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Abstract

Introduction The pandemic of COVID-19 has been

caused by the severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2) virus. Apart from

respiratory malfunction, COVID-19 causes a system-

wide thromboembolic state, leading to serious cardio-

vascular, cerebrovascular and peripheral vascular

manifestations. However, our knowledge regarding

retinal manifestations due to systemic COVID-19 is

minimal. This systematic review has comprehensively

summarized all retinal manifestations secondary to

COVID-19 disease recorded till date since the begin-

ning of the pandemic.

Methods All studies published till November 27,

2020, which have reported retinal manifestations in

COVID-19 patients were systematically reviewed

using the PRISMA statement.

Results We included 15 articles: 11 case reports and

four cross-sectional case series. The most commonly

reported manifestations which did not affect visual

acuity were retinal hemorrhages and cotton wool

spots. The most common vision threatening manifes-

tation was retinal vein occlusion with associated

macular edema. Rarely, patients may also present

with retinal arterial occlusions and ocular inflamma-

tion. These manifestations may occur from as soon as

within a week after the onset of COVID-19 symptoms

to more than 6 weeks after.

Conclusion Mostly causing milder disease, COVID-

19 may however lead to severe life-threatening

thromboembolic complications, and systemic

antithrombotic therapy has been suggested as a

prophylactic and therapeutic management strategy

for patients affected with serious systemic disease.

However, both sick and apparently healthy patients

may suffer from various retinal complications which

may lead to loss of vision as well. No consensus

regarding management of retinal complications with

anticoagulants or anti-inflammatory medications have

been proposed; however, they may be tackled on

individual basis.

Keywords Retina � COVID-19 � Vein occlusion �
Artery occlusion � Vasculitis � Ophthalmology

Introductions

The coronavirus 2019 pandemic has spread worldwide

claiming millions of lives, with various challenging

clinical manifestations, prolonged recovery time and

post-recovery complications. The disease begins with

a mild clinical course with fever, dry cough, malaise,

progressing most commonly to a mild-to-moderate
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lower respiratory tract disease, finally resolving with-

out specific treatment [1]. Although the respiratory

system is the most commonly affected organ, the virus

shows neurotropism, endothelial tropism and may also

cause a system-wide inflammatory reaction, known as

the ‘‘cytokine storm.’’ A significant proportion of

COVID-19 affected patients may show neurological

and vascular manifestations [2, 3].

The proposed pathways by which the virus can gain

entry into the central nervous system (CNS) are

through blood stream into the cerebral circulation,

where the slower blood flowmight be conducive to the

virus affecting the capillary endothelium, and dissem-

ination through the olfactory bulb [4, 5]. Extensive

study into the pathogenesis of vascular events has led

researchers to conclude that COVID-19 may primarily

be a vascular disease causing severe endothelial

disruption, complement activation, and general-

ized inflammation, leading to an overall procoagulant

state [6]. Along with the CNS, the neurosensory retina

and the optic nerve also have been found to be affected

in several reported cases since May 2020. The aim of

this review was to create a systematic compilation of

the retinal signs seen in COVID patients, as well as to

understand and explore the mechanisms by which

coronaviruses may affect the retina. Given that the

COVID-19 pandemic is an evolving situation, the

implications and inferences of this review may be

early, although we would like to encourage the readers

to deem the timeliness of this review relevant in

clinical setups.

Methods

This study was performed according to the PRISMA

guidelines and flow diagram for manuscript format

development [7]. The review protocol was not previ-

ously registered.

Literature search

A systematic literature review was performed by two

independent reviewers (for screening, eligibility and

inclusion) from the electronic databases, PubMed and

Google Scholar, for English language articles and

English translated abstracts of non-English articles. To

avoid missing any articles, the references of the

relevant articles or reviews identified through search

were also scanned. The literature search was per-

formed on November 27, 2020, at 10 pm IST. The

search strategy included terms ‘‘retina’’ and

‘‘COVID’’ in various combinations along with Boo-

lean search operators ‘‘OR’’ and ‘‘AND.’’ The titles

and abstracts were screened for all articles to ensure

that they met eligibility criteria by the reviewers

independently. Full texts of all titles which appeared to

meet the inclusion criteria were downloaded. After

screening full texts, the articles were finally included,

and in case of any disagreements, they were solved by

discussion.

Inclusion and exclusion criteria

We included any prospective and retrospective stud-

ies, along with case series, case reports and corre-

spondence reporting retinal manifestations in

confirmed COVID-19 patients, of any age, any gender

and any race in this study. Patients were defined as

confirmed COVID-19 positive cases either based on

clinical criteria (recommended by their National

Health agencies) or positive RT-PCR for viral RNA

from nasopharyngeal swabs. Studies with only sus-

pected cases of COVID-19 were excluded from

analysis. Letter to editors not reporting cases, narrative

reviews, and correspondences (such as editorials)

were also excluded.

Data extraction

AMicrosoft excel spreadsheet was used to extract data

from the included eligible studies, related to study

design and setting, demographic and clinical details of

patients, reported ocular signs and symptoms, status of

RT-PCR positivity, and systemic disease status. Two

reviewers extracted the data independently and in case

of any confusion or discrepancy, a third reviewer was

consulted.

Study outcomes

The primary outcomes to be evaluated were presenting

clinical features of patients, demographic profile,

systemic profile, retinal complications of COVID-19

patients, severity and prognosis.
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Results

We identified 192 citations through the search of

electronic databases. After removing duplicate arti-

cles, screening of titles and abstracts was performed

for 171 articles. Full text screening was done for 35

manuscripts of which 15 fulfilled the inclusion criteria

and were used for data extraction. The PRISMA

flowchart shows the full screening process (Fig. 1).

The characteristics of the included studies are listed in

Table 1. A total of 121 confirmed cases of COVID-19

were reported in the included studies. Of the final

eligible studies included for data extraction, there

were 11 case reports and four cross-sectional case

series.

Retinal hemorrhages and cotton wool spots

Pereira et al. [8] evaluated a series of 18 patients, with

a median age of 62.5 years. A total of 95% of this

series’ patients were admitted in the ICU and nearly

half were on vasopressor support; 55.5% patients had

retinal findings. A total of 22.2% patients had flame

hemorrhages, 16.7% had cotton wool spots, 11.1% had

peripheral retinal hemorrhages, and 5.6% had macular

hemorrhages and hard exudates. Flame hemorrhages

signified an insult to the inner retina. One patient also

showed sectoral retinal pallor, suggesting recent

ischemic event.

In a larger series of 54 patients (SERPICO study),

who were not critically sick, Invernizzi A et al. [9]

found retinal hemorrhages in 9.25% patients and

cotton wool spots in 7.4%. Inflammatory markers were

raised in all the patients. Authors also noted that

fibrinogen, CRP, ferritin and LDH levels were all

raised in the patients.

D’Aloisio R et al. reported a case who developed

bilateral retinal hemorrhages, involving the fovea in

one patient [10]. These hemorrhages spontaneously

resolved within a month. The retinal findings were

Fig. 1 PRISMA flow

diagram showing the flow of

information in this

systematic review

123

Int Ophthalmol (2022) 42:323–336 325



T
a
b
le

1
D
em

o
g
ra
p
h
ic

an
d
cl
in
ic
al

m
an
if
es
ta
ti
o
n
s
o
f
p
at
ie
n
ts

re
p
o
rt
ed

to
h
av
e
re
ti
n
al

fi
n
d
in
g
s
in

p
at
ie
n
ts

o
f
C
O
V
ID

-1
9

A
u
th
o
r

S
tu
d
y

d
es
ig
n

L
o
ca
ti
o
n

M
o
n
th
,

Y
ea
r

A
g
e/

S
ex

T
o
ta
l

p
at
ie
n
ts

C
O
V
ID

st
at
u
s

B
io
ch
em

is
tr
y

O
n
se
t

af
te
r

C
O
V
ID

O
p
h
th
al
m
ic

ex
am

in
at
io
n

P
re
se
n
ti
n
g

V
A

F
in
al

V
A

P
er
ei
ra

L
A

et
al
.
[8
]

C
ro
ss
-

se
ct
io
n
al
,

h
o
sp
it
al
-

b
as
ed

ca
se

se
ri
es

B
ra
zi
l

M
ay
,

2
0
2
0

M
ed
ia
n
=
6
2
.5

1
8

R
T
-P
C
R

?
,
9
4
.4
%

IC
U
,

7
7
.8
%

m
ec
h
an
ic
al

v
en
ti
la
ti
o
n
,
4
4
.4
%

v
as
o
p
re
ss
o
r
su
p
p
o
rt

-
-

1
0
/1
8
h
ad

re
ti
n
al

fi
n
d
in
g
s

N
A

N
A

fl
am

e
h
em

o
rr
h
ag
es

2
2
.2
%

co
tt
o
n
w
o
o
l
sp
o
ts

1
6
.7
%

re
ti
n
al

se
ct
o
ra
l
p
al
lo
r
5
.6
%

p
er
ip
h
er
al

re
ti
n
al

h
em

o
rr
h
ag
es

1
1
.1
%

m
ac
u
la
r
h
em

o
rr
h
ag
es

an
d

h
ar
d
ex
u
d
at
es

5
.6
%

o
n
e
p
at
ie
n
t
h
ad

re
ti
n
al

se
ct
o
ri
al

p
al
lo
r

su
g
g
es
ti
v
e
o
f
re
ce
n
t

re
ti
n
a
is
ch
em

ia

In
v
er
n
iz
zi

A
et

al
.

[9
]

C
ro
ss
-

se
ct
io
n
al

h
o
sp
it
al
-

b
as
ed

ca
se

se
ri
es

It
al
y

Ju
n
,
2
0
2
0

M
ea
n
4
9
.9

5
4

R
T
-P
C
R

?
P
T
(r
at
io
)
1
.1
9
,
P
T
T

(r
at
io
)
1
.1
6

–
R
et
in
al

h
em

o
rr
h
ag
es

9
.2
5
%
,
C
o
tt
o
n
w
o
o
l
sp
o
ts

7
.4
%

W
N
L

W
N
L

F
ib
ri
n
o
g
en

(m
g
/d
L
)

5
5
0
.2

D
il
at
ed

v
ei
n
s
(1
1
.1
%
),

T
o
rt
u
o
u
s
v
ei
n
s
(1
2
.9
%
)

C
R
P
(m

g
/L
)
2
6
.2

F
er
ri
ti
n
(m

g
/L
)
6
6
2

L
D
H

(U
/L
)
2
7
0
.9

D
’A

lo
is
io

R
et

al
.

[1
0
]

C
as
e
re
p
o
rt

It
al
y

Ju
l,
2
0
2
0

4
6
/
M

1
R
T
-P
C
R

?
,
C
h
es
t-
X
-R
ay

sh
o
w
ed

b
il
at
er
al

p
er
ip
h
er
al

ai
rs
p
ac
e

o
p
ac
it
ie
s

-
2
8
d
ay
s

F
o
v
ea
l
an
d
p
ar
af
o
v
ea
l

h
em

o
rr
h
ag
es

2
0
/2
0
,
2
0
/7
0

2
0
/2
0
,

2
0
/2
0

M
ar
in
h
o

P
M

et
al
.

[1
1
]

C
ro
ss
-

se
ct
io
n
al

h
o
sp
it
al
-

b
as
ed

ca
se

se
ri
es

B
ra
zi
l

M
ay
,

2
0
2
0

2
5
–
6
9

1
2

9
R
T
-P
C
R

?
,
2
an
ti
b
o
d
y

p
o
si
ti
v
e

H
y
p
er
re
fl
ec
ti
v
e
le
si
o
n
s
at

th
e
le
v
el

o
f
g
an
g
li
o
n
ce
ll

an
d
in
n
er

p
le
x
if
o
rm

la
y
er
s

W
N
L

W
N
L

L
an
d
ec
h
o

M
F
et

al
.

[1
2
]

C
ro
ss
-

se
ct
io
n
al

h
o
sp
it
al
-

b
as
ed

ca
se

se
ri
es

S
p
ai
n

N
A

M
ed
ia
n
5
6

2
7

R
T
-P
C
R

n
eg
at
iv
e,

A
n
ti
b
o
d
y
p
o
si
ti
v
e

D
-d
im

er
o
n
fu
n
d
u
sc
o
p
ic

d
ay
,
m
ed
ia
n
3
8
5

4
3
d
ay
s

2
2
%

o
f
re
ti
n
al

m
ic
ro
an
g
io
p
at
h
y

m
an
if
es
te
d
as

co
tt
o
n

w
o
o
l
sp
o
ts

In
v
er
n
iz
zi

A
et

al
.

[1
3
]

C
as
e
re
p
o
rt

It
al
y

Ju
n
e,
2
0
2
0

5
4
/
F

1
R
T
-P
C
R

?
m
il
d
C
O
V
ID

-

1
9
-r
el
at
ed

p
n
eu
m
o
n
ia

P
T
1
3
.8

s
(I
.N
.R
.
1
.2
7
)

7
d
ay
s

Im
p
en
d
in
g
C
R
V
O

2
0
/4
0

2
0
/2
0

aP
T
T
3
6
.6

s
(R
A
T
IO

1
.2
6
)

F
ib
ri
n
o
g
en

6
.8
2
g
/l

D
-d
im

er
4
2
6
l
g
/L

fi
b
ri
n
o
g
en

eq
u
iv
al
en
t

u
n
it
s

123

326 Int Ophthalmol (2022) 42:323–336



T
a
b
le

1
co
n
ti
n
u
ed

A
u
th
o
r

S
tu
d
y

d
es
ig
n

L
o
ca
ti
o
n

M
o
n
th
,

Y
ea
r

A
g
e/

S
ex

T
o
ta
l

p
at
ie
n
ts

C
O
V
ID

st
at
u
s

B
io
ch
em

is
tr
y

O
n
se
t

af
te
r

C
O
V
ID

O
p
h
th
al
m
ic

ex
am

in
at
io
n

P
re
se
n
ti
n
g

V
A

F
in
al

V
A

In
sa
u
st
i-

G
ar
ci
a
A

et
al
.
[1
4
]

C
as
e
re
p
o
rt

S
p
ai
n

Ju
n
e,

2
0
2
0

4
0
/
M

1
P
o
si
ti
v
e
fo
r
se
ru
m

Ig
M

an
d

Ig
G

S
A
R
S
-C
o
V
-2

q
u
al
it
at
iv
e
en
zy
m
e-

li
n
k
ed

im
m
u
n
o
as
sa
y

(E
L
IS
A

D
-d
im

er
s
(6
7
2
l
g
/L
)

6
w
ee
k
s

P
ap
il
lo
p
h
le
b
it
is

w
it
h

C
R
V
O

2
0
/2
0
0

2
0
/4
0

F
ib
ri
n
o
g
en

(4
5
1
m
g
/d
L

P
ro
th
ro
m
b
in

ti
m
e
(P
T
)

an
d
ac
ti
v
at
ed

p
ar
ti
al

th
ro
m
b
o
p
la
st
in

ti
m
e

(A
P
T
T
)
w
er
e
n
o
rm

al

S
h
et
h
JU

et
al
.
[1
5
]

C
as
e
re
p
o
rt

In
d
ia

Ju
l,
2
0
2
0

5
2
/
M

1
R
T
-P
C
R

?
,
m
il
d
fe
v
er

-
9
d
ay
s

In
fe
ri
o
r
H
R
V
O

w
it
h

su
p
er
o
n
as
al

V
O

an
d

m
ac
u
la
r
ed
em

a

6
/6
0

6
/9

G
ab
a
W
H

et
al
.
[1
6
]

C
as
e
re
p
o
rt

U
A
E

Ju
n
e,

2
0
2
0

4
0
/
M

1
R
T
-P
C
R

?
,
se
v
er
e

C
O
V
ID

-1
9
p
n
eu
m
o
n
ia

F
er
ri
ti
n
(1
5
1
8
l
g
/L
)

5
d
ay
s

b
il
at
er
al

C
R
V
O

w
it
h
o
p
ti
c

d
is
k
ed
em

a

6
/9
,
6
/1
8

6
/6
, 6
/1
2

D
o
p
p
le
r
u
lt
ra
so
n
o
g
ra
p
h
y
o
f

ri
g
h
t
le
g
sh
o
w
ed

D
V
T

L
ac
ta
te

d
eh
y
d
ro
g
en
as
e

(4
0
2
IU

/L
)

E
ch
o
ca
rd
io
g
ra
p
h
y
sh
o
w
ed

se
v
er
e
d
il
at
io
n
o
f
ri
g
h
t

v
en
tr
ic
le

D
-d
im

er
([

2
0
l
cg
/m

L
)

C
-r
ea
ct
iv
e
p
ro
te
in

(6
8
m
g
/L
)

In
te
rl
ek
in
-6

(8
7
.1

p
g
/

m
L
)

W
al
in
jk
ar

JA
[1
7
]

C
as
e
re
p
o
rt

In
d
ia

A
u
g
,

2
0
2
0

1
7
/
M

1
R
T
-P
C
R

n
eg
at
iv
e,

C
h
es
t-

C
T
sc
an

sh
o
w
ed

g
ro
u
n
d

g
la
ss

ap
p
ea
ra
n
ce

co
n
si
st
en
t
w
it
h
C
O
V
ID

-

1
9

A
ll
b
io
ch
em

is
tr
y
w
it
h
in

n
o
rm

al
li
m
it
s

2
1
d
ay
s

C
R
V
O
w
it
h
m
ac
u
la
r
ed
em

a
6
/2
4

6
/1
2

A
ch
ar
y
a
S

et
al
.
[1
8
]

C
as
e
re
p
o
rt

U
S
A

Ju
n
,
2
0
2
0

6
0
/
M

1
R
T
-P
C
R

?
,
IC
U

ad
m
is
si
o
n
w
it
h
A
R
D
S

F
ib
ri
n
o
g
en

A
ss
ay

[
7
0
0

1
2
d
ay
s

C
en
tr
al

re
ti
n
al

ar
te
ry

o
cc
lu
si
o
n

N
A

N
A

D
-d
im

er
A
ss
ay

4
2
,1
3
1

C
-R
ea
ct
iv
e
P
ro
te
in

7
.0
2

F
er
ri
ti
n
3
2
4

P
ro
ca
lc
it
o
n
in

0
.0
7

In
te
rl
eu
k
in
-6

5
4
6
.1

G
as
co
n
P

et
al
.
[1
9
]

C
as
e
re
p
o
rt

F
ra
n
ce

M
ay
,

2
0
2
0

5
3
/
M

1
R
T
-P
C
R

?
,
C
h
es
t
C
T
sc
an

re
v
ea
le
d
b
il
at
er
al

g
ro
u
n
d

g
la
ss

o
p
ac
it
ie
s
w
it
h

cr
az
in
g
p
av
in
g
p
at
te
rn

H
ig
h
-l
ev
el

o
f
C
-r
ea
ct
iv
e

p
ro
te
in

(2
9
m
g
/L
),

th
ro
m
b
o
cy
to
si
s

8
d
ay
s

D
ee
p
re
ti
n
al

h
em

o
rr
h
ag
es

in
m
ac
u
la
,
w
h
it
is
h

p
ar
af
o
v
ea
l
le
si
o
n
s,

2
0
/6
3

2
0
/3
2

123

Int Ophthalmol (2022) 42:323–336 327



detected because of blurred vision 28 days after the

RT-PCR test came positive. At the final follow-up, the

vision had recovered fully.

Marinho PM evaluated 11 COVID-19 positive

patients, age range between 25 and 70, and observed

that four patients had developed cotton wool spots and

microhemorrhages along the retinal arcade [11].

Landecho et al. [12] studied 27 patients who were

positive for the COVID-19 antibody and found cotton

wool spots in 22% of patients, after a median period of

43 days from the first clinical symptoms of COVID-

19. The D-dimer levels were raised in all patients with

a median value of 385 at the time of funduscopic

examination.

Venous occlusion

Central retinal vein occlusion (CRVO) has been

reported in four patients till date [13–16]. The ages

of the patients reported ranged from 17 to 54 years

(median = 40 years). The time of presentation after

the first onset of fever ranged from 5 days to 6 weeks.

Associated macular edema was seen in 3/4 eyes, and

the fourth patient had an impending CRVO. One

patient was treated with sustained release dexametha-

sone implant (Ozurdex, Allergan, Dublin, Ireland),

with a recovery of vision from 20/200 to 20/40 within

a span of 2 weeks. The case reported by Invernizzi A

et al. [13] had 20/40 visual acuity, retinal hemor-

rhages, increased venular tortuosity and a panretinal

fern-like whitening (visible as perivenular hypoaut-

ofluorescence), which led the authors to diagnose the

patient as having an impending CRVO. The patient

responded to steroid therapy (initial intravenous

followed by oral tapering dose). After a week, the

patient had complete regression of the retinal changes.

The case reported by Insausti-Garcia A presented as a

papillophlebitis [14]. Sheth et al. [15] reported a case

of inferior hemiretinal vein occlusion, with dilated and

tortuous vessels which showed vessel wall staining,

suggestive of a vasculitic etiology. Moreover, optical

coherence tomography (OCT) was used to document

disorganization of retinal inner layers along with the

neurosensory detachment at fovea. The patient was

treated with systemic steroids and ranibizumab for the

macular edema, with an improvement of visual acuity

from 20/200 to 20/30. Authors also noted that the

D-dimer values of the patients were significantly

raised. The 40-year-old patient who presented withT
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CRVO within 5 days of COVID-related symptoms

had associated deep vein thrombosis in the right leg,

and heart echocardiography showed severe dilation of

the right ventricle with raised right ventricle pressure

and volume overload, consistent with features of right

heart strain [16]. Moreover, this patient had bilateral

CRVO, which is the only such case reported till date.

IL-6 levels were also raised in the same patient. The

patient was put on a therapeutic dose of low-molec-

ular-weight heparin (LMWH). Walinjkar et al. [17]

reported a 17-year-old COVID-19 patient with CRVO

with macular edema, who was injected bevacizumab

twice, and the visual acuity improved from 20/60 to

20/40 within 2 months.

Arterial occlusion

Acharya S et al. [18] reported a 60-year-old male

patient who was admitted in ICU with acute respira-

tory distress syndrome and underwent mechanical

ventilation secondary to COVID-19, with raised

fibrinogen, D-Dimer levels and IL-6. After 12 days

of hospital admission, patient developed cherry red

spot in one eye with optic disk margin blurring and

retinal whitening, suggestive of a central retinal

arterial occlusion. Further clinical details of the patient

have not been reported.

Gascon et al. [19] described a 53-year-old patient

who developed an ill-defined intraretinal white lesion

at fovea, with intraretinal hemorrhages, several extra

macular deep retinal hemorrhages and Roth spots.

OCT through the foveal lesion showed multiple

hyperreflective bands involving the inner nuclear

layer (INL) and outer plexiform layer (OPL), which

was suggestive of paracentral acute middle maculopa-

thy (PAMM). Ellipsoid and interdigitation zone

attenuation with OPL and outer nuclear layer (ONL)

hyperreflectivity, along with subretinal fluid were

suggestive of acute macular neuroretinopathy (AMN).

OCT angiography also showed reduced flow signal in

the deep capillary plexus, corresponding to the areas

of PAMM. Virgo et al. [20] described two post-

COVID patients presenting with PAMM (35 days

following febrile illness) and AMN (16 days follow-

ing swab positivity). Both the patients had presented

with new onset paracentral scotoma.

Vitritis

Zago Filho et al. [21] reported a 57-year-old woman

who developed vitritis along with a yellowish macular

lesion, 12 days after COVID-19 symptoms. OCT

showed hyperreflective lesions at IPL and ganglion

cell layer along with disruption of EZ, which persisted

till 1 month, and reduced by 2 months in size and

reflectivity. Probably, these lesions were AMN/

PAMM lesions with dropouts in the capillary plexus;

however, the authors have not made a definitive

conclusion, or done an angiography.

Posterior uveitis

Castanedo et al. [22] reported a case of an 11-year-old

male patient who presented with edematous plaques in

both lower limbs, which was diagnosed as chilblains.

The child had a positive SARS-CoV-2 IgG antibody

report. Ocular examination showed retinal vasculitis

with perivascular infiltrate and retinal exudates in left

eye, with no vitritis.

Pirraglia et al. [23] evaluated a set of 43 COVID-19

patients with severe lower respiratory tract infection

requiring hospitalization, and found unilateral poste-

rior chorioretinitis in one patient, which was attributed

to a probable fungal etiology and was treated accord-

ingly; however, the patient succumbed to COVID-19-

related pneumonia after a month.

Vascular dilatation

In the SERPICO study, authors found that in COVID-

19-exposed patients, both the vein and artery diame-

ters were larger than in unexposed subjects [9]. The

venular diameter was negatively correlated with the

time interval between systemic onset of symptoms and

the day of fundus photo capture, suggesting that this

may be related to the level of inflammatory mediators

released in the blood during early COVID-19 disease.

Discussion

Since the first outbreak of SARS-CoV-2 in China in

2019, the world has experienced a prolonged pan-

demic named as COVID-19 [24]. Although the

majority of COVID-19 patients may experience

mild-to-moderate symptoms, several high-risk-group
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patients may have severe disease requiring hospital-

ization and also intensive care [25]. These patients

may suffer from acute respiratory distress syndrome

and potentially succumb to the disease. The disease

presents with a major insult to the immune system of

the body, along with multiorgan failure [26].

Extensive investigations into the respiratory system

and related causes of morbidity and mortality have

given us knowledge regarding systemic pathogenesis

of the disease [27, 28]. Severe COVID-19 pneumonia

patients may also develop ocular signs and symptoms

[29]. In the eye, acute conjunctivitis is the most

common presentation [30]. Interestingly, some

authors have observed that ocular manifestations

may be the first sign of COVID-19 [31].

Virus localization in neurological structures

and retina

Previously coronaviruses have been demonstrated to

retrogradely travel along neurons through synapses by

endocytosis or exocytosis into the brain [32, 33].

SARS-CoV and MERS viruses may directly induce

neuronal death in the medullary respiratory center, by

upregulation of inflammatory markers or by direct

autophagy. A similar model for SARS-CoV-2 has

been proposed, in which the virus infects a peripheral

neuron and retrogradely travels to the brain by

synaptic transport [34]. Recently, SARS-CoV-2

RNA has been detected in the postmortem retina of

affected patients as well [35]. It has been hypothesized

that the virus may cause retinal vasculitis and ischemia

in the retina. However, since features like vascular

dilation, retinal hemorrhages and cotton wool spots are

non-specific symptoms, it is possible that they occur

due to the systemic illness rather than a primary insult

to the CNS by SARS-CoV-2.

Endothelial cell involvement

Recent evidence strongly suggests that COVID-19 is

actually a vascular disease affecting the endothelium

via the angiotensin-converting enzyme 2 (ACE2)

receptor expressed in several body organs, including

the retinal endothelial cells [36]. Endothelial cell

involvement has been demonstrated in the lung, heart,

kidney, intestine and brain. The virus can lead to

endotheliitis and vasculitis in both the arterial and

venous circulations, inducing cellular edema,

congestion and immunothrombosis of smaller vessels,

ultimately resulting in impaired circulation and organ

ischemia [37, 38]. Under physiological conditions,

endothelial cells maintain tonic vasodilation through

production of nitric oxide [39]. When SARS-CoV-2

uses ACE2 to invade into the cell, the cell loses ACE2

activity leading to increased angiotensin II and

reduced angiotensin conversion. Increased angioten-

sin II leads to vasoconstriction, thereby triggering

thrombogenicity by increasing platelet and leucocyte

adhesion [39]. Furthermore, products of vascular

injury activate neutrophils via several signaling path-

ways, leading to more damage to the endothelial cell

glycocalyx [40–42]. Pro-inflammatory factors

released from the endothelial cells may result in a

‘‘cytokine storm,’’ causing further organ damage.

Venous thrombosis

Apart from the severe respiratory disease, the hallmark

of COVID-19 disease are life-threatening multi-sys-

temic thromboembolic complications which can lead

to death even in asymptomatic individuals [43–45].

Postmortem evidence from COVID-19 patients have

revealed severe endothelial injury with apoptosis,

clotting, and multiple vessel thrombosis in most of the

body organs [46, 47]. Apart from endotheliopathy,

patients may also have endotheliitis. Most of these

manifestations are due to the system-wide inflamma-

tory reaction by the virus, with hypercoagulability,

platelet activation and endothelial dysfunction [48].

Authors have recently observed that even after

systematic use of thromboprophylaxis, around 30% of

COVID-19 patients in ICU may develop thrombotic

complications, and this may be associated with higher

mortality [49–53]. The cumulative incidence of arterial

and venous thromboembolism (VTE) has been esti-

mated as 49% [54]. These studies suggest that along

with anticoagulant therapy, treatment shouldbe targeted

toward endothelial injury aswell.Moreover, asmany as

17% non-ICU patients may also have VTE [55, 56].

Stroke has been reported as a rare complication of

COVID-19 disease, and it may occur in patients with

risk factors like hypertension, diabetes mellitus and

cardiovascular comorbidities; these patients may have

more severe systemic disease as well [57–60]. How-

ever, in the few cases without these risk factors,

primary COVID-19-associated coagulopathy (CAC)

may lead to cerebrovascular disease [61, 62]. In
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contrast to bacterial sepsis-induced disseminated

intravascular coagulation (DIC), CAC shows minor

changes to prothrombin time and platelet count,

however presents with increased fibrinogen and

D-Dimer levels [63, 64]. CAC may be associated

with severe derangement of D-dimers in contract to

DIC, and COVID-19 patients may score quite low on

the ‘‘sepsis-induced coagulopathy score.’’ Hence, it

has been suggested that CAC should actually be

considered as an endotheliopathy rather than a coag-

ulopathy [65, 66].

D-dimer levels during hospitalization has been

significantly correlated with incident risk of VTE and

mortality [56, 67, 68]. Hence, D-dimer level increase

with elevated fibrinogen and von Willebrand factor

with normal PR, aPTT and platelet count should

signify a diagnosis of CAC, and patients can be

monitored using D-dimer [69–71].

Arterial thrombosis

Authors have reported ischemic stroke and acute

coronary syndrome in COVID-19 patients at incidence

rates of 2.5% and 1.1%, respectively [44]. Previously,

such arterial thrombi have been reported quite rarely in

infectious diseases [72, 73]. Young patients have been

especially noted to have large vessel stroke [43]. Other

manifestations of arterial thromboembolism (ATE)

like limb ischemia, common iliac artery thrombosis,

and aortic thrombi have also been reported [74]. These

events have occurred in the presence of elevated

D-dimer levels along with a confirmed diagnosis of

COVID-19, with no previous history of arterial

disease. The exact mechanism of arterial thrombosis

is still unknown, and may be related to the inflamma-

tory cytokine storm, and D-dimer levels again may be

a predictor of such events.

Antithrombotic prophylaxis

Routine antithrombotic prophylaxis may be advised in

cases of critically ill patients with/ without elevated

D-dimer levels in COVID-19 disease 54, 63, 75, 76].

Proper anticoagulation in adequate dose, in the form of

subcutaneous low-molecular-weight heparin

(LMWH) improves survival in hospital admitted

patients [77]. Patients in whom diagnostic tests are

not possible in an emergency state and who have less

risk of bleeding should also be considered for

therapeutic anticoagulation. Moreover, 11% of VTE

events occurred after a median period of 8 days of

post-discharge (1.6 times the rate from non-COVID

era) [77]. However, extended prophylaxis may be

associated with an increased risk of bleeding [78].

Post-discharge continuation of prophylactic antico-

agulation is still a gray zone due to lack of data

regarding incidence of thromboembolic events follow-

ing discharge from hospital after a COVID-19 episode

[79]. Currently, interim guidelines from the Interna-

tional Society on Thrombosis and Haemostasis (ISTH)

and the American College of Cardiology (ACC) have

recommended the use of prophylactic dose of LMWH

or unfractionated heparin for any COVID-19 patient

getting hospital admission, and in case of contraindi-

cations to anticoagulants, mechanical prophylaxis can

be used. However, clinicians are also of the opinion that

extended usage of anticoagulants needs to be advised

after taking into consideration the ongoing thromboem-

bolic risk factors, and the overall risk–benefit ratio

[54, 80, 81]. At present, starting asymptomatic

COVID-19 patients freshly on anticoagulants or anti-

platelet medications solely due to occurrence of retinal

vascular thromboembolic events is not war-

ranted; however, a proper systemic evaluation may be

necessary before any such treatment is initiated.

Vasculitis

Apart from endothelial damage by virus, endothelial

cells may also undergo inflammation, apoptosis and

dysfunction [82]. Italian clinicians have reported that

during the COVID pandemic, an increasing number of

patients presented with a Kawasaki-like disease with

an acute vasculitis involving the coronary arteries

[83]. Urticarial vasculitis has also been reported in

COVID-19 patients [84]. Authors have observed

inflammatory CNS vasculopathy with antimyelin

oligodendrocyte glycoprotein antibodies in a patient

of COVID-19, who showed clinical improvement

after immunomodulation therapy [85]. Type 3 hyper-

sensitivity and IL-6-mediated inflammation have been

proposed as the pathophysiology of this COVID-19-

induced vasculitis [86].

Pathomechanism in retina

Retinal vasculature may be affected by two mecha-

nisms, hypercoagulability leading to a DIC-like state,
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and a vasculitis-like process, due to direct viral

invasion of endothelial cells [37, 87]. In animal

models, coronaviruses have been previously demon-

strated to cause retinal vasculitis, retinal degeneration

and breakdown of blood-retinal barrier [88]. Experi-

mental coronavirus retinopathy (ECOR) model has

shown that the virus-induced retinal damage happens

in a biphasic manner. The early phase involves retinal

inflammation and infiltration by immune cells and

release of inflammatory mediators, and in the next

phase, which comes after the first week of infection,

viral clearance occurs. Later on, autoantibodies are

produced against retina and retinal pigment epithelium

cells, leading to damage of photoreceptors and neu-

roretina [89]. Moreover, coronaviruses may also lead

to intraocular inflammation and vitritis [90].

Asymptomatic ocular microangiopathic syndrome

has been observed commonly after other viral infec-

tions like the human immunodeficiency virus (HIV)

disease or in systemic diseases like diabetes and

hypertension [91, 92]. However, the manifestation of

microangiopathy in such cases in the form of cotton

wool spots may be different, for e.g., HIV-associated

CWS may be more mid-peripheral than diabetic

retinopathy (DR). The pathogenesis of the two types

of CWS may be different, and the in case of viruses,

may be due to a direct viral effect. It is unclear whether

the retinal microangiopathy seen with SARS-CoV-2 is

due to direct viral effect or similar to DR. SARS-CoV

and SARS-CoV-2 viruses both lead to ACE2 down-

regulation and this has been proposed as the mecha-

nism behind development of the retinal ischemia and

endothelial disease [91, 93–95]. Moreover, apart from

being a manifestation of disease itself, CWS may also

be a marker for future vascular complications in

COVID-19 patients, similar to diabetic and hyperten-

sive vascular disease [96]. Also, signs of arterial

microangiopathy on retina examination may help

identify patients in whom antiplatelet therapy may

be started in addition to anticoagulation.

Immunopathogenesis

Retinal degeneration in ECOR is associated with an

increase in TNF-alpha levels and soluble TNFR-2,

which leads to aberrant TNF signaling [97]. Although

anti TNF-alpha agents may be considered for COVID-

related manifestations, this may be risky in terms of

triggering fulminant tuberculosis [98]. In such

situation, steroids appear to play an important role in

suppressing the severe inflammatory reaction

[99, 100] Although the key inflammatory molecules

which regulate the cytokine storm in COVID are as yet

unclear, it has been noted that SARS-CoV-2 produces

a cytokine storm composed of low level of type 1

cytokines and higher levels of type 2 cytokines; this

type 2 cytokine activity may be further boosted by the

secretion of IL-33, an alarmin belonging to the IL-1

family, from epithelial cells [101]. This may also be

associated with neutrophil dysregulation. Trials for

IL-33 blockade are currently going on (ClinicalTri-

als.gov Identifier NCT04386616) [101]. The condi-

tions for the cytokine storm may also be affected by

specific genetics and environmental factors [102]. The

‘‘threshold model’’ for SARS-COV-2 infection has

compared the pathophysiology behind it to macro-

phage activation syndrome (MAS) [102]. Recent

evidence has also indicated an involvement of inflam-

masome activation and pyroptosis pathway [103, 104]

Limitations

Most of the studies included in our systematic review

are case reports and observational case series, and

larger-scale studies with bigger number of cases and

longer follow-ups are needed to truly understand the

natural history of COVID-19-related retinal manifes-

tations. We understand that the timing of the review

may have a potential risk of premature analysis of

disease presentations and their implications. However,

our aim was to synthesize data so that current

practicing physicians can update their knowledge

regarding ophthalmic organ-related complications

amidst all time constraints.

Conclusion

This systematic review has comprehensively summa-

rized all retinal manifestations recorded till date

secondary to COVID-19 disease since the beginning

of the pandemic. Retinal findings may range frommild

signs like hemorrhages and cotton wool spits, to more

severe complications like retinal vein occlusions,

arterial occlusions, localized retinal infarcts and

ocular inflammation. These manifestations may occur

as soon as within a week after the onset of COVID-19
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symptoms to more than 6 weeks after. Clinicians must

be aware of such complications in case of any clinical

suspicion of symptoms or signs suggestive of ocular

disease. Treatment targeted toward the ocular com-

plications may help resolve the particular complica-

tion. There is however no consensus regarding

systemic anticoagulant therapy solely for ocular

complications, if the patient was not receiving any

such therapy previously.
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72. Escher R, Breakey N, Lämmle B (2020) Severe COVID-

19 infection associated with endothelial activation.

Thromb Res 190:62

73. Bunce PE, High SM, Nadjafi M, Stanley K, Liles WC,

Christian MD (2016) Pandemic H1N1 influenza infection

and vascular thrombosis. Clin Infect Dis 52:e14–e17

74. Garg K, Barfield ME, Pezold ML, Sadek M, Cayne NS,

Lugo J et al (2020) Arterial thromboembolism associated

with COVID-19 and elevated D-dimer levels. J Vasc Surg

Cases Innov Tech 6(3):348–351

75. Ren B, Yan F, Deng Z, Zhang S, Xiao L, Wu M, Cai L

(2020) Extremely High Incidence of Lower Extremity

Deep Venous Thrombosis in 48 Patients With Severe

COVID-19 in Wuhan. Circulation 142(2):181–183

76. Paranjpe I, Fuster V, Lala A (2020) Association of treat-

ment dose anticoagulation with in-hospital survival among

hospitalized patients with COVID-19. J Am Coll Cardiol.

https://doi.org/10.1016/j.jacc.2020.05.01

77. Roberts LN, Whyte MB, Georgiou L, Giron G, Czupryn-

ska J, Rea C et al (2020) Postdischarge venous throm-

boembolism following hospital admission with COVID-

19. Blood 136(11):1347–1350

78. Cohen AT, Harrington RA, Goldhaber SZ, Hull RD,

Wiens BL, Gold A, Investigators APEX et al (2016)

Extended Thromboprophylaxis with Betrixaban in

Acutely Ill Medical Patients. N Engl J Med 375(6):534–44

79. Tao DL, Bien JY, DeLoughery TG, Shatzel JJ (2017)

Extended thromboprophylaxis with direct oral anticoagu-

lants for medical patients: a systematic review and meta-

analysis. Blood 129(5):653–655

80. Bikdeli B, Madhavan MV, Jimenez D, Chuich T, Dreyfus

I, Driggin E et al (2020) J Am Coll Cardiol

75(23):2950–2973

81. Barnes GD, Burnett A, Allen A, BlumensteinM, Clark NP,

Cuker A et al (2020) Thromboembolism and anticoagulant

therapy during the COVID-19 pandemic: interim clinical

guidance from the anticoagulation forum. J Thromb

Thrombolysis 50(1):72–81

82. Becker RC (2020) COVID-19 update: Covid-19-associ-

ated coagulopathy. J Thromb Thrombolysis 50:54–67

83. Verdoni L, Mazza A, Gervasoni A, Martelli L, Ruggeri M,

CiuffredaM, Bonanomi E, D’Antiga L (2020) An outbreak

of severe Kawasaki- like disease at the Italian epicentre of

the SARS-CoV-2 epidemic: an observational cohort study.

Lancet 395(10239):1771–1778

123

Int Ophthalmol (2022) 42:323–336 335

https://doi.org/10.1182/blood.2020006000
https://doi.org/10.1182/blood.2020006000
https://doi.org/10.1007/s00134-020-06062-x
https://doi.org/10.1007/s00134-020-06062-x
https://doi.org/10.1016/j.jacc.2020.05.01


84. de Perosanz-Lobo D, Fernandez-Nieto D, Burgos-Blasco

P, Selda-Enriquez G, Carretero I, Moreno C et al (2020)

Urticarial vasculitis in COVID-19 infection: a vasculopa-

thyrelated symptom? J Eur Acad Dermatol Venereol

JEADV. https://doi.org/10.1111/jdv.16713

85. Pinto AA, Carroll LS, Nar V, Varatharaj A, Galea I (2020)

CNS inflammatory vasculopathy with antimyelin oligo-

dendrocyte glycoprotein antibodies in COVID-19. Neurol

Neuroimmunol Neuroinflamm 7:e813

86. Roncati L, Ligabue G, Fabbiani L, Malagoli C, Gallo G,

Lusenti B et al (2020) Type 3 hypersensitivity in COVID-

19 vasculitis. Clin Immunol 29:108487

87. Tang N, Li D, Wang X, Sun Z (2020) Abnormal coagu-

lation parameters are associated with poor prognosis in

patients with novel coronavirus pneumonia. J Thromb

Haemost 18:844–847

88. Seah I, Agrawal R (2020) Can the coronavirus disease

2019 (COVID-19) affect the eyes? a review of coron-

aviruses and ocular implications in humans and animals.

Ocul immunol Inflamm 28:391–395

89. 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(6):3381–9

90. Doherty MJ (1971) Ocular manifestations of feline infec-

tious peritonitis. J Am Vet Med Assoc 159(4):417–24

91. Akram MU, Akbar S, Hassan T, Khawaja SG, Yasin U,

Basit I (2020) Data on fundus images for vessels seg-

mentation, detection of hypertensive retinopathy, diabetic

retinopathy and papilledema. Data Brief 29:105282

92. Jaworski C (2000) Morphology of the HIV versus the

diabetic cotton wool spot. Optom Vis Sci 77:600–604

93. Zhang H, Penninger JM, Li Y, Zhong N, Slutsky AS

(2020) Angiotensin-converting enzyme 2 (ACE2) as a

SARS-CoV-2 receptor: molecular mechanisms and

potential therapeutic target. Intensive Care Med

46:586–590

94. Verma A, Shan Z, Lei B et al (2012) ACE2 and Ang-(1–7)

confer protection against development of diabetic

retinopathy. Mol Ther 20:28–36

95. Duan Y, Beli E, Li Calzi S et al (2018) Loss of angiotensin-

converting enzyme 2 exacerbates diabetic retinopathy by

promoting bone marrow dysfunction. Stem Cells

36:1430–1440

96. Mahdjoubi A, Bousnina Y, Barrande G, Bensmaine F,

Chahed S, Ghezzaz A (2020) Features of cotton wool spots

in diabetic retinopathy: a spectral-domain optical coher-

ence tomography angiography study. Int Ophthalmol

40:1625–1640

97. Hooper LC, Chin MS, Detrick B, Hooks JJ (2005) Retinal

degeneration in experimental coronavirus retinopathy

(ECOR) is associated with increased TNF-alpha, soluble

TNFR2 and altered TNF-alpha signaling. J Neuroimmunol

166(1–2):65–74

98. Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall

RS, Manson JJ (2020) HLH across speciality collabora-

tion, UK. COVID-19: consider cytokine storm syndromes

and immunosuppression. Lancet 395(10229):1033–1034

99. Xu J, Tan D, Fu Y, Walline J, Yu X (2015) Do corticos-

teroids have a role in treating Ebola virus disease? Sci

China Life Sci 58(1):111–113

100. Neri P, Pichi F (2020) COVID-19 and the eye immunity:

lesson learned from the past and possible new therapeutic

insights. Int Ophthalmol 40(5):1057–1060. https://doi.org/

10.1007/s10792-020-01389-2

101. Liang Y, Ge Y, Sun J (2021) IL-33 in COVID-19: a friend

or foe? Cell Mol Immunol 18:1602–1604

102. Schulert GS, Cron RQ (2020) The genetics of macrophage

activation syndrome. Genes Immun. https://doi.org/10.

1038/s41435-020-0098-4

103. Tay MZ, Poh CM, Rénia L, MacAry PA, Ng LFP (2020)

The trinity of COVID-19: immunity, inflammation and

intervention. Nat Rev Immunol 20(6):363–374

104. Neri P, Lamperti M, Pichi F (2020) SARS-COV-2 and eye

immunity: the lesson was learned but we are not done yet.

Brainstorming on possible pathophysiology inspired by

ocular models. Int Ophthalmol 40(8):1879–1883. https://

doi.org/10.1007/s10792-020-01495-1

Publisher’s Note Springer Nature remains neutral with

regard to jurisdictional claims in published maps and

institutional affiliations.

123

336 Int Ophthalmol (2022) 42:323–336

https://doi.org/10.1111/jdv.16713
https://doi.org/10.1007/s10792-020-01389-2
https://doi.org/10.1007/s10792-020-01389-2
https://doi.org/10.1038/s41435-020-0098-4
https://doi.org/10.1038/s41435-020-0098-4
https://doi.org/10.1007/s10792-020-01495-1
https://doi.org/10.1007/s10792-020-01495-1

	Retinal manifestations in patients with SARS-CoV-2 infection and pathogenetic implications: a systematic review
	Abstract
	Introduction
	Methods
	Results
	Conclusion

	Introductions
	Methods
	Literature search
	Inclusion and exclusion criteria
	Data extraction
	Study outcomes

	Results
	Retinal hemorrhages and cotton wool spots
	Venous occlusion
	Arterial occlusion
	Vitritis
	Posterior uveitis
	Vascular dilatation

	Discussion
	Virus localization in neurological structures and retina
	Endothelial cell involvement
	Venous thrombosis
	Arterial thrombosis
	Antithrombotic prophylaxis
	Vasculitis
	Pathomechanism in retina
	Immunopathogenesis

	Limitations
	Conclusion
	Author Contributions
	Funding
	References


