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[T I N R

Abstract: Purpose: To review the demographic and clinical profile of patients developing acute
macular neuroretinopathy (AMN) or paracentral acute middle maculopathy (PAMM) after receiv-
ing coronavirus disease-2019 (COVID-19) vaccination or infection. Methods: In this review article,
the published literature was searched to determine cases developing either AMN or PAMM after
COVID-19 vaccinations or infections. Data, including demographic profile, presenting features,
symptoms, diagnosis, and clinical outcomes, were extracted from the selected publications. These
parameters were compared between the two groups, i.e., patients developing AMN/PAMM either
after vaccination or infection. Results: After the literature review, 57 patients developing either AMN
(n =40), PAMM (n = 14), or both (n = 3) after COVID-19 infection (1 = 29) or vaccination (n = 28) were
included (mean age: 34.9 + 14.4 years; n = 38; 66.7% females). In 24.6% patients, the diagnosis of
COVID-19 infection was preceded by the development of ocular disease. There were no significant
differences in the age or gender between the patients developing AMN or PAMM after vaccination
or infection (p > 0.13). Among the vaccination group, the highest number of patients developing
AMN /PAMM were after the Oxford-AstraZeneca (n = 12; 42.9%). Patients with vaccination had a
significantly early onset of AMN/PAMM compared to those with infection (11.5 + 17.6 days versus
37.8 & 43.6 days; p = 0.001). Conclusions: Both AMN and PAMM are reported to be associated with
COVID-19 infections and in persons receiving vaccination against COVID-19. While COVID-19
infections and vaccinations may have a contributory role, other risk factors such as oral contraceptive
pills may also play a role in the development of the disease.

Keywords: acute macular neuroretinopathy; paracentral acute middle maculopathy; SARS-CoV-2
infection; COVID-19; vaccination; optical coherence tomography

1. Introduction

Novel SARS-CoV-2 infection is attributed to the result of a hypercoagulable state,
which can induce thrombus formation leading to local embolism in the small vessels
and micro-vessels of the relevant target organs [1]. Various other pathological events
leading to a pro-inflammatory and anti-fibrinolytic state, such as the development of
antiphospholipid antibodies and increase in D-dimer levels, were reported to contribute
to the hypercoagulable state in patients with COVID-19 [1]. Similarly, several reports of
unusual thromboembolic adverse events were reported following the widespread use of
anti-SARS-CoV-2 vaccinations. In accordance with the literature, various clinical conditions
secondary to thromboembolic and ischemic episodes were reported in the eyes of patients
with COVID-19 infection and in patients receiving anti-SARS-CoV-2 vaccinations [2,3].

In a prospective cross-sectional study by Sim et al., one in nine patients with COVID-19
infections had microvascular alterations on ocular imaging, and these signs were observed
even in asymptomatic patients with normal vital signs [4]. On the other hand, the exact
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cause or association between such microvascular changes and COVID-19 vaccination is
not clear, but there are several reports that have highlighted the role of vaccine-induced
inflammation.

Acute macular neuroretinopathy (AMN) is a rare, outer retinal, microvascular disorder
characterized by acute onset wedge-shaped or petaloid perifoveal lesions and ischemia of
the deep retinal capillary plexus, involving the external limiting membrane and photore-
ceptors. Paracentral acute middle maculopathy (PAMM) is also a manifestation of outer
retinal ischemia with intermediate/deep retinal capillary plexus involvement but limited
to the inner nuclear layer, outer plexiform/nuclear layers. Various systemic risk factors are
reported in association with AMN: flu-like illness, fever, oral contraceptive use, systemic
shock, antecedent trauma, and dengue fever, among others. A non-specific flu-like illness
or fever was reported in almost half of the patients in a review of 101 cases of AMN [5].
PAMM was reported with various other retinal vascular diseases such as retinal vascular
occlusions, inflammatory chorioretinopathies, congenital glaucoma, foveal hypoplasia,
various intraocular and extraocular surgeries, and systemic vascular diseases, as well as in
healthy patients [6]. Recently, there has been an increase in the literature concerning these
two entities in patients with SARS-CoV-2 infection and in patients with anti-SARS-CoV-2
vaccinations.

2. Materials and Methods

The study was designed as a review of published AMN and PAMM cases in the
literature associated with COVID-19 infections or vaccination. Since the study analyzed
published manuscripts, institutional ethics clearance was not required for the study, and
there were no informed consent documents. The study adhered to the tenets of the declara-
tion of Helsinki. We conducted a detailed review of the literature on Medline (National
Library of Medicine/PUBMED) from December 2020 until 30 September 2022. The search
was conducted by two ophthalmologists (retina specialists with fellowship training) using
terms such as ‘acute macular neuroretinopathy’, ‘paracentral acute middle maculopathy’
AND/OR ‘SARS-CoV-2/, “COVID-19’, and ‘COVID-19 vaccine’. The bibliographies of the
retrieved articles were searched thoroughly to find relevant articles.

The manuscripts in the English language were selected for further analysis only. The
inclusion criteria were published cases, case series, or original articles of patients with
the diagnosis of either AMN, PAMM, or both associated with COVID-19 infection or
vaccination. We included studies with either definitive diagnosis of COVID-19 or recipients
of COVID vaccination (any approved type of vaccine), including booster doses. Cases
without a definitive diagnosis of COVID-19 infection were excluded from this analysis [7].
If a case exhibited pre-existing AMN or PAMM, they were excluded from the analysis. The
definition of AMN and PAMM was used based on the published manuscripts, essentially
with the help of clinical examination, fundus photography, and multimodal imaging
techniques including optical coherence tomography (OCT), fluorescein angiography (FA),
and optical coherence tomography angiography (OCTA), whichever were available.

For the purpose of the study, we collected available demographic data from the
published cases, including data such as gender, age, ethnicity, and geographic location (if
available). The data concerning previous or current COVID-19 infection and vaccination
(type, number of doses, and time since last dose) were noted. The medical history of
the patients available in the published cases, such as history of drug intake, pre-existing
medical conditions, previous surgeries, or ocular findings were noted. The details of the
ophthalmic examination and imaging findings were noted for each case. The course of
the AMN and PAMM lesions were obtained, and treatments prescribed were also noted.
Any additional clinical data such as additional diagnoses, complications, or findings were
noted.

The data were collected in a pre-designed data collection sheet by two ophthalmol-
ogists. Data analysis was performed using GraphPad Prism® (GraphPad Software Inc.,
LaJolla, CA, USA) version 6.0. The demographic data were expressed in mean and stan-
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dard deviation. The parameters between two groups, namely, AMN versus PAMM, and
AMN or PAMM after vaccination or after COVID-19 infection were compared using Mann—
Whitney U test. Binary data between the groups were analyzed using Chi Square test. The
clinical findings, course of the disease, complications and other data were described using
descriptive statistics. The total follow-up was also described using mean and standard
deviation. The statistical significance was denoted by p < 0.05 and 95% confidence interval.

3. Results

A total of 57 cases of AMN and PAMM were obtained after analysis of the published
literature. The mean age of all the patients included in the analysis was 34.9 & 14.4 years.
Among them, 29 developed either AMN or PAMM following COVID-19 infections (50.9%)
(Table 1), and the other 28 had a history of recent COVID vaccination (49.1%). There
were 38 females in the cohort (66.7%). (Tables 1 and 2 describe the demographic features
of the patients included in the study). The number of reported cases of AMN (n = 40;
70.2%) was higher than PAMM (n = 14; 24.6%). PAMM was more commonly seen in
patients with COVID-19 infections (n = 10) than in patients following vaccinations (1 = 4).
PAMM was associated with central retinal artery occlusion (CRAO) in two patients with
COVID-19 infection and in one patient with cilioretinal artery occlusion [8-10]. Turedi and
Onal Gunay described the case of a 54-year-old male who developed CRAO two weeks
following COVID-19 infection [8]. The laboratory work-up was non-contributory, and
ancillary imaging after five days of diagnosis of CRAO revealed a diagnosis of coexisting
PAMM [8]. In another case report by Matilde et al., a 41-year-old male presented with
an optic neuritis-like picture in the left eye and was treated with pulse corticosteroid
therapy. After three days, the patient developed Purtscher-like retinopathy, and a diagnosis
of atypical CRAO was considered. OCT of the left eye revealed a PAMM lesion in this
patient [9]. Subsequently, the patient tested positive at PCR for COVID-19 infection after he
developed flu-like symptoms [9]. Two patients had combined features of AMN and PAMM
in patients with the COVID-19 infected group, whereas one such case was reported in a
vaccinated patient [11-13].

Table 1. Review of Literature of AMN and PAMM cases in COVID-19 patients.

Duration

Presenting

Author Age/Sex (Days) Laterality Diagnosis Symptoms Clinical Findings Outcome
Azar et al. [7] 21/M NA Right Eye AMN Central Scotoma NA Favorable
28/F NA Both Eyes AMN Paracentral scotoma NA NA
27/F NA Both Eyes AMN Paracentral scotoma NA NA
22/F NA Right Eye AMN Paracentral scotoma NA NA
Turedi and . CRAO + - Pale, white retina and
Onal Gunay [8] 54/M 14 Right Eye PAMM Vision loss “cherry-red spot appearance”
Initially unremarkable,
. . multiple Purtscher-like CWS,
Matﬂ(il)e etal 41/M - Left Eye atyplljcp:illl\ACMRAO, Decreased vision slight retinal whitening Favorable
] around the fovea, and
cherry-red spot
Focal area of well-demarcated
. . retinal whitening over the
Ozsayginetal g6/ 14 Left Eye PAMM Centra Visual Field  gistribution of a ClLRAinthe  Favorable
(1] elec superior papillomacular
bundle region
Gascon et al Loss of vision, Retinal hemorrhages, Roth
[11] ) 53/M - Left Eye AMN/PAMM Negative scotoma, spots, subtle whitish NA
Dyschromatopsia. Parafoveal lesions.
Paracentral and Triangular deeper retinal
Goyal et al. 32/M 120 B . . greyish-white lesion located
oth Eyes AMN/PAMM triangular negative NA
[12] cotoms superonasal to center of
macula in right eye
Diaphoresis, . .
Preti et al. [14] 70/M - Left Eye AMN Paracentral scotoma, OD: Unremarkable OS: Old Favorable

Vision loss

scleral buckle
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Table 1. Cont.

Duration . . . Presenting .. L.
Author Age/Sex (Days) Laterality Diagnosis Symptoms Clinical Findings Outcome
Capuano et al. 27/M } Left Eye PAMM Paracentral scotoma, Subtle yellowish perifoveal Partial Im-
[15] Dyschromatopsia halo provement
37/F - Both Eyes AMN Paracentral scotoma Alternated foveal reflex Favorable
Naughton et al CWS, Intraretinal
& [16] ’ 28/M NA Both Eyes PAMM Decreased vision haemorrhages, Retinal pallor ~ Favorable
in fovea
Mace and Photopsia, .
Pipelet [17] 39/F 2 Both Eyes AMN Para-central scotoma Unremarkable Persistent
Aidar et al. 71/F 14 Left Eye AMN Diminution of vision ~ Foveal pigment mobilization No Im-
[18] provement
Padhy et al. 19/F 14 Both Eyes PAMM Scotoma CWS, subtle white lesions at Favorable
[19] macula
Castro et al Superficial hemorrhages in
[20] ’ 36/F 63 Both Eyes PAMM Blurred vision macula and peripheral retina ~ Favorable
in left eye
Jonathan et al. . . o Scotoma
[21] 47 /M 60 Right Eye PAMM Paracentral scotoma Retinal Whitening persisted
Dlaf[z;sé]e tal 59/M 14 Both Eyes AMN Blurred vision Unremarkable Favorable
24/F 7 Both Eyes AMN Paracentral Scotoma.  Perifoveal dark grey patches No Im-
provement
Virgo et al. [23] 32/M 16 Right Eye AMN Paracentral Scotoma Unremarkable
37/F 35 Left Eye PAMM Paracentral Scotoma. Unremarkable NA
Parafoveal hyper-pigmented
Sonmgz etal 41/F 30 Right Eye PAMM Paracentral Scpt.oma, round lesion and increased NA
[24] Decreased Vision .
vascular tortuosity
Giacuzzo et al. Photopsias,
[25] 23/F - Both Eyes AMN Paracentral Scotomas Unremarkable Favorable
. . Scotoma
Jalink and 29/F 150 Left Eye AMN Paracentral scotoma Subtle alterations around Un-
Bronkhor [26] fovea
changed
Zamani et al Paracentral scotoma Multiple hemorrhages with Died due
' 35/F - Both Eyes AMN ! ’ white or pale center (Roth’s  to pneumo-
[27] Photopsia .
spots) nia
Multiple subtle
David and reddish-brown petaloid
Fivgas [28] 22/¥ ) Both Eyes AMN Scotoma lesions radiating from the NA
fovea
Masjedi et al. 29/F 14 Left Eye AMN Paracentral scotoma Unremarkable SCOt.O ma
[29] persisted
Deshmukh 56/F - Left Eye AMN Paracentral scotoma Parafoveal retinal whitening Stable

et al. [30]

M = male, F = female, AMN = acute macular neuroretinopathy, PAMM = paracentral acute middle maculopathy,
CRAO = central retinal artery occlusion, CWS = cotton wool spot.

In 14 patients (24.6%), the diagnosis or confirmation of COVID-19 infection was
preceded by the ocular symptoms and/or signs of AMN/PAMM [11,14,15]. Bilateral
involvement was almost similar in both cohorts. The patients who developed AMN and
PAMM after COVID-19 vaccinations were relatively younger than the cohort with COVID-
19 infection, though it did not reach statistical significance (32.04 £+ 13.2 years versus
36.7 £ 14.4 years; p = 0.13). Female predilection was more frequently observed in the
cohort with COVID vaccination (though not statistically significant) (21 out of 28 patients;
75% versus 18 out of 29 patients; 62%) (p = 0.29). Among the female patients, 71% were
either on or were using oral contraceptive pills or hormonal devices for birth control.

A total of 21 patients developed AMN and PAMM after the first dose of vaccination,
Oxford-AstraZeneca (ChAdOx1-S (recombinant) vaccine) (n = 12) was the most common
vaccine received by the patients in this group, followed by BNT162b2 (Pfizer Inc./BioNTech
SE, Mainz, Germany) (referred to as Pfizer-BioNTech vaccine) and Sinopharm BIBP COVID-
19 vaccine (referred to as Sinopharm BIBP vaccine) (n = 5 each), mRNA-1273 (Moderna
Therapeutics Inc., Cambridge, MA, USA) (referred to as Moderna vaccine) (n = 4). One
patient developed AMN in both eyes after Ad26.COV2.S (Janssen Pharmaceuticals, Beerse,
Belgium) (referred to as Janssen Vaccine). Fourteen patients exhibited bilateral involvement
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in the vaccinated group, and among them, 12 had AMN and in one patient, both AMN and
PAMM were described after COVID-19 vaccination. The details are provided in Table 2.

Table 2. Review of Literature of Cases with AMN and PAMM cases in patients following COVID-19

vaccinations.
Duration = COVID-19 Vaccine . . . Presenting .
Authors  Age/Sex (Days) (Dose) Diagnosis  Laterality Symptoms Clinical Features Outcome
Vinzamuri .
etal. 35/M 30 Oxford-AstraZeneca PAMM/AMN Both Eyes Blulrrel((:l vision, Unremarkable Favorable
[13] 2) Black spots
Di Orange-brown
iafas Photopsia, Small oval-shaped lesion
etal. 54/M 21 Pfizer-BioNTech (1) AMN Left Eye psia, p NA
scotoma superotemporal to
[22]
the fovea
Jalink
and . Paracentral Faint, brownish circle
Bronkhorst 42/F 45 Moderna (2) AMN Right Eye Scotoma nasal to the fovea Favorable
[26]
Zaheer Oxford—AstraZeneca Two paracentral
etal. 22/F 5 AMN Right Eye p Unremarkable Stable
[31] 1) scotomas, Flashes
Afonso Oxford-AstraZeneca Paracentral REd. brown petaloid . Stight
28/F 2 AMN Both Eyes lesions around the improve-
etal [32] 1) Scotoma f
ovea. ment
Pichi
etal. NA 5 Sinopharm BIBP (1) AMN Left Eye Vision Loss NA Favorable
[33]
NA NA Sinopharm BIBP (1) AMN NA NA NA
NA 1 Sinopharm BIBP (1) PAMM LeftEye ~ Drurringofvision, A dothemorrhage NA
Inferior scotoma superior to the fovea.
Patel
and Paracentral
Yonekawa 26/F 2 Janssen (1) AMN Both Eyes Scotoma Unremarkable NA
[34]
Bohler Oxford-AstraZ Paracentral Teardrop-shaped
ot al. 27/F 2 xford—AstraZeneca AMN Left Eye aracentra eardrop-shape NA
[35] 1) Scotoma macular lesion
Book Circumscribed
etal. 21/F 3 Oxford-AstraZeneca AMN Both Eyes Paracentral paracentral dark NA
(1) Scotoma .
[36] lesions.
Dehghani .
etal. 38/M 14 Sinopharm BIBP (1) PAMM RightEye  1ashes of light, Unremarkable NA
[37] Scotoma
Mambretti
etal. 22/F 2 Oxford—;?i‘.;raZeneca AMN Right Eye Scotoma Unremarkable NA
[38]
28/F 2 Oxford-AstraZeneca AMN Right Eye Paracentral Unremarkable NA
1) scotoma
Bolletta
etal. 24/F 2 Oxford—/?ic,;raZeneca AMN Both Eyes  Visual field defect NA Favorable
[39]
Ishibashi
etal. 33/F 8 Pfizer-BioNTech (2) AMN Left Eye Field defect Unremarkable NA
[40]
62/M 7 Pfizer-BioNTech (2) PAMM Left Eye Visual field defect Unremarkable NA
Subtle white lesions
Malerbi . at the macula in RE
etal [41] 50+/F 30 Sinopharm BIBP (1) PAMM Both Eyes Scotoma and marked lesions Favorable
in LE
Sanjay S e
etal. 25/F 3 Oxford-AstraZeneca AMN Both Eyes ]?1m1nut1on of Unremarkable NA
[42] 1) Vision, Scotoma
a subtle brownish
rimmed lesion
Driike D parafoveal in the
etal. 23/F 1 Oxford-AstraZeneca AMN Both Eyes Paracentral right eye and a Favorable
1) Scotoma . .
[43] bigger blurred lesion

nasal to the macula
in the left eye
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Table 2. Cont.

Duration =~ COVID-19 Vaccine . . . Presenting ..
Authors  Age/Sex (Days) (Dose) Diagnosis  Laterality Symptoms Clinical Features Outcome
Valenzuela Photopsias
DA etal. 20/F 2 Pfizer-BioNTech (2) AMN Both Eyes psias, Unremarkable Favorable
[44] Scotomata
Perifoveal
Rennie Paracentral intraretinal
AT 21/F 3 Moderna (2) AMN Both Eyes Scotom. hemorrhage, Favorable
et al. [45] cotomas Reddish-brown
perifoveal lesions
BellurS Diminution of Subtle, pigmentar Mild
etal. 64/F 3 Moderna (1) AMN Both Eyes . ' P18 y Improve-
/ Vision changes in Macula
[46] ment
Franchi Large,
Actal. 19/F 1 Oxford-AstraZeneca AMN Both Eyes Sudd.er.l onset of opaque-appearing Favorable
) 1) fortifications parafoveal
[47]
wedge-shaped areas
Sudden onset of Small
31/F 2 Oxford-AstraZeneca AMN Both Eyes fortifications, opaque-appearing Favorable
1) Paracentral area superior to the
Scotoma fovea
. Blurred vision, .
40/F 45 Moderna (2) AMN Right Eye Photopsia Pigmentary Changes  Favorable
Gabrielle Oxford—AstraZen Paracentral
PH et al. 25/F 1 0 (i) aseneca AMN Both Eyes Scotoma, Unremarkable NA
[48] Blackspots
Chen S
and . . Paracentral Oval parafoveal
Hodge C 21/F 70 Pfizer-BioNTech (1) AMN Left Eye Scotoma lesions NA
[49]

M = male, F = female, AMN = acute macular neuroretinopathy, PAMM = paracentral acute middle maculopathy,
# Symptoms started within 20 min of vaccination.

The cohort of patients with COVID-19 vaccination exhibited significantly early on-
set of AMN and PAMM when compared with the patients with SARS-CoV-2 infection
(11.5 £ 17.6 days versus 37.8 + 43.6 days; p = 0.001). One patient developed ocular symp-
toms within 20 min of vaccination, along with systemic symptoms such as malignant
hypertension [33].

4. Discussion

Since its first description in 1975, one systemic review identified 101 cases of reports
of AMN published before December 2014 [5] Our literature review shows a tremendous
increase in reports of AMN and PAMM following COVID-19 infection and COVID-19
vaccinations in comparison to the previously published literature on these two clinical
entities. The increase in awareness of these clinical entities and the greater use of optical
coherence tomography (OCT) and other imaging such as OCT angiography (OCTA) in
clinical practice are probably responsible for such an increase in these reports. Furthermore,
viral flu-like illness and fever are already known systemic risk factors for AMN. In the
published literature, we found a higher proportion of female patients developing AMN
and PAMM. This could be attributed to a high percentage (more than 70%) of the female
patients using hormone control and OCP that may have contributed to the increased risk
of thromboembolic events in patients receiving COVID-19 vaccines. Therefore, due to the
presence of confounding factors, our findings do not indicate that females may be more
prone to developing retinal ischemic events following COVID-19 infections or vaccinations.
This needs further assessment in the future studies.

It may be possible that many cases of AMN and PAMM resulting due to COVID-19
infections or vaccinations may be under-reported. There are other publicly available
databases that provide information following adverse events related to vaccination, notably,
the Vaccine Adverse Event Reporting System (VAERS), which is co-sponsored by the
Centers of Disease Control (CDC) and the United States Food and Drug Administration
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(US-FDA). The VAERS is a self-reporting system available to the general population, as
well as physicians, who can enter and report adverse events related to their vaccination.
Since this is a freely available resource and voluntary in nature, it does not capture all
the details regarding the adverse event, and there could be events that are unreported in
VAERS database. In our study, we have not performed a VAERS database search. This
is because data from VAERS are not peer-reviewed, and therefore, it is inappropriate to
combine it with the data obtained from published research for this manuscript. The disease
manifestations of AMN and PAMM may also be very subtle in nature. Considering the self-
limiting course of these two conditions and possible minimal clinical signs and symptom:s,
many such cases of AMN/PAMM may have been unnoticed and, hence, were not reported,
leading to a reporting bias.

A significant risk of systemic thrombotic complications leading to complement-mediated
thrombotic microangiopathy in SARS-CoV-2 infection is now well proven. Our review
showed a higher number of PAMM cases in patients with COVID-19 infection. Patients with
COVID-19 infection are, thus, at higher risk of developing the acute phase of ischemia of reti-
nal capillary plexuses that may lead to PAMM. To add to it further, PAMM was reported in
patients with pulmonary embolism [16] in association with retinal artery occlusions [8,10,12]
and raised D-dimer levels [41].

Our study has various limitations including reporting bias, as stated earlier. Other
limitations include lack of uniform diagnostic testing and follow-up and lack of treatment
guidelines or uniformity. There may be cases where the cause-and-effect association may
be weak. It is possible that there could be multiple confounding factors that could exist,
leading to the development of AMN and PAMM. Due to the significant interest in the ocular
and systemic effects of COVID-19 in the scientific community, it is possible that there could
be a publication bias leading to a higher number of reports on AMN and PAMM following
either COVID-19 infection or vaccination. The pathophysiological mechanisms of the
development of deep retinal ischemia such as AMN or PAMM after vaccination (including
vaccines with different mechanisms of action) and COVID-19 infection are still speculative
and under investigation. Based on the available reports, it is difficult to conclude which
vaccine confers a higher risk of either AMN or PAMM in the recipients.

5. Conclusions and Future Directions

In summary, both COVID-19 infection and vaccination against COVID-19 have been
implicated with the development of AMN and PAMM detected using clinical examination
and multimodal imaging using OCT and OCTA. The exact strength of this association,
or the level of contribution of COVID-19 vaccine/infection in comparison with other risk
factors such as OCPD, is yet to be ascertained. Patients developing AMN or PAMM after
COVID-19 vaccination tend to be younger and develop the disease within a shorter duration
of time compared to those developing the disease after COVID-19 infection.

In the future, it is necessary to focus research on the true risk of ischemic events
arising from both COVID-19 infections and vaccinations and if there are certain exogenous
or endogenous risk factors that contribute to a higher risk of thromboembolic events
compared to the general population. With a hope that the future burden of COVID-19
disease will reduce, it will become imperative to understand the real safety and efficacy of
the vaccination itself and if there could be improvements in the molecular composition that
may reduce adverse events attributed to the vaccine.
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manuscript.
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