
ventilation. Patients who needed hospitalization also had medical charts reviewed for collection of any missing
information.
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Eye Examination and Multimodal Retinal Imaging

Patients underwent comprehensive ophthalmological evaluations performed by an ophthalmologist on the research team,
including the following: determination of the best-corrected distance visual acuity using Early Treatment Diabetic
Retinopathy Study (ETDRS) visual charts; measurement of intraocular pressure with Goldman’s applanation tonometer;
biomicroscopy of the anterior segment; biomicroscopy of the posterior segment using a hand-held 78-dioptre condensing
lens; and dilated eye examination using a binocular indirect ophthalmoscope, and a hand-held condensing 20-dioptre lens
after 30 min of instillation of tropicamide (1%).

Multimodal retinal imaging included retinographies using the CX-1 Hybrid Digital Mydriatic/Non-Mydriatic Retinal
Camera (Canon Medical Systems USA, Tustin, CA, USA) and Heidelberg Spectralis (Heidelberg Engineering, Germany)
spectral-domain optic coherence tomography (SD-OCT) using macular fast and seven lines techniques. Macular-centred
retinographies of both eyes were performed as well as peripheric photos if any retinal finding was present. Each photo
included a colour image and a monochromatic red-free image. Two retinal specialists then analysed Retinographies and
SD-OCT images, and the results were described by each specialist individually. Divergent opinions were reconciled by
consensus. Any patient who had ophthalmologic findings possibly related to COVID-19 was followed up until the
findings resolved.

Statistical Analysis

Before the statistical analysis of the data, a Shapiro—Wilk test was performed, and the p-value was >0.05. In this case, we
can consider the values as normal or that the sample follows a normal distribution. The data were expressed as medians
and interquartile range (IQR) for continuous variables. Categorical variables were expressed as proportions with 95%
confidence intervals computed using the Wilson—Brown hybrid method. These analyses were performed using GraphPad
Prism® (GraphPad®, version 8.0, San Diego, CA, USA).

Results

There were 50 subjects (29 males and 21 females) with a median age of 46.5 years [standard deviation 15.8 years]. Of
these, 42% (21) of the patients had mild disease, 18% (9) had severe disease, and 40% (20) had critical disease. Eleven
(22%) required invasive mechanical ventilation. Fifteen (30%) had a previous diagnosis of hypertension, and 12 (24%)
had diabetes mellitus (Table 1).

Table | Clinical Characteristics of Post-COVID-19 Patients

Measure Total (N=50)
Age, median (IQR), years 46.5 (15.8)
Male, No. (%) 29 (58)
Hypertension®, No. (%) 15 (30)
Diabetes Mellitus®, No. (%) 12 (24)
Time between symptom onset and eye examination, median (IQR), days 55 (39-71)
Mild COVID-19, No. (%) 21 (42)
Severe COVID-19, No. (%) 9 (18)
Critical COVID-19, No. (%) 20 (40)
ICU Stay, No. (%) 20 (40)
Invasive Mechanical Ventilation, No. (%) 11 (22)
Ophthalmic symptoms, No (%) 7 (14)
Transitory low visual, No (%) 3(6)
Retrocular pain, No (%) 4 (8%)

Notes: The data were expressed as medians and interquartile range (IQR) for continuous variables. Categorical variables
were expressed as proportions with 95% confidence intervals computed using the Wilson—Brown hybrid method. These

analyses were performed using GraphPad Prism® ®Previously referred diagnosis.

Abbreviations: COVID-19, Coronavirus Disease 2019; IQR, Interquartile Range; ICU, Intensive Care Unit.
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The median time (IQR) between symptom onset and eye examination was 55 days [IQR 39-71]. Seven patients
(14%) reported ophthalmic symptoms, three (6%) with transitory low visual acuity and four (8%) retroocular pain during
the disease.

At OCT, the most common finding was signs of age-related macular degeneration (Table 2). Three patients had
possible retinal changes related to COVID-19, all of whom are described below. A female patient in her 60s with no
systemic problems post-COVID-19 presented with sectoral retinal pallor suggestive of acute retinal ischaemia and
intracellular oedema of the inner layers, evolving into focal atrophy of the retina during OCT 30 days after onset of
symptoms. She was admitted to the infirmary. She did not use vasoactive drugs and had no thrombotic events during
hospitalization. At the 70-day follow-up, the retinal pallor area at fundoscopy had disappeared entirely, and the OCT
revealed thinning of the inner layers of the retina in the previous pallor area, indicating local atrophy secondary to
ischaemia (Figure 1).

A man, age range 40s, hypertension and diabetes mellitus presented with intraretinal cysts in the outer nuclear layer
(N = 1; 2%; 95% CI 0.1-10.5) 41 days after onset of symptoms. He was admitted to the ICU and was mechanically
ventilated, without vasoactive drugs, but with full-dose anticoagulation. He had uncontrolled blood glucose on admis-
sion, requiring an insulin pump. Simple mean of measurements of daily capillary blood sugar during hospitalization was
233 mg/dL. At the 68-day follow-up, the retinal findings had resolved entirely without intervention. He reported good
glycaemic control after discharge (Figure 2).

Finally, a male in his 30s, without comorbidities, presented flame-shaped haemorrhages (N = 1; 2%; 95% CI 0.1-
10.5) 75 days after the onset of symptoms. He had a mild condition, without hospitalisation. The patient denied using any
medication for continuous use. Follow-up was not possible because the patient did not attend subsequent consultations
(Figure 3).

Table 2 Ocular Findings on Eye Examination of Patients Post-COVID-19

Measure

Biomicroscopy

Subepithelial infiltrates, No. (% - CI)
Cataract, No. (% - Cl)

Pterygium, No. (% - Cl)
Tonometry

Right Eye Median (IQR)

Left Eye

2 (4%; 95% Cl, 0.7-13.5)
8 (16%; 95% ClI, 8.3-28.5)
2 (4%; 95% CI 0.7-13.5)

14 (12-16)
14.5 (12-16)

Retinal Findings

Diabetic Retinopathy, No. (% - Cl)
Sectoral retinal pallor, No. (% - CI)
Retinal Druses, No. (% - Cl)

Vascular thinning/ tortuosity, No. (% - Cl)
Macular hole, No. (% - ClI)
Retinalchoroidal Scar, No. (% - Cl)
Flame-shaped haemorrhages, No. (% - Cl)

2 (4%; 95% CI 0.7-13.5)
1 (2%; 95% CI 0.1-10.5)
4 (8%; 95% Cl 3.2-18.9)
5 (10%; 95% CI 4.3-21.3)
I (2%; 95% CI 0.1-10.5)
2 (4%; 95% CI 0.7-13.5)
I (2%; 95% C1 0.1 —10.5)

OCT Findings
Epiretinal membrane, No. (% - CI)
Macular hole, No. (% - Cl)

1 (2%; 95% Cl 0.1-10.5)
1 (2%; 95% Cl 0.1-10.5)

Intraretinal cysts in the outer nuclear layer, No. (% - Cl)
AMD, No. (% - Cl)
Edema of the inner layers and atrophy of the retina, No. (% - CI)

1 (2%; 95% Cl 0.1-10.5)
5 (10%; 95% Cl 4.3 —21.3)
I (2%; 95% CI 0.1-10.5)

Flame-shaped haemorrhages, No. (% - Cl) 1 (2%; 95% Cl 0.1-10.5)

Notes: The data were expressed as medians and interquartile range (IQR) for continuous variables. Categorical variables were
expressed as proportions with 95% confidence intervals computed using the Wilson-Brown hybrid method. These analyses
were performed using GraphPad Prism®.

Abbreviation: AMD, Age-related macular degeneration.
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Figure | Main retinal findings and OCT follow-up patient | (A—C). (A) Colour fundus photography and red-free 30-days after symptoms imaging of the right eye of a female
patient in her 60s revealing well-delimited sectorial pallor at the lower temporal arcade (black arrow). Vasoactive pharmacological support was not necessary during
hospitalisation. (B) Colour fundus photography and red-free 70-days with disappearance of the lesion. (C) OCT-A 30-day follow-up shows a triangular area of low blood
flow (white arrowhead), corresponding to the region of retinal pallor. (D) OCT B-scan in the 70-day follow-up of the retinal pallor. Note the local retinal thinning, with loss
of differentiation of the inner layers of the retina (white arrowhead).
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A

Figure 2 Main retinal findings and OCT follow-up patient 2 (A—C). (A) Colour fundus photography and red-free imaging of the left eye of a male patient revealing
a peripapillary and macular flame-shaped haemorrhage (black arrow). Vasoactive pharmacological support was not necessary during hospitalisation. (B) Intraretinal cysts in

the outer nuclear layer with 41-day after symptoms. (C) OCT 68-days after symptoms without intraretinal cysts.
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Figure 3 Main retinal findings patient 3 (A) Colour fundus photography and red-free imaging of the left eye of a male patient, without comorbidities and revealing a flame-
shaped haemorrhage (black arrow). He had a mild condition, without hospitalisation.

Discussion

This study aimed to provide information on the relationship between SARS-CoV-2 infection and possible retinal changes.
The primary objective was to identify ophthalmic findings using complete ocular examination and optical coherence
tomography with a cross-sectional sample at various stages of the COVID-19. In our study, 14% of the patients had
ophthalmic symptoms during or after the disease, the most frequent being transient low visual acuity (6%) and
retroocular pain (8%). The primary findings were cataracts on biomicroscopy, intraocular pressure within the population
pattern, hypertensive retinopathy in the retinal scan, and findings compatible with age-related macular degeneration on
OCT. These findings are consistent with ophthalmological changes found in the general population.'' Because our
sample included patients with advanced age and comorbidities, including systemic arterial hypertension and diabetes
mellitus, the most frequent findings were expected.

Nevertheless, there were three findings possibly related to COVID-19. One adult man with no significant past medical history
presented with flame-shaped haemorrhages; a woman in her 60s with no significant past medical history or complications during
hospitalisation presented with retinal pallor area at fundoscopy that completely disappeared. The OCT revealed thinning of the
retina’s inner layers in the previous area of pallor, indicating local atrophy secondary to ischaemia.

Our findings are consistent with those of two recent studies. Marinho et al reported similar changes in four patients
who presented with subtle cotton wool spots and microhaemorrhages along the retinal arcade 11-33 days after onset of
COVID-19 symptoms.® Landecho et al evaluated 27 asymptomatic patients, and cotton wool exudates (CWS) were
evident in six (22%), suggesting that the occurrence of CWS is an ocular manifestation of COVID-19; fundoscopic
examination might help to identify subjects with endothelial disease that are prone to acute vascular events.'®

We believe that the primary forms of vascular damage in patients with COVID-19 may be related to the direct action of the
virus and its high levels of immunogenicity, leading to endothelial inflammation (similar to vasculitis) or the pro-thrombotic
state."®!'? The first hypothesis is because asymptomatic ocular microangiopathic syndrome is highly prevalent in other
vascular systemic diseases (ie, diabetes and hypertension) and after viral infections, including the human immunodeficiency
virus (HIV) disease.'®** SARS-CoV-2, a beta-coronavirus, uses the angiotensin-converting enzyme-related carboxypeptidase
(ACER) receptor to gain entry into cells.>’ Expression of the ACE2 receptor is also found in many extrapulmonary tissues,
including endothelium and retina.**' The ACE2 receptor is involved in the pathogenesis of systemic vascular diseases that

International Journal of General Medicine 2023:16 heeps: 1753
Dove:


https://www.dovepress.com
https://www.dovepress.com

Loduca Lima et al Dove

produce ocular manifestations such as diabetic and hypertensive retinopathy.'*'>!'® Therefore, the development of retinal
ischaemia may be related to the downregulation of ACE2 in COVID-19.2' The second hypothesis is based on the fact that the
state of hypercoagulability is already well established in COVID-19; the retina, as one of the most metabolically active tissues
in the human body with a characteristic terminal circulation, is particularly susceptible to ischaemic events.'*?>

Finally, a man in his 40s presented macular oedema after glycaemic decompensation during hospitalisation in the ICU
for COVID-19. The ocular symptoms spontaneously resolved after discharge and stabilization of his diabetes.
Inflammation plays an essential role in DR pathogenesis, characterised by involvement of endothelial cell adhesion
molecules, chemokines, and proinflammatory cytokines.”> Raony et al argued that the transmembrane glycoprotein
CDI147 (also known as basigin) may play a role in retinal changes in diabetic patients with COVID-19.** This
glycoprotein has been reported as a new invasive pathway for SARS-CoV-2 and is expressed at moderate-to-high levels
in all types of human retinal cells. Also, there is evidence that CD147 mediates the breakdown of neurovascular barriers
induced by pro-inflammatory cytokines in vitro. Therefore, we believe that COVID-19 can aggravate or precipitate
retinal lesions in people with diabetes, either by the indirect effects of the cytokine storm associated with COVID-19 or
by the direct effects of retinal SARS-CoV-2 infection.”*

Our cross-sectional study’s strengths were that we performed complete ophthalmological evaluations, including the
posterior segment, with a large sample of patients at various stages of the disease and in patients who had different
comorbidities. This study had a significant limitation in that there were prolonged intervals between the disease and the
exam, allowing for the loss of transient changes. However, new methodological approaches will be necessary to endorse
the hypotheses of this study. Furthermore, we acknowledge limitations in this study such as sample size and varying
levels of infection. We believe that another possibility that will enrich the findings is to re-evaluate the study participants
after 1 year of recovery from infection to reinforce the results.

In conclusion, patients with COVID-19 present findings consistent with those of the general population according to
age and comorbidities; nevertheless, based on previous evidence regarding Covid-19 transmission, it is possible that the
observed relationship between acute retinal findings and SARS-CoV-2 infection is mediated by cytokine storm, or the
pro-thrombotic state associated with COVID-19. However, larger and more comprehensive studies should be conducted
to confirm this hypothesis.
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