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Background: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) disease was first reported in 2019 and was initially
associated with respiratory pathology. With the improvement of knowledge about this disease, it was noticed that, among other
symptoms, some patients presented visual acuity changes associated with retinal vascular changes, mainly associated with thrombotic
phenomena. Later, with the development of vaccines against SARS-CoV-2 disease, cases of visual acuity alterations secondary to
thrombotic phenomena were also reported.

Case Presentation: In this article, a series of clinical cases with retinal vascular alterations after COVID-19 infection and
vaccination are described.

Conclusion: COVID-19 infection and vaccination increase the risk of retinal vascular events. The purpose of this article is to present a set
of clinical cases with various manifestations of vascular changes in the retina associated with COVID-19 infection and COVID-19
vaccination observed in the Department of Ophthalmology of Centro Hospitalar Universitario de Santo Antdnio, in Porto, Portugal.
Keywords: COVID-19 infection, COVID-19 vaccination, retinal vascular events

Background
Coronavirus disease 2019 (COVID-19) was first reported in Wuhan, China, as a severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2)." Although many patients are asymptomatic or have mild symptoms, this syndrome is
characterized by a spectrum of multiorgan clinical manifestations:” it was primarily characterized as a respiratory illness,
presenting with dyspnea, anosmia, fever and cough.> Eye symptoms included conjunctivitis, intraocular inflammation
and retinal changes.”>* As the disease became better known, reports of arterial and venous thromboembolic events
emerged, probably associated with virus triggered immune-mediated thromboembolic events.> Lately, many reports
described retinal occlusive events after COVID-19 infection as central retinal vein occlusion, branch retinal vein
occlusion, hemiretinal vein occlusion, central retinal artery occlusion and paracentral acute middle maculopathy.®?->

With the development of vaccination to SARS-CoV-2, in some cases, visual changes associated with retinal occlusive
phenomena were observed after vaccination with the various vaccines available.”'" However, the exact mechanisms of
these adverse effects are unclear.'”

The purpose of this article is to present a set of clinical cases with various manifestations of vascular changes in the
retina associated with COVID-19 infection and COVID-19 vaccination, at Centro Hospitalar Universitario do Porto.

Case Presentation

Case |

Caucasian 50-year-old man, with no known previous ophthalmologic history, no history of medication such as anticoagulants
or antiplatelet agents and no previous history or previous exposure to COVID-19, with a history of chronic (unmedicated)
hepatitis B. He came to the emergency department due to sudden-onset painless vision loss with 1 day of evolution in left eye.
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One day before the onset of symptoms, the patient was vaccinated for COVID-19 with the BioNTech/Pfizer — ComiRNATy
vaccine. On ophthalmologic examination, he had a best corrected visual acuity (BCVA) 20/20 in the right eye (RE) and 20/400
in the left eye (LE). At biomicroscopy, the exam was normal except for the presence of relative afferent pupillary defect in LE.
At mydriatic fundoscopy, no changes were found in the RE and but the LE presented venous engorgement and two retinal
hemorrhages in the middle and extreme periphery (described in Table 1). Macular Spectral Domain — Optical Coherence
Tomography (Macular SD-OCT) showed a parafoveal hyper-reflective band at the level of inner nuclear layer (shown in
Figure 1A) and a Fundus Autofluorescence (FAF) revealing a fern-like pattern (Spectralis® OCT, version 1.10.2.0, Heidelberg
Engineering, Heidelberg, Germany) (shown in Figure 1B), with no ischemia or vascular leakage on angiography on
fluorescein angiography (FA) or indocyanine green angiography (ICGA) (shown in Figure 1C).

The diagnosis of Paracentral Acute Middle Maculopathy (PAMM) and the applied therapy is described in Table 2.
This diagnosis was corroborated by clinical observation carried out on the 4th day of symptoms, with flame-shaped and
dot hemorrhages adjacent to retinal veins and central retinal vein, peripapillary edema and nasal subretinal fluid (shown
in Figure 1D), in addition to hyperreflectivity changes in the inner layers and the fern-like pattern already observed on the
Ist day (shown in Figure 1E), without vascular leakage (shown in Figure 1F).

During follow-up, the patient did not report any new episodes of vision loss and in the 4th month after the diagnosis,
the patient showed progressive improvement with a visual acuity of 20/20. Although at fundoscopy, the retina still
presented visible hemorrhages and macular disorganization with regression of the fern-like pattern (shown in Figure 1G
and H) and without ischemia (shown in Figure 1I).

Case 2

Caucasian 48-year-old woman, without known personal and ophthalmologic history, without medication or relevant
family history, no history of medication such as anticoagulants or antiplatelet agents and no previous history or previous
exposure to COVID-19 came to the emergency department due to sudden onset of visual loss with amputation of the
upper visual field with approximately 6 hours of evolution in RE. She was vaccinated for COVID-19 with the BioNTech/
Pfizer — ComiRNATY vaccine 6 days before. On objective examination, she had a BCVA 20/20 in RE and 20/20 in LE.
At biomicroscopy, she had a decreased pupillary light reflex in RE, without no other relevant changes of the anterior
segment (described in Table 1). On the mydriatic fundus, no changes were found in LE. In RE, pallor of the retina
inferior to the optic disc was observed with preservation of the central macula (shown in Figure 2A) and macular
SD-OCT showed an edema of the inner layers of the retina adjacent to the inferior temporal branch of the central retinal
artery (shown in Figure 2B). Therefore, the most likely diagnostic hypothesis was a branch retinal artery occlusion and
the patient was treated according therapy described in Table 2.

These changes remained constant in subsequent assessments during the first few weeks. At 1st month of follow-up,
the patient kept a BCVA 20/20 in both eyes, without changes in the anterior segment. At fundoscopy it was observed in
RE inferior papillary pallor, with some cotton-wool exudates along the inferior temporal artery, with good foveal reflex

Table | Instituted Therapy

Case Report Time Gap Medication Received

| I'st day ® Acetylsalicylic acid 100mg/day — always
® Prednisolone Img/kg/day (20mg/day decrease every 5 days) — 20 days

2 I'st day ® Acetylsalicylic acid 100mg/day — always
® Prednisolone Img/kg/day (20mg/day decrease every 5 days) — I5 days
® Hyperbaric oxygen therapy — 3 sessions, during the first 72 hours after diagnosis

3 I'st day ® Acetylsalicylic acid 100mg/day — always
® Prednisolone Img/kg/day (20mg/day decrease every 5 days) — |5 days

4 Not applicable None

5 Not applicable None
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Figure | Case Report |: At presentation: (A) Macular SD-OCT showing a parafoveal hyper-reflective band at the level of inner nuclear layer; (B) FAF showing venous engorgement and a fern-like pattern; (C) AF and ICGA without
ischemic areas (time: 1.47.76). At 4th day of symptoms: (D) Macular SD-OCT showing a peripapillary edema and parafoveal subretinal fluid; (E) FAF showing a fern-like pattern at presentation; (F) AF and ICGA with non-perfused areas
(time: 2.04.66). At 4th month of symptoms: (G) Macular SD-OCT showing a macular disorganization; (H) FAF with regression of the fern-like pattern; (I) AF and ICGA without ischemic areas (time: 1.52.66).
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Table 2 Examination Finding

Case Report | Time Gap Medication Received

| Ist day ® Relative afferent pupillary defect
® Venous engorgement and retinal hemorrhages

4th day ® Flame-shaped and dot hemorrhages adjacent to retinal veins and central retinal vein, peripapillary edema and

nasal subretinal fluid

4th month |® Some hemorrhages

2 Ist day ® Decreased pupillary light reflex
Pallor of the retina inferior to the optic disc and preservation of the central macula

Ist month |® Inferior papillary pallor and cotton-wool exudates along the inferior temporal artery

3 Ist day ® Whitish area adjacent to the superior temporal arcade, with intraretinal hemorrhages

Ist month |® Maintenance of whitish area

® Decrease in papillary hemorrhages

6th month |® Microvascular alterations and rare hemorrhages

4 Ist day ® Blurry hemorrhages near the superior temporal arcade

Ist year |® No fundoscopic changes

5 Ist day ® Patterned dystrophy of the retinal pigment epithelium
Cotton-wool hemorrhages and exudates in the upper retina

6th month |® Hemorrhages and cotton-wool exudates were observed in the superior retina

and no visible hemorrhages; at macular SD-OCT (shown in Figure 2C), the inner retina maintained the edema of the
inner layers of the retina adjacent to the inferior temporal branch of the central retinal artery; FA (shown in Figure 2D)
showed an anatomical variant (bifurcation of the superior temporal artery with the inferior macular branch), dilation of
peripapillary capillaries with ischemic lesions in the inferior temporal artery, with signs of reperfusion and no signs of
peripheral ischemia and 30-2 visual field (Humphrey Field Analyzer: HFA, Carl Zeiss Meditec, Dublin, CA) (shown in
Figure 2E) with superior visual field amputation and preserved macula.

Figure 2 Case Report 2: At presentation: (A) Retinography with inferior peripapillary pallor and slight periarterial edema; (B) Macular SD-OCT showing an edema of the
inner layers of the retina adjacent to the inferior temporal branch of the central retinal artery. At Ist month of symptoms: (C) Macular SD-OCT maintaining an internal
retinal edema; (D) AF showing dilation of peripapillary capillaries with ischemic lesions in the inferior temporal artery (time: 1.31.48); (E) 30-2 Visual Field showing the
superior scotoma with preserved macula.
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Case 3

Caucasian 49-year-old female with no past ophthalmic diseases, no history of medication such as anticoagulants or
antiplatelet agents and no previous history or previous exposure to COVID-19 and a history of severe ileocolic Crohn’s
disease with 2 sigmoid strictures, being treated with azathioprine (25mg/d), adalimumab (every 2 weeks), calcifediol
0.266 mg (1 tablet per month) and cyanocobalamin 1mg (1 tablet per day). She went to the emergency department with
complaints of blurred vision in the right eye with 2 weeks of evolution, which started 1 day after vaccination for COVID-19
with the BioNTech/Pfizer — ComiRNATy vaccine. On objective examination, she had BCVA 20/100 in RE and 20/20 in LE,
without relevant changes of the anterior segment at biomicroscopy. On the mydriatic fundus, no changes were found in the
LE; in the RE it was observed a well-defined whitish area adjacent to the superior temporal arcade, with intraretinal
hemorrhages (shown in Figure 3A and B) (described in Table 1). Macular SD-OCT showed macular edema (shown in
Figure 3C), FA and ICGA and Optical Coherence Tomography Angiography (OCT-A) showed an area of non-perfusion in
the upper nasal macula (shown in Figure 3D and E).

After ruling out infectious pathology, given the concomitant immunomodulatory therapy, the hypothesis of occlusive
retinal vasculopathy, with ischemic macular lesion and secondary macular edema, was assumed and the patient started
the therapy described in Table 2.

In the 1st month of follow-up, the patient’s BCVA improved to 20/20 in the RE, and despite the maintenance of
a whitish lesion in the upper nasal macula (shown in Figure 3F), a decrease in papillary hemorrhages was observed.
Macular SD-OCT showed improvement of the macular edema and a smaller macular hyper-refiective lesion; OCT-A
showed maintenance of non-perfusion area in the upper nasal macula (shown in Figure 3G and H). After 6 months of

Figure 3 Case Report 3: At presentation: (A and B) Retinitis in the upper nasal macular region with intraretinal hemorrhages in retinography; (C) Macular SD-OCT showed
macular edema; (D) — AF and ICGA showed an area of contrast diffusion in the superior temporal periarch (time: 1.04.26 and 6.48.54); (E) OCT-A showed area of non-
perfusion in the upper nasal macula. At Ist month of symptoms: (F) Retinography with whitish lesion in the upper nasal macula; (G) OCT-A showed area of non-perfusion
area in the upper nasal macula; (H) Macular SD-OCT showed macular edema. At 6th month of symptoms: (I) Retinography without hemorrhages or visible area of retinitis:
(J and K) Area of vascular reperfusion without contrast diffusion on AF and ICGA (time: 0.27.87) and OCT-A; (L) No macular edema on Macular SD-OCT.
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follow-up, the patient maintained BCVA of 20/20. At fundoscopy, it was observed regression of the lesion in the upper
nasal macula (shown in Figure 31 and J), with microvascular alterations and rare hemorrhages, a maintenance of non-
perfusion area in the upper nasal macula (shown in Figure 3K) and macular SD-OCT showed no macular edema (shown
in Figure 3L).

Case 4

Caucasian 45-year-old woman with a personal history of endometriosis, only medicated with intrauterine device (with
levonorgestrel), with no history of medication such as anticoagulants or antiplatelet agents and no previous history or
previous exposure to COVID-19. She went to the emergency department due to blurred vision with 2 weeks of evolution.
It should be noted that the user tested positive for COVID-19 three weeks before this assessment. On objective
examination, she had a BCVA 20/20 in both eyes, without changes at biomicroscopy; the fundoscopy was unremarkable
on the RE but in the LE there were blurry hemorrhages near the superior temporal arcade, without macular involvement
(shown in Figure 4A) (described in Table 1). In macular SD-OCT, there was thickening of the inner layers of the retina at
the level of hemorrhage (shown in Figure 4B and C) without macular edema. In this sense, the most likely diagnostic
hypothesis was a branch retinal vein occlusion and no therapy was instituted (Table 2). Clinical observation was
maintained and during follow-up, she remained clinically stable without new complaints. One year after the diagnosis,
she had BCVA 20/20 in both eyes and without fundoscopic changes (shown in Figure 4D and E).

Case 5

Caucasian 66-year-old woman with a history of thyroid cancer (submitted to surgical treatment 20 years before),
hypertension and no history of medication such as anticoagulants or antiplatelet agents and no previous history or
previous exposure to COVID-19. The patient came to the emergency department due to blurred vision with 1 week of
evolution in LE. She tested positive against COVID-19 2 weeks before the onset of symptoms. The BCVA was 20/40 in
RE and 20/30 in LE. No changes were observed at biomicroscopy; at fundoscopy a patterned dystrophy of the retinal
pigment epithelium was observed in both eyes; in LE there was also cotton-wool hemorrhages and exudates in the upper
retina (shown in Figure 5A) (described in Table 1), without macular edema on macular SD-OCT (shown in Figure 5B).
FA showed hypofluorescent spots due to blocking effect with slight contrast diffusion (shown in Figure 5C). Therefore,
the most likely diagnostic hypothesis was a hemiretinal vein occlusion without macular edema. No systemic or ocular
therapy has been introduced (Table 2). At 6th month after the beginning of symptoms, the patient maintained the BCVA

Figure 4 Case Report 4: At presentation: (A) Retinography with superior temporal periarchal hemorrhage; (B and C) No macular edema on Macular SD-OCT but
thickening of the inner layers of the retina at the site of bleeding. At Ist year of symptoms: (D) Retinography without hemorrhage; (E) Macular SD-OCT without edema.
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Figure 5 Case Report 5: At presentation: (A) Superior hemiretinal hemorrhage on Retinography; (B) Macular SD-OCT with patterned dystrophy of the retinal pigment
epithelium but without macular edema; (C) AF with some ischemic areas in the upper retina with some contrast diffusion. At 6th month of symptoms: (D) Rare hemorrhage
on Retinography; (E) Macular SD-OCT with patterned dystrophy of the retinal pigment epithelium but without macular edema.

on both eyes, without changes at biomicroscopy. At LE fundoscopy, some hemorrhages were observed in the superior
retina with some cotton-wool exudates (shown in Figure 5D); SD-OCT showed no macular edema (shown in Figure 5E).

Discussion
Some literature reports that the incidence of thromboembolic complications after COVID-19 infection was significantly
higher than in people who received an mRNA vaccine.*'?

There have been some reports of PAMM after infection with COVID-19: Castro et al describe a case that presented
with sudden, painless vision loss, with relative afferent pupillary defect, 9 weeks after SARS-CoV-2 infection;® Padhy
et al reported a bilateral case of acute-onset scotoma 2 weeks after SARS-CoV-2 infection;’ Goyal et al reported
a paracentral scotoma 4 months after SARS-CoV-2 infection.'® Reports of PAMM have also emerged after vaccination
against COVID-19: Pichi et al presented cases of PAMM six days after the first inoculation of the inactivated vaccine for
COVID-19 (Sinopharm), in which 2 of 9 eyes in the present series had acute unilateral vision loss associated with acute
macular neuroretinopathy and 1 of 9 eyes with PAMM.'*

There are also some reports of retinal artery (branch) occlusion and COVID-19 infection/vaccination. Abdin et al report a case
of a 76-year-old woman who reported painless vision loss 48 hours after she had received her first dose of the AstraZeneca
COVID-19 vaccine;'” Ishibashi et al report a case of a 38-year-old woman with a history of lower visual field defects 15 days after
receiving the first dose of the BioNTech/Pfizer — ComiRNATy vaccine;'® Thakar et al report a case of a 44-year-old man who
presented with sudden painless vision loss 10 days after receiving Covaxin;'” Girbardt et al report a case of a 38-year-old male
with a two-day-old painless visual field loss of the inferior hemisphere that had received his second dose of the SARS-CoV-2
vaccination with the BioNTech/Pfizer — ComiRNATY vaccine three days before the event.'®

Cases of retinal vasculitis described in the literature after COVID-19 infection or vaccination are rare. However, Mohamed
et al described two cases of retinal vasculitis following COVID-19 vaccinations that had been vaccinated with second-dose
COVID-19 vaccinations (7 weeks and 4 weeks respectively) and presented with bilateral retinal vasculitis and vitritis."®

In contrast, there are many case reports of central retinal vein occlusion, either post-infection or post-vaccination
against COVID-19. Shiroma et al reported 12 cases of retinal vascular occlusion following COVID-19 infections, most
of them (85.7%) without previous history of systemic hypertension or thrombotic events: 8 patients with central retinal
vein occlusion, 1 patient with hemispheric retinal vein occlusion and 3 patients with branch retinal vein occlusion.> Endo
et al present a case of central retinal vein occlusion 15 days after the first dose of BioNTech/Pfizer — ComiRNATy."!
Sonawane et al also described 2 cases of central retinal vein occlusion after receiving the second dose of the Covishield

vaccine.?’
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Conclusion

The pathogenesis of COVID-19 infection remains poorly understood.” Studies to date suggest that there is a high
incidence of thrombosis in large and small vessels that can be explained by the presence of multiple factors, namely, flow
stasis due to prolonged immobilization during the infectious period, vessel wall damage secondary to loss of the
endothelium’s normal thromboprotective state, hypercoagulable state caused by endothelial activation in response to
the virus itself, thrombophilic inflammation responsible for increased von factor Willebrand and factor VIII and
neutrophil/platelet activation.>*! Thus, post-COVID-19 infection status can induce a coagulopathy with extensive
micro and macrovascular thromboses, with a similar incidence of venous and arterial thrombosis.>!

Some studies report that SARS-CoV-2 infection can induce immunothrombosis, activating neutrophils and monocytes
that interact with platelets — assuming that platelets play an important role in coagulation alterations - and the resulting
thrombosis leads to platelet consumption. The most frequently reported clotting abnormality is D-dimer elevation, but
other changes are reported.”’!

In addition to coagulation alterations, an exacerbation of pro-inflammatory cytokines such as C-reactive protein,
ferritin, interleukin (IL) 2, IL-6, IL 7, IL-10, among others, may be responsible for the activation of the coagulation
cascade, with subsequent hypercoagulable state.>*' This prothrombotic state may last up to 4 months after COVID-19
infection.? Some authors even report that it was possible to identify coronavirus RNA in the retina of patients with
COVID-19.* %

The first COVID-19 vaccine, outside of a clinical trial setting, was administered in December 2020.>> With the
exception of rare cases of anaphylaxis, no episodes of thrombosis have been reported in early Phase III clinical trials.?' In
March 2021, some episodes of thrombosis in unusual localizations began to be described, after immunization with the
Oxford vaccines - AstraZeneca and Janssen in healthy individuals, mostly women under 50 years of age with very rare
cases of thrombosis related to mRNA vaccines.''' So hypercoagulability is observed after vaccination, however the
pathogenesis is poorly understood.?' Several hypotheses have been able to justify this hypercoagulable state: (a) the fact
that there is a stage of thrombosis and thrombocytopenia led to the hypothesis of a condition like heparin-induced
thrombocytopenia (HIT), in which vaccination may induce the formation of antibodies against platelet antigens as part of
the inflammatory reaction and immune stimulation. The formation of these autoantibodies would explain the appearance

2126 (b) after vaccination, there is a marked immune

of adverse reactions between 4 and 14 days after vaccination;
response that mimics an acute infection by active COVID-19, with subsequent activation of neutrophils and monocytes,
which interact with platelets and the coagulation cascade, with subsequent intravascular formation of thrombi in large
and small vessels;*""?’ (c) finally, it is known that SARS-CoV-2 interact with ACE-2, with loss of activity and
a subsequent lower inactivation of angiotensin, with an increased thrombotic risk.?'-**

Evaluation of retinal vascular structures with OCT-A to more accurately assess the presence of local ischemia was
performed in only one case. The literature has shown that patients with a recent history of COVID-19 have a lower
density of vessels, among others, in the superficial capillary plexuses (at the level of the nasal quadrants).**

Regarding the cases presented above, it is difficult to ensure the causal relationship between the development of
retinal vascular pathology and the post-COVID-19 vaccination and post-COVID-19 infection status, respectively.*
However, the presence of symptoms and retinal changes in a patient without cardiovascular risk factors, without
known prothrombotic pathologies, without therapy with antiangiogenic drugs or with estrogenic systemic anticoagula-
tion, and given the temporal gap, suggests a possible relationship between vaccination (in the first cases) and infection (in

later cases) with the development of retinal vascular pathology.

Abbreviations

COVID-19, Coronavirus Disease 2019; SARS-CoV-2, Severe Acute Respiratory Syndrome Coronavirus 2; PAMM,
Paracentral Acute Middle Maculopathy; SD-OCT, Spectral Domain, Optical Coherence Tomography; FAF, Fundus
Autofluorescence; FA, Fluorescein Angiography; OCT-A, Optical Coherence Tomography Angiography; BCVA, Best
Corrected Visual Acuity.
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Data Sharing Statement

The clinical data that support the findings of this clinical case are available in the electronic hospital register of
CHUPorto. All data generated or analyzed during this study are included in this article. Further enquiries can be directed
to the corresponding author.

Statement of Ethics
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