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Purpose: Since the start of the COVID-19 pandemic, numerous authors have published data
demonstrating retinal changes found in patients with COVID-19. However, others have
debated the significance of these findings and the effects of COVID-19 on the retina remain
uncertain. This study aims to better understand retinal findings in patients with COVID-19.
Patients and Methods: A retrospective review of patients with a history of a positive
COVID-19 polymerase chain reaction test was performed between March 1st, 2020 and
October 31st, 2020. Patients were included if they presented within 90 days of their first
positive COVID-19 test and underwent color fundus photography and/or OCT of the macula.
All images were reviewed by two independent graders who assessed the presence of retinal
heme, cotton wool spots, vascular sheathing, and disc edema, as well as hyper-reflective
changes, intra-retinal fluid, and sub-retinal fluid on OCT.

Results: A total of 119 eyes from 61 patients were included. Among 83 eyes which underwent
OCT of the macula, inner retinal hyper-reflective changes were seen in 16.9% (n=14), outer
retinal hyper-reflective changes in 18.1% (n=15), intra-retinal fluid in 28.9% (n=24), and sub-
retinal fluid in 14.5% (n=12). Among 48 eyes which underwent color fundus photography, retinal
hemorrhage was seen in 27.1% (n=13), optic disc edema in 2.1% (n=1), and cotton wool spots in
none of the eyes. Sub-analysis of 70 eyes from 41 patients with no alternative retinal pathology to
potentially explain the above findings revealed none of the above exam findings on OCT of the
macula (n=35), fundus photography (n=28), or documented exam (n=66).

Conclusion: While a number of patients seen after COVID-19 infection demonstrated
retinal findings, all could be explained by pre-existing retinal conditions. In a sub-group of
eyes without pre-existing retinal disease, we did not identify any retinal findings that could
be associated with COVID-19.

Keywords: COVID-19, SARS-CoV-2, retina, optical coherence tomography, fundus
photography

Introduction

Severe Acute Respiratory Syndrome-Coronavirus-2 (SARS-CoV-2) is a novel cor-
onavirus that was first detected in Wuhan, China at the end of 2019.! The virus has
since quickly spread to the rest of the world, and Coronavirus Disease-2019
(COVID-19) was declared a pandemic by the World Health Organization on
March 11, 2020. Although COVID-19 mainly affects the lower respiratory tract
causing acute respiratory distress syndrome (ARDS), damage to other organ sys-

tems has been reported, including gastrointestinal, cardiovascular, and neurological
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manifestations.” * Currently, not much is known about the
ocular involvement of COVID-19. However, ocular invol-
vement of Orthocoronaviridae, a subfamily of coronavirus
that SARS-CoV-2 belongs to, is well established in animal
models.” In murine and feline species, Orthocoronaviridae
strains have been associated with uveitis, retinitis, and
optic neuritis. The first evidence of ocular involvement
of coronaviruses in humans arose in the early 21st century
during the SARS outbreak caused by SARS-CoV-1, as
physicians noted the possibility of transmission through
tear samples.®’

With this knowledge in mind, the possibility of ocular
involvement of SARS-CoV-2 has gained significant
interest.® Marinho et al suggested that on OCT (optical
coherence tomography) imaging of the retina in 9 patients,
there may be manifestations of the disease such as hyper-
reflective lesions at the level of the ganglion cell and inner
plexiform layers.® However, Vavvas et al and others have
raised concerns about the interpretation of these OCT
findings.” In 43 patients with COVID-19 pneumonia,
Pirraglia et al did not find retinal manifestations except
in one patient, who was later diagnosed with probable
fungal retinitis.'® At the same time, Invernizzi et al com-
pared 54 patients with a COVID-19 diagnosis to 133
control patients, and demonstrated that along with
increased rates of retinal hemorrhages and cotton wool
spots, the mean arterial diameter and mean venous dia-
meter were higher in retinal imaging from patients with
COVID-19 compared to control patients.'" Despite con-
tinued interest in the retinal manifestations of COVID-19,
there has been no consensus established on this subject.
We aim to contribute to the ongoing need for further study
of this topic.

Herein, we present a retrospective observational study
of SARS-CoV-2 PCR+ patients who presented to ophthal-
mology clinics at Mass Eye and Ear (Boston, MA, USA)
between March 1, 2020 and October 31, 2020. The main
objective of our study was to identify any retinal findings
that could be associated with COVID-19.

Patients and Methods

Patient Selection

A retrospective cross-sectional study was conducted on
patients seen at a single tertiary eye care center in
Boston, MA, USA. All appointments and examinations
were performed with appropriate precautions and in accor-
dance with institutional guidelines on COVID-19. A chart

review of the electronic medical record was performed on
all patients who presented to ophthalmology clinics
Ist, 2020 and October 31st, 2020.
Patients were included if they had a history of a positive
SARS-CoV-2 polymerase chain reaction (PCR) test and
underwent retinal imaging including color fundus photo-

between March

graphy or OCT of the macula. If a patient had multiple
visits, data from the first clinic visit after their first positive
SARS-CoV-2 test was used. Patients whose first positive
PCR test result for SARS-CoV-2 was collected greater
than 90 days prior to their clinic appointment were
excluded from the study. In order to evaluate the max-
imum number of eyes, patients with concomitant retinal

diseases were not excluded from the study.

Review of Retinal Findings

In all patient charts that were reviewed, OCT images of the
macula were taken with Heidelberg Spectral Domain OCT
(Spectralis®, Heidelberg, Germany). These OCT images
were all volumetric scans of the macula composed of
a minimum of 73 B-scans (120 microns between B-scans
at maximum). These images were reviewed specifically for
presence of inner retinal hyper-reflective changes, outer
retinal hyper-reflective changes, intra-retinal fluid, and sub-
retinal fluid. Wide-field color fundus photography was taken
on an Optos (Optos, Marlborough, MA, USA) imaging
device. Disc photography was performed on a Topcon
(Topcon TRC-50DX, Topcon Corporation, Tokyo, Japan)
fundus camera. These images were reviewed for presence
of retinal hemorrhages, optic disc edema, and cotton wool
spots. All images were interpreted by two independent gra-
ders. In addition to the review of retinal imaging, a chart
review was also performed to assess documented retinal
exam findings from the clinic visit on the same date as
retinal images was taken. All reviews were performed once
with the entire cohort and repeated with the subgroup with
no pre-existing retinopathy or underlying disease.

Statistical Analysis

Normal distribution was analyzed by the Shapiro—Wilk
Test. Normally distributed continuous variables were
reported as the mean values and standard deviations
(SD). Continuous variables that were not normally distrib-
uted were reported as the median values and interquartile
ranges (IQR). Categorical variables were reported as
counts and percentages.
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Ethics Approval

Institutional review board approval was obtained from
Mass General Brigham for the Protection of Human
Subjects (#2020P000988). The authors certify that this
work is HIPAA compliant and adhered to the tenets of
the Declaration of Helsinki.

Results

Demographic Information

During the study period, 158 patients with a history of
a positive SARS-CoV-2 PCR test presented to ophthalmol-
ogy clinics at Mass Eye and Ear. Of these, 109 patients
underwent color fundus photography or OCT of the
macula. Forty-seven patients were excluded as their most
recent positive SARS-CoV-2 PCR test was collected more
than 90 days prior to their appointment. Ultimately, 119
eyes of 61 patients were included in the study. Three eyes
from three patients were not included due to media opa-
cities preventing interpretable retinal imaging (one eye
with vitreous hemorrhage attributed to an established his-
tory of proliferative diabetic retinopathy, one eye with
significant corneal edema, and one eye with an intraocular
gas bubble from recent retinal surgery). The demographic
and clinical characteristics of the cohort can be found in
Table 1. The mean number of days between the first

examination was 60.4. The minimum number of days
was 4 days and the maximum 90 days.

Retinal Findings

In our cohort of 119 eyes, 83 eyes underwent OCT of the
macula, 42 eyes underwent wide-field color fundus photo-
graphy, 6 eyes underwent color disc photography, and 109
eyes had a documented retinal exam on chart review. In
eyes that underwent OCT of the macula (n=83), median
central macular thickness was noted to be 264 microns
(IQR 54.75). Inner retinal hyper-reflective changes were
seen in 14 eyes (16.9%), outer retinal hyper-reflective
changes were seen in 15 eyes (18.1%), intra-retinal fluid
was seen in 24 eyes (28.9%), and sub-retinal fluid was
seen in 12 eyes (14.5%). In eyes that underwent wide-field
color fundus photography (n=42), retinal hemorrhage(s)
were seen in 12 eyes (28.6%) and optic disc edema was
seen in one eye (2.4%). In eyes that underwent color disc
photography (n=16), retinal hemorrhage(s) were seen in
one eye (16.7%). A full list of findings from images and
exams are summarized in Table 2.

A sub-analysis of 70 eyes from 41 patients with no pre-
existing retinopathy or underlying disease to explain pos-
sible new findings was performed. Please see Table 3 for
a list of given diagnoses to explain abnormal retinal find-
ings leading to exclusion from this sub-group. Careful

positive SARS-CoV-2 PCR test and ophthalmic review of these eyes identified no abnormalities on OCT
Table | Demographics and Clinical Characteristics
Table 2 Retinal Imaging and Exam Findings
Participants, n 6l
OCT of the Macula in 83 Eyes, n (%)
Age, mean * SD 65.5 £ 21.4 years Inner retinal hyper-reflective changes 14 (16.9%)
Gender, n (%) Outer retinal hyper-reflective changes 15 (18.1%)
Male 26 (42.6%) Intra-retinal fluid 24 (28.9%)
Female 35 (57.3%) Sub-retinal fluid 12 (14.5%)
Race, n (%) Wide-Field Color Fundus Photography in 42 Eyes, n (%)
Caucasian 27 (44.3%) Retinal hemorrhage(s) 12 (28.6%)
Hispanic 13 (21.3%) Optic disc edema | (2.4%)
African American 12 (19.7%) Cotton wool spot(s) 0 (0%)
Asian 2 (3.3%) Color Disc Photography in 6 Eyes, n (%)
Other 4 (6.6%) Retinal hemorrhage(s) 1 (16.7%)
Comorbidities, n (%) Optic disc edema 0 (0%)
Diabetes 21 (34.4%) Cotton wool spot(s) 0 (0%)
Hypertension 12 (19.7%) Documented Retinal Exam in 109 Eyes, n (%)
Days from first positive COVID-19 PCR test, 60.4 + 18.6 days Retinal hemorrhage(s) 26 (23.9%)
mean + SD Optic disc edema 3 (2.75%)
Cotton wool spot(s) 4 (3.7%)
Abbreviation: SD, standard deviation.
Clinical Ophthalmology 2021:15 htps: 3729
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Table 3 Concomitant Ocular Disease in Patients with Retinal

Pathology
Ocular Disease Diagnosis, n (%)
Diabetic retinopathy 27 (55.1%)
Retinal detachment 6 (12.2%)
Macular degeneration 6 (12.2%)
Retinal vein occlusion 5 (10.2%)
Pre-existing uveitis 4 (8.2%)
Radiation retinopathy I (2.0%)

of the macula (n=35), wide-field color fundus photography
(n=25), color disc photography (n=3), or documented ret-
inal exam (n=66). In this sub-group, median central macu-
lar thickness was noted to be 255 microns (IQR 43) in the
35 eyes that underwent OCT of the macula.

Discussion

In this study, we did not identify any retinal findings directly
associated with COVID-19 infection. All retinal findings
noted in patients with COVID-19 at our institution could be
explained by the patients’ pre-existing conditions.
Importantly, in a subset of eyes with no pre-existing condi-
tions (many of which were contralateral “healthy” eyes in
patients with monocular conditions such as rhegmatogenous
retinal detachment or retinal vein occlusion), no findings that
could be associated with COVID-19 were seen.

Marinho et al were among the first to publish results
suggesting retinal findings that could be associated with
COVID-19, namely hyper-reflective changes in the inner
retina.® However a number of other authors have ques-
tioned these findings, raising the possibility that these
hyper-reflective changes can be attributed to normal retinal
structures, namely retinal blood vessels.”'*™'® While simi-
lar appearing hyper-reflective structures were seen in this
review of OCT imaging, all could be attributed to retinal
blood vessels when correlated to simultaneous near infra-
red reflectance registration images of the retina. This find-
ing further calls into question the retinal manifestations of
COVID-19 that were proposed early in the pandemic.

Studies by Caporossi et al, Pereira et al, and Pirraglia
et al included retinal examinations of patients with severe
COVID-19, many of whom were at the time admitted in
the intensive care unit (ICU).''”'® While the first two
groups reported evidence of microvascular disease such as
retinal hemorrhages, cotton wool spots, retinal microa-
neurysms, and tortuous retinal vessels, Pirraglia et al did
not see any of these changes in their cohort. Our study
also did not show any evidence of these changes in setting

of a COVID-19 infection. It remains unclear if these
microvascular changes can be attributed directly to
COVID-19 or if they are a consequence of the generalized
state of hemodynamic instability and heightened inflam-
matory response seen in many patients who require care in
the ICU or are on positive pressure ventilation. Of note,
such retinal findings have been previously demonstrated in
ICU patients independent of infection with SARS-CoV
-2.'” While our study did not stratify participants by the
severity of their COVID-19 illness due to the retrospective
design of the study and limited access to data outside our
own hospital system, it is likely skewed towards including
patients with milder infections or those who have at the
least overcome severe illness by the time they were seen
in clinic. This may also help to explain why such retinal
findings were not seen in our cohort.

In one study examining retinal thickness and volume in
patients with COVID-19, Abrishami et al found a trend
towards increased retinal thickness in patients with history
of COVID-19, though their comparison to age-matched
controls did not reach statistical significance.”’ More
recently, Abrishami et al have further reported changes in
retinal microvasculature in patients who have recovered
from COVID-19. Specifically, they noted decreased vessel
density in the superficial and deep capillary plexus of the
foveal and parafoveal zone on OCT angiography of
patients with history of COVID-19 infection.?! While
data from our study cannot be directly compared to this
group, future measurements of retinal parameters may be
an objective and quantifiable target for further
investigation.

There were some important limitations to our analysis
of the potential retinal findings from COVID-19. First, this
was a retrospective study. As a result, retinal imaging was
limited to studies that were necessary for each patient’s
clinical needs, which may have inflated the overall rate of
positive findings. This may have been further exacerbated
by the clinical mindset of most providers during the
COVID-19 pandemic, in which clinic appointments were
limited to patients with urgent ophthalmic issues in the
early stages of the pandemic. This was in line with guide-
lines published by the American Academy of
Ophthalmology (AAO) on March 18th, 2020, which
advised eye care providers to cease “providing any treat-
ment other than urgent or emergent care immediately.”*>
Yet, many more routine visits resumed within a few
months of the first shutdowns minimizing the impact of
this potential limitation. Further, the mean number of days
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from a positive SARS CoV-2 PCR to imaging was 60.4
days. There may be acute changes that were not captured

due to the delay in imaging.

Conclusion
The retina is a uniquely accessible and informative window

into the inner workings of human physiology. Examination of

the retina has the potential to deepen our understanding of the

vasculotropic and neurotropic characteristics of the now ubi-

quitous SARS-CoV-2 virus. In this study at a large tertiary care

center in a pandemic hotspot, we found no retinal changes
associated with a history of COVID-19 infection. Given the
variation in the existing literature, additional study and greater

longitudinal follow-up is required to better understand the
effects of COVID-19 on the retina.
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