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Abstract: Vaccines are highly effective in lowering the mortality due to COVID-19. Although several suspected adverse events or
side effects after vaccination including retinal vein occlusion (RVO) have been reported. We conducted a systematic review using
PRISMA methods to analyze the occurrence of RVO among people vaccinated by COVID-19 mRNA- vs viral vector- vaccines on 4
databases from 1-1-2021 to 31-12-2022 using specified MeSH terms. All included studies were assessed using JBI critical appraisal
tools for eligibility. The final included studies are 31 studies (n=78 cases from 75 patients; 3 of these patients suffered twice). The
median age of the patients was 61 years (28 to 96 years old) and most of them were female (52.00%). Thirty-nine patients received the
mRNA vaccine (52.00%), while 36 patients received the viral vector vaccine (48.00%) before the event. The RVO diagnoses are based
on physical examination confirmed by Fluorescein Angiography (FA), and/or Optical Coherence Tomography (OCT). The median
time interval between vaccination and RVO was 6 days in the mRNA vaccine group and 4 days in the viral vector vaccine group.
Central retinal vein occlusion (CRVO) and Branch Retinal Vein Occlusion (BRVO) were tied as the most common diagnosis in the
mRNA vaccine group (20.51% and 20.51%), whilst in the viral vector vaccine group CRVO was the most common diagnosis
(17.94%). Most of these cases had good outcomes with improved visual impairment in one or both eyes. From this review, we could
not ascertain that the RVO occurs due to the type of COVID-19 vaccines because of the detailed data on the dosage and the history of
illness of each patient. However, the awareness that the RVO could develop after COVID-19 vaccination must be taken into
consideration, even though it is rare.
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Introduction

World Health Organization (WHO) pronounced Coronavirus Disease (COVID-19) a global pandemic in 2020 after
incidences of pneumonia were reported in Wuhan, China, in 2019 and spread to numerous other countries.' > It was later
determined that the 2019-new coronavirus (2019-nCov), a novel enveloped beta-coronavirus with a single-stranded
positive-sense RNA genome, was the cause of the pandemic.* The virus is also known as the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) since the illness resembles viral cases of pneumonia like SARS and MERS.*

4,6,

Some cases are mild and usually self-limiting, and some cases are asymptomatic.*®’ However, many patients with

comorbidities suffer from more severe symptoms, such as acute respiratory distress syndrome (ARDS), septic shock, or
even multiple-organ failure.*”*®

SARS-CoV-2 is very contagious. It is transmissible by inhalation or contact with droplets that contain the virus. Even
asymptomatic COVID-19 patients can spread the disease unknowingly.” Because of the emergence of the pandemic,
countries have set strategies to overcome it, such as social and physical distancing, travel restriction, self-quarantine,

lockdown, personal hygiene, and sanitation, boosting immunity, case detection, and contact tracing, and vaccine
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developmen’t.3’10 The vaccines were developed, and as of July 2, 2020, there are 158 COVID-19 vaccine candidates, out
of which 135 are in the certain phase of their development, while there are only 11 COVID-19 Vaccines included in
WHO Emergency Use Listing (EUL).""'® The very first vaccine to be recommended to EUL is Comirnaty, on
December 31, 2020."" The vaccines can be categorized as protein subunit vaccines, such as Novavax (Nuvaxovid or
Covovax); viral vector vaccines, such as Oxford/AstraZeneca (AZD1222, ChAdOx1 nCoV-19, Vaxzevria or Covishield),
Janssen (Ad26.COV2.S or Jecovden), or Gamaleya (Sputnik V, or Gam-COVID-vac); mRNA vaccines, such as Moderna
(Spikevax or mRNA-1273) or Pfizer/BioNTech (Comirnaty or BNT162b2); and inactivated vaccines, such as Sinovac,
Sinopharm, or Bharat Biotech; and each has their strengths and weaknesses.'*'?

Even though vaccines are highly effective in preventing COVID-19 and also lowering mortality due to COVID-19,"*
some researchers have found adverse events and side effects after receiving vaccines, specifically in the eyes. A narrative
review discovered some studies that reported eye abnormalities linked to the COVID-19 vaccination, including facial
nerve paralysis, abducens nerve paralysis, acute macular neuroretinopathy, central serous chorioretinopathy, ophthalmic
vein thrombosis, corneal transplant rejection, newly developed uveitis, and retinal artery or vein occlusion.'>'®

Retinal vein occlusion (RVO) is a retinal vascular disease that can be classified as central retinal vein occlusion
(CRVO), branch retinal vein occlusion (BRVO), and hemispheric retinal vein occlusion (HRVO). Generally, the
manifestation of RVO is painless visual loss with any combination of a tortuous retinal vein, retinal hemorrhage (blot
and flame-shaped), cotton wool spots, optic disc swelling, and/or macular edema. Studies suggest that RVO usually
follows a thrombotic event and is likely to develop in a patient with a systemic risk factors, such as hypertension and
hyperlipidemia, or with hematological disorders, such as thrombophilia or hyperhomocysteinemia.'” There is still a lack
of understanding of the events of RVO following the COVID-19 vaccine.'® So, this study aims to analyze the occurrence
of RVO among people vaccinated by COVID-19 mRNA- and viral vector- vaccines, the two types of vaccines that have
been approved in most countries.'?

Materials and Methods

This Systematic review used the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
checklist and is registered under PROSPERO (CRD42023393304)."” The literature search was conducted using PubMed,
Web of Sciences (WoS), Scopus, and Google Scholar to find cases of RVO following the COVID-19 vaccine from
January 2021 to December 2022. The medical subject headings (MeSH) terms used were “COVID-19 Vaccines” OR
“2019 nCoV Vaccine” OR “SARS CoV 2 Vaccines” AND “Retinal Vein Occlusion” OR “Retinal Vein Thrombosis” OR
“Central Retinal Vein Occlusion” OR “Branch retinal vein occlusion”. A manual search was also conducted in this
systematic review by searching similar articles on PubMed and articles on the reference list of the included articles.

After excluding the duplicates, two independent reviewers screened the titles and abstracts for relevance. The criteria
of the included studies were studies that were published in the English language and published between 1-1-2021 and 31-
12-2022, observational studies, case reports, case series, case-control, cohorts, and cross-sectional studies. Included
articles must be original articles that (1) report subjects who had COVID-19 Vaccines, (2) report subjects suffering from
RVO diagnosed by physical examination, fluorescein angiography (FA), and/or optical coherence tomography (OCT).?°
We excluded systematic reviews, meta-analyses, commentaries, guidelines, clinical trials, and randomized controlled
trials. We also excluded studies that had insufficient and irrelevant data on the COVID-19 vaccine and RVO, and
duplicated medical records or records with overlapping datasets were also excluded.

All included full texts were assessed for eligibility using Joanna Briggs Institute (JBI) Critical Appraisal Tools.?! Two
independent reviewers assessed the studies, and if there were any disagreements, the third reviewer would assess the said
study, and his/her decision would be final. The data collected were as follows: (1) characteristics of the included articles;
(2) data of reported RVO events, such as patient demographic (age and sex), history of COVID-19 vaccination (type and
dose), type of vaccine (mRNA or Viral Vector), history of other medical condition/comorbidities, the onset of RVO after
the vaccine, symptoms, physical examination, diagnoses, treatments, and the outcome after treatment. The narrative
synthesis of the existing data about the comparison of the occurrence of RVO between people vaccinated by COVID-19
mRNA vaccines and viral vector vaccines will be a part of this systematic review.*?
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Results
The search yielded 1073 results (Figure 1), and 107 duplicate studies were removed. Using the title and abstracts, 966

studies were screened and 926 of them were excluded. We searched 40 studies to read the full text. Furthermore, 9
studies that reported irrelevant data on the clinical were excluded. Finally, a total of 31 studies met the inclusion criteria
and were added to the analysis process (Tables 1 and Supplementary Files). There were 78 cases from 75 patients that
developed RVO following COVID-19 vaccination from Oman (Case #1), Qatar (Case #2), Colombia (Case #3), Japan
(Case #5-17, 16, 26, 28-29), Taiwan (Case #10), USA (Case #15, 18), Canada (Case #19), Spain (Case #12-13, 21, 49),
United Kingdom (Case #8-9), India (Case #4, 11, 17, 23-25), Greece (Case #14), Italy (Case #20, 22, 30-35, 65-78),
South Korea (Case #3747, 52-59), Hungary (Case #27), Australia (Case #60—64), and Brazil (Case #48, 50-51). One
patient in the viral vector vaccine group developed 2 cases of RVO in both eyes following each dose of vaccine
alternately (case #12—13) and 2 patients in the mRNA vaccine group developed 2 cases of RVO in both eyes
simultaneously after the second dose (case #35-36 and #69-70).

Identification of studies via databases and registers
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Figure | PRISMA flowchart.
Notes: PRISMA figure adapted from Page M), Moher D, Bossuyt PM, et al. PRISMA 2020 explanation and elaboration: updated guidance and exemplars for reporting

systematic reviews. BMJ. 2021;372:n160. Creative Commons.'®
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Table | Summary of Studies Included in Our Systematic Review

No Author Article Country Case Age (Sex) | Vaccine Type Other Medical The Time Diagnosis Treatment Outcome
(Year) Type Number (#) (Dose) Condition Interval from
Vaccine to
Symptoms

| Al-Abri et al CR Oman Case #l 33 (M) mRNA vaccine (I) | Mild obese, COVID-19 2 hours CRVO Combination Improved

(2021)% infection six months therapy
prior

2 Bialasiewicz CR Qatar Case #2 50 (M) mRNA vaccine (Il) | Atopic dermatitis 15 minutes CRVO Combination Improved
et al (2021)** therapy

3 Endo et al CR Colombia Case #3 52 (M) mRNA vaccine () | None 15 days CRVO Combination Improved
(2021)* therapy

4 Goyal et al CR India Case #4 28 (M) Viral vector None I'l days HRVO Combination Improved
(2021)% vaccine (II) therapy

5 Ikegami et al CR Japan Case #5 54 (F) mRNA vaccine (Il) | Hypothyroidism 2 days CRVO + CRAO NR NR
(2022)%

6 Tanaka et al CR Japan Case #6 71 (F) mRNA vaccine (I) | BRVO + secondary ME | day BRVO Anti-VEGF Improved
(2021)%8

Case #7 74 (M) mRNA vaccine (I) BRVO 2 days BRVO Anti-VEGF Improved

7 Cackett et al CR United Case #8 44 (F) Viral vector None 5 days CRVO Observation Improved

(2022)%° Kingdom vaccine (1)
Case #9 49 (F) Viral vector None 4 days CRVO Observation Improved
vaccine (l)

8 Chen CR Taiwan Case #10 72 (M) mRNA vaccine (Il) | Elevated D-Dimer 8 days CRVO + CRAO Combination Improved
(2022)*° therapy

9 Dutta CR India Case #11 28 (M) Viral vector None 25 days CRVO Corticosteroid | Improved
Majumder vaccine (lll)
et al (2022)°"

10 Fernandez- CR Spain Case #12-13 69 (F) Viral vector BRVO after the first 10 days, 30 BRVO, CRVO Observation, Improved,
Vigo et al vaccine (I & II) vaccine days corticosteroid persisted
(2022)**
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I Karageorgiou CR Greece Case #14 60 (M) Viral vector None 7 days BRVO Anti-VEGF NR
et al (2022)* vaccine (NR)
12 | Lee etal CR USA Case #15 34 (M) mRNA vaccine (Il) | HL, mildly elevated ESR 10-12 days CRVO + CRAO | Combination | Worsened
(2022)** therapy
13 Noguchi et al CR Japan Case #16 46 (F) mRNA vaccine (Il) | None NR CRVO Anti-VEGF Improved
(2022)*
14 | Parakh et al CR India Case #17 3l (M) Viral vector Hyperhomocysteinemia 7 days CRVO Anti-VEGF Persisted
(2022)* vaccine (1)
15 Priluck et al CR USA Case #18 57 (F) mRNA vaccine (Il) | HTN, dry eye NR BRVO Anti-VEGF Persisted
(2022)*” syndrome
16 | Puretal CR Canada Case #19 34 (M) mRNA vaccine (I) | None 2 days BRVO Observation Persisted
(2022)*
17 | Romano et al CR Italy Case #20 54 (F) Viral vector HTN 2 days CRVO Combination Improved
(2022)* vaccine (1) therapy
18 Ruiz et al CR Spain Case #21 51 (F) mRNA vaccine (Il) | Hypothyroidism 12 days CRVO + BRAO Observation Worsened
(2022)*
19 | Sacconi et al CR Italy Case #22 74 (F) mRNA vaccine (Il) | Breast cancer, AF 48 hours HRVO Anti-VEGF Persisted
(2022)*'
20 | Sodhi et al CR India Case #23 43 (M) Viral vector Slightly raised glycated 3 days CRVO Corticosteroid | Improved
(2022)* vaccine (l) hemoglobin
21 Sonawane CR India Case #24 50 (M) Viral vector DM, elevated blood 4 days CRVO Anti-VEGF NR
et al (2022)43 vaccine (Il) urea, creatinine,
HbAIC
Case #25 43 (F) Viral vector Elevated CRP, 3 days CRVO Observation NR
vaccine (ll) Rheumatoid factor,
d-Dimer
22 Sugihara et al CR Japan Case #26 38 (M) mRNA vaccine (Il) | None 2 days BRVO Anti-VEGF Improved
(2022)*
(Continued)
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Table | (Continued).

No Author Article Country Case Age (Sex) | Vaccine Type Other Medical The Time Diagnosis Treatment Outcome
(Year) Type Number (#) (Dose) Condition Interval from
Vaccine to
Symptoms
23 | Takacs et al CR Hungary Case #27 35 (M) mRNA vaccine (I) | Elevated prothrombin 2 weeks CRVO Combination Improved
(2022)* activity, elevated serum therapy
homocysteine
24 | Tanaka et al CR Japan Case #28 50 (F) mRNA vaccine (I) | Breast cancer 3 days BRVO Anti-VEGF Improved
(2022)*
Case #29 56 (F) mRNA vaccine () | None 3 days BRVO Anti-VEGF Improved
25 Bolletta et al CS Italy Case #30 39 (M) mRNA vaccine (Il) | None 30 days CRVO Anti-VEGF Improved
(2021)¥
Case #31 53 (F) Viral vector SAH 2 days BRVO Anti-VEGF Improved
vaccine (1)
Case #32 61 (F) Viral vector None 2 days BRVO Anti-VEGF Improved
vaccine (Il)
Case #33 50 (M) mRNA vaccine (Il) | DM 3 days BRVO Anti-VEGF Improved
Case #34 48 (M) mRNA vaccine (Il) | SAH 23 days BRVO Anti-VEGF Improved
26 | Girbardt et al CS Unspecified Case #35-36 81 (F) mRNA vaccine (Il) | HTN 12 days Unspecified Observation, NR
(2021)*® RVO + RAOQ, Anti-VEGF
BRVO
27 | Parketal CS South Case #37 68 (F) Viral vector Dyslipidemia, vitreous | day Unspecified Observation NR
(202I)49 Korea vaccine (1) hemorrhage RVO
Case #38 76 (M) mRNA vaccine (I) | HTN, Cataract, NTG 3 days Unspecified Observation NR
RVO
Case #39 85 (F) mRNA vaccine (Il) | DM, HTN, ESRD, | day Unspecified Anti-VEGF NR
tuberculosis, dementia, RVO
vitreous hemorrhage
Case #40 59 (M) Viral vector DM, HTN 2 days Unspecified Observation NR
vaccine (l) RVO
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Case #41 61 (M) Viral vector None 2 days Unspecified Anti-VEGF NR
vaccine (1) RVO
Case #42 79 (M) mRNA vaccine (Il) | DM, gastric cancer 2 days Unspecified Anti-VEGF NR
RVO
Case #43 77 (F) mRNA vaccine (I) | HTN, Hepatitis B Virus 16 days Unspecified Anti-VEGF NR
Carrier, colon cancer RVO
on chemotherapy,
cataract
Case #44 63 (M) mRNA vaccine () | DM, DME 13 days Unspecified Anti-VEGF NR
RVO
Case #45 51 (F) Viral vector HTN 2| days Unspecified Anti-VEGF NR
vaccine (l) RVO
Case #46 81 (F) mRNA vaccine () | HTN, cataract 4 days Unspecified Observation NR
RVO
Case #47 61 (M) Viral vector HTN, uveitis 3 days Unspecified Observation NR
vaccine (1) RVO
28 | da Silva et al CS Brazil Case #48 66 (F) Viral vector Endometrial 16 days BRVO NR NR
(2021)*° vaccine (NR) hypertrophy,
overweight, increased
apoliprotein a
Spain Case #49 51 (M) mRNA vaccine COVID-19 infection 10 6 days CRVO NR NR
(NR) months prior
Brazil Case #50 66 (M) Viral vector HTN 4 days Unspecified NR NR
vaccine (NR) RVO
Brazil Case #51 54 (F) Viral vector None 10 days Unspecified NR NR
vaccine (NR) RVO
29 Choi et al CS South Case #52 64 (M) Viral vector None | day CRVO Anti- NR
(2022)*"' Korea vaccine (1) thrombotic
Case #53 33 (F) mRNA vaccine (Il) | None 6 days CRVO Anti-VEGF NR
Case #54 48 (M) mRNA vaccine (lll) | None 6 days CRVO Anti-VEGF NR
(Continued)
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Table 1 (Continued).

No Author Article Country Case Age (Sex) | Vaccine Type Other Medical The Time Diagnosis Treatment Outcome
(Year) Type Number (#) (Dose) Condition Interval from
Vaccine to
Symptoms
Case #55 69 (F) Viral vector None 3 days BRVO Anti- NR
vaccine (1) thrombotic
Case #56 66 (M) Viral vector None 7 days BRVO Observation NR
vaccine (ll)
Case #57 68 (F) Viral vector BRVO | day BRVO Observation NR
vaccine (1)
Case #58 74 (F) Viral vector HTN, Nasal cavity 6 days BRVO Other NR
vaccine (Il) Cancer, BRVO modalities
Case #59 63 (F) Viral vector CRVO 3 days CRVO Anti-VEGF NR
vaccine (1)
30 Peters et al CS Australia Case #60 71 (M) Viral vector None 48 hour BRVO Anti-VEGF NR
(2022)** vaccine (1)
Case #61 58 (M) Viral vector Pterygium 72 hour HRVO Anti-VEGF NR
vaccine (1)
Case #62 73 (F) Viral vector Retinal detachment, 72 hour BRVO Anti-VEGF NR
vaccine (1) HTN
Case #63 47 (F) mRNA vaccine () | Hyperthyroidism 5 days BRVO Anti-VEGF NR
Case #64 36 (M) mRNA vaccine (Il) | None 24-72 hour CRVO Anti-VEGF NR
31 Vujosevic et al CS Italy Case #65 69 (F) Viral vector DVvT I week BRVO Other Improved
(2022)3 vaccine (1) modalities
Case #66 82 (F) mRNA vaccine (Il) | None 2 weeks BRVO Corticosteroid | Improved
Case #67 96 (F) mRNA vaccine (Il) | HTN, DM I week CRVO Corticosteroid | Persisted
Case #68 91 (F) mRNA vaccine (Il) | None 1.5 week CRVO Observation Persisted
Case #69-70 78 (F) mRNA vaccine (Il) | None I week BRVO, BRVO Anti-VEGF Improved

observation
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Case #71 70 (M) Viral vector None I week CRVO Observation Improved
vaccine (1)
Case #72 40 (M) Viral vector Hyperhomocysteinemia 2 weeks BRVO Observation Improved
vaccine (1)
Case #73 91 (M) mRNA vaccine (Il) | DM 4 weeks BRVO Corticosteroid | Persisted
Case #74 72 (F) mRNA vaccine (Il) | HTN, HL 3 weeks BRVO Corticosteroid | Improved
Case #75 88 (M) mRNA vaccine (Il) | HTN, HL, CVD, 2 weeks HRVO Corticosteroid | Persisted
Alzheimer, Prostate
cancer
Case #76 73 (F) Viral vector HTN, HL, CVD, NET 4 weeks CRVO Corticosteroid | Persisted
vaccine (Il)
Case #77 65 (F) Viral vector HTN, HL, DM I week CRVO Corticosteroid | Improved
vaccine (l)
Case #78 72 (F) Viral vector HTN, CVD 2 weeks HRVO Other Persisted
vaccine (1) modalities

Abbreviations: AF, atrial fibrillation; anti-VEGF, anti-vascular endothelial growth factor; BCVA, best-corrected visual acuity; BRVO, branch retinal vein occlusion; COVID-19, Coronavirus Disease-19; CRVO, central retinal vein occlusion;
CVD, cardiovascular disease; DM, diabetes mellitus; DME, diabetic macular edema; DVT, deep vein thrombosis; ESRD, end stage renal disease; FA, fluorescein angiography; FE, fundal examination; FFA, Fundus fluorescein angiography; HL,
hyperlipidemia; HTN, hypertension; HRVO, hemispheric retinal vein occlusion; IOP, intraocular pressure; LE, left eye; ME, macular edema; NET, neuroendocrine tumour; NR, not reported; NTG, normal tension glaucoma; OCT, optical

coherence tomography; OCTA, optical coherence tomography angiography; RE, right eye; RVO, retinal vein occlusion; SAH, subarachnoid hemorrhage; UWPC, ultra-wide-field pseudo-color; VF, visual field.
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Out of 75 patients, 39 patients (52.00%) were female (case #5, 6, 89, 12-13, 16, 18, 20-22, 25, 28-29, 31-32, 35—
37,39, 43, 4546, 48, 51, 53, 55, 57-59, 6263, 65-70, 74, 76-78), while 36 patients (48.00%) were male (case #1-4, 7,
10-11, 14-15, 17, 19, 23-24, 26-27, 30, 33-34, 38, 40-42, 44, 47, 49-50, 52, 54, 56, 60-61, 64, 71-73, 75). The median
age of patients was 61 years (28 to 96 years old). Only 2 patients had COVID-19 infection before developing RVO (case
#1, 49), 6 patients had a history of RVO before receiving the COVID-19 vaccine (case #6—7, 12—13, 57-59), 19 patients
had hypertension (case #18, 20, 35-36, 38-40, 43, 4547, 50, 58, 62, 67, 74—78), 6 patients had hyperlipidemia (case
#15, 37, 74-77), 9 patients had diabetes mellitus (case #24, 33, 39-40, 42, 44, 67, 73, 77), 7 patients had cardiovascular
disease (such as atrial fibrillation, subarachnoid hemorrhage, deep vein thrombosis, or unspecified cardiovascular
disease) [case #22, 31, 34, 65, 75-76, 78], 3 patients had thyroid dysfunction (hypothyroidism or hyperthyroidism)
[case #5, 21, 63], 20 patients had other medical conditions (such as obesity, breast cancer, prostate cancer, nasal cavity
cancer, gastric cancer, colon cancer, atopic dermatitis, dry eyes syndrome, diabetic macular edema, retinal detachment,
cataract, uveitis, neuroendocrine tumor, dementia, or Alzheimer) [case #1, 2, 18, 22, 24, 28, 37-39, 42-44, 4648, 58,
61-62, 75-76], 7 patients had hypercoagulability conditions, such as hyperhomocysteinemia, elevated erythrocyte
sedimentation rate (ESR), elevated D-Dimer, elevated C-reactive protein (CRP) or raised hemoglobin (case #10, 15,
17, 23, 25, 27, 72), and 25 patients had no other medical condition (case #3—4, 89, 11, 14, 16, 19, 26, 29-30, 32, 41, 51—
56, 60, 64, 66, 68-71) (details can be seen in Supplementary Files).

Table 2 shows the characteristics of the 75 patients included in the study, categorized by COVID-19 vaccination type.

Table 3 shows the characteristics of the 78 cases in this study, categorized by COVID-19 vaccination type. Thirty-nine
patients received the mRNA vaccine (52.00%), while 36 patients received the viral vector vaccine (48.00%) before the
event. Forty-one eyes developed RVO following the mRNA vaccine in 39 patients (case #1-3, 5-7, 10, 15-16, 18-19, 21—
22,26-30, 33-36, 38-39, 42-44, 46, 49, 53-54, 63-64, 66-70, 73-75) and 37 eyes developed RVO following the viral vector
vaccine in 36 patients (case #4, 8-9, 11-14, 17, 20, 23-25, 31-32, 37, 40-41, 45, 4748, 50-52, 55-62, 65, 71-72, 76-78).

Twenty-six cases out of 41 cases in the mRNA vaccine group or 33.33% of all cases in both groups developed RVO
after the second dose of the vaccine (case #2, 5, 10, 15-16, 18, 21-22, 26, 30, 33-36, 39, 42, 53, 64, 66-70, 73-75). In
contrast with the viral vector vaccine group, 23 cases out of 37 cases or 29.49% of all cases in both groups RVO after the
first dose (case #8-9, 12, 17, 23, 31, 37, 4041, 45, 47, 52, 55, 57, 5962, 65, 71-72, 77-78), and 5 cases did not report
the vaccine dose (case #14, 48-51). In the mRNA vaccine group, the median was 6 days, ranging from 15 minutes to 30

Table 2 Demographic Characteristics of the 75 Patients Included in this Systematic

Review
Characteristic COVID-19 Vaccination Total n (%)
Demographic . i .
mRNA Vaccine n (%) | Viral Vector Vaccine n (%)

Age 56.00 (33-96)* 61 (28-74)* 61 (28-96)*
<30 0 (0) 2 (2.67) 2 (2.67)
31-40 8 (10.67) 2 (2.67) 10 (13.33)
41-50 7 (9.33) 5 (6.67) 12 (16.00)
51-60 6 (8.00) 7 (9.33) 13 (17.33)
61-70 1 (1.33) 15 (20.00) 16 (21.33)
71-80 9 (12.00) 5 (6.67) 14 (18.67)
>80 8 (10.67) 0 (0) 8 (10.67)

Sex
Male 20 (26.67) 16 (21.33) 36 (48.00)
Female 19 (25.33) 20 (26.67) 39 (52.00)

Total 39 (52.00) 36 (48.00) 75 (100)

Note: *Median (minimum-maximum).
Abbreviation: COVID-19, Coronavirus Disease-19.
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Table 3 Clinical Characteristics of 78 Cases Included in this Systematic Review

Characteristic COVID-19 Vaccination Total, n (%)

mRNA Vaccine, n (%) | Viral Vector Vaccine, n (%)

The interval between vaccination and RVO (days) 6 (0.01-30)*" 4 (1-30)* 6 (0.01-30)*
<7 days 23 (29.49) 27 (34.61) 50 (64.10)
8-14 days 10 (12.82) 5 (6.41) 15 (19.23)
15-21 days 3 (3.85) 2 (2.56) 5 (6.41)
22-28 days 2 (2.56) 2 (2.56) 4 (5.12)
>28 days I (1.28) I (1.28) 2 (2.56)
Not reported 2 (2.56) 0 (0) 2 (2.56)

Vaccine dose
RVO events after the first dose 13 (16.67) 23 (29.49) 36 (46.15)
RVO events after the second dose 26 (33.33) 9 (11.53) 35 (44.87)
RVO events after the third dose 1 (1.28) I (1.28) 2 (2.56)
Not reported 1 (1.28) 4 (5.12) 5 (6.41)

Laterality
Right eye 21 (26.92) 19 (24.36) 40 (51.28)
Left Eye 18 (23.07) 13 (16.67) 31 (39.74)
Not reported 2 (2.56) 5 (6.41) 7 (8.97)

Symptoms
Visual disturbance 23 (29.49) 16 (20.51) 39 (50.00)
Asymptomatic 0 (0) I (1.28) 1 (1.28)
Not reported 18 (23.08) 20 (25.64) 38 (48.72)

BCVA
Perfect (20/20) 5 (6.41) 7 (8.97) 12 (15.38)
Worse BCVA (<20/20) 35 (44.87) 27 (34.61) 62 (79.48)
Not reported I (1.28) 3 (3.84) 4 (5.12)

Diagnosis
CRVO 16 (20.51) 14 (17.94) 30 (38.46)
BRVO 16 (20.51) 13 (16.67) 29 (37.18)
HRVO 2 (2.56) 3 (3.84) 5 (6.41)
Unspecified RVO 7 (8.97) 7 (8.97) 14 (17.94)

Treatment
Anti-VEGF 21 (26.92) Il (14.10) 32 (41.02)
Corticosteroid 5 (6.41) 5 (6.41) 10 (12.82)
Anti-thrombotic 0 (0) 2 (2.56) 2 (2.56)
Combination 6 (7.69) 2 (2.56) 8 (10.25)
Other modalities 0 (0) 3 (3.84) 3 (3.84)
Observation 7 (8.97) Il (14.10) 18 (23.07)
Not reported 2 (2.56) 3 (3.84) 5 (6.41)

Outcome after treatment
Improved 18 (23.07) 13 (16.67) 31 (39.74)
Persisted 7 (8.97) 4 (5.12) Il (14.10)
Worsened 2 (2.56) 0 (0) 2 (2.56)
Not reported 14 (17.94) 20 (25.64) 34 (43.59)

Total 41 (52.56) 37 (47.43) 78 (100)

Notes: *Median (minimum-maximum); ®Missing data = 2.

Abbreviations: anti-VEGF, anti-vascular endothelial growth factor; BRVO, branch retinal vein occlusion; COVID-19, Coronavirus Disease-19; CRVO,
Central retinal vein occlusion; HRVO, hemispheric retinal vein occlusion; RVO, retinal vein occlusion.

days, and in the viral vaccine group, the median was 4 days, ranging from 1 to 30 days. We identified that both groups
mostly developed RVO in under 7 days, 23 cases (29.49%) in the mRNA vaccine group (1-2, 5-7, 19, 22, 26, 28-29, 33,
38-39, 42, 46, 49, 53-54, 63—64, 67, 69-70), and 27 cases (34.61%) in the viral vector vaccine group (case # 8-9, 14, 17,
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20, 23-25, 31-32, 37, 4041, 47, 50, 52, 55-62, 65, 71, 77). However, in the mRNA vaccine group, 2 cases did not report
the interval between the vaccination and the RVO events (case #16 and #18).

We found most of the RVO cases developed in the right eye with 21 cases (26.92%) and 19 cases (24.36%) in the
mRNA vaccine group and viral vector vaccine group, respectively. The most reported symptoms of visual disturbance
were blurred vision or vision loss, with 1 case reported flashes and floaters instead of vision loss (case #18), 1 case
reported additional retrobulbar pain (case #2), and central scotoma (case #13). Eighteen cases (23.08%) and 20 cases
(25.64%) in the mRNA vaccine group and viral vector vaccine group, respectively, did not report any symptoms in the
reports. In the mRNA vaccine group, at the initial examination, 5 (6.41%) cases reported perfect Best-corrected Visual
Acuity (BCVA) of 20/20 (case #1, 3, 18, 19, 70), while 35 cases (44.87%) had worse BCVA, with the worst BCVA was
no light perception (case #5). In the viral vector vaccine group, at the initial examination, 7 (8.97%) cases reported
a perfect BCVA of 20/20 (case #8, 12, 14, 55-56, 71-72), while 27 (34.61%) cases had worse BCVA, with the worst
BCVA being hand motion (case #37, 57-58). Three cases (case #5, #10, and #15), one eye (case #21) with CRVO, and
one eye (case #35) with unspecified RVO in the mRNA vaccine group were also additionally diagnosed with central
retinal artery occlusion (CRAO), branch retinal artery occlusion (BRAO), and unspecified retinal artery occlusion (RAO)
respectively.

Some studies reported the details of each treatment, while others did not. In the mRNA vaccine group, 21 cases
(26.92%) were treated with Anti-Vascular endothelial growth factor (Anti-VEGF) only. Studies used intravitreal injec-
tions of anti-VEGF such as Aflibercept (case #6—7, 18, 26, 64), Ranibizumab (case #16, 22, 28-29), or Bevacizumab
(case #39, 42—44, 63), while some studies did not report the specific type of anti-VEGF (case #30, 33-34, 36, 53-54, 69).
We identified corticosteroids used in the mRNA group in the form of intravitreal injection, intravenous, or oral
dexamethasone, methylprednisolone, or prednisolone, and some studies did not report the details of the steroid treatment
(case #66—67, 73-75). Some studies used anti-thrombotics used Rivaroxaban, Acetylsalicylic acid, Low Molecular
Weight Heparin (LMWH), or Apixaban in combination with other therapies. Combination treatments consisting of anti-
thrombotic, anti-VEGF, corticosteroid, and/or other modalities, such as hyperbaric or pan-retinal photocoagulation, were
done in 6 cases (7.69%) (case #1-3, 10, 15, 27; details can be seen in Supplementary Files). The follow-up period for

observation treatment ranged from 3 weeks to 10 months.

In contrast with the mRNA vaccine group, 11 cases out of 37 cases (14.10%) in the viral vector vaccine group were
observed and followed up (case #8-9, 12, 25, 37, 40, 47, 56-57, 71-72), and 11 cases (14.10%) were treated with Anti-
VEGF (case #14, 17, 24, 31-32, 41, 45, 59-62). We could only identify one of the detailed anti-VEGF used in one study,
which was the intravitreal injection of Ranibizumab and Aflibercept, and the patient also received folic acid B6 and B12
vitamin supplementation (case #17), while most of the details of the treatment were not reported. We also identified
corticosteroids that were used in the studies, such as intravenous Methylprednisolone (case #11), intravitreal implant
Dexamethasone (case #13), or intravitreal injection of Triamcinolone Acetonide (case #23), and some were unknown
(case #76-77). Two cases reported combination therapy using corticosteroid, anti-thrombotic, and/or pan-retinal photo-
coagulation (case #4, 20), and other modalities in this viral vector vaccine group were vitrectomy and photocoagulation
(case #59, 65, 78; details can be seen in Supplementary Files).

Although most of the patients in both groups improved in terms of BCVA and fundal findings (such as macular edema
and hemorrhage) after treatment, some persisted and even worsened. In the mRNA vaccine group, one eye was additionally
diagnosed with non-arteritic anterior ischemic optic neuropathy (NAION) (case #15) and one eye had a worsened BCVA
after a 2-month observation (case #21). However, in the viral vector vaccine, 20 cases (25.64%) did not report any outcome
in their studies (case #14, 24-25, 37, 4041, 45, 4748, 50-52, 55-62), in contrast with the mRNA group which only had
14 cases that did not report the outcome (case #5, 35-36, 3839, 4244, 46, 49, 53-54, 63-64).

Discussion

Retinal vein occlusion (RVO) usually develops in older ages, especially over the age of 70 and there was no predilection
for gender and race.'”>* In our study, we found the age range to be wider and more diverse (28-96 years) and similar
between mRNA and viral vector vaccine groups. However, if we analyze it further, we identify that RVO mostly happens
in adults and older ages. We could not find any study that reported RVO events following COVID-19 vaccination in

2836 e Clinical Ophthalmology 2023:17

Dove!


https://www.dovepress.com/get_supplementary_file.php?f=426428.pdf
https://www.dovepress.com/get_supplementary_file.php?f=426428.pdf
https://www.dovepress.com
https://www.dovepress.com

Dove Rachman et al

children and adolescents. Though the symptoms were mostly similar, the BCVA at the initial examination were all
various. Both prior medical conditions and vaccines might be taking part in the RVO manifestation in each patient. For
example, in case #15, a 34-year-old male with hyperlipidemia developed CRVO 11 days after the second dose of the
mRNA vaccine. He had bad BCVA (counting fingers) and even with the combination therapy, his condition was
considered to worsen as he developed NAION.>* In contrast with case #74, 72 years old female, had hypertension and
hyperlipidemia, but she developed RVO 3 weeks after the second dose of mRNA vaccine. She also had better BCVA (20/
25) and improved to 20/20 after steroid treatment only.”® By this point, it is suggested that age was not the only aspect
that RVO events and their severity.

Retinal vein occlusion (RVO) pathogenesis was unclear and there were some conditions that lead to RVO, such as
thrombotic events. In CRVO, the thrombotic event might occur in the central retinal vein when passing through the
lamina cribrosa or in its journey alongside the central retinal artery.”® In BRVO, a thrombotic event was thought to be
caused by arterial compression of the vein at the arteriovenous crossing secondary to pre-existing endothelial damage.>®
Some studies also suggested that RVO pathogenesis was caused by conditions like hemodynamic changes, endothelial
changes, and hypercoagulability. Those conditions were known as Virchow’s triad and it applied to some diseases like
deep vein thrombosis (DVT).'**7 It was suggested to share the risk factor with RVO, such as cardiovascular and
systemic risk factors, like hypertension, hyperlipidemia, diabetes mellitus, hematological disorders, glaucoma/ocular
hypertension, or familial RVO."’

From this review, studies from Bialasiewicz et al, Sugihara et al, and Tanaka et al suggested that RVO following
COVID-19 vaccination was due to thromboembolic events since the patient did not have any medical condition related to
the risk factor of RVO.?***® Endo et al, and Pur et al, hypothesized that those conditions were caused by an
immunogenic reaction in COVID-19 vaccination in previously healthy patients, the same reaction observed in patients
infected with COVID-19.%°* Noguchi et al, further stated that COVID-19 vaccine triggered the production of
neutralizing antibodies, that supposed to recognize and target COVID-19 virus. The neutralizing antibodies could cross-
react with proteins and antigens in vessels and retinal layers.>>** A study by Parakh et al, suggested that the COVID-19
vaccine might trigger venous thromboembolism in background homocysteinemia and might have a potential effect on
endothelial cells and autoimmunity.*® However, the hypothesis was still doubtful because of the weak or unclear
association of homocysteine and venous thromboembolic events and the effectivity of the homocysteine-lowering
drugs in reducing the risk of venous thromboembolic events. It was also hypothesized by Leung et al, that the
COVID-19 vaccine can induce inflammation in retinal vasculature and will induce thromboembolic events, and has
been observed for other types of vaccination like influenza, although it was also still unclear. It was also further suggested
that mRNA vaccines might cause transient endothelial dysfunction, especially after the second dose, and can expose
vasculature to thrombosis.*®

In mRNA vaccines, the antigen (the mRNA) was stabilized in the pre-fusion stage which then translated to Spike Protein
(S Protein). S proteins were expressed on the cell surface and induced antibody production. In viral vector vaccines, DNA
that encodes the spike protein is delivered, and our immune system produces the antibodies for this protein. It is possible
that the S protein in viral vector vaccine especially AstraZeneca (AZ), can induce the proinflammatory/procoagulant
response or disrupt endothelial cells because the immunogen in AZ has not been modified to stabilize and mitigate shedding
of that expressed S protein.>**” It also suggested to be the cause of RVO following a viral vector vaccine, especially AZ, as
stated by Dutta Majumder et al.*' While endothelial damage was hypothesized due to the cross-reaction of antigen that
disrupts the vessels, Cackett et al, suggested that blood clots following AZ was a rare immune response and resembled
heparin-induced thrombocytopenia, although the pathogenesis remained unclear.”” The condition was referred to as vaccine-
induced immune thrombotic thrombocytopenia (VITT). Platelet-activating antibodies recognize and bind to complexes of
cationic platelet factor (PF4) and anionic heparin, causing a prothrombotic state.®*®' However, this phenomenon was not
concluded yet because of the lack of study on the measurement of the anti-PF4.%® Systemic diseases or medical conditions,
such as metabolic syndrome (hypertension, hyperlipidemia, diabetes mellitus), atherosclerosis, smoking, and old age were
known to be strongly associated with RVO development.'”>”% Unfortunately, the majority of the cases in our review had
other medical conditions (53/78, 67.94%). Thus, it is difficult to differentiate whether the events of RVO were due to the
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COVID-19 vaccine reaction, other medical conditions, and/ or comorbidities. The results stayed the same in studies that
reported the medical conditions of each patients.?>-20-3437:41-43.47.51.53

Al-Abri et al reported a CRVO following the first dose of the mRNA vaccine. However, as the patient was a healthy
young man with a history of COVID-19 infection, Al-Abri et al suggested that the RVO was associated with the previous
COVID-19 infection rather than the vaccine itself.”®> RVO also reported in some studies about COVID-19 infection,® but
as in this study, there were only two patients who developed RVO following the COVID-19 vaccine who had a previous
COVID-19 infection (case #1 and 49). A recent cohort study using the TriNetX platform, found using a post-hoc analysis
that a new-encounter RVO diagnosis has a greater risk to develop acutely after COVID-19 infection rather than after
a mRNA vaccine.®* In contrast with the said study, a retrospective study by Sunny and Au, found that there was no
evidence of the rising concern of developing an RVO in patients with COVID-19 infection and the occurrence of CRVO
and COVID-19 infection might be coincidental.®®

Other conditions such as hypothyroidism, especially subclinical hypothyroidism was also found to be a risk factor for
RVO because it is associated with atherosclerotic.®® It should also be considered in two patients (case #5 and 21) that are
found in this systematic review, but the related study did not have further information about hypothyroidism and did not
explain any connection to the RVO.?”*° Previous studies reported the RVO in breast cancer®” and prostate cancer®®
patients, although it was rare. It was suggested that malignancy associated with RVO diagnosis, and malignancy might be
a cause of hypercoagulability disorders.®>’® One study reported an association between retinal artery/vein occlusion and
the risk of Alzheimer’s dementia and vascular dementia. There was no association between Alzheimer’s dementia and
retinal artery/vein occlusion with or without an Apolipoprotein E (APOE) €4 allele. However, it was suggested that
retinal artery and vein occlusion is significantly associated with vascular dementia with at least one APOE &4 allele.”’

This review presented various doses of each type of COVID-19 vaccine followed by RVO. The underlying
mechanism was unclear; the dose of either mRNA or viral vector vaccines for adults is approximately similar between
studies; arguably the RVO occurrence was not significantly associated with this factor but instead with the type of
vaccines that interacted with the underlying conditions in each case. Sugihara et al suggested that there might be different
levels or pathways in an immune response that happened after each dose of vaccine which triggered RVO development.**
One cohort study compared the risk of thrombocytopenia and venous thrombosis after the first vaccine. It stated that there
is an increased risk of 30% in thrombocytopenia for patients who had the first dose of ChAdOx-1 compared to
BNT162b2. There was also an increased risk of venous thrombosis with thrombocytopenia in patients with the first
dose of Ad26.COV2.S.7* First dose of ChAdOx1 was also found to be associated with idiopathic thrombocytopenic
purpura (ITP).”® Second dose of ChAdOx1 was also associated with an increased risk of ITP and cerebral venous sinus
thrombosis (CVST) while the second dose of BNT162b2 was not found to be associated with increased risks of
thromboembolic, hemorrhagic, or thrombocytopenic events.”* This systematic review found that number of RVO after
the first dose of mMRNA vaccine was lower than cases after the first dose of viral vector vaccine: 13 cases [case #1, 3, 6-7,
19, 27-29, 38, 4344, 46, 63]*32>28:38:46:49.52 4 93 cases [case #8-9, 12, 17, 23, 31, 37, 40-41, 45, 47, 52, 55, 57, 59-62,
65, 71-72, 77—78].29’32’3 6:42:47.49.51-53 However, the number of cases of RVO after the second dose of the mRNA vaccine
was higher than the viral vector vaccine: 26 cases [case #2, 5, 10, 15-16, 18, 21-22, 26, 30, 33-36, 39, 42, 53, 64, 66-70,
73—75]2425:2728.303435.37.4041.44474951-53 (6 g caces [case #4, 13, 20, 24-25, 32, 56, 58, 76] 2632343475153 A pecent
risk assessment study using big data from the TriNetX network found a significant increase in the risk of RVO during the
first 2 weeks after vaccination and persisted for 12 weeks. The study did not detect any disparity between the increased
risk of RVO 2 years following vaccination in individuals with first and second doses of mRNA vaccines (BNT162b2 and
mRNA-1273).”> Another study from Dorney et al stated that although there was a potential vision-threatening adverse
events after receiving COVID-19 vaccination, such as a new-encounter RVO, the risk was extremely low.** Further
analysis regarding this matter is warranted to determine risk factors and/or comorbidities that significantly reacted to
either type of COVID-19 vaccine.

Both mRNA and viral vector vaccine groups in our review have an acute onset (6 days in the mRNA vaccine group
and 4 days in the viral vector vaccine group), the onset of RVO signs and symptoms ranged from 15 minutes to 30 days
in the mRNA group and 1 to 30 days in the viral vector group. These results matched a previous study by Smadja et al,
that observed a significant difference in the time frame between the COVID-19 vaccine and venous thrombosis events
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(the median of 6 days for AZ, and 4 days for Comirnaty and Moderna). In their study, the time after each vaccine to
cerebral venous thrombosis was: AZ (2—16 days), Moderna (2-39 days), and Comirnaty (1-10 days).76 In a retrospective
study using big data from the Vaccine Adverse Events Reporting System (VAERS) by Singh et al, confirmed by a post-
hoc analysis (p<0.0001) that the mean onset interval for developing an RVO was significantly longer in patients who
received a viral vector vaccine (Ad26.Cov2.S) compared to mRNA vaccine (BNT162b2 and mRNA-1273). It was also
further stated that the risk of RVO following an mRNA vaccine (BNT162b2) was higher compared to other vaccines
(p<0.0001).””

This systematic review also identified that in total, CRVO was the most widely diagnosed (30/78, 38.46%). The result
was different from previous studies which stated that BRVO was more common than CRVO.'">” However, if we looked
at each group, BRVO was the most diagnosed in the mRNA vaccine group with 16 cases (20.51%) [case #6—7, 1819, 26,
28-29, 33-34, 36, 63, 66, 69-70, 73-74],28-37-38.44:4648.52.53 ti0d with CRVO with 16 cases (20.51%) [case #1-3, 5, 10,
15-16, 21, 27, 30, 49, 53-54, 64, 67—68],2> 227:3034.35.4045.47.30°53 yhile in the viral vector vaccine group, 14 cases
(17.95%) were diagnosed with CRVO [case #8-9, 11, 13, 17, 20, 23-25, 52, 59, 71, 76-77],2%3132:3639:42:43.51.53 44 13
cases (16.67%) were diagnosed with BRVO [case #12, 14, 31-32, 48, 55-58, 60, 62, 65, 72].32:3347:50-53

All of the treatments were based on the pathogenesis of RVO, which included anti-VEGF therapy, corticosteroid, anti-
thrombotic therapy, and other modalities, such as laser photocoagulation.!” The treatments were all in accordance with
previous studies.' ">’ The high number of observations in both groups (18/78, 23.07%) were contributed by patients who
rejected the treatment or patients with perfect BCVA in the initial examination. Most of the cases were improved after the
treatment (31/78, 39.74%), even though 34 cases did not report any outcome [case #5, 14, 24-25, 35764].27’33’43’48*52 It
is identified that out of 11 cases that have persisted outcome [case #13, 17-19, 22, 6768, 73, 75-76, 78],°%3¢3%33 9
cases had a record of other medical conditions, such as hypercoagulability, hypertension, cardiovascular disease, diabetes
mellitus, and history of RVO. However, we also could identify that 11 cases out of 29 cases with medical conditions in
the mRNA vaccine group and 6 cases out of 24 cases with medical conditions in the viral vector vaccine group, were
improved even though they had another medical condition, while 2 out of 28 cases in mRNA vaccine group have
worsened outcome [case #15, 21].***° The outcome might also be associated with the therapy given to each case. Anti-
VEGF was a trending therapy in RVO with a total of 32 cases (41.02%). It is also considered to be a great therapy
because of the great outcome we identified in this study, with 12 cases having improved outcomes after the treatment
[case #6, 7, 16, 26, 28-34, 69].28:3544.:46.47.53

In this review, more patients (52.00%) were vaccinated with the mRNA vaccine, even though viral vector vaccines
were approved in more countries. In Emergency Use Listing (EUL) by WHO, approved viral vector vaccines were
Jcovden (Janssen/Johnson & Johnson), Vaxzevria (Oxford/AstraZeneca), and Covishield (Oxford/AstraZeneca formula-
tion — Serum Institute of India) which were approved in 113, 149, and 49 countries, respectively. Approved mRNA
vaccines in EUL on the other hand, Spikevax (Moderna) and Comirnaty (Pfizer/BioNTech) were approved in 88 and 149
countries, respectively.'® This review also included another viral vector vaccine that has been approved by WHO but not
listed in EUL, such as Gamaleya (Gam-COVID-vac/Sputnik V) (case #4).2%7®

We only included studies that had sufficient data on vaccine types and RVO, however the latter is relatively rare.
Interpretation of the results of this review must be done with discretion, due to inclusion criteria, the final analyses were
done on the studies from 16 out of 201 countries included in EUL. Furthermore, several included studies in this review,
did not report the exact dosage of each vaccine, the onset of the RVO, treatment, and the outcome. We also could not
perform relative risk analysis due to this insufficiency, and the nature of data from the included study, which are quite
heterogeneous. However, to the best of our knowledge, this review is one of the first that report the RVO in mRNA- and
viral vector COVID-19 vaccines, which will be beneficial for clinicians and to be more aware of the pathology for earlier
detection and proper treatment plan. Nevertheless, COVID-19 vaccination still had benefits against SARS-COV-2
infection. Most RVO cases we found were also improved with treatments and some were self-limiting. Future studies
should evaluate the risk factors in RVO cases following COVID-19 vaccination to further explain the causal relationship
and mechanism between RVO and COVID-19 vaccination and between the type of vaccines, in more diverse populations
or using big data from databases, such as Vaccine Adverse Events Reporting System (VAERS) or National Registry of
Drug-Induced Ocular Side Effects to assist the investigation of COVID-19 vaccination’s adverse events.”’
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Conclusion

Retinal Vein Occlusion (RVO) following COVID-19 vaccination was rare but has become one of the major concerns
after some cases were found since global vaccination started. It should be noted that there might be an occurrence of
visual disturbance after the COVID-19 vaccine, which clinicians should monitor closely. We could not suggest any
association between RVO and COVID-19 vaccination because of other underlying conditions and/or risk factors that the
patients had before the event. Therefore, further analysis with larger data is warranted.
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