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Objective: Acute macular neuroretinopathy (AMN) has been associated with several conditions. The aim of this study is to report
a surge of AMN cases diagnosed since the easing of epidemic control for COVID-19 in China, in early December 2022.

Case Report: Four cases presented with paracentral or central scotomas, or blurred vision soon after SARS-CoV-2 coronavirus
infection. Fundus manifestations were recorded, including typical hyper-reflective segments of the outer plexiform layer (OPL) and
outer nuclear layer (ONL), and associated disruption of ellipsoid, interdigitation zones, and retinal pigment epithelium (RPE) layers on
optical coherence tomography (OCT). Oral prednisone was administered and gradually tapered. Slight scotoma persisted with hyper-
reflective segments fading and irregularity of outer retina on OCT during the follow-up. Case 4 was lost to follow-up.
Conclusion: With the ongoing pandemic and extensive vaccination programs, it is expected that cases of AMN will surge. It is
important for ophthalmologists to be aware of the possibility of COVID-19-induced AMN.
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Introduction

Covid-19, a global pandemic caused by the SARS-CoV-2 coronavirus, has been spreading for the past three years. When
writing this paper, Omicron was the most notable variant and was not under control unlike the initial Alpha or Delta
variants. Since the easing of epidemic control for COVID-19 in China, in early December 2022, the pandemic has spread
rapidly in the country. In recent reports, a wide variety of ophthalmic manifestations have been described and the degree
of ocular symptoms varied widely among patients including conjunctivitis, scleritis, acute anterior uveitis, various retinal/
choroid manifestations, and neuro-ophthalmologic manifestations, occasionally involving extraocular motility, cranial
nerves, and orbital/ocular adnexa.’

Acute macular neuroretinopathy (AMN) is a rare retinal microvascular disorder characterized by the acute onset of
brownish-red, wedge-shaped (or petaloid) perifoveal lesions that cause paracentral or central scotomas. Typical lesions
are depicted with infra-red or red-free photography and optical coherence tomography (OCT). OCT studies have
identified hyperreflectivity of the outer nuclear and plexiform layers and ischemia of the deep retinal capillary plexus
may be a part of the disease’s origin. The prevalence of AMN has been reported to be less than 1 patient per million,”
though it has been increasingly prevalent since the wide application of multi-model imaging recently. AMN is commonly
seen in young females and has been associated with various risk factors including flu-like illness, hormonal oral
contraceptive pills, antecedent trauma, caffeine, epinephrine and pseudoephedrine injection, hypovolemia, and
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pregnancy-induced hypertension.® Several studies have speculated the association of SARS-CoV-2 coronavirus and
AMN, since there are more reports of a surge in the incidence of AMN onset during the COVID-19 pandemic, or after
COVID-19 vaccinations.*”’

Here, we report a case series of AMN in young healthy patients, as there was a sudden rise during the first surge of
the SARS-CoV-2 infection, immediately after the easing of epidemic control measures in early December 2022 in
Wuhan, China. Patients were referred Union Hospital, Tongji Medical College shortly after the infection, and the first
three cases, presented on the same day, which is uncommon for this rare disease.

Case |

A 27-year-old woman complained of temporal paracentral scotoma in the left eye for two days. Three days prior to this
she had fatigue, headache, chills, and fever. Antigen self-testing for SARS-CoV-2 was positive. Systemic symptoms
were relieved after taking ibuprofen, but the paracentral scotoma persisted. She was healthy without any medical
antecedent. On examination, visual acuity corrected to —4.75 diopters was 20/20 in both eyes. A slit-lamp examination
was done, and intraocular pressures (IOPs) were normal. Fundus photography and autofluorescence (FAF) (Optos,
Daytona Plus 200tx) did not reveal pathological changes (Figure 1A and B). OCT (VG200S; SVision Imaging, Henan,
China) disclosed hyper-reflective segment of the outer plexiform layer (OPL) and outer nuclear layer (ONL). There
was also associated disruption of ellipsoid, interdigitation zones, and retinal pigment epithelium (RPE) layers on the
nasal macula, corresponding with the temporal scotoma (Figure 1C). Optical coherence tomography angiography
(OCTA, VG200S; SVision Imaging, Henan, China) showed no flow defects either in the superficial/intermediate/deep
retinal capillary plexuses or in the choroidal capillary plexus (Figure 1D—G). Fundus fluorescein angiography (FFA)/
indocyanine green angiography (ICGA) examination, view field test, and further laboratory investigations were
recommended but were denied due to persisting fatigue after infection. A possible diagnosis of unilateral AMN in
the left eye was made. Informed consent was then obtained, 40 mg/day (0.8 mg/kg body weight) of oral prednisone
was administered for one week and was continued with gradual tapering over a 2-month period. One week later, the
patient returned without obvious alleviation of the scotoma, but hyper-reflectivity of the OPL and ONL mildly faded
with definable ellipsoid, interdigitation zones, and RPE layers (Figure 1H). Six weeks later, OCT only showed slight
irregularity of ellipsoid, interdigitation zones, and retinal pigment epithelium (RPE) layers, but the patient still
complained of slight scotoma (Figure 11).

Case 2

A 23-year-old man presented with acute onset of unilateral blurred vision in his left eye for 3 days. Five days before the
onset, he suffered from fatigue, headache, chills, and fever and antigen self-testing for SARS-CoV-2 was positive. He
recovered two days later but blurred vision persisted. His past medical history was unremarkable, with no medication or
eye trauma. At presentation, visual acuity corrected to —2.25 diopters was 20/20 in both eyes, though the patient
complained of blurred vision in the left eye. The anterior segment in both eyes under the slit-lamp examination was
normal, as also IOPs. Fundus photography (Optos, Daytona Plus 200tx) did not indicate abnormalities (Figure 2A). OCT
(VG200S; SVision Imaging, Henan, China) disclosed two hyper-reflective segments of the OPL and ONL and associated
disruption of ellipsoid, interdigitation zones, and RPE layers, on the nasal and upper macular areas (Figure 2B and C).
OCTA (VG200S; SVision Imaging, Henan, China) showed no flow defect either in the superficial/intermediate/deep
retinal capillary plexuses or in the choroidal capillary plexus (Figure 2D-G). No further examinations were done, and
a possible diagnosis of unilateral AMN on the left eye was made. The patient was administered 55 mg/day (0.8mg/kg
body weight) of oral prednisone for 1 week, which was continued with gradual tapering over a 2-month period. Three
weeks later, the patient returned with mild alleviation of blurred vision. Hyper-reflectivity of the OPL and ONL
completely faded with definable ellipsoid, interdigitation zones, and RPE layers both on the nasal and upper macular
areas (Figure 2H and I). Six weeks later, the patient still complained of a slightly blurred vision, and OCT showed a slight
irregularity in the ellipsoid, interdigitation zones, and RPE layers (Figure 2J and K). Prednisone was continued with
gradual tapering, and the patient was under observation.
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Figure | Fundus images of the left eye in case |. Fundus photography (A) and fundus autofluorescence (B) were normal. OCT disclosed hyper-reflective segments of OPL
and ONL, and associated disruption of ellipsoid, interdigitation zones, and RPE layers on the nasal macular area ((C), red box). No flow defects were observed in the
superficial (D)/intermediate (E)/deep (F) retinal capillary plexuses and choroidal capillary plexus (G) on OCTA. One week after oral prednisone administration OPL and
ONL hyper-reflectivity mildly faded with definable ellipsoid, interdigitation zones, and retinal pigment epithelium (RPE) layers ((H), red box). Six weeks later only slight
irregularity of ellipsoid, interdigitation zones and RPE layers persisted on OCT ((l), red box).

Case 3

The third patient was a 30-year-old lactating woman with a 21-month-old baby, who presented with the sudden onset of
central scotoma in her left eye for 5 days. Five days before she had suffered fatigue, headache, chills, and fever, antigen
self-testing for SARS-CoV-2 was positive. Scotoma persisted while systemic symptoms were relieved. The patient had
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Figure 2 Fundus images of the left eye in case 2. Fundus photography (A) was normal. OCT disclosed hyper-reflective segment of OPL and ONL, and associated disruption
of ellipsoid, interdigitation zones, and RPE layers on the nasal ((B), red box) and upper macular ((C), red box). No flow defects in the superficial (D)/intermediate (E)/deep
(F) retinal capillary plexuses and choroidal capillary plexus (G) on OCTA. Three weeks after oral prednisone administration, hyper-reflectivity of the OPL and ONL
completely faded with definable ellipsoid, interdigitation zones, and RPE layers both on the nasal ((H), red box) and upper ((I), red box) macular on OCT. Six weeks later
only slight irregularity of ellipsoid, interdigitation zones, and RPE layers persisted on OCT, on the nasal ((J), red box) and upper ((K), red box) macular areas.

refractive myopia correction in both eyes 10 years ago, with no remarkable systemic medical history. At presentation,
visual acuity corrected to —0.5 diopters was 20/20 in both eyes. Slit-lamp examination and IOPs were unremarkable.
Fundus photography (Optos, Daytona Plus 200tx) showed no obvious abnormal findings (Figure 3A), and OCT
(VG200S; SVision Imaging, Henan, China) showed a para-foveal hyper-reflective segment of the OPL and ONL with
associated disruption of ellipsoid, interdigitation zones, and RPE layers (Figure 3B). OCTA (VG200S; SVision Imaging,
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Figure 3 Fundus images of the left eye in case 3. Fundus photography (A) was normal. A para-foveal hyper-reflective segment of the OPL and ONL, with associated
disruption of ellipsoid, interdigitation zones, and RPE layers on OCT ((B), red box). No flow defects in the superficial (C)/intermediate (D)/deep (E) retinal capillary
plexuses and choroidal capillary plexus (F) on OCTA. Three days after oral prednisone administration, hyper-reflectivity of the OPL and ONL mildly faded on OCT ((G), red
box). Ten days later, hyper-reflectivity faded with definable ellipsoid, interdigitation zones, and RPE layers on the OCT ((H), red box). A tiny segmental discontinuity of
ellipsoid, interdigitation zones, and RPE layers persisted on OCT at the 4-week visit ((I), red box) and 7-week visit ((J), red box).

Henan, China) showed no flow defect either in the superficial/intermediate/deep retinal capillary plexuses or in the
choroidal capillary plexus (Figure 3C-F). A possible diagnosis of unilateral AMN in the left eye was made. The patient
was prescribed 40 mg/day (0.8 mg/kg body weight) of oral prednisone for 1 week, which was continued with gradual
tapering over a 2-month period. The patient was asked to pause breastfeeding during medication. Three days later, OCT
indicated that OPL and ONL hyper-reflectivity had mildly faded (Figure 3G). Ten days later, OPL and ONL hyper-
reflectivity had decreased further with definable ellipsoid, interdigitation zones, and RPE layers on the OCT (Figure 3H);
however, the patient still complained of slight scotoma. During follow-up, the patient still complained of a subtle
scotoma and OCT only showed a tiny segmental discontinuity of ellipsoid, interdigitation zones, and RPE layers at the
4-week visit and 7-week visit (Figure 31 and J). The patient was still under observation.
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Case 4

The fourth patient was a 35-year-old woman, who presented with a sudden onset of central scotoma in both eyes for 6
days. Before the onset, she had suffered fatigue, headache, chills, and fever, and antigen self-testing for SARS-CoV-2
was positive. She had no remarkable systemic medical history. From previous records, the visual acuity corrected to —4.5
diopters was 0.5 in both eyes. Slit-lamp examination and IOPs were unremarkable. Fundus photography disclosed white-
yellow lesions in the posterior retina (Figure 4A and B, photocopy from local records); however, the OCT scan was not
available. A 30-2 visual field test on the right eye showed defects on nasal and temporal fields but was normal in the left
eye (Figure 4C and D, photocopy from local records). Visual evoked potential (VEP) was normal in both eyes. At
presentation, the patient still had serious systemic symptoms and visual acuity corrected to —4.5 diopters was 0.4 in the
right eye and 0.2 in the left eye. The anterior segments in both eyes were unremarkable. Fundus photography (Optos,
Daytona Plus 200tx) showed reduced white-yellow lesions (Figure 4E and F) and OCT scan (VG200S; SVision Imaging,
Henan, China) disclosed hyper-reflective segments of OPL and ONL in the fovea of both eyes, also with associated
disruption of ellipsoid, interdigitation zones, and RPE layers (Figure 4G and H). OCTA (VG200S; SVision Imaging,
Henan, China) showed perfusion defects in the superficial/deep retinal capillary plexuses, also in the choroidal capillary
plexus on wide field OCTA in both eyes (Figure 41-N). The patient was diagnosed with bilateral AMN and paracentral
acute middle maculopathy (PAMM) according to the initial fundus photography, though with mild resolution at
presentation. Oral prednisone 40 mg/day (0.8 mg/kg body weight) was administered for one week. A week later, the
systemic symptoms relieved completely, and the corrected visual acuity improved to 0.8 in the right eye and 0.4 in the
left eye. OCT showed that hyper-reflectivity of the OPL and ONL slightly faded (Figure 40 and P) and retinal capillary
defects resolved on OCTA (Figure 4Q-V). The patient was suggested to continue with oral prednisone with gradual
tapering over a 2-month period. However, the patient was lost to follow-up.

Discussions

Here, we report a case series of typical AMN in young healthy patients, a sudden rise during the first surge of the SARS-
CoV-2 infection immediately after the easing of the epidemic control measures in early December 2022 in Wuhan, China.
More cases with AMN followed during the next several weeks for further consultation. We also speculate the association
between rare retinal lesions and the high incidence of viral infection during the wave immediately after the easing of the
epidemic control measures. The typical cases reported were systemically healthy with no medication history. Before the
onset of ocular symptoms, patients, including their family members, experienced systemic symptoms and antigen self-
testing showed SARS-CoV-2 infection. Several days after recovery from the systemic symptoms, the onset of ocular
symptoms occurred, mainly paracentral or central scotomas. The first three cases presented on the same day, which is
uncommon for this rare disease.

AMN, described by Bos and Deutman in 1975, is a rare disease, characterized by the sudden onset of one or more
paracentral scotomas, bilaterally or unilaterally.®* AMN is commonly seen in young females and associated risk factors
include flu-like illness, hormonal oral contraceptive pills, antecedent trauma, caffeine, injection of epinephrine and
pseudoephedrine, hypovolemia, and pregnancy-induced hypertension.” The most common pathogenesis is ischemia of
the deep capillary plexus. It is most easily identified by wedge-shaped parafoveal lesions on infra-red or red-free
imaging. Characteristic OCT findings showed OPL and ONL hyperreflectivity in the fovea, also with associated
disruption of ellipsoid, interdigitation zones, and RPE layers. In some reports, OCTA detected flow voids in the
choriocapillaris or deep retinal capillary plexus, corresponding to the wedge-shaped lesions on near-infrared imaging.”
However, they were not always remarkable.

In the cases described, initial OCT findings revealed characteristic hyperreflectivity of the OPL and ONL in the
macular area, accompanied by associated disruption of ellipsoid, interdigitation zones, and RPE layers. However, OCTA
detected unremarkable changes in the retinal capillary plexuses or in the choroidal capillary plexus in most cases reported
here, except that there was a perfusion defect in retinal and choroidal capillary plexuses in Case 4, with suggested PAMM
initially. FAF was normal in Case 1, and VEP was normal in Case 4. However, visual field tests varied among the cases
based on the degree of the visual function impairment. There were visual field defects in the right eye in Case 4 detected
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Figure 4 Fundus images of both eyes in case 4. Initial fundus photography revealed white-yellow lesions in the posterior retina in both eyes (Right: (A), Left: (B), photocopy from
local records). The 30-2 visual field test showed visual defects on nasal and temporal fields in the right eye (C), while it was normal in the left eye ((D), photocopy from local
records). At presentation, fundus photography showed reduced white-yellow lesions (Right: (E), Left: (F)) and OCT scan disclosed hyper-reflective segment of the OPL and ONL in
the fovea of both eyes, also with associated disruption of ellipsoid, interdigitation zones, and RPE layers (Right: (G), Left: (H), red box). OCTA showed perfusion defects in the
superficial (I and L)/deep (J and M) retinal capillary plexuses, also in the choroidal capillary plexus (K and N) on wide field OCTA in both eyes (Right: (I-K). Left: (L-N), yellow
circle). Hyper-reflectivity of the OPL and ONL slightly faded (Right: (O), Left: (P), red box) one week after oral prednisone administration, as observed in OCT. Superficial (Q and
T)/deep (R and U) retinal capillary defects, and choroidal (S and V) capillary defects slightly resolved on OCTA (Right: (Q-S). Left: (T-V), yellow circle).

during 30-2 Humphrey test. The 10-2 visual field test and Amsler test may be more specific in detecting scotomas, but
they were not available at the time.

Although the exact mechanism of AMN after SARS-CoV-2 infection is unknown, it has been hypothesized to be an
acute vascular event in the outer retina or choroid because of the inflammatory reaction, leading to ischemia of the deep
retinal capillary plexus and choroid capillary. SARS-CoV-2 is known to enter host cells through the interaction of its
spike protein with the entry receptor angiotensin-converting enzyme (ACE)-2, in the presence of transmembrane serine
protease (TMPRSS). Interestingly, ACE-II receptor has been found in the retinal ganglion cell layer, inner plexiform
layer, inner nuclear layer, and photoreceptor outer segments. TMPRSS?2 is also found in multiple retinal neuronal cells,
vascular and perivascular cells, and in retinal Miiller glial cells.'® These may suggest possible viral entry in the retinal
cells, though there is no conclusive evidence of virus existence in the retina for the cases reported. Indeed, SARS-CoV-2
RNA has been found in the retina of some patients who died from COVID-19."!

For extrapulmonary manifestations of COVID-19, besides direct viral tissue damage, others including endothelial
damage and dysregulation of immune responses, and maladaptation of ACE2-related pathways are the plausible mechanisms
of injury.'? Hyperinflammatory response and thromboembolic events leading to endothelial damage in the retinal deep
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capillary plexus or choroidal capillary may be the key mechanisms contributing to AMN induced by SARS-CoV-2. Hyper-
reflectivity of the outer retina on OCT may be an indirect sign of damage to adjacent the photoreceptors and the RPE, or with
corresponding flow voids in the choroidal capillary or the deep retinal capillary plexus on OCTA scans.

For now, there is no guideline for treating AMN related to SARS-CoV-2 infection or vaccination. Some reported
AMN as a self-limiting disease, which usually resolves without specific treatment.'*"'* Some cases were reportedly just
under observation, and the disease course may last weeks to months with diverse outcomes, ranging from persistent
scotomas to complete visual recovery.'>!” Tapering corticosteroid therapy, either for a short time (less than 1 month) or
for a longer time (over 4 months) was applied in some cases following SARS-CoV-2 vaccination for any possible rapid
recovery of vision, but also with diverse outcomes.'® 2’ For the cases reported here, an initial prednisone (0.8 mg/kg
body weight) dose was administered and was continued with gradual tapering over a 2-month period. During the follow-
up, OCT revealed resolution of previous hyper-reflective lesion but there was subsequent ellipsoid and interdigitation
zone loss. For cases 1, 2, and 3, visual acuity remained unchanged with only slightly scotoma persisting during the
follow-up. In case 4, there was remarkable improvement of visual acuity during the first one week after prednisone
administration, also a corresponding resolution of hyper-reflective lesion on OCT. We assume that early corticosteroid
administration may play a positive role in shortening the disease course and visual function improvement, as there was no
improvement of visual function in cases where medication was delayed due to incorrect diagnosis elsewhere caused by
the subtlety in retinal lesions and rarity of the disecase. However, the cases are still under investigation and we are
awaiting more long-term results.

Moreover, an interesting correlation between COVID-19 vaccination and AMN has been lately observed. Mambretti
et al reported AMN in two young females two days after receiving Vaxzevria Coronavirus disease (COVID-19)
vaccination who were on long-term oral contraceptives.?' Franchi et al reported two cases of young females presenting
with AMN within 48 h of administration of the COVID-19 Oxford AstraZeneca vaccine.”> Additionally, Valenzuela et al
reported a case of AMN following administration of the Pfizer-BioNTech COVID-19 vaccine.'® Several similar findings

23,24

have also been reported in other case reports and may be suggestive of a causal relationship between COVID-19

vaccination and AMN.

Conclusion

Here we report a case series of AMN, a sudden increase in the onset of the disease, since the easing of epidemic control
measures for COVID-19 in China in early December 2022. There have been similar reports of cases with AMN during
the COVID-19 pandemic or after SARS-CoV-2 vaccination globally. The rise of this rare disease linked to SARS-CoV-2
infection or vaccination seems to confirm a possible correlation. However, further studies are needed to confirm the
association of AMN with COVID-19 and its vaccines, also to understand the exact mechanism and treatment of the
disease.
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