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Bilateral acute macular neuroretinopathy associated with COVID-19 
infection presenting with central scotoma 
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Purpose: To report a case of bilateral acute macular neuroretinopathy (AMN) associated with COVID-19 infection 
presenting with central scotoma. 
Observation: A 26-year-old female presented with a chief complaint of bilateral central scotomas for the last seven 
days. She had a history of fever over the past ten days, and RT-PCR test for COVID-19 was positive on the second 
day of fever. She had been vaccinated against COVID-19 eight months prior. Her best corrected visual acuity was 
6/6 in both eyes on the Snellen chart. Dilated fundus evaluation revealed subtle bilateral perifoveal grey macular 
lesions. Optical coherence tomography (OCT) demonstrated focal hyperreflectivity at the level of the outer 
nuclear and plexiform layer consistent with bilateral AMN. Near-infrared reflectance (NIR) and red-free (RF) 
imaging showed large, confluent hyporeflective lesions in the right eye and discrete petaloid lesions with apices 
pointing toward the fovea in the left eye. OCT angiography (OCTA) revealed decreased flow signal at the level of 
the deep capillary plexus (DCP) and choriocapillaris (CC) in both eyes. Automated visual field testing (Humprey 
Field Analyzer (HFA) 24-2) revealed bilateral central scotoma with depression of adjacent points. After two 
weeks, the patient had depressed visual fields on HFA 10-2. At two months of final follow-up, OCT macula, NIR 
and RF images revealed resolving AMN lesions in both eyes. OCTA showed an increase in perfusion at the level of 
the DCP. There was a decrease in scotoma density on HFA 10-2, suggestive of resolving AMN. 
Conclusion and importance: AMN with central scotoma as presenting feature of COVID-19 is rare. Fundus findings 
may be very subtle in AMN, but NIR and RF imaging delineate the lesions well. OCT, NIR imaging, OCTA and 
HFA 10-2 can be used to assess the clinical course of AMN.   

1. Introduction 

COVID-19 has been associated with a myriad of retinal manifesta-
tions. Retinal microhemorrhages, cotton wool spots, and central retinal 
vein and artery occlusion have been reported.1–6 AMN and PAMM have 
been reported in patients with COVID-19.7–14 

AMN is most frequently associated with non-specific illness in 
approximately half of reported cases.15 The lesions of AMN are macular 
and reddish brown wedge-shaped, the apices of which are directed to-
ward the fovea.15 It usually presents with mild vision loss, paracentral 
scotomas and photopsia.15 Central scotoma has been less commonly 
reported in AMN.16–18 The most sensitive imaging modality to detect 
AMN is near-infrared imaging (NIR) with OCT. NIR may be especially 
useful when clinical examination and color fundus photography fail to 
detect lesions of AMN.15 

We report the case of a 26-year-old female with symptomatic central 

scotomas and imaging findings consistent with bilateral AMN associated 
with mild COVID-19 infection. 

2. Case report 

A 26-year-old female presented with a seven-day history of bilateral 
central scotomas. She had a history of fever ten days prior and was 
evaluated for COVID-19 infection. She had been vaccinated against 
COVID-19 eight months previously. The RT-PCR test for COVID-19 was 
positive on the second day of fever. Her best corrected visual acuity was 
6/6 in both eyes. Pelli-Robson contrast sensitivity and color vision were 
within normal limits. The blood investigations were as follows: total 
leukocyte count: 8700 per microliter, erythrocyte sedimentation rate: 13 
mm/hr, D-dimer: 0.41 μg/mL, prothrombin time 13.1 seconds, and in-
ternational normalized ratio 1.03. Dilated fundus evaluation revealed 
subtle bilateral perifoveal grey macular lesions (Fig. 1a and b). NIR 
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(Fig. 1c and d) and red-free (RF) (Fig. 1e and f) images showed large, 
confluent, hyporeflective, well-delineated lesions in the right eye and 
discrete petaloid lesions in the left eye. The apices of these macular le-
sions pointed toward the fovea. Optical coherence tomography (OCT) 
demonstrated focal hyperreflectivity at the level of the outer nuclear and 
plexiform layers consistent with bilateral AMN (Fig. 2a and b). There 
was decreased parafoveal reflectivity of the external limiting membrane 
(ELM) and ellipsoid zone (EZ) on OCT. Automated visual field testing 
(Humphrey Field Analyzer (HFA) 24-2) revealed bilateral central sco-
toma with depression of adjacent points (Fig. 2c and d). OCT angiog-
raphy (OCTA) revealed decreased flow signal at the level of the deep 
capillary plexus (DCP) in both eyes (Fig. 3). There was rarefaction of 
choriocapillaris (CC) in the subfoveal region bilaterally (Fig. 3). 

The patient was followed up after two weeks. As the patient still 
complained of central scotoma, HFA 10-2 was done which confirmed 
central scotoma. OCT demonstrated resolving AMN. NIR imaging 
revealed a decrease in the size of the macular lesions bilaterally (Fig. 4). 
OCTA showed an overall increase in perfusion at the level of DCP and 
CC. At two months of final follow-up, on the OCT macula, there was a 
decrease in hyperreflectivity of OPL and ONL at the level of AMN lesions 
with a recovery of reflectivity of parafoveal ELM and EZ (Fig. 5) in both 
eyes. NIR and RF images showed a decrease in the size of the confluent 
and petaloid lesions in the right and left eyes respectively. OCTA showed 
an increase in perfusion at the level of DCP. In the right eye, vascular 
density in DCP increased in the superior, nasal and temporal quadrants, 
while it remained stable in the inferior quadrant as well as within the 1 

Fig. 1. Fundus photo of both eyes showing mild perifoveal greying. Red-free images and near-infrared images (NIR) show confluent hypo-reflective lesions at the 
macula in the right eye (c, e) and well delineated hypo-reflective lesions with apices pointing toward the fovea (d, f). 
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mm ETDRS grid centered on the macula. The vascular density of the left 
eye increased in the 1 mm area, nasal, temporal and inferior quadrants 
while remaining comparable in the superior quadrant. The density of the 
scotoma on HFA 10-2 decreased but never recovered fully (Fig. 6). 

3. Discussion 

In this report, we describe an unusual presentation of central sco-
toma in AMN and show how multimodal imaging can assist the clinician 
to diagnose and monitor the disease process. AMN has been found to be 
most frequently associated with non-specific respiratory or influenza- 
like illness in approximately half of the cases.15 AMN has also been 
associated with COVID-19.7–14 Our patient noticed the onset of central 
scotoma after three days of onset of fever secondary to documented 
COVID-19 infection. 

The characteristic fundus abnormality of AMN is one or more wedge- 
shaped, well-delineated lesions pointing toward the fovea.15 The clini-
cally observed lesions are reddish brown or orange in color in more than 

half of the cases. In a small number of patients there were no clinically 
identifiable lesions, while NIR imaging revealed retinal defects.15 In our 
case there were subtle perifoveal grey macular lesions. NIR imaging 
revealed large, confluent hyporeflective well-delineated lesions in the 
right eye and discrete petaloid lesions in the left eye. NIR imaging and 
SD-OCT may be abnormal even in the presence of normal clinical ex-
amination and color fundus photography.15 Even RF imaging helps us 
delineate the lesions well, due to less scatter and excellent contrast. It 
can also be considered as a primary screening tool due to its wider 
availability. 

The majority of eyes with AMN have been reported to have one or 
more paracentral scotomas.15 In a recent case series all patients with 
AMN with concurrent COVID-19 infection had paracentral scotoma.19 

Central scotoma has been reported in only four patients of AMN 
following COVID-19 infection.20,21 Our patient described her scotoma as 
being central, which was further documented on HFA 24-2 and 10-2, an 
unusual presentation in a case of AMN. Subsequent follow-up HFA 10-2 
confirmed central depression and depressed visual fields. The recovery 

Fig. 2. OCT macula shows increased hyperreflectivity of the outer plexiform layer, depicted by the arrow. The total and pattern deviation plots on Humprey Field 
Analyzer (HFA) 24-2 depict central scotoma in both eyes. 

Fig. 3. Superficial capillary plexus shows no vascular voids in both eyes. The deep capillary plexus and choriocapillaris show vascular voids depicted by the star.  
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of visual fields has not been documented on serial follow-up in any of the 
cases reported. In our patient the density of scotoma decreased on 
follow-up, but complete recovery was not observed. Previous studies 
have reported the persistence of scotoma in more than half of the 
cases.15 

OCT often demonstrates hyper-reflectivity of the ONL and OPL. OCT 
findings in AMN with COVID-19 have also demonstrated similar changes 
in outer retinal structure as well as foveal thinning.8,10,13,19 In our case 
the patient had hyperreflectivity of OPL and ONL. There was a decrease 
in hyperreflectivity of the parafoveal ELM and EZ adjacent to the AMN 
lesion. During the subsequent final follow-up at two months there was a 
decrease in reflectivity but not complete resolution. Similarly, we 
observed an increase in reflectivity of ELM and EZ on subsequent 

follow-up. 
Vascular events involving DCP have been implicated in the patho-

genesis of AMN.15,22 OCTA in this patient showed rarefaction of the 
capillary plexus in DCP and CC, suggesting decreased perfusion in the 
area of AMN lesions, while SCP did not show any alteration in vascular 
perfusion. In the subsequent follow-ups, the vascular voids decreased, 
indicating partial restoration of the perfusion at the level of DCP and CC. 
Earlier reports also have shown a decreased vascular flow signal in DCP 
and CC in AMN.12,19,23–25 

During the height of the COVID-19 pandemic the diagnosis of AMN 
increased from 0.66 per 100,000 visits in 2019 to 8.97 per 100,000 
visits.20 Also, there was an increased number of published case reports 
and series associating COVID-19 to AMN. 

Fig. 4. Sequential follow-up of the patient on NIR shows a decrease in hypo-reflectivity of the lesions, thereby indicating resolution of the AMN lesion.  
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Retina and choroid have the highest vascularization per unit area in 
our body. Hence, the effects of inflammation and ischemia due to sys-
temic disease can be observed locally in these tissues. COVID-19 is 
known to be associated with microangiopathy, which can cause 
impaired blood flow in the retina and choroid.26 The exact mechanism 
by which SARS-CoV-2 affects retinal and choroidal vasculature is not 
completely understood. Angiotensin-converting enzyme 2 receptor is 
expressed on some of the cells in retina and choroid.27 It is known that 
SARS-CoV-2 enters human cells using ACE 2 receptors. SARS-CoV-2 has 
been postulated to cause both direct cytopathic damage and indirect 
damage as it results in intense inflammation and hypercoagulable 
state.27 So, the retinal vascular system may be altered by a myriad of 

events including thromboembolism, hypercoagulability, hypoxia, and 
endothelial dysfunction.28 Reduced vessel density has been reported in 
patients with COVID-19.29 A decrease in choroidal blood flow may be 
due to inflammation and edema.30 

The outer retinal layers and fovea are supplied by choroidal circu-
lation. The choroidal vascular insult can result in subfoveal and outer 
retinal layer changes and hence can lead to central involvement. In our 
case, we hypothesize that, as our patient had mild COVID-19, the 
resulting inflammation or inflammatory response may have led to 
altered vascular perfusion in the DCP and CC. Although these changes 
were not severe enough to cause structural alterations in the subfoveal 
retinal layers, they resulted in subclinical changes leading to central 

Fig. 5. There is a recovery in the rarefaction of the external limiting membrane and ellipsoid zone (depicted by arrow) with a decrease in hyperreflectivity of the 
outer plexiform layer (depicted by arrowhead). 

Fig. 6. Sequential HFA 10-2 of both eyes shows a decrease in density of the scotoma, as depicted by arrows and circles.  
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scotoma. As there were no evident structural changes in subfoveal 
retinal layers, the vision was preserved throughout. 

4. Conclusions 

COVID-19 has been documented to have multiple ocular manifes-
tations including microvascular events. AMN has been associated with 
COVID-19. Central scotoma, although rare, can be the presenting 
complaint in AMN. Multimodal imaging especially NIR and RF can help 
delineate AMN lesions in an apparently normal-looking fundus. Further 
imaging and HFA 10-2 can help monitor the course of the disease. 
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