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Abstract

Introduction: To report two cases of Acute Macular Neuroretinopathy (AMN) presented as the first stage of SARS-
CoV-2 infection in two European countries during the third wave of pandemic viral infection in the early months of 2021.
Observations: A unilateral case of type | AMN in a man and a bilateral case of type 2 AMN in an otherwise heathy
patients were reported. Sudden onset of paracentral scotoma characterized the cases with no systemic symptoms.
Structural optical coherence tomography (OCT) shows multifocal middle and inner retinal hyperreflective infarctions.
OCT-Angiography showed the presence of hypoperfusion of the deep capillary plexus (DCP) corresponding to the hyper-
reflective lesions visible on structural OCT, confirming the diagnosis.

Conclusions and importance: Type | and type 2 AMN may be the first stage of SARS-CoV-2 infection. We suggest
testing all patients with AMN for SARS-CoV-2. In our cases, the natural history of AMN associated with SARS-CoV-2
infection was similar to already described cases of AMN.
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Introduction For over a year now, the new severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) pandemic has
drastically changed peoples’ lives across the globe, and
a multitude of systemic and organ-specific manifestations
have been associated with infection by the virus.®
Regarding the retina, these appear in the form of micro-
vascular, ischemic or inflammatory events.”*® In addition,
these microvascular alterations seem to occur even in the

Acute macular neuroretinopathy (AMN), described by Bos
and Deutman in 1975, is a rare disease of the outer retina
predominantly affecting young-to-middle-aged healthy
females and characterized by the sudden appearance of
one or more paracentral scotomas.

With the advent of more sophisticated retinal imaging
modalities, two types of AMN were classified by Sarraf
et al. in 2013, depending on the structural OCT location
of the lesion: either above (type 1) or below (type 2) the
outer plexiform layer (OPL).3 Type 1 AMN is also called 'Department of Ophthalmology, Centre Hospitalier Intercommunal de
paracentral acute middle maculopathy (PAMM).? [Créeell, Créteif" France .

While the exact pathophysiology of AMN is still \E/)iz)-zzrtznt):ivgzi:rﬂ?:r:?ﬁ;l)l/kccs Ospedale San Raffacle,
unknown, it is thought to be due to an ischemic insult at 3Private practice, Galatina (Le), ltaly
the level of the deep retinal capillary plexus (DCP).* .

AMN was reported to occur after the consumption of oral Corresponding author: o,

. 5 o . Giuseppe Querques, Department of Ophthalmology, University Vita-Salute,
contraceptives,” post-viral illness, trauma, anemia, thrombo-  |Rccs Ospedale San Raffaele, Via Olgettina 60, Milan, 20132, ltaly.
cytopenia, and also after routine influenza vaccination.'*?
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Figure |. Structural optical coherence tomography (OCT) and OCT-angiography (OCTA) of the left eye in case #I| at the baseline
En-face 6 x 6 OCTA, en-face structural OCT, and b-scan OCT with flow of the superficial capillary plexus (a, b, and c, respectively) and the
deep capillary plexus (d, e, and f, respectively) showing the presence of hypoperfusion especially in the deep capillary plexus (d),
corresponding to the lesions on en-face structural OCT (e). Structural b-scan OCT passing through the fovea (g), showing the presence of
multifocal middle and inner retinal hyperreflective infarctions (Angioplex cirrus 5000, Carl Zeiss Meditec, Inc, Dublin, California, USA).



Capuano et al.

Figure 2. Structural optical coherence tomography (OCT) and OCT-angiography (OCTA) of the left eye in case #| at 2-week
follow-up. En-face 6 x 6 OCTA, en-face structural OCT, and b-scan OCT with flow of the superficial capillary plexus (a, b, and c,
respectively) and the deep capillary plexus (d, e, and f, respectively), showing the improvement of hypoperfusion in both plexuses.
Structural b-scan OCT passing through the fovea (g) showing improved multifocal middle and inner retinal hyperreflective infarctions
(Angioplex cirrus 5000, Carl Zeiss Meditec, Inc, Dublin, California, USA).
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absence of overt retinal pathology, as demonstrated by
decreased vessel density in optical coherence tomography
angiography (OCTA) in patients with SARS-CoV-2
infection.” "'

Here, we describe here a series of three eyes of two
patients with AMN concomitant to SARS-Cov-2 infection,
along with their multimodal imaging characteristics,
including OCTA.

Observations:

Case #1. A 27-year-old Caucasian man presented with an
acute onset of unilateral dyschromatopsia and paracentral
scotoma in his left eye (LE), with no other systemic symp-
toms. His past medical history was unremarkable: he takes
no medication, and he denied any eye trauma. The patient,
a bar worker, had had several interpersonal contacts
without personal protective equipment (PPI) over the pre-
ceding weeks. At presentation, best corrected visual acuity
(BCVA) was 20/20 in both eyes.

An ophthalmic examination consisting of fundoscopy,
OCT, and OCTA was performed (Figure 1). Fundus exam-
ination showed a subtle yellowish perifoveal halo in the
perifoveal area of the LE. OCTA showed the presence of
hypoperfusion of the DCP corresponding to the hyperreflec-
tive lesions on structural OCT (Figure 1 a and b, d and e).

Structural OCT revealed the presence of multifocal
middle and inner retinal hyperreflective infarctions
(Figure 1 c, £, g).

A diagnosis of type 1 AMN (i.e. PAMM) was performed
on the basis of pathognomonic OCTA and OCT lesions. On
the advice of the ophthalmologist, the patient performed
blood tests and a complete screening for coagulation abnor-
malities, along with testing for SARS-CoV-2 infection.
Laboratory investigations revealed slight elevation of liver
enzymes and hypertriglyceridemia, compatible with moder-
ate alcohol consumption. The C-reactive protein level and
platelets count were slightly elevated. Coagulation testing
detected markedly decreased free protein S levels (28.3%,
normal laboratory range >72.2%). COVID-19 infection

Figure 3. Multimodal imaging of case #2 at baseline. Color confocal retinal image (CRI) (EIDON, Centervue, Italy) shows an
alternated foveal reflex without hemorrhages in both eyes (a-b). Structural optical coherence tomography (OCT) disclosed features of
Acute Macular Neuroretinopathy (AMN) in both eyes, such as hyper-reflective infarction involving the outer plexiform layer (OPL) and
the outer nuclear layer (ONL) with associated disruption of the inner/outer segment (IS/OS) and outer segment/retinal pigment
epithelium (OS/RPE) layers consistent with a type 2 Acute Macular Neuropathy (AMN) (c-d). (Heidelberg Engineering, Heidelberg,

Germany).
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was confirmed by PCR testing with nasopharyngeal swab
and progressed in a paucisymptomatic form.

The patient was re-evaluated two weeks later, and his
symptoms partially resolved without any treatment (Figure 2).

Case #2. A 37 -year-old healthy female was referred in
April 2021 for classic clinical manifestation of AMN
(paracentral scotoma). As pro forma, a PCR test for
SARS-CoV-2 was performed. At first ophthalmological
consultation, patient’s BCVA was 20/20 in both eyes
with hyperopic correction.

The patient was healthy with no previous significant
systemic or ophthalmic history. Anterior segment examin-
ation and tonometry were normal.

Color confocal retinal image (CRI) shows an alternated
foveal reflex without hemorrhages (Figure 3 a and b).
Structural OCT disclosed features of AMN in both eyes,
such as hyper-reflective infarction that involved the OPL
and outer nuclear layer (ONL), with associated disruption
of the inner/outer segment (IS/OS) and outer segment/
retinal pigment epithelium (OS/RPE) layers consistent
with type 2 AMN (Figure 3 ¢ and d). In order to limit

Figure 4. Multimodal imaging of case #2 at month | follow-up. Color confocal retinal image (CRI) (EIDON, Centervue, Italy)
returned unmarkable (a-b), and OCT shows resolution of infarction, localized atrophy of ONL, and a compromised OS/RPE (c-d).
OCTA of the DCP shows a parafoveal flow void (e-f) Spectralis HRA + OCT (Heidelberg Engineering, Heidelberg, Germany).
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contact while awaiting the PCR results, first author decided
not to perform visual field or other ancillary tests.

Patient was followed weekly. PCR for SARS-CoV-2
disclosure for active SARS-CoV-2 infection revealed she
had few systemic symptoms. At last follow-up (month
one), PCR for SARS-CoV-2 was negative, BCVA was
stable at 20/20 in both eyes, and scotoma r was reduced.
CRI results were unmarkable, and OCT shows resolution
of infarction, localized atrophy of ONL and a compro-
mised OS/RPE (Figure 4 a to d). OCTA of the DCP
shows a parafoveal flow void (Figure 4 ¢ and f).

Discussion

In this report, we observed that two cases of AMN (type 1
in one eye and type 2 in two eyes) are the first stage of
SARS-CoV-2 infection. The report suggests an association
between this rare retinal inflammation and the prodromal
phase of SARS-CoV-2 infection.

To date, only a few cases of association between AMN
and SARS-CoV-2 have been published. Two of them
referred to elderly patients (70 years old).'*'* Another
report concerned two younger patients;'* however, the
above-mentioned cases report AMN following COVID
infection and symptomatology, while we reported two
cases in which the AMN represent a prodromal manifest-
ation of SARS-CoV-2 infection.

The rationale of the association between AMN and
SARS-CoV-2 infection arises from the fact that AMN has
already been associated with viral infections®'> and
SARS-CoV-2 has already been associated with retinal micro-
vascular alteration.'®!” An original article has recently sug-
gested that Protein S deficiency (as found in case #1)
could be capable of increasing susceptibility to thrombosis.'®
Unfortunately, protein S levels are not available for case #2.
Another hypothesis has been proposed by Padhy et al. con-
cerning the role of the D-dimer."® This hypothesis needs con-
firmation by further studies. Moreover, the natural history of
our patients did not differ from other reports regarding the
association between AMN and viral infections.

Our report has several limitations, the first of which is
linked to the very small study population. Although
AMN is a rare retinal inflammation, SARS-CoV-2 infec-
tion has been diagnosed in several million patients, creat-
ing an unlikely statistical association. Second, concerning
the visual symptoms: in order to avoid potential virus
spread, we did not perform visual field tests to confirm
the symptoms. Third, concerning visual prognosis, we
report two cases with a one-month follow-up, but late
damages could appear in the future. However, the
OCT-A images showing hypoperfusion of both plexuses
support the hypothesis of ischemic lesion already
described lesions associated with AMN. Although retinal
vascular events are relatively rare in young patients, there
is no definitive evidence that the observations in this

report are linked to SARS-CoV-2. Given the high inci-
dence of SARS-CoV-2 during the pandemic, a report of
only 2 cases of retinal ischemia without providing defini-
tive evidence to link both findings remain speculative.
Moreover, in the recently published manuscript by
Fonollosa et al.,>° concerning retinal vascular occlusions
in thirty-nine patients, the authors underlined that they
did not find unquestionable link between SARS-CoV-2
infection and their cases. Lastly, we cannot be sure that
prodromal symptoms such as headaches are not already
present in the patients, as they are quite frequent among
workers. Finally, we described only speculative associ-
ation between AMN and SARS-CoV-2 and not a certain
link.

In conclusion, we report three cases of AMN (type 1 in
one eye and type 2 in two eyes) during the first stage of
SARS-CoV-2 infection in order to emphasize that any
apparently healthy patient should test for SARS-CoV-2 if
they present type 1 or type 2 AMN.
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