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Purpose: Following the emergence of coronavirus disease 2019 (COVID-19) eye care practitioners have become accustomed to
identifying and managing an array of ocular complications following the viral infection. Acute macular neuroretinopathy (AMN) is
one such complication that has been reported. While the etiology of AMN has eluded researchers, current literature is suggestive of a
microvascular compromise within the deep capillary plexus of the retina.

Observations: In this case series, we aim to explore two individual cases of presumed AMN following confirmed COVID-19
infection. Our observations and findings support the diagnosis of AMN following the criteria outlined in literature.

Conclusion and Importance: Although acute macular neuroretinopathy is rare, it should be considered by clinicians when considering
diagnosis. With the changing landscape of the pandemic, careful and thorough history and testing are key in the diagnosis of AMN.
Keywords: COVID-19, acute macular retinopathy, neuroretinopathy

Introduction

Acute macular neuroretinopathy (AMN) is a rare disease causing transient or permanent vision loss. It is characterized by
a wedge-shaped, dark-reddish intraretinal lesion pointing toward the fovea.! Although AMN’s etiology is not understood,
recent studies have suggested a microvascular origin, where ischemia causes depletion of the oxygen supply to the
photoreceptors.” Studies using spectral-domain optical coherence tomography (SD-OCT) identified a relationship
between AMN and ischemia in the retinal deep capillary plexus (DCP).’

The literature review reports an associated relationship between viral infections such as influenza and AMN.* There has
been a notable surge in AMN cases adjunct to COVID-19 throughout the pandemic.” COVID-19 is known to cause an
inflammatory response and vascular alteration.® Therefore, the currently theorized etiology suggests that the hypercoagulable
state and vasculitis caused by COVID-19 create microthrombosis leading to an increased incidence of AMN.>’

This case series details two cases of presumed unilateral and bilateral AMN in patients with mild COVID-19 infection
and our observations.

Case Report

Patient A was a 20-year-old Hispanic female who presented with worsening bilateral blurred vision and decreased visual
acuity after an RT-PCR confirmed case of COVID a year prior. She had a history of uncontrolled type 1 diabetes with an
H-A1C of 13 for which she is taking Lantus and Novolog.

Her best corrected visual acuity was 20/20 OD and 20/100 OS on presentation. She described asymmetry of light
sensitivity, with subjective decrease in brightness of the transilluminator in her right eye (OD) compared to her left eye
(OS). Red cap test also showed a subjective desaturation OD. On slit lamp examination, the ocular surface and anterior
segment were unremarkable; no signs of diabetic retinopathy were noted in either eye and both maculae appeared normal
in color and contour. Visual field (VF) 10-2 testing revealed mild scattered depressions bilaterally (OU) and a notable
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temporal paracentral scotoma OS (Figure 1A and B). Macular optical coherence tomography (OCT); (Figure 2) showed
slight disruption of nasal parafoveal outer photoreceptor segments and interdigitation zone OD and focal atrophy and
excavation of nasal parafoveal outer photoreceptor segments and interdigitation zone OS. The focal atrophy and
excavation of nasal parafoveal outer photoreceptor segments and interdigitation zone OS corresponded anatomically
with her paracentral scotoma. Electroretinogram (ERG) testing was normal in both eye. Her visual evoked potentials
(VEP) exhibited decreased amplitude OD and increased latency OS with high contrast test stimuli (Figure 3). These
findings prompted radiologic testing was ordered to further evaluate for COVID-19 related microvascular and tissue
irregularities along the visual pathway.

Patient B is a 60-year-old white male who presented with worsening left eye pain and blurred vision over the course
of one month after having a confirmed RT-PCR case of COVID-19. He had a history of controlled DM-II and
hypertension for which he was taking Exforge and Metformin.

On presentation, the patient’s visual acuity was 20/20 OU and anterior segment were unremarkable OU. Dilated
retinal examination showed early and non-significant epiretinal membrane (ERM) OU. Watzke-Allen testing was normal
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Figure | (A) 10-2 Visual field (VF): OD mild scattered VF depression. (B) 10-2 Visual field (VF): OS mild scattered VF depression and scotoma. Arrow pointing to a wedge-
shaped scotoma.

Figure 2 (A) Optical coherence tomography (OCT): OD slight disruption of nasal parafoveal outer photoreceptor segments and interdigitation zone. (B) Optical
coherence tomography (OCT): OS focal atrophy and excavation of nasal parafoveal outer photoreceptor segments and interdigitation zone. Blue arrow: Outer nuclear layer;
Red arrow: Photoreceptors; Green arrow: Outer plexiform layer.
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Figure 3 Visual evoked potential: Decreased amplitude with high contrast test stimuli OD and increased latency of high contrast test stimuli OS. Red color cells outside
normative ranges. Green cells are within normative ranges.
Abbreviations: LC, Low contrast; HC, High contrast.

OD but elicited a temporal scotoma OS. Visual field 10-2 (VF) testing showed bilateral mild scattered VF depression and
temporal scotoma in the left eye (Figure 4A and B). Macular OCT imaging showed normal macular profile and contour
with a subtle early ERM temporal OU. Upon further investigation a notable disruption of nasal paracentral photorecep-
tors with overlying atrophied outer nuclear layer was found OS (Figure 5B and C) and normal thickness in OD
(Figure 5A).

At the patient’s 5 month follow up visit, the patient reported he still noticed the temporal wedge-shaped scotoma OS
with little improvement in visual discomfort. The patient’s visual acuities were 20/16 OD and 20/20+ OS and anterior
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Figure 4 (A) 10-2 Visual field (VF): OD mild scattered VF depression. (B) 10-2 Visual field (VF): OS mild scattered VF depression and temporal scotoma in the left eye.
Arrow pointing to a wedge-shaped scotoma.

segment were unremarkable OU. Dilated retinal examination showed no changes to the retinae and maculae. Repeat OD
OCT macular scans remains unchanged (Figure 5D) and OS showed minimally improved architecture of ellipsoid zone,
photoreceptor outer segments and interdigitation zone (Figure 5E).

Discussion

Acute macular neuroretinopathy (AMN) is a rare disease causing transient or permanent vision loss. Although rare, there
has been a notable uprise in cases reported presumably to COVID-19 throughout the pandemic.” COVID-19 is known to
cause a pro-inflammatory cascade resulting in vascular alteration.® Therefore, the currently theorized etiology suggests
that the hypercoagulable state and vasculitis caused by COVID-19 create microthrombosis leading to an increased
incidence of AMN further supporting the theorized microvascular etiology of AMN.*’

Visual evoked potential (VEP) was used to primarily evaluate the visual pathway from the optic nerve to the occipital
lobe. There are two parameter types that the VEP will check, one being the signal amplitude to both a high and low
contrast stimulus and the other being the signal latency to both a high and low contrast stimulus. For the report in
question, we can see the patients’ signal amplitude when tested with low contrast stimuli fall within normative data
ranges, whereas when tested with high contrast stimuli the right eye shows a reduction in the signal amplitude. When
evaluating the latency of the test results we can see that when tested with low contrast stimuli the patient’s result falls
within normative ranges, but there is a notable and significant delay in the signal conduction of the left eye when tested
with a high contrast stimulus. The delay in signal latency left eye may be secondary to dysfunction or injury of the visual
pathway from the left optic nerve.

Being a relatively rare diagnosis prior to the pandemic, there is no official suggested course of treatment for AMN. In
our practice with observation and moderate treatment, patients had mild improvement in visual acuity at follow-up.
However, testing results show little improvement in visual and anatomical defects. This further suggests that although
AMN is acute, the changes and damages caused by inflammation and ischemia may have long-lasting effects.

The challenge we faced was access to obtain OCT-A as our glaucoma practice is focused on serving the underserved
and special needs population. However, our presumed diagnosis is plausible based on the clinical criteria and traditional
presentation of AMN. AMN clinical presentation is a painless and acute vision loss with a classical wedge defect

scotoma as seen in both cases. In contrast to optic neuritis, which typically is characterized as an acute loss in vision loss
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Figure 5 (A) Optical coherence tomography (OCT) ganglion cell analysis: Normal macular profile OD. Significance mapping: Green is p>5%, yellow is p<5% and red is <I%.
Thickness mapping: Blue 50 to ~ 80 microns, green >80 to ~180 microns, yellow >180 to <I75 microns. (B) Optical coherence tomography (OCT) ganglion cell analysis:
Atrophy of nasal papillary bundle OS. Significance mapping: Green is p>5%, yellow is p<5% and red is <1%. Thickness mapping: Blue 50 to ~ 80 microns, green >80 to ~180
microns, yellow >180 to <175 microns. (C) Optical coherence tomography (OCT) Full thickness analysis: Atrophy of nasal papillary bundle OS. Thickness mapping: Blue 50
to ~ 160 microns, green 200 to ~300 microns, yellow >300 to <370 microns. Deviation mapping: Red: ~25 to 40%, Orange: ~20 to 25%, yellow: —10 to 15%, green —5 to 5%,
blue —25 to —15%, black and grey —30 to —50%. (D) Optical coherence tomography (OCT): OD 5 months follow up shows normal macular scan. (E) Optical coherence
tomography (OCT): OS macular scan 5 months shows minimal improved architecture of ellipsoid zone, photoreceptor outer segments and interdigitation zone. Blue arrow:
Outer nuclear layer; Red arrow: Photoreceptors; Green arrow: Outer plexiform layer.

with painful eye movement.® Of which our cases highlight that although rare and with limited access, a clinician can
deduce a diagnosis of AMN.

Literature Analysis

In October 2022, a PubMed and Google search was performed using key search terms such as “Acute Macular neuro
retinopathy” and “COVID-19”. Three notable articles outline their experiences with AMN in patients who had COVID-
19 or the COVID-19 vaccination.””"'® Similar to these cases, our patients had similar findings on examination and testing
as outlined in the literature. However, our patients presented with AMN after several weeks (patient A) or after multiple
confirmed cases of COVID throughout the course of 2 years. Additionally, decreased visual acuity (VA) which is a rare
complication during our review; both of our patients had decreased VA that took months to resolve post-COVID.’
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Conclusion
Acute macular neuroretinopathy is a rare diagnosis; however, with the changing landscape of the pandemic, it is quickly

becoming more prevalent. We recognize that the limitation to our case series is the number of patients secondarily due to

the rarity. Thus, efforts in reporting different clinical presentations are important to better understand the etiology of
AMN and its natural history. Furthermore, the diagnosis of AMN should be considered and be at the forefront of
clinicians. Careful and thorough history, testing, and consideration are key in the diagnosis of AMN.

Patient Consent
Patient 1: The patient consented to publication of the case and has signed the consent form.

Patient 2: The patient consented to publication of the case and has signed the consent form.

Publication
No institutional approval required.

Funding

No funding or grant support.
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