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ABSTRACT

Background: To report the clinical manifestations of non-arteritic anterior ischemic optic 
neuropathy (NAION) cases after coronavirus disease 2019 (COVID-19) vaccination in Korea.
Methods: This multicenter retrospective study included patients diagnosed with NAION 
within 42 days of COVID-19 vaccination. We collected data on vaccinations, demographic 
features, presence of vascular risk factors, ocular findings, and visual outcomes of patients 
with NAION.
Results: The study included 16 eyes of 14 patients (6 men, 8 women) with a mean age of 63.5 ± 
9.1 (range, 43–77) years. The most common underlying disease was hypertension, accounting 
for 28.6% of patients with NAION. Seven patients (50.0%) had no vascular risk factors for 
NAION. The mean time from vaccination to onset was 13.8 ± 14.2 (range, 1–41) days. All 
16 eyes had disc swelling at initial presentation, and 3 of them (18.8%) had peripapillary 
intraretinal and/or subretinal fluid with severe disc swelling. Peripapillary hemorrhage was 
found in 50% of the patients, and one (6.3%) patient had peripapillary cotton-wool spots. In 
eight fellow eyes for which we were able to review the fundus photographs, the horizontal cup/
disc ratio was less than 0.25 in four eyes (50.0%). The mean visual acuity was logMAR 0.6 ± 
0.7 at the initial presentation and logMAR 0.7 ± 0.8 at the final visit.
Conclusion: Only 64% of patients with NAION after COVID-19 vaccination have known 
vascular and ocular risk factors relevant to ischemic optic neuropathy. This suggests that 
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COVID-19 vaccination may increase the risk of NAION. However, overall clinical features and 
visual outcomes of the NAION patients after COVID-19 vaccination were similar to those of 
typical NAION.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19), caused by the severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), has become one of the major global health problems to date.1,2 
After its efficacy and safety were reported in clinical trials, the Food and Drug Administration 
approved the first vaccine against SARS-CoV-2 in December 2020. Since then, several 
vaccines have received emergency authorizations for use in many countries worldwide.3,4

In the midst of the global pandemic, the safety and efficacy of COVID-19 vaccines are of 
special interest.5-7 Several ocular complications following COVID-19 vaccination have also 
been reported.8-10 Side effects of COVID-19 vaccination include ocular inflammation, vascular 
lesions, and cranial nerve palsy, including Bell’s palsy. However, the mechanism of events 
after COVID-19 vaccination remains unclear.

In Korea, where two recombinant mRNA vaccines (BNT162b2, Pfizer-BioNTech and mRNA-
1273, Moderna) and two adenovirus vector-based vaccines (ChAdOx1 nCoV-19, Oxford-
AstraZeneca and Ad26.COV2 Janssen, Johnson & Johnson) have been mainly distributed, a 
few cases of ocular disease after COVID-19 vaccination have been reported.11-14 However, with 
the widespread distribution of vaccines, the need for a nationwide survey of ocular disease 
after COVID-19 vaccination has been raised.

Therefore, the Korean Neuro-Ophthalmology Society (KNOS) has performed a nationwide 
survey for neuro-ophthalmologic diseases following COVID-19 vaccinations. This study 
aimed to report the clinical features of non-arteritic anterior ischemic optic neuropathy 
(NAION) after COVID-19 vaccination.

METHODS

We retrospectively reviewed the medical records of all patients diagnosed with NAION 
after COVID-19 vaccination between February 2021 and November 2021. Only patients 
who developed symptoms within 42 days of COVID-19 vaccination were included in this 
study.15,16 The diagnosis of NAION was based on the standard clinical criteria including: 
1) sudden onset of visual symptoms; 2) relative afferent pupillary defect; 3) swollen 
optic disc; and 4) any visual field (VF) defect.17 Patients likely to have optic neuritis were 
excluded by the following criteria: pain on eye movement, a history of any central nervous 
system inflammatory demyelinating disease, or seropositivity for aquaporin-4 or myelin 
oligodendrocyte glycoprotein antibody. Patients likely to have arteritis or inflammatory 
disease were also excluded by the following criteria: 1) any symptoms or signs of temporal 
arteritis; 2) an erythrocyte sedimentation rate higher than 50 mm/hr; 3) a history of vasculitis 
or other autoimmune diseases; and 4) any evidence of ocular inflammation such as iritis, 
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vitritis, or vitreous hemorrhage. We finally obtained reports of 14 patients (16 eyes) from 9 
centers, 1 of which had already been published in the literature.12

We obtained the following data based on COVID-19 vaccinations: the type of vaccine, the 
number of vaccine doses, and the time from vaccination to onset of symptoms. In addition, 
clinical data obtained with case report forms included basic demographic information (age, 
sex, and laterality of the involved eyes) and past medical history, including medication, initial 
symptoms, and treatment methods.

We also collected ocular imaging data at the initial presentation, including fundus photographs 
and optical coherence tomography images, as well as examination data for visual functions, 
such as visual acuity (VA) and VF test. Finally, we reviewed the VA at the final visit for analysis 
of visual outcomes. The VA was converted to logMAR for the analysis. Poor vision, classified as 
count finger, hand motion, light perception, and no light perception, was converted to logMAR 
1.7, 2.0, 2.3, and 3.0, respectively.18 The VF test was conducted using the Humphrey perimetry 
Swedish Interactive Threshold Algorithm 24-2 or 30-2 (Carl Zeiss Meditec, Inc., Dublin, CA, 
USA). Mean deviation (MD) measurements were used in the final analysis.

Continuous data are summarized and presented as mean ± standard deviation and range, 
while categorical data are presented as proportions and percentages. The Wilcoxon signed-
rank test was performed to compare the initial and final visual functions. All statistical 
analyses were performed using SPSS version 23.0 (SPSS Inc., Chicago, IL, USA). Statistical 
significance was established at P < 0.05 for all calculations.

Ethics statement
This multicenter retrospective study was conducted by the KNOS. The study protocol 
was reviewed and approved by the Institutional Review Board of each author’s institution 
(Institutional Review Board of Seoul National University Hospital (No. H-2112-036-1279) and 
Ethics Committee at Konkuk University Medical Center (No. 2021-12-029)). The study was 
conducted in accordance with the tenets of the Declaration of Helsinki. The requirement for 
informed consent was waived because of the retrospective study design.

RESULTS

Baseline demographics of the study population
This study included 14 patients with NAION, 8 (57.1%) of whom were women. The mean 
age of the patients was 63.5 ± 9.1 (range, 43–77) years. The mean time from vaccination to 
symptom onset was 13.8 ± 14.2 (range, 1–41) days. Bilateral NAION was present in 2 cases 
and occurred simultaneously on the same day. The most common underlying disease was 
hypertension, accounting for 28.6% of patients with NAION. Seven patients (50.0%) had 
no vascular risk factors for NAION. The demographic data of the study population are 
summarized in Table 1.

Types of vaccines
In six patients, NAION occurred after vaccination with the recombinant mRNA BNT162b2 
vaccine (Pfizer-BioNTech), and the other six patients were administered the adenovirus 
vector ChAdOx1 nCoV-19 vaccine (Oxford-AstraZeneca). The types of vaccines used in the 
remaining two cases were unknown.
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The clinical characteristics according to the type of vaccines are presented in Table 2. On 
average, NAION occurred 2.8 ± 1.3 (range, 1–4) days after BNT162b2 vaccination and 22.5 
± 14.2 (range, 4–41) days after ChAdOx1 nCoV-19 vaccination. Five of six patients who 
received BNT162b2 vaccination experienced NAION after the first dose, while three patients 
experienced NAION after the first dose of ChAdOX1 nCoV-19 vaccination.

Initial presentation of NAION
All patients complained of visual symptoms such as decreased vision or VF defects, and only 
one patient reported ocular pain. Of the 14 patients, 2 (14.3%) showed bilateral involvement 
of the disease; therefore, a total of 16 eyes with NAION were included in this study. All 16 
eyes had disc swelling at the initial presentation, and 3 (18.8%) of them had peripapillary 
intraretinal and/or subretinal fluid with severe disc swelling (Fig. 1). Peripapillary 
hemorrhage was found in 50% of the patients, and 1 (6.3%) patient had peripapillary cotton-
wool spots. We also obtained fundus photographs of the fellow eye of patients with unilateral 
NAION. In eight fellow eyes for which we were able to review the fundus photographs, the 
horizontal cup/disc (C/D) ratio was less than 0.25 in four eyes (50.0%, group 1), while the 
fellow eyes of the other four cases (group 2) had horizontal C/D ratios greater than 0.25. 
Age, sex, and vaccination type did not differ between the two groups. However, none of the 
patients in group 2 had vascular risk factors, which were found in 50% of the cases in group 
1. In group 2, NAION occurred in all cases after the second dose of vaccination, whereas in 
group 1, NAION occurred after the first dose.
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Table 1. Baseline demographic data of the study population
Demographic characteristics Non-arteritic anterior ischemic optic neuropathy (n = 14)
Age, yr 63.5 ± 9.1 (43–77)
Sex, male:female 6:8
Time from vaccination to onset of symptoms, days 13.8 ± 14.2 (1–41)
Past medical history, No. (%)

Diabetes 1 (7.1)
Hypertension 4 (28.6)
Hyperlipidemia 2 (14.3)
Cardiovascular disease 2 (14.3)
Cerebrovascular disease 1 (7.1)

Table 2. Clinical characteristics of patients with non-arteritic anterior ischemic optic neuropathy according to the 
type of coronavirus disease 2019 vaccines

Clinical characteristics Recombinant mRNA 
BNT162b2 vaccine  

(Pfizer-BioNTech) (n = 6)

Adenovirus vector ChAdOx1 
nCoV-19 vaccine  

(Oxford-AstraZeneca) (n = 6)
Age, yr 59.7 ± 11.8 (43–77) 64.4 ± 5.4 (54–69)
Sex, male:female 3:3 2:4
Time from vaccination to onset of symptoms, daysa 2.8 ± 1.3 (1–4) 22.5 ± 14.2 (4–41)
No. of vaccine doses, 1st dose:2nd dose:3rd dose 5:1:0 3:3:0
Past medical history, No. (%)

Diabetes 1 (16.7) 0 (0.0)
Hypertension 3 (50.0) 1 (16.7)
Hyperlipidemia 1 (7.1) 0 (0.0)
Cardiovascular disease 0 (0.0) 0 (0.0)
Cerebrovascular disease 1 (16.7) 0 (0.0)

Visual acuity at the initial presentation, logMAR 0.6 ± 0.6 (0.2–1.7) 0.9 ± 0.8 (0.0–1.7)
Visual acuity at the final presentation, logMAR 0.5 ± 0.4 (0.1–1.0) 1.2 ± 1.0 (0.0–2.3)
aData of two patients were missing.



Visual outcomes
Of the 16 eyes, initial and final VA data were obtained from 14 and 13 eyes, respectively. The 
mean initial VA was logMAR 0.6 ± 0.7 (range, 1.7–0.0). After a mean follow-up period of 
5.9 ± 2.7 months, the mean final VA was logMAR 0.7 ± 0.8 (range, 2.3–0.0), and five cases 
(38.5%) had a final VA of logMAR 1.0. Of the 12 eyes that had data of both initial and final 
VA, 2 (16.7%) had visual improvement ≥ logMAR 0.3, and the other two (16.7%) showed 
progression of visual impairment ≥ logMAR 0.3. No significant difference was observed 
between the initial and final VA values (P = 0.453) (Fig. 2).

The VF test was performed at the initial and final visits in 13 and 12 eyes, respectively. At 
the initial presentation, seven eyes (53.8%) showed an altitudinal VF defect. Total defects 
were detected in four eyes (30.8%) and non-specific focal defects in two eyes (15.4%). To 
evaluate VF defects quantitatively, we collected the MD values of the VF test using Humphrey 
perimetry. The initial MD was −12.3 ± 10.3 dB (range, −32.79–1.05 dB), and the final MD was 
−15.1 ± 10.7 dB (range, −31.23–0.74 dB). There was no significant difference between the 
initial and final MD values (P = 0.375).

DISCUSSION

There have been few reports on post-vaccination NAION. Only three cases following 
influenza vaccination have been reported, and one of them was taking a phosphodiesterase-5 
inhibitor, which is one of the risk factors for NAION.19,20 In Korea, free influenza vaccination 
is provided to people over the age of 65 under the National Immunization Program, but 
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Total deviation Pattern deviation

A

B

Fig. 1. Images of the fundus and visual field maps. (A) Fundus photograph and corresponding horizontal cross-
sectional optical coherence tomography scan in a patient with non-arteritic anterior ischemic optic neuropathy 
following coronavirus disease 2019 vaccination. Severe optic disc edema and peripapillary sub-retinal fluid 
(white arrow) are seen. (B) Visual field test results (grayscale map, total deviation probability map, and pattern 
deviation probability map) of the patients show the inferior altitudinal defect.



there have been no NAION case reports after influenza vaccination. However, NAION after 
receiving the COVID-19 vaccine has been reported more frequently than after other vaccines. 
The number of vaccine doses administered during the same period in Korea was 49,736,449 
for BNT162b2 and 20,309,089 for ChAdOx1 nCoV-19. Accordingly, the incidence of NAION 
following COVID-19 vaccination, calculated by dividing the number of events by the number 
of vaccine doses, was 0.12 cases per million doses after BNT162b2 and 0.30 cases per million 
doses after ChAdOx1 nCoV-19, which was similar to those reported in other countries in 
population-based pharmacovigilance surveillance systems.9 This may be due in part to 
the recent high interest in COVID-19 pandemic and its vaccines. Despite this, COVID-19 
vaccination may have a significant association with the risk of NAION.

Transient nonperfusion or hypoperfusion of the optic nerve head (ONH) is by far 
the commonest etiology of NAION.21 Nachbor et al.22 suggested immune-mediated 
microangiopathy by the vaccine-induced inflammatory cascade in NAION associated with 
COVID-19 vaccination. Triggering the inflammatory cascade itself might adversely affect 
vascular function.23,24 Furthermore, transient endothelial dysfunction induced by the 
mRNA vaccine against COVID-19 was reported.25 This can partially explain the perfusion 
insufficiency in NAION following COVID-19 vaccination.

Although embolic lesions of the arteries/arterioles feeding the ONH are only an occasional 
cause of NAION, they should be considered as one of the mechanisms of NAION following 
COVID-19 vaccination. Recently, vaccine-induced immune thrombotic thrombocytopenia 
(VITT) has been reported following the administration of COVID-19 adenovirus vector-based 
vaccines and recombinant mRNA vaccines.26 VITT may contribute to the development of 
NAION by inducing arterial thrombosis or thromboembolism in the posterior ciliary artery, 
particularly in patients with NAION combined with other ocular ischemic lesions such as 
retinal arterial or venous occlusion and cotton-wool spots.27

6/9

NAION Following COVID-19 Vaccination

https://doi.org/10.3346/jkms.2023.38.e95https://jkms.org

NLP

LP

HM

CF

Initial visual acuity Final visual acuity

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

Lo
gM

AR

a
a

Fig. 2. Line chart showing the changes of visual acuity. 
NLP = no light perception, LP = light perception, HM = hand motion, CF = count finger. 
aTwo eyes showed the same changes.



In our case series, NAION occurred within four days of the BNT162b2 vaccination, whereas it 
occurred on an average of three weeks after the ChAdOx1 nCoV-19 vaccination. The previous 
report on optic neuropathy after COVID-19 vaccination presented cases with various periods 
between the vaccination and symptom onset.28 Due to the very low incidence of NAION 
after COVID-19 vaccination, it is difficult to statistically compare and evaluate the significant 
difference in the clinical course of post-vaccination NAION. In addition, the clinical 
characteristics including the risk of vascular diseases may be different according to the type 
of vaccine as the patients over 75 years of age had been given the BNT162b2 vaccination for 
the first and second shots. However, differences in the clinical course according to the type of 
vaccination should be considered in the future.

The appearance of the affected optic disc in our patients was not different from that 
previously reported. Peripapillary hemorrhage was frequently noticed, and peripapillary 
intra- and sub-retinal fluid was also found in approximately 20% of patients, which was 
comparable to previous reports.29,30 Meanwhile, a crowded optic disc, which is a well-known 
risk factor for NAION, was found in half of the fellow unaffected eyes. Although statistical 
comparison with previous studies is difficult due to the small number of subjects in the 
current study, the proportion of crowded optic discs is considered to be lower than that in 
previous studies.31,32 Interestingly, all patients without a crowded optic disc in the fellow 
eye had experienced NAION after the second dose of the COVID-19 vaccine. Compared with 
the first dose, the second dose of the vaccine caused a prominent increase in inflammatory 
markers, resulting in transient deterioration of endothelial function.25 This implies that post-
vaccination inflammation and consequent endothelial dysfunction may have contributed 
to the development of NAION after COVID-19 vaccination, although there was no clinical 
evidence of vasculitis in those patients. Taken together, our cases suggest that COVID-19 
vaccination may increase the incidence of NAION in patients with no risk factors for ischemic 
optic neuropathy.

The visual prognosis was similar to the clinical course of NAION reported in a previous 
randomized control study.33 In the current survey, there were two cases (16.7%) with a visual 
improvement of logMAR 0.3 or higher and five cases (38.5%) with a final VA of logMAR 
1.0 or worse. Therefore, the clinical course and visual outcomes of NAION after COVID-19 
vaccination may be in accordance with those of general NAION.

This study has the inherent limitations of the case series: retrospective design, impossibility 
to establish a cause-effect relationship, and lack of ability to generalize. First, owing to the 
retrospective nature of the study, we were unable to collect clinical data from all subjects. 
We could not fully obtain the data on sleep apnea syndrome, which is well known to be 
associated with NAION.34 In addition, we did not have laboratory data such as complete 
blood count, coagulation test, D-dimer, and fibrinogen, which can aid in the detection 
of thrombophilia or VITT. Second, we included all patients with NAION who developed 
symptoms within 42 days of the COVID-19 vaccination. We confirmed a temporal relationship 
between vaccination and NAION, not causality. However, it should be noted that the vaccine 
adverse event reporting system is based on the time relationship between vaccination and 
adverse effects. Last, a nationwide survey should be performed to confirm the incidence 
and evaluate the risk of NAION after COVID-19 in total population. However, the current 
study is the largest multicenter survey on NAION after the COVID-19 vaccine in Korea, and 
has its strength in that the diagnosis of NAION in all patients was confirmed by a neuro-
ophthalmologist.
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In conclusion, although there is no doubt that vaccination against SARS-CoV-2 is essential to 
end the global COVID-19 pandemic, adverse events should also be monitored, considering that 
vaccines are administered to a large number of healthy people. Clinicians should be aware of 
the possibility of NAION occurrence after COVID-19 vaccination, even in cases without crowded 
optic discs and vascular risk factors. Considering the postulated mechanisms, clinicians may 
consider the evaluation for hypercoagulopathy or systemic inflammation. The majority of the 
clinical features and visual outcomes were similar to those of typical NAION. Further studies are 
required to determine the causality between NAION and COVID-19 vaccination.
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