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Abstract

Introduction The role of the human eye in severe
acute respiratory syndrome coronavirus 2 (SARS-
COV-2) is still under investigation. The pathophysi-
ology of the ocular findings is arduous when dealing
with critically ill Covid-19 patients with comorbidi-
ties. Multiorgan involvement and the effects of
inflammation, infection and systemic treatment on the
retina are complex, and comparison of studies is diffi-
cult. Most studies in human patients have investigated
the anterior segment, whereas few reports deal with
the posterior segment of the eye. The present review
aims to evaluate the retinal manifestations and imag-
ing features in COVID-19 patients.

Methods Studies on the retinal manifestations and
retinal imaging in COVID-19 patients published
through June 2021 were reviewed. We included cross-
sectional and case—control studies, case series, case
reports and correspondence in the analysis.

Results Flame-shaped hemorrhages, cotton wool
spots, augmented diameter and tortuosity of retinal
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vessels were found on funduscopic examination. Peri-
papillary, macular retinal nerve fiber layer and gan-
glion cell layer thickness alterations were reported
on spectral domain optical coherence tomography.
Reduced vessel density of the superficial and deep
retinal capillary plexus on optical coherence tomogra-
phy angiography was reported.

Conclusions Retinal complications may arise in
COVID-19 patients. Although no consensus on pres-
entation is currently available, retinal funduscopy and
imaging has shown neuronal and vascular alterations.
Systemic neurological complications and microangi-
opathy are associated with SARS-COV-2; thus, as the
retina has a neuronal and vascular component, fun-
duscopy and retinal imaging on COVID-19 patients
can provide further insight to SARS-COV-2 disease
and the follow-up of patients.

Keywords Coronavirus - COVID-19 - SARS-
CoV-2 - Fundus examination - Spectral domain
optical coherence tomography - Optical coherence
tomography angiography - Retina

Introduction

In December 2019 an outbreak of pneumonia
occurred in Wuhan, China. The cause at the time was
still unknown, but following health authority investi-
gations, a novel coronavirus causing severe pneumo-
nia was isolated. Further genomic research identified
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the virus as severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) that is principally replicated
and propagated in the respiratory system leading
to an immune response [1]. Since 2019 the SARS-
COV-2 virus has gone through adaptive mutation in
the viral genome that could result in increase in trans-
missibility, increase in virulence or change in clinical
disease presentation. Even though numerous variants
of SARS-COV-2 have been described, only a few
are considered variants of concern such as the Delta
variant, identified in December 2020 and responsible
for the second wave of COVID-19 infections and the
recent Omicron variant, identified in South Africa in
November 2021, and currently cause of a spike in the
number of infections [2]. The role of the eye in the
SARS-CoV-2 pandemic is still under investigation,
and the major body of research refers to the 2019
virus variant.

Ocular infection by coronaviruses has been well
established in the animal model. There is evidence of
sight-threatening ocular complication in the feline and
murine orders [3]. In feline coronavirus it has been
suggested that the ocular manifestations are due to a
vasculitis and inflammation leading to conjunctivitis,
anterior uveitis, choroiditis and retinal vasculitis [4].
Experimental studies on coronavirus retinopathy with
intravitreal inoculation of virus from JHM V-infected
mice showed an initial inflammatory response fol-
lowed by retinal degeneration [5]. The pathological
mechanism initiates with localization of the virus in
the retina and retinal pigment epithelium and causes
inflammation owing to pro-inflammatory mediator
release. Although viral clearance occurs after a week
from infection, the secondary autoimmune response
with production of retinal and retinal pigment epithe-
lium autoantibodies leads to neuroretinal thinning and
loss of the photoreceptors and ganglion cells [6].

Cellular infection of SARS-CoV-2 occurs
through binding of the viral spike protein to the
cellular angiotensin-converting enzyme 2 (ACE2),
and serine protease TMPRSS2 promotes spike
protein priming [7, 8]. In humans ACE2 protein is
expressed in epithelial cells in the lungs and other
tissues such as the intestine and kidney [1]. In the
human eye these proteins are expressed in the cor-
nea, conjunctiva and iris, but ACE2 is also detect-
able in the aqueous humor and retina [8, 9]. In par-
ticular, ACE and ACE2 are found in the ganglion
cells, Muller cells, photoreceptors, retinal vascular
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cells and the choroid [10]. Casagrande et al. ana-
lyzed retinal biopsies of 14 patients deceased for
confirmed SARS-CoV-2 infection, and three of
14 samples were positive for the SARS-CoV-2
RdRp-gene, E-gene and Orf nCoV-gene-specific
sequences in the retina [11]. Moreover, retinal
microvascular alterations and vascular occlusions
have been reported [12].

The virus can reach the retina through various pos-
sible mechanisms. Raony et al. suggested a hematog-
enous route to the central nervous system [13], and
Figueiredo et al. proposed spread of the virus through
direct infection of capillary endothelial cells express-
ing ACE2 and CD147 or via leukocytes that cross the
blood retinal barrier carrying the virus to the retina
[14]. In the neuronal route, spreading could occur
through retrograde transportation from the brain to
the optic nerve and the retinal ganglion cells [14].
Furthermore, some authors suggested that the corneal
nerves can spread the virus from the anterior segment
toward other regions via the trigeminal nerve [15, 16].
However, few reports have evaluated the manifesta-
tions of the posterior segment of the eye. Potentially,
the status of the retina, evaluated with ophthalmo-
scopic examination and imaging, can provide indica-
tions on systemic disease. In this review, we analyze
publications relative to retinal alterations and imaging
with spectral domain optical coherence tomography
(SDOCT) and optical coherence tomography angiog-
raphy (OCTA) in patients diagnosed with COVID-19.

Methods

The literature search was carried out from the
PubMed, Web of Science and Scopus electronic
databases through June 2021. The keywords used
were “COVID-19” OR “SARS-CoV-2” OR “2019-
nCoV” AND “retinal” OR “fundus” OR “imaging.”
Reference lists of included articles and pertinent
reviews were also searched. Three authors (ML,
DR, AM) independently screened all the titles and
abstracts and reference lists of all included articles.
Full manuscripts of relevant articles were evaluated
by all authors and subjected to group discussion.
The flowchart in figure one shows the retinal fea-
tures evaluated in the publications included in the
study (Fig. 1).
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Fig. 1 Flowchart of publications analyzed for retinal altera-
tions and imaging features in COVID-19 patients. The param-
eters evaluated in fundus examination, spectral domain opti-

Results

We included cross-sectional and case—control stud-
ies, case series, case reports and correspondence on
the retinal alterations and retinal imaging features
in confirmed COVID-19 patients. We excluded any
reports with only suspected cases. Editorials and
narrative reviews were also excluded. Data specifi-
cally included COVID-19 positivity, systemic clinical
manifestations and therapy, retinal signs and compli-
cations, and retinal imaging features of COVID-19
patients.

Flame-shaped hemorrhages, cotton wool spots,
augmented diameter and tortuosity of retinal ves-
sels were found on funduscopic examination. Peri-
papillary, macular retinal nerve fiber layer and gan-
glion cell layer thickness alterations were reported
on SDOCT. Reduced vessel density of the superfi-
cial and deep retinal capillary plexus on OCTA was
reported.

Discussion

The pathophysiology of the ocular and retinal find-
ings appears arduous when dealing with critically ill

cal coherence tomography (SDOCT) and optical coherence
tomography angiography (OCTA) are summarized

COVID-19 patients with comorbidities. Patients have
multiorgan involvement with coagulopathy, sepsis,
fluid overload and hypo-oxygenation [17-22]. The
effects of infection and inflammation, systemic treat-
ment including antibodies, steroids, vasopressors,
ventilation, heparinization or anticoagulation, and
dialysis on the retina are so complex that compari-
son of studies is difficult. However, ocular infection
by coronaviruses is well established in the feline and
murine orders and in humans, retinal alterations and
specific imaging features in COVID-19 patients have
been reported in the literature.

Fundus alterations

Various studies have demonstrated the correlation
between SARS-CoV-2 infection and an increase of
coagulation abnormalities [17, 18]. One major cause
of the systemic thromboembolic and inflammatory
complications of COVID-19 seems to be endothe-
lial damage [19-21]. The vascular status of the ret-
ina, evaluated with ophthalmoscopic examination,
provides an indication of the systemic vascular sys-
tem. Similar to other systemic diseases, such as dia-
betes and hypertension, evaluation of the retina can

@ Springer



Int Ophthalmol

potentially provide indications of alterations linked to
COVID-19.

There are some case reports of retinal occlusive
disease in patients with SARS-CoV-2. Montesel
et al. described central artery occlusion in a patient
and hypothesized a multifactorial process of inflam-
mation and hypercoagulation as risk factors [22].
Sheth et al. described hemiretinal vein occlusion [23]
and Invernizzi et al. reported a case of central retinal
vein occlusion in a patient with multiple retinal hem-
orrhages, increased venular tortuosity and a diffuse
fern-like retinal whitening [24]. Marinho et al. found
microhemorrhages and cotton wool spots in a case
series of 4 patients [25].

Studies with larger cohorts of patients succes-
sively revealed somewhat contrasting results. Pir-
raglia et al. reported on 43 SARS-CoV-2 patients
with pneumonia but did not find signs of posterior
segment involvement [26]. However, the patients in
their cohort were treated with low molecular weight
heparin to prevent systemic vascular complications.
Pereira et al. performed fundus photography in 18
hospitalized patients with severe COVID-19 and
found flame-shaped hemorrhages, cotton wool spots,
peripheral retinal hemorrhages, retinal epithelium
hyperplasia, macular hemorrhages and hard exu-
dates in 10 patients, suggesting acute vascular lesions
of the inner retina [27]. These authors hypothesized
that these alterations could be due to damage to neu-
ronal tissue, similar to other viral diseases that have
a systemic and retinal impact such as HIV, dengue
and Zika virus [28, 29]. Invernizzi et al. studied 54
patients with COVID-19 and 133 control subjects.
They assessed fundus photographs and evaluated
mean artery diameter (MAD) and mean vein diam-
eter (MVD). Retinal alterations in patients with
COVID-19 were dilated veins (27.7%), tortuous ves-
sels (12.9%), hemorrhages (9.25%) and cotton wools
spots (7.4%). The authors found that both MAD and
MVD were higher in COVID-19 patients compared
to controls and MVD was positively correlated with
disease in severe and non-severe cases compared to
unexposed subjects [30]. Nevertheless, in this study
there was a high prevalence of hypertension and dia-
betes in the cohort; thus, the authors suggested that
the data should be interpreted with caution.

To date, reports in the literature indicate that pos-
terior segment alterations can be associated with
SARS-CoV-2. However, direct comparison is limited
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as the available studies are not uniform in design. The
contrasting results could be due to patient selection
where severity of disease, pre-existing systemic con-
ditions other than COVID-19 and therapies adminis-
tered are variable. Sen et al., in a recent systematic
review, reported that posterior ocular manifestations
can present from one week to six weeks after the
onset of COVID-19 symptomatology. Retinal hemor-
rhages and cotton wool spots are the most common
but do not affect visual acuity; however, retinal vein
occlusion with macular edema and rarely retinal arte-
rial occlusions and ocular inflammation are sight-
threatening complications [31].

Spectral domain optical coherence tomography and
optical coherence tomography angiography

Some authors used SDOCT to study posterior seg-
ment alterations in patients with COVID-19. The
rationale is linked to the neurological alterations
such as anosmia, ageusia, encephalopathy, headache,
ataxia, epileptic seizures and cerebrovascular disease
that are described in 30-40% of patients [32, 33].
Thus, as the retina has neuronal and vascular com-
ponents, examination with SDOCT and OCTA could
provide further insight to the disease.

Case series studies have shown SDOCT altera-
tions in COVID-19 patients. Invernizzi et al. found
hyperreflectivity of the inner retinal layers in a patient
with impending retinal vein occlusion [24]. Marinho
et al. described hyperreflective lesions of the ganglion
cell layer (GCL) and inner plexiform layer (IPL) in
proximity of the papillomacular bundle. They sug-
gested that these findings could be associated with
the central nervous system manifestations described
in COVID-19 patients [25]. Virgo and Mohamed
observed focal volume loss of the inner nuclear layer
and corresponding hyperreflectivity in the inner and
outer plexiform layers consistent with diagnosis of
paracentral acute middle maculopathy (PAMM) in
one patient and interdigitation zone disruption with
outer plexiform layer hyperreflectivity consistent
with diagnosis of acute macular neuroretinopathy
(AMN) in another case [34]. The authors hypoth-
esized postinfection complications linked to inflam-
mation and ischemia, as PAMM and AMN have been
reported to be associated with febrile conditions [35]
and reduced retinal vascular flow [36, 37].
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Table 1 (continued)

OCTA

SDOCT

Fundus alterations

Systemic therapy

Patient status

Preexisting disease

Patients Eyes Age

Author

Temporal macular

CRAO

Mechanical ventila-

Discharged

Hypertension,

59

Montesel et al.

thinning (both

tion, hydroxychlo-
roquine, lopinavir/

ritonavir, IV
tocilizumab

(previously in ICU)

hyperuricemia

[22]

eyes), atrophy of
inner retina lay-

ers/loss of foveal
depression (one

eye)
Increased reflectiv-

Hemorrhages,

Steroids

Out patient

1 54

Invernizzi et al.

ity of middle
retinal layers

perivenular whit-

ening

[24]

AF atrial fibrillation; AMN acute macular neuroretinopathy; CAD coronary artery disease; CC choriocapillaris; CHF congestive heart failure; COPD chronic obstructive pulmo-

nary disease; CRAO central retinal artery occlusion; CVA cerebrovascular accident; DCP deep capillary plexus; GCL ganglion cell layer; HIV human immunodeficiency virus;
ICU intensive care unit; ip/ inner plexiform layer; NIR near-infrared reflectance; OCTA optical coherence tomography angiography; PAD peripheral artery disease; PAMM para-

central acute middle maculopathy; Pts patients; RNFL retinal nerve fiber layer; RPCP radial peripapillary capillary plexus; RVO retinal vein occlusion; SCP superficial capillary

plexus; SDOCT spectral domain optical coherence tomography; 7B tuberculosis; TIA transient ischemic attack

Recently larger cohort studies were published
with data on retinal layer thickness and vascular
density using SDOCT and OCTA. Burgos-Blasco
et al. investigated the thickness of the peripapillary
retinal fiber layer (RNFL), macular RNFL, GCL and
IPL in 90 patients recovered from COVID 19 and
compared results to 70 control subjects. The study
group presented increased global RNFL thickness
and increased superior and inferior nasal peripapil-
lary RNFL thickness. In contrast, macular RNFL
thickness was decreased in COVID-19 patients in
the superior inner, nasal inner, and nasal outer quad-
rants. The GCL thickness was increased in volume,
in the superior, nasal and inferior outer quadrants.
Peripapillary RNFL and macular GCL thickness was
increased in patients with anosmia and ageusia [38].
The authors suggested that the thickening of neu-
ronal retinal layers could be due to acute damage of
the virus to the optic nerve that, in later stages, could
potentially lead to atrophy similar to that reported in
SDOCT evaluation of Parkinson patients [39, 40].
Although the exact mechanism for these changes in
SARS-CoV-2 infection is not clear, a trans-synaptic
retrograde mechanism originating from the olfactory
bulb has been advanced [11, 41].

Savastano et al. reported a reduction of the radial
peripapillary capillary plexus density in 80 recovered
COVID-19 patients and compared this with healthy
control subjects using OCTA. The perfusion den-
sity correlated with lopinavir/ritonavir or antiplatelet
therapy [42]. However, in contrast to the results of
Burgos et al. [38], Savastano et al. did not find dif-
ferences in average RNFL thickness between patients
and healthy controls. The authors found a linear cor-
relation of RNFL thickness and retinal peripapillary
vascular density in COVID-19 patients [42].

Indeed, OCTA is an interesting line of research
that enables the study of the choriocapillaris and reti-
nal vascular density. As these two structures have the
highest vascularization for area unit in the human
body, Turker et al. speculated that the consequences
of COVID-19 could be studied in a non-invasive and
rapid manner using OCTA and that the microangi-
opathy that characterizes COVID-19 infection can
potentially cause changes in the vascular density of
the retina and the choriocapillaris [43]. These authors
reported OCTA findings in 54 eyes of 27 patients
compared with healthy controls. The foveal and para-
foveal vascular density was reduced in the superior
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and nasal quadrants of the superficial capillary plexus
and globally reduced in the deep capillary plexus in
the study group. Furthermore, COVID-19 patients
had significantly higher choriocapillaris flow area val-
ues compared with controls. The authors speculated
that this could be due to vasodilatation of the chorio-
capillaris vessels as a reaction to hypoxia, ischemia or
inflammation, favoring the theory that the systemic
ischemic effects of SARS-CoV-2, including the pres-
ence of the virus in the retina, could be the basis for
microvascular alterations [43].

Abrishami et al. used OCTA to assess foveal and
parafoveal vascular density and the extent of the
foveal avascular zone (FAZ) in 31 infected patients
compared to 23 healthy controls. They found a sig-
nificant reduction of mean vessel density in the super-
ficial capillary plexus and deep capillary plexus of
the retina in the COVID-19 cohort. Moreover, they
described an increased FAZ in the COVID-19 group,
but these data were not statistically significant. The
authors speculated that this reduction could be related
to both direct coronavirus infection of the retina and
secondary inflammatory effects [44].

A comprehensive summary of the retinal altera-
tions and imaging of the posterior ocular segment in
the current literature is shown in Table 1.

Conclusions

The studies analyzed in this review show that there
are alterations of the vascular and neuronal compo-
nents of the retina related to SARS-COV-2 infection.
Direct comparison of the studies currently available
in the literature is difficult owing to different study
designs that included patients in various stages of dis-
ease with variable treatment modalities. Given that
the eye is a window on numerous systemic diseases
characterized by neuronal and vascular alterations,
retinal examination, SDOCT, and OCTA imaging can
provide further insight on the pathogenetic mecha-
nisms of disease and possibly aid in the follow-up of
patients with SARS-COV-2 infection.

Funding No funding was received.
Data availability Not applicable.

Code availability Not applicable.

@ Springer

Declarations

Conflict of interest The authors do not report conflicts of in-
terest.

Consent for publication Not applicable.

Open Access This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits
use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Crea-
tive Commons licence, and indicate if changes were made. The
images or other third party material in this article are included
in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your
intended use is not permitted by statutory regulation or exceeds
the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit
http://creativecommons.org/licenses/by/4.0/.

References

1. Guo YR, Cao QD, Hong ZS et al (2020) The origin, trans-
mission and clinical therapies on coronavirus disease
2019 (COVID-19) outbreak—an update on the status. Mil
Med Res 7(1):11

2. Aleem A, Samad ABA, Slenker AK (2022) Emerging
variants of SARS-CoV-2 and novel therapeutics against
coronavirus (COVID-19). StatPearls [Internet]. StatPearls
Publishing, Treasure Island (FL)

3. Seah I, Agrawal R (2020) Can the coronavirus disease
2019 (COVID-19) affect the eyes? A review of corona-
viruses and ocular implications in humans and animals.
Ocul Immun Inflamm 28:391-395

4. Doherty MJ (1971) Ocular manifestations of feline infec-
tious peritonitis. ] Am Vet Med Assoc 159:417-424

5. Robbins SG, Detrick B, Hooks JJ (1990) Retinopathy
following intravitreal injection of mice with MHV strain
JHM. Adv Exp Med Biol 276:519-524

6. Hooks JJ, Percopo C, Wang Y, Detrick B (1993) Retina
and retinal pigment epithelial cell autoantibodies are pro-
duced during murine coronavirus retinopathy. J Immunol
151:3381-3389

7. Hoffmann M, Kleine-Weber H, Schroeder S et al (2020)
SARS-CoV-2 cell entry depends on ACE2 and TMPRSS2
and is blocked by a clinically proven protease inhibitor.
Cell 181(2):271-280.e8

8. Wang K, Chen W, Zhang Z et al (2020) CD147-spike
protein is a novel route for SARS-CoV-2 infection to host
cells. Signal Transduct Targeted Ther 5:283

9. Senanayake PD, Drazba J, Shadrach K et al (2007) Angi-
otensin II and its receptor subtypes in the human retina.
Investig Ophthalmol Vis Sci 48(7):3301-3311


http://creativecommons.org/licenses/by/4.0/

Int Ophthalmol

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Choudhary R, Kapoor MS, Singh A et al (2016) Thera-
peutic targets of renin-angiotensin system in ocular disor-
ders. J Curr Ophthalmol 29(1):7-16

Casagrande M, Fitzek A, Piischel K et al (2020) Detec-
tion of SARS-CoV-2 in human retinal biopsies of
deceased COVID-19 patients. Ocul Immunol Inflamm
28(5):721-725

Magro C, Mulvey JJ, Berlin D et al (2020) Complement
associated microvascular injury and thrombosis in the
pathogenesis of severe COVID-19 infection: a report of
five cases. Transl Res 220:1-13

Raony i, de Figueiredo CS, Pandolfo P et al (2020)
Psycho-neuroendocrine-immune interactions in covid-
19: potential impacts on mental health. Front Immunol
11:1170

de Figueiredo CS, Raony i, Giestal-de-Araujo E (2020)
SARS-CoV-2 targeting the retina: host—virus interaction
and possible mechanisms of viral tropism. Ocul Immunol
Inflamm 28(8):1301-1304

Marfurt CF, Cox J, Deek S et al (2010) Anatomy of the
human corneal innervation. Exp Eye Res 90(4):478-492
Giiemes-Villahoz N, Burgos-Blasco B, Garcia-Feijo6
J et al (2020) Conjunctivitis in COVID-19 patients: fre-
quency and clinical presentation. Graefes Arch Clin Exp
Ophthalmol 258(11):2501-2507

Levi M, Thachil J, Iba T et al (2020) Coagulation abnor-
malities and thrombosis in patients with COVID-19. Lan-
cet Haematol 7(6):e438—e440

Levolger S, Bokkers RPH, Wille J et al (2020) Arterial
thrombotic complications in COVID-19 patients. J Vasc
Surg Cases Innov Tech 6(3):454-459

Bikdeli B, Madhavan MYV, Jimenez D et al (2020)
COVID-19 and thrombotic or thromboembolic disease:
implications for prevention, antithrombotic therapy, and
follow-up: JACC state-of-the-art review. ] Am Coll Car-
diol 75(23):2950-2973

England JT, Abdulla A, Biggs CM et al (2021) Weath-
ering the COVID-19 storm: lessons from hematologic
cytokine syndromes. Blood Rev 45:100707

Copin MC, Parmentier E, Duburcq T et al (2020) Time to
consider histologic pattern of lung injury to treat critically
ill patients with COVID-19 infection. Intensive Care Med
46(6):1124-1126

Montesel A, Bucolo C, Mouvet V et al (2020) Central
retinal artery occlusion in a covid-19 patient. Front Phar-
macol 23(11):588384

Sheth JU, Narayanan R, Goyal J et al (2020) Retinal vein
occlusion in COVID-19: a novel entity. Indian J Ophthal-
mol 68(10):2291-2293

Invernizzi A, Pellegrini M, Messenio D et al (2020)
Impending central retinal vein occlusion in a patient with
coronavirus disease 2019 (COVID-19). Ocul Immunol
Inflamm 28(8):1290-1292

Marinho PM, Marcos AAA, Romano AC et al (2020) Ret-
inal findings in patients with COVID-19. Lancet 2020:395
Pirraglia MP, Ceccarelli G, Cerini A et al (2020) Retinal
involvement and ocular findings in COVID-19 pneumonia
patients. Sci Rep 10(1):17419

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Pereira LA, Soares LCM, Nascimento PA et al (2020)
Retinal findings in hospitalised patients with severe
COVID-19. Br J Ophthalmol 106(1):102-105

Singh S, Kumar A et al (2018) Ocular manifestations
of emerging flaviviruses and the blood-retinal barrier.
Viruses 10:530

Hayreh SS (2011) Acute retinal arterial occlusive disor-
ders. Prog Retin Eye Res 30(5):359-394

Invernizzi A, Torre A, Parrulli S et al (2020) Retinal find-
ings in patients with COVID-19: results from the SER-
PICO-19 study. EClinicalMedicine 27:100550

Sen S, Kannan ND, Kumar J et al (2022) Retinal manifes-
tations in patients with SARS-CoV-2 infection and patho-
genetic implications: a systemic review. Int Ophthalmol
42:323-336

Mao L, Jin H, Wang M et al (2020) Neurologic manifes-
tations of hospitalized patients with coronavirus disease
2019 in Wuhan, China. JAMA Neurol 77(6):683-690
Ahmad I, Rathore FA (2020) Neurological manifestations
and complications of COVID-19: a literature review. J
Clin Neurosci 77:8-12

Virgo J, Mohamed M (2020) Paracentral acute mid-
dle maculopathy and acute macular neuroretinopa-
thy following SARS-CoV-2 infection. Eye (Lond)
34(12):2352-2353

Bhavsar KV, Lin S, Rahimy E et al (2016) Acute macular
neuroretinopathy: a comprehensive review of the litera-
ture. Surv Ophthalmol 61(5):538-565

Pecen PE, Smith AG, Ehlers JP (2015) Optical coherence
tomography angiography of acute macular neuroretin-
opathy and paracentral acute middle maculopathy. JAMA
Ophthalmol 133(12):1478-1480

Rahimy E, Kuehlewein L, Sadda SR et al (2015) Paracen-
tral acute middle maculopathy: what we knew then and
what we know now. Retina 35(10):1921-1930
Burgos-Blasco B, Giiemes-Villahoz N, Vidal-Villegas B
et al (2021) Optic nerve and macular optical coherence
tomography in recovered COVID-19 patients. Eur J Oph-
thalmol 5:11206721211001020

Garcia-Martin E, Larrosa JM, Polo V et al (2014) Distri-
bution of retinal layer atrophy in patients with Parkinson
disease and association with disease severity and duration.
Am J Ophthalmol 157(2):470-478.e2

Hasanov S, Demirkilinc Biler E, Acarer A et al (2019)
Functional and morphological assessment of ocular struc-
tures and follow-up of patients with early-stage Parkin-
son’s disease. Int Ophthalmol 39(6):1255-1262

Pouga L (2021) Encephalitic syndrome and anosmia in
COVID-19: Do these clinical presentations really reflect
SARS-CoV-2 neurotropism? A theory based on the review
of 25 COVID-19 cases. ] Med Virol 93(1):550-558
Savastano A, Crincoli E, Savastano MC et al (2020)
Against covid-post-acute care study group. Peripapillary
retinal vascular involvement in early post-COVID-19
patients. J Clin Med 9(9):2895

Turker IC, Dogan CU, Guven D et al (2021) Optical
coherence tomography angiography findings in patients
with COVID-19. Can J Ophthalmol 56(2):83-87

@ Springer



Int Ophthalmol

44. Abrishami M, Emamverdian Z, Shoeibi N et al (2021) Publisher’s Note Springer Nature remains neutral with regard
Optical coherence tomography angiography analysis of to jurisdictional claims in published maps and institutional
the retina in patients recovered from COVID-19: a case- affiliations.

control study. Can J Ophthalmol 56(1):24-30

@ Springer



	Overview of the retina and imaging in patients with severe acute respiratory syndrome coronavirus 2
	Abstract 
	Introduction 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Results
	Discussion
	Fundus alterations
	Spectral domain optical coherence tomography and optical coherence tomography angiography

	Conclusions
	References




