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Abstract

Background Systemic vascular involvement in COVID-19 has been identified in several patients: not only endothelial derange-
ment and increased permeability are reported to be early hallmarks of organ damage in patients with COVID-19 but are also the
most important cause of worsening of clinical conditions in severe cases of SARS-CoV-2 infection. There are several reasons to
hypothesize that the eye, and the retina in particular, could be a target of organ damage in SARS-CoV-2 infection.

Methods This cohort observational study analyzes OCT angiography and structural OCT of 70 post-COVID-19 patients eval-
uated at 1-month hospital discharge and 22 healthy control subjects. Primary outcomes were macular vessel density (VD) and
vessel perfusion (VP); structural OCT features were evaluated as secondary outcomes. In addition, patients and healthy volun-
teers were evaluated for best corrected visual acuity, slit lamp photograph, and fundus photo image.

Results VD and VP in 3 x 3 and 6 X 6 mm scans for SCP and DCP showed no significant differences between the groups.
Similarly, CMT and GCL did not reveal significant differences between post-COVID-19 and healthy patients. Nine patients
(12.9%) featured retinal cotton wool spots and 10 patients had vitreous fibrillary degeneration. The prevalence of epiretinal
membrane and macular hole was similar in the two groups. One case of extra papillary focal retinal hemorrhage was reported in
the post-COVID-19 group.

Conclusions Macula and perimacular vessel density and perfusion resulted unaltered in mild post-COVID-19 patients at 1-month
hospital discharge, suggesting no or minimal retinal vascular involvement by SARS-CoV-2.
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Key messages

® Macular vascular and structural damage in post COVID-19 patients has not been evaluated to the present

date.

® Macula and perimacular vessel density and perfusion resulted unaltered in mild post COVID-19 patients at

I-month hospital discharge.

e Structural optical coherence tomography parameters didn’t differ significantly from healthy controls in a

cohort of early post COVID 19 patients.

Introduction

COVID-19 epidemic started in Wuhan province in December
2019 and rapidly evolved into a severe pandemic [1]. The
disease is caused by the newly discovered SARS-CoV-2
which has been proven to determine multi-organ impairment,
mostly due to innate immune response overactivation [2].
Respiratory tract involvement is the major clinical manifesta-
tion of the infection: in the most severe cases, lungs show
exudative diffuse alveolar damage with massive capillary con-
gestion often accompanied by microthrombi despite
anticoagulation [3].

Systemic vascular involvement in COVID-19 has been
identified in several patients: not only endothelial derange-
ment and increased permeability are reported to be early hall-
marks of organ damage in patients with COVID-19 [4] but are
also the most important cause of worsening of clinical condi-
tions in severe cases of SARS-CoV-2 infection [5]. There are
several reasons to hypothesize that the eye, and the retina in
particular, could be a target of organ damage in SARS-CoV-2
infection. First of all, angiotensin-converting enzyme 2
(ACE2), which was found to be one of the entry sites of
SARS-CoV-2 within the human capillaries and venules
pericytes [6], has also been found in the eyes in connection
with Muller cells, RPE, and pericytes of endothelial cells pro-
viding a critical role in retinal neurovascular function [7]. In
addition, recent findings detected SARS-CoV-2 viral RNA in
the retina of 3 out of 14 deceased COVID-19 patients [8].
Lastly, coronaviruses can cause pyogranulomatous anterior
uveitis, choroiditis with retinal detachment, retinal vasculitis,
and virus-induced retinal degeneration in feline and murine
species.

The human eye allows direct optical access to the retina
and its vasculature using non-invasive optical techniques. In
recent years, the development of optical coherence tomogra-
phy angiography (OCTA) has changed the approach of clini-
cians and scientists to retinal vascular analysis [9]. OCTA is
able to separately visualize superficial and deep macular cap-
illary plexa and to provide precise structural measurements
from the largest retinal vessels down to the capillaries [10].
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The aim of the study is therefore to detect a macular mi-
crovascular impairment in early post SARS-CoV2 patients
comparing them to the general population using OCTA
imaging.

Methods
Study design and patients’ selection

This observational retrospective institutional cohort study was
supported by Fondazione Policlinico A. Gemelli IRCSS,
Catholic University of “Sacro Cuore” Rome, Italy, and de-
signed by the investigators of Gemelli Against COVID Post-
Acute Care Study Group [11]. Patients who were admitted to
hospital from 1st March 2020 to 1st June 2020 due to SARS-
CoV2 infection and subsequently recovered from the disease
were randomly selected from the hospital databases to take
part of the COVID-19 study group. Inclusion criteria to this
group were infection testified by 2 successive oropharyngeal
swabs positive for SARS-CoV-2 genome, healing from the
disease (proven by 2 consecutive negative swabs, resolution
of symptoms, serum detection of anti-SARS-CoV-2 IgGs)
and at least one month interval from hospital discharge.

A control group of healthy patients was randomly chosen
from hospital patients. Inclusion criteria were 2 successive
oropharyngeal swabs negative for SARS-CoV-2 genome
and absence of symptoms suggestive of SARS-CoV-2 infec-
tion during the previous months. Exclusion criteria for both
groups were high myopia (> 6 diopters) [12, 13], choroidal
atrophy, previously diagnosed glaucoma, retinal occlusive
diseases, choroidal neovascularization, central serous
chorioretinopathy, infectious choroiditis, ongoing chemother-
apy [14], and drug abuse.

The study was approved by the Catholic University/
Fondazione Policlinico A. Gemelli IRCCS Institutional
Ethics Committee (protocol ID number: 003220/20). For each
patient, informed consent was collected and a complete expla-
nation of the target protocol was fully provided, in conformity
to the declaration of Helsinki. All the authors reviewed the
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manuscript and vouch for the accuracy and completeness of
the data and for the adherence of the study to the protocol.

Procedures and instruments

All patients underwent a complete ophthalmological exami-
nation which included best corrected Snellen visual acuity
(BCVA), slit lamp photograph (SL9900 Slit Lamp, CSO,
Florence, Italy), fundus photo image (Cobra HD Fundus
Camera, CSO, Florence, Italy), OCT and OCTA analysis
(Zeiss Cirrus 5000-HD-OCT Angioplex, sw version 10.0,
Carl Zeiss, Meditec, Inc., Dublin, USA). The right eye was
randomly chosen for the assessment.

OCT acquired scans were high resolution 5 line HD scan at
posterior pole and macular cube (200 x 200). The subfoveal
choroidal thickness (SCT) was manually measured on cross-
sectional OCT B-scans [15]. Two independent masked
graders individually assessed all choroidal thickness measure-
ment in the fovea region, from the rear edge of the RPE to the
choroid-sclera junction. OCT-A imaging was performed
using a 3 x 3 mm or a 6 x 6 mm volume scan pattern centered
on the fovea. Zeiss Cirrus 5000-HD-OCT Angioplex has a
scan rate of 68,000 A-scans per second, central wavelength
of 840 nm, motion tracking to reduce motion artifact, and uses
an optical microangiography (OMAG) algorithm for analysis
[16]. An image of the superficial capillary plexus (SCP) and
deep capillary plexus (DCP) was generated using automated
layer segmentation, corrected by manual readjustments of the
segmentation lines. Image processing was performed using
MATLAB v7.10 (Mathworks, Inc.). VD was expressed in
percentage derived from the ratio of the total vessel area (all
white pixels, defined as pixels with a ratio value between 0.7
and 1.0) to the total area of analyzed region (size of the image
in pixels). Angioplex software quantified the average VP
using a grid overlay according to the standard ETDRS sub-
fields. VP was defined as the total area of perfused retinal
microvasculature per unit area in a region of measurement.
FAZ perimeter was calculated as the length of the contour
based on pixel-to-pixel distance in a scale and was expressed
in millimeters. The area of FAZ was measured by counting the
total number of pixels within FAZ in a scale multiplying the
dimension of a pixel and expressed in square millimeters [17].

Outcome measures and confounders

The main outcomes were differences in SCP and DCP vessel
density and vessel perfusion between the two study groups.
Differences in FAZ area and perimeter, subfoveal choroidal
thickness, central foveal thickness, ganglion cell complex av-
erage thickness, and RNFL average thickness were considered
as secondary outcomes.

The following were analyzed as potential confounders:
presence of vitreomacular traction [18], epiretinal

membrane(H. [19]), macular hole [20], myopia [21], previous
vitreoretinal surgery [22], diabetes [23], systemic arterial hy-
pertension [24], cognitive impairment [25], previous stroke
[26], chronic kidney disease [27].

Statistical analysis

The sample size calculation was performed using G*power
(3.1.9.7 software) by setting the desired power of the study
to 80%, the alpha error to 5%, and a clinically significant
difference of 5% in VD. Statistical analysis was conducted
using SPSS software (IBM SPSS Statistics 26.0). As concerns
quantitative variables, normality of the distribution was eval-
uated using Lilliefors corrected Kolmogorov-Smirnov test
and univariate comparison between the 2 groups was per-
formed using a 2-tailed 7 test for independent groups. Linear
correlations were established using Spearman’s test.
Qualitative variables were confronted by means of a chi test
or Fisher exact test when appropriate. The Bonferroni post hoc
correction was applied in case of multiple comparisons. The
agreement between the two graders in manual measurements
(subfoveal choroidal thickness and FAZ perimeter) was deter-
mined through intraclass correlation coefficient.

Logistic regression analysis was performed to evaluate the
actual strength of the associations detected by the univariate
analysis. A p value < 0.05 was considered as statistically
significant.

Results

A total of 70 post-COVID-19 patients with a mean age of 53.7
+ 14 years (39 males, 31 females) were evaluated at one
month after discharge. A control group of 22 healthy patients
(8 males, 14 females) was assessed for comparison. Healthy
patients’ mean age was 44.7 = 11 years, significantly younger
than that of post-COVID-19 patients (p = 0.006). The post-
COVID-19 group was characterized by a mean of 60.3 = 13.6
days from the onset of symptoms and 36.1 £+ 12.9 days from
hospital discharge. Supportive therapy included oxygen ther-
apy in 45.8%, NIV in 15.7%, and mechanical ventilation in
5.7% of the patients; 12.9% of the participants from the post-
COVID-19 group spent part of their hospital stay in intensive
care unit. Lastly, most of the patients (77.3%) were treated
with hydroxychloroquine during hospital admission.

Patients in the post-COVID-19 group showed a significant-
ly higher prevalence of systemic arterial hypertension (p =
0.047) and diabetes (p = 0.003). In addition, mean BMI in
post-COVID-19 patients was higher than that of patients in
the control group and displayed a trend to linear correlation
with SCP perfusion in 6 x 6 mm acquisitions (R =— 0.2, p =
0.071) which was not present in the control group (p = 0.15).
Epiretinal membrane was present in 7.1% of the examined
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eyes in the post-COVID-19 group; a similar prevalence was
reported for macular hole and vitreomacular traction. None of
these was statistically more prevalent in this group compared
to the healthy controls. Cotton wool spots were detected in
12.9% of the post-COVID-19 population compared to 0% in
the control group (p = 0.09). No anterior ocular inflammation
was observed in the anterior segment evaluation. Superficial
ocular discomfort has been reported in several patients, 39
patients (55.7%) during the course of the disease and 28 pa-
tients (40%) described the persistence of ocular discomfort
symptoms after healing by COVID-19. None of them showed
conjunctivitis. Vitreous fibrillary degeneration with no signs
of inflammation was detected in 10 eyes. To mention, one
case of extra papillary focal retinal hemorrhage was observed
in a 58-year-old male patient. His systemic history reported
hypertension, previous history of cardiac ischemia, and recent
coronary stent with double antiplatelet therapy (cardioaspirin
and ticagrelor). Detailed baseline characteristics of the study
population are reported in Table 1.

Mean SCP VD in the post-COVID-19 group at 3 x 3 mm
and 6 x 6 mm was 21.20 + 1.2% and 18.49 + 1.18% respec-
tively. Values of SCP VP extracted from the same acquisitions

were 0.386 + 0.02 for 3 x 3 mm and 0.459 + 0.03 for 6 x 6
mm. With regard to DCP, mean vessel density in the post-
COVID group was 21.82 + 2.51% (3 x 3 acquisitions).
Intraclass correlation coefficient revealed a good reliability
of the measurements of subfoveal choroidal thickness and
FAZ perimeter (respectively ICC = 0.884 » = 0.802 and ICC
=0.961, r = 0.929) (Fig. 1).

Results from the inferential analysis revealed no significant
differences between the two groups in terms of density and
perfusion of SCP (see Fig. 2) or DCP. The comparison was
equally inconclusive for 3 x 3 mm and 6 X 6 mm acquisitions.
A binary logistic regression was performed to exclude con-
founding factors from the analysis but this led to no change in
the detected differences.

Results from OCTA analysis in COVID-19 group reveal a
mean FAZ area 0f0.235+0.11 mmz, with a FAZ perimeter of
2.04 + 0.52 mm. Central foveal thickness and subfoveal cho-
roidal thickness were 263.76 = 25.68 um and 304.83 =+
35.48 um respectively. As concerns inner retinal layers, mean
GCC thickness was 80.76 £ 9.60 um while mean RNFL thick-
ness was 94.62 + 10.46 um. Among the secondary outcome
measures, neither OCTA nor structural OCT parameters (see

Table 1 Descriptive analysis of

the study groups Variable

Age (years)

Sex

BCVA (Snellen)

Systemic arterial hypertension
Diabetes

BMI

Chronic kidney disease
Cognitive impairment
Previous stroke

Autoimmune diseases
Vitreomacular traction
Epiretinal membrane

Macular hole

Cotton wool spots

Previous vitreoretinal surgery
Myopia

Days since symptoms onset
Days since hospital discharge
Ocular symptoms during infection
Ocular symptoms post infection
Intensive care unit admission
Oxygen therapy

Non-invasive ventilation

Mechanical ventilation

Post COVID-19 Controls P
53.7 + 14 (C1 50.7-56.7) 447 +11.3 (C140-49.5) 0.006
M =39/70 (55.7%) M = 8/22 (36.4%) 0.061
F=31/70 (44.3%) F = 14/22 (63.6%)

20/22 20/23 0.53
14/70 20%) 3/22 (13.6%) 0.047
30/70 (42.8%) 2/22 (9.1%) 0.003
25.63 +4.6 (C122.89-27.24) 22.75 £3.2 (C120.9-24.1) 0.041
6/70 (8.6%) 1/22 (4.5%) 0.12
5/70 (7.1%) 2/22 (9.1%) 0.78
1/70 (1.4%) 1/22 (4.5%) 0.65
6/70 (8.6%) 2/22 (9.1%) 0.92
5/70 (7.1%) 2/22 (9.1%) 0.88
5/70 (7.1%) 1/22 (4.5%) 0.79
3/70 (4.3%) 0/22 (0%) 0.54
9/70 (12.9%) 0/22 0.09
5/70 (7.1%) 1/22 (4.5%) 0.59
12/70 (17.1%) 4/22 (18.2%) 0.93
603 +13.6

36.1+12.9

41/70 (58.6%)

30/70 (42.9%)

9/70 (12.9%)

33/70 (45.8%)

11/70 (15.7%)

4/70 (5.7%)
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4 g .

SVP + DVP

Fig. 1 Superficial vascular plexus (SVP) and deep vascular plexus (DVP) taken individually and in association (SVP + DVP) in heathy and post-

COVID-19 eye did not show differences at 1 month from hospital discharge

Fig. 3) differed significantly between the two groups. Results
from the regression analysis are summarized in Table 2.

Discussion

The results of our study suggest that there isn’t any relevant
difference between early post-COVID-19 patients and general
population in terms of VD in the SCP and DCP. VP of SCP,
FAZ area, and FAZ perimeter were found to be equally similar
between the two analyzed populations. In addition, none of
the OCT-B scans revealed any structural modification in early
post-COVID-19 patients. Our study detected a prevalence of
12.9% of cotton wool spots in post-COVID-19 population, a
prevalence that didn’t happen to differ significantly from that
of the control population according to regression analysis. To
our knowledge, this is the first cohort study and the largest
scale experimental evidence to address this matter in the early
postinfective period of COVID-19 disease. A recent cross-
sectional study from Abrishami et al. [28] evaluated 31 pa-
tients 2 weeks after recovery from COVID-19 and detected a
statistically significant lower foveal and parafoveal VD both
in SCP and DCP compared to a retrospective healthy cohort.
In our opinion, this apparently conflicting result must be
interpreted carefully in consideration of the higher prevalence
of immune diseases, obesity, diabetes, and cardiovascular

diseases in patients affected by moderate symptomatic forms
of COVID-19 infection [29]. In fact, systemic conditions like
the above mentioned are potentially associated to structural
and functional vascular changes in the retina as extensively
demonstrated by the scientific literature [30]. The lack of ret-
rospective data and the small sample size precluding the pos-
sibility of stratification of the population for associated med-
ical conditions impose a major limit to the reported finding.
Landecho et al. [31] suggested how COVID-19 microangiop-
athy could serve as an in vivo biomarker of systemic vascular
disease as a conclusion to the finding of a 22% of retinal
microangiopathy at a mean of 43 days after COVID-19 first
symptom. In favor of this theory, our study found a higher
mean BMI in post-COVID-19 patients, displaying a trend to
linear correlation with SCP perfusion in 6 X 6 mm acquisi-
tions. Another important consideration is that our study ana-
lyzed a subgroup of patients afflicted by a moderate form of
the disease (low prevalence of life-threatening complications
and ICU admissions) and affected by a relatively low burden
of aggravating systemic conditions compared to data in the
literature for hospitalized COVID-19 patients [32]. The first
occurrence of the two is coherent to the fact that 81% of
patients with COVID-19 manifest a mild form of the disease
[33]. Nevertheless, this could be one of the possible explana-
tions for the absence of findings suggestive of macular micro-
vascular impairment: this kind of damage could be an
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Fig. 2 Histograms showing distributions of macular perfusion and
macular vessel density in SCP between healthy and post-COVID-19 eyes
in 3 X 3 mm and 6 X 6 mm posterior pole scan by OCT angiography. No

occurrence restricted to severely affected COVID-19 patients.
Lastly, another possible explanation is the reversibility of any
damage to macular capillary plexuses after the resolution of
the acute phase of the infection. In fact, during the acute phase
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significant differences in scores were found between post-COVID-19
patients and healthy controls

of the disease, retinal hemorrhages were found in 9%, cotton
wools spots in 7%, dilated veins in 28%, and tortuous vessels
in 13% of COVID-19 patients [34]. Moreover, accounting for
covariates, mean vein diameter was positively associated with
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Fig. 3 Structural OCT of macula and fiber layer in fovea and
parapapillary region in healthy and post-COVID-19 eyes.
Morphological parameters were similar in both cases. ILM, inner limiting

COVID-19 both in severe and non-severe cases compared to un-
exposed subjects, and it was negatively correlated with the time
from symptoms onset and positively correlated with disease sever-
ity [34]. Marinho et al. also described four patients who presented
subtle cotton wool spots and microhemorrhages along the retinal
arcade, with no symptoms or signs of intraocular inflammation
[35]. Another case of retinal papillophlebitis was described in a
40-year-old COVID-19 patient presenting with dilated and tortu-
ous retinal vessels, disc edema, and retinal hemorrhages [36].

As to our experience, we similarly observed one case of extra
papillary focal retinal hemorrhage. However, our patient had
hypertension, previous history of cardiac ischemia, and a recent
coronary stent and was under double antiplatelet therapy.

ILM-RPE Thickness Map
(Fovea=253 pm)

77 76

?Sﬂ?S

GCLA+IPL Thickness
(Average 75 pm)

RNFL Thickness Map
(Average 88 pm)

membrane; RPE, retinal pigment epithelium; RNFL, retinal nerve fiber
layer; GCL, ganglion cell layer; IPL, inner plexiform layer

Our results offer the perspective of an absence of retinal
macular involvement in the early post-infective phase of this
concerning disease. What this paper has to offer to the scien-
tific community is therefore a hint of a good news.
Nevertheless, it should be considered that the impossibility
to perform fluorescein angiography as part of the study eval-
uation due to the unjustified invasiveness of the exam pro-
vides some limitations to the study findings.

An additional limitation that should be considered is the
small number of patients enrolled in the control group; never-
theless, according to the sample size calculation, it would have
provided sufficient strength in order to detect changes in the
between group comparisons. Another limiting feature was the

Table 2  Inferential analysis of the differences between post-COVID and control groups as concerns primary and secondary outcomes. Statistical

significance refers to the results of regression analysis

Outcome Variable Post COVID-19 Controls P

Primary outcome SCP 3 x 3 vessel density (%) 21.20 £ 1.2 (CI 20.68-21.72) 21.20 + 1.4 (CI 20.89-21.50) 0.99
SCP 6 x 6 vessel density (%) 18.49 + 1.18 (CI 18.23-18.74) 18.57 £ 0.68 (CI 18.28-18.86) 0.76
SCP 3 x 3 vessel perfusion 0.386 = 0.02 (CI1 0.381-0.391) 0.386 + 0.02 ( C10.379-0.393) 0.96
SCP 6 x 6 vessel perfusion 0.459 £ 0.03 (CI 0.453-0.466) 0.459 +£0.01 ( CI10.453-0.465) 0.96
DCP 3 x 3 vessel density (%) 21.82 £2.51 (CI 19.75-24.10) 23.05 +3.44 (CI1 21.23-25.76) 0.88

Secondary outcome ~ FAZ area (mm?) 0.235+0.11 (C1 0.211-0.258) 0.235 £ 0.09 (C1 0.196-0.274) 0.98
FAZ perimeter (mm) 2.04 £0.52 (CI1 1.93-2.15) 2.06 +0.36 (1.91-2.21) 0.87

Central foveal thickness (pm)
Subfoveal choroidal thickness (pm)
GCC average thickness (pm)
RNFL average thickness (pm)

263.76 + 25.68 (CI 258.24-269.28)
304.83 + 35.48 (CI 287.52-322.15)
80.76 £+ 9.60 (CI 78.69-82.82)
94.62 + 10.46 (CI 92.36-96.89)

26691 £ 18.34 (C1 259.25-274.57)  0.59
312.55 +£50.03 (C1270.61-354.48)  0.70
81.27 £4.81 (CI 79.26-83.28) 0.81
93.73 £ 8.12 (C1 90.33-97.12) 0.71
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younger age of patients in the control group. By the way, it is
important to notice that this difference was merely statistical
and characterized by a scarce clinical relevance (mean age of
54 in the post-COVID group versus mean age of 45 in control

group).

Further studies will be needed to address this important
subject of actuality and confirm or contrast our findings, also
focusing on the subgroup of post-COVID-19 patient which is
more susceptible to possible retinal microvascular sequelae.
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