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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 

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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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 JHMV-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 

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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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 

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 

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-

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

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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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 Ta

bl
e 

1 
 (c

on
tin

ue
d)

A
ut

ho
r

Pa
tie

nt
s

Ey
es

A
ge

Pr
ee

xi
sti

ng
 d

is
ea

se
Pa

tie
nt

 st
at

us
Sy

ste
m

ic
 th

er
ap

y
Fu

nd
us

 a
lte

ra
tio

ns
SD

O
C

T
O

C
TA

 

 M
on

te
se

l e
t a

l. 
 

[2
2]

1
1

59
H

yp
er

te
ns

io
n,

 
hy

pe
ru

ric
em

ia
D

is
ch

ar
ge

d
(p

re
vi

ou
sly

 in
 IC

U
)

M
ec

ha
ni

ca
l v

en
til

a-
tio

n,
 h

yd
ro

xy
ch

lo
-

ro
qu

in
e,

 lo
pi

na
vi

r/
rit

on
av

ir,
 IV

 
to

ci
liz

um
ab

C
R

A
O

Te
m

po
ra

l m
ac

ul
ar

 
th

in
ni

ng
 (b

ot
h 

ey
es

), 
at

ro
ph

y 
of

 
in

ne
r r

et
in

a 
la

y-
er

s/
lo

ss
 o

f f
ov

ea
l 

de
pr

es
si

on
 (o

ne
 

ey
e)

–

 In
ve

rn
iz

zi
 e

t a
l. 

 
[2

4]
1

1
54

–
O

ut
 p

at
ie

nt
St

er
oi

ds
H

em
or

rh
ag

es
, 

pe
riv

en
ul

ar
 w

hi
t-

en
in

g

In
cr

ea
se

d 
re

fle
ct

iv
-

ity
 o

f m
id

dl
e 

re
tin

al
 la

ye
rs

–

AF
 a

tri
al

 fi
br

ill
at

io
n;

 A
M

N
 a

cu
te

 m
ac

ul
ar

 n
eu

ro
re

tin
op

at
hy

; C
AD

 c
or

on
ar

y 
ar

te
ry

 d
is

ea
se

; C
C

 c
ho

rio
ca

pi
lla

ris
; C

H
F 

co
ng

es
tiv

e 
he

ar
t f

ai
lu

re
; C

O
PD

 c
hr

on
ic

 o
bs

tru
ct

iv
e 

pu
lm

o-
na

ry
 d

is
ea

se
; C

RA
O

 c
en

tra
l r

et
in

al
 a

rte
ry

 o
cc

lu
si

on
; C

VA
 c

er
eb

ro
va

sc
ul

ar
 a

cc
id

en
t; 

D
C

P 
de

ep
 c

ap
ill

ar
y 

pl
ex

us
; G

C
L 

ga
ng

lio
n 

ce
ll 

la
ye

r; 
H

IV
 h

um
an

 im
m

un
od

efi
ci

en
cy

 v
iru

s;
 

IC
U

 in
te

ns
iv

e 
ca

re
 u

ni
t; 

ip
l i

nn
er

 p
le

xi
fo

rm
 la

ye
r; 

N
IR

 n
ea

r-i
nf

ra
re

d 
re

fle
ct

an
ce

; O
C

TA
  o

pt
ic

al
 c

oh
er

en
ce

 to
m

og
ra

ph
y 

an
gi

og
ra

ph
y;

 P
AD

 p
er

ip
he

ra
l a

rte
ry

 d
is

ea
se

; P
AM

M
 p

ar
a-

ce
nt

ra
l a

cu
te

 m
id

dl
e 

m
ac

ul
op

at
hy

; P
ts

 p
at

ie
nt

s;
 R

N
FL

 re
tin

al
 n

er
ve

 fi
be

r l
ay

er
; R

PC
P 

ra
di

al
 p

er
ip

ap
ill

ar
y 

ca
pi

lla
ry

 p
le

xu
s;

 R
VO

 re
tin

al
 v

ei
n 

oc
cl

us
io

n;
 S

C
P 

su
pe

rfi
ci

al
 c

ap
ill

ar
y 

pl
ex

us
; S

D
O

C
T 

sp
ec

tra
l d

om
ai

n 
op

tic
al

 c
oh

er
en

ce
 to

m
og

ra
ph

y;
 T

B 
tu

be
rc

ul
os

is
; T

IA
 tr

an
si

en
t i

sc
he

m
ic

 a
tta

ck



 Int Ophthalmol

1 3
Vol:. (1234567890)

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.
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