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Abstract
Purpose: This work reviews ocular, systemic, and demographic factors contributing to presentation of choroidal neovascular
membrane (CNVM)–associated macular hemorrhage after the New York City coronavirus disease 2019 (COVID-19) lockdown.
Methods: A retrospective, consecutive case series was conducted of all established patients presenting with macular hemor-
rhage between March 22, 2020, and August 10, 2020. Results: Fourteen patients (mean age 82.2 years) were evaluated. Ten
patients had active CNVMs, 1 had an inactive lesion that was last injected 2 years prior, and 3 had new conversions from
nonexudative age-related macular degeneration. In the actively treated CNVM group there was a delay in expected follow-up
from 50.4 days to 125 days. Eight patients with previously active CNVM (73%) had a history of prior macular hemorrhage. Eight
patients (57%) were on some form of antiplatelet or anticoagulation therapy. Twelve patients (86%) had COVID-19–specific risk
factors besides age, and all but 1 patient (93%) delayed care without discussion with a physician. Ten patients (71%) had more than
1 week of symptoms prior to presentation. Twelve patients (86%) had signs of CNVM on prior optical coherence tomography.
Conclusions: Adequate documentation of potential risks for hemorrhage (particularly prior hemorrhage or presence of sub-
clinical type 1 CNVM), as well as COVID-19–specific risk factors, would aid triage of clinic appointments in future lockdowns.
High-risk patients would likely benefit from direct physician communication discussing their individual risk profiles to alleviate
anxiety over clinic visits and communicate their risk of severe vision loss.
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Introduction

Age-related macular degeneration (AMD) is one of the most

encountered conditions in the 21st century retinal practice.

A subretinal hemorrhage in the setting of untreated or under-

treated choroidal neovascular membranes (CNVMs) can be

a devastating consequence leading to irreversible vision loss.1

Fortunately, with current treatment regimens with antivascular

endothelial growth factor (anti-VEGF) injections, hemorrhages

occur less frequently. However, there is strong literature about

the risk of poor visual outcomes (often manifested in the form

of hemorrhage) with delayed presentation, delayed treatment,

or undertreatment.2,3

Recently, owing to the spread of coronavirus disease 2019

(COVID-19), the world has undergone a dramatic shift in

human-to-human interaction.4 Medical clinics have undergone

rapid practice pattern changes to minimize risk and exposure to

patients, staff, and practitioners and have increased telemedi-

cine services. Driven in large part by anxiety over exposure to

the virus, patients have also avoided routine and even urgent

medical care, leading to a drop in presentation for emergency

conditions such as acute coronary syndrome.5

Exposure concerns have had profound effects on the nature of

retinal care, with practitioners and patients alike struggling with

the balance of systemic and ocular risks. Data in the aftermath of
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the Italian COVID-19 lockdown showed a marked increase in

the submacular hemorrhage rate in the setting of fewer clinic

visits and injections.6 Data from the Weill Cornell Department

of Ophthalmology, and other practices outside New York City,

demonstrated a dramatic drop in clinic visits for active neovas-

cular AMD and injections between March 16, 2020, and May 8,

2020 (87% decline in clinic encounters and 58% decline in

injections).7 If patients are delaying care even in the setting of

acute coronary syndrome, what steps can be taken to mitigate

fear and continue to deliver effective retinal care? Already other

subspecialties, specifically glaucoma, have attempted to develop

metrics to find a balance between systemic risk of COVID-19

exposure during clinic visits and risk of ocular disease progres-

sion without monitoring.8 It would behoove the retinal field to be

prepared for such occurrences in the future.

In light of persistent COVID-19 cases currently in the

United States and the possibility of a second wave, we sought

to analyze outcomes of our patients during New York City’s

previous lockdown to better anticipate similar public health

crises in the future. In the present study we analyzed all estab-

lished patients that presented to our service after the formal

start of the COVID-19 lockdown in New York City on March

22, 2020, with submacular hemorrhages. The goals of the study

were to (1) determine possible ocular and systemic risk factors

for hemorrhage; (2) assess the duration of new ocular symp-

toms prior to presentation and geographic proximity to our

clinic; (3) assess age and presence of COVID-19–specific risk

factors in this cohort; and (4) review administrative records of

patient communication regarding rescheduling or delaying

appointments. By reviewing the combination of these factors,

we hope to aid in more effective triage or advisement in the

event of future similar episodes.

Methods

This study was a retrospective consecutive case series of

14 patients with macular hemorrhages presenting to the Weill

Cornell Medicine Department of Ophthalmology. All were

established patients to the practice.

All patients with subretinal hemorrhage in the setting of

active CNVM were included starting after March 22, 2020,

when the citywide stay at home order went into effect, includ-

ing clinic visits up to August 10, 2020. Patients included those

with known active CNVM, those with nonexudative AMD who

were already being monitored by our department, and those

with inactive CNVM who had previously elected observation

and were being serially followed. Medical records and images

were reviewed for all patients, including imaging and clinical

characteristics from serial follow-up examinations if available.

The presence of hemorrhage as documented in the medical

records was confirmed by review of fundus photography, fun-

dus autofluorescence, and optical coherence tomography

(OCT). Prior OCT images were reviewed to assess for possible

biomarkers predicative of subsequent hemorrhage. Hemor-

rhages were denoted to be smaller or larger than 1 disc diameter

in size (Figure 1). Maximum subretinal hemorrhage thickness

was measured on OCT on the date of presentation.

Ophthalmic examination and history were recorded, as was the

duration of any subjective change in patient symptoms. As part of

routine care during the current pandemic, patients were asked

about any COVID-19–specific risk factors and concerns about

their clinic exposure. COVID-19–specific risk factors included

cancer, chronic obstructive pulmonary disease, chronic kidney

disease, diabetes coronary artery disease, congestive heart failure,

smoking, obesity, sickle cell disease, solid organ transplantation,

chronic immunosuppressive medications, and asthma.9 Patients’

geographic location as denoted by their home address was

recorded. Emails and administrative records were reviewed for

all communication about the scheduling and cancellation of

appointments from the outset of the citywide lockdown.

Results

Fourteen eyes from 14 patients were included in the study.

Table 1 provides a full description of the cohort. Mean age

Figure 1. Color photographs (California, Optos) that demonstrate representative images of patients presenting with subretinal hemorrhages in
the setting of delayed visits with active choroidal neovascular membranes. (A) Patient 2 shows a hemorrhage larger than 1 disc diameter, and (B)
patient 7 shows a small subretinal bleed less than 1 disc diameter in size.
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of presentation was 82.2 years, with only 1 patient younger

than 70 years. Five patients were male and 9 were female. All

patients had choroidal neovascularization, as opposed to neo-

vascularization of retinal origin. Prior to the lockdown,

10 patients had active exudative AMD being treated with

treat-and-extend regimens and 1 patient had inactive exudative

AMD without need for injection for more than 2 years. Eight of

these 11 patients (73%) had a history of hemorrhage on prior

examinations, typically at the time of initial presentation. Dur-

ing the lockdown, 3 patients presented with new conversion

from nonexudative AMD to exudative AMD with submacular

hemorrhage. Of all 14 patients, 6 patients were not on anti-

coagulation, 4 patients were on aspirin 81 mg daily, and 4

patients were on aspirin 81 mg and additional anticoagulation.

All patients had extensive subretinal hemorrhage (without

significant intraretinal hemorrhage). In 7 eyes (50%), there was

robust expansion of the size of a preexisting pigment epithelial

detachment (PED) with subretinal pigment epithelial hemor-

rhage. There was a range of subretinal hemorrhage thicknesses

(46-1110 mm); however, most eyes had at least 250 mm of

subretinal fluid (9 of 14, 64%). Seven patients (50%) had

hemorrhages larger than 1 disc diameter in size.

Review of prior OCT images revealed that most patients had

evidence of active CNVM or high-risk features in nonexuda-

tive eyes. Most eyes had scans suggestive of nonexudative

neovascular AMD or controlled exudative AMD with a type

1 CNVM with irregular PED (8 eyes, 57%). Other eyes were

actively being treated with anti-VEGF and had persistent sub-

retinal hyperreflective material (2 eyes, 14%) or persistent sub-

retinal fluid (2 eyes, 14%). Only 2 eyes (14%) had no

discernable biomarkers at their last examination suggestive of

CNVM presence or activity.

Of the 10 patients with CNVM being actively managed with

anti-VEGF injections prior to COVID-19, the mean planned

injection interval was 50.4 days (range, 28-84 days) and mean

actual observed injection interval was 125 days (range, 55-210

days). Of the 10 patients with active CNVM, 8 were injected

with aflibercept at their last visit and 2 were injected with

ranibizumab. Five of these 10 patients also had active CNVM

in the fellow eye being injected with anti-VEGF agents.

Six patients (43%) had 4 or more lines of vision loss. Eleven

patients (79%) presented with vision of 20/100 or worse.

Twelve patients (86%) had noticed a change in symptoms prior

to presentation. Two patients had less than 1 week of symp-

toms, 4 patients had 1 to 2 weeks of symptoms, and 6 patients

had more than 4 weeks of symptoms.

All patients had scheduled follow-up visits between March

22, 2020, and May 29, 2020. All patients called to delay their

scheduled visits because of concerns about COVID-19 expo-

sure. Nine patients (64%) lived in Manhattan. Only 1 patient

had no COVID-19 systemic risk factors. One other patient had

only 1 risk factor (age); however, that patient cited a spouse

with multiple systemic risk factors. All 12 other patients (86%)

had multiple COVID-19 systemic risk factors and specifically

cited their “high-risk” nature as a reason for delaying follow-up

and care. Only 1 patient spoke directly with a physician about

the risks and benefits of delaying care, still opting to delay the

scheduled follow-up. All other patients cancelled or repeatedly

rescheduled appointments without direct physician contact

until either new symptoms arose or the lockdown abated.

Conclusions

In summary, our study found 14 patients with subretinal

hemorrhages secondary to delayed treatment of CNVMs during

the New York City COVID-19 citywide lockdown in spring

2020. Most patients had lesions being actively treated with

treat-and-extend regimens of anti-VEGF agents, although some

were new conversions and 1 was a reactivation of a previously

inactive lesion.

Submacular hemorrhage is a devastating diagnosis with pro-

found visual implications. Most patients (64%) in this series

had thicker hemorrhages (thickness >250 mm), suggesting sig-

nificant severity with poor prognoses. Importantly, almost all

patients (86%) had some discernable indicator on their most

recent prior OCT suggestive of high-risk status. This included

evidence of persistent known CNVM activity (subretinal fluid

or subretinal hyperreflective material), or the presence of an

irregular non-drusenoid PED suggestive of a type 1 CNVM.

All but 1 patient was aged 70 or older, with all but one of

these older patients with additional COVID-19 systemic risk

factors. These are, of course, representative of the normal

cohort of patients with exudative AMD.10 All patients

expressed age and their comorbidities as a reason for delaying

follow-up. In fact, despite the lockdown formally ending in

May 2020, many of our patients presented months later, indi-

cating their behavior was guided more by fear than government

regulation. Our findings emphasize the importance of modify-

ing clinic operations that allow for safe, risk-minimized patient

care even during lockdowns given the high-risk patient cohort

with exudative AMD. Most patients with hemorrhages were

not coming from outside Manhattan, suggesting that distance

and geography may not be contributing to delayed evaluation.

The clinics at Weill Cornell Medicine Department of Oph-

thalmology were open throughout the citywide lockdown, with

a retina service member on site every day and modified clinic

operations to streamline visits and minimize exposure. Despite

this, as mentioned, the overall clinic volume dropped precipi-

tously around this time (87% decline in clinic encounters and

58% decline in injections, as reported in another study).7 In our

cohort, only 1 patient had a direct discussion with a retina

practitioner about the risks of delaying their appointment. All

other patients called and rescheduled their appointments (or did

so through the online patient portal) without requesting recom-

mendations or a discussion with a physician. Physician com-

munication with other patients with active exudative AMD

during this period was frequent and robust. The combination

of these findings (high-risk patient cohort with lack of commu-

nication) suggests that better physician counseling regarding

specific personal risk profiles as well as clinic operation

changes might help allay anxiety over injection visits. This

Kovacs et al 527



T
a
b

le
1
.

Li
st

o
f
A

ll
P
at

ie
n
ts

In
cl

u
d
ed

in
th

e
St

u
d
y.

P
at

ie
n
t

A
ge

,
y

Se
x

Sc
h
ed

u
le

d
fo

llo
w

-u
p
,
d

A
ct

u
al

fo
llo

w
-u

p
,
d

P
re

-
B

C
V

A
B

C
V

A
af

te
r

h
em

o
rr

h
ag

e

B
as

el
in

e
B

C
V

A
,

fe
llo

w
ey

e

C
N

V
M

st
at

u
s

p
re

–
C

O
V

ID
-1

9
,

la
st

in
je

ct
ed

ag
en

t

Si
ze

>
1

d
is

c
d
ia

m
et

er

H
em

o
rr

h
ag

e
th

ic
kn

es
s,

mm
P
ri

o
r

O
C

T
ri

sk
fe

at
u
re

s
P
ri

o
r

h
em

o
rr

h
ag

e

D
u
ra

ti
o
n

o
f

su
b
je

ct
iv

e
ch

an
ge

,
d

A
n
ti
co

ag
u
la

ti
o
n

C
O

V
ID

-1
9

sy
st

em
ic

ri
sk

s

Sy
st

em
ic

va
sc

u
la

r
co

m
o
rb

id
it
ie

s

Sp
o
ke

w
it
h

p
h
ys

ic
ia

n
ab

o
u
t

d
el

ay
in

g
fo

llo
w

-u
p

1
7
8

F
8
4

1
5
9

2
0
/1

5
0

2
0
/3

0
0

2
0
/1

0
0

A
ct

iv
e,

af
lib

er
ce

p
t

Y
es

9
4
4

SH
R

M
ad

ja
ce

n
t

to
ac

ti
ve

P
E
D

-C
N

V
M

Y
es

6
0

N
o
n
e

A
st

h
m

a
H

T
N

N
o

2
7
8

M
8
4

1
3
2

2
0
/2

5
C

F
3

ft
2
0
/7

0
N

o
n
ex

u
d
at

iv
e

Y
es

1
1
1
0

Ir
re

gu
la

r
P
E
D

w
it
h

p
ig

m
en

t
N

o
9
0

A
sa

8
1

C
O

P
D

H
T

N
,
O

SA
N

o
3

9
0

M
2
8

5
5

2
0
/2

5
0

C
F

2
ft

2
0
/6

0
A

ct
iv

e,
af

lib
er

ce
p
t

Y
es

4
6

G
A

,
sh

al
lo

w
ir

re
gu

la
r

P
E
D

Y
es

3
A

sa
8
1
,

ap
ix

ab
an

Sm
o
ki

n
g/

C
O

P
D

C
A

D
/A

fib
N

o

4
9
7

F
2
4
0

2
6
8

2
0
/3

0
2
0
/7

0
2
0
/7

0
N

o
n
ex

u
d
at

iv
e

N
o

4
2
0

D
ru

se
n
,
n
o

si
gn

s
o
f
C

N
V

M
N

o
9
0

A
sa

8
1

A
st

h
m

a
H

T
N

,
h
ea

rt
b
lo

ck
N

o

5
7
8

M
2
8

1
2
0

2
0
/2

0
2
0
/1

2
5

2
0
/2

5
A

ct
iv

e,
ra

n
ib

iz
u
m

ab
N

o
1
1
9

Sh
al

lo
w

ir
re

gu
la

r
P
E
D

w
it
h

p
ig

m
en

t
Y

es
2
8

A
sa

8
1

D
ia

b
et

es
H

T
N

,
C

A
D

Y
es

6
8
3

F
6
3

1
0
3

2
0
/2

5
2
0
/4

0
2
0
/1

0
0

A
ct

iv
e,

af
lib

er
ce

p
t

N
o

9
6

Ir
re

gu
la

r
P
E
D

ad
ja

ce
n
t

to
G

A
Y

es
1
4

A
sa

8
1

M
yc

o
p
h
en

o
la

te
m

o
fe

ti
l
fo

r
A

I
h
ep

at
it
is

N
o

7
5
3

F
7
0

9
2

2
0
/2

5
2
0
/2

5
2
0
/2

0
A

ct
iv

e,
af

lib
er

ce
p
t

N
o

9
0

A
ct

iv
e

FC
E
-a

ss
o
ci

at
ed

C
N

V
M

w
it
h

SR
F

Y
es

1
4

N
o
n
e

N
o
n
e

N
o

8
8
6

F
4
2

1
3
7

2
0
/7

0
H

M
2
0
/6

0
A

ct
iv

e,
ra

n
ib

iz
u
m

ab
Y

es
3
7
4

A
ct

iv
e

C
N

V
M

,
P
E
D

w
it
h

SR
F

N
o

–
A

sa
8
1
,

cl
o
p
id

o
gr

el
C

H
F,

C
K

D
4

H
T

N
,
C

A
D

N
o

9
9
6

M
6
3

1
1
6

2
0
/1

0
0

1
0
/1

2
5

2
0
/3

0
0

A
ct

iv
e,

af
lib

er
ce

p
t

Y
es

1
9
0

Sh
al

lo
w

ir
re

gu
la

r
P
E
D

w
it
h

p
ig

m
en

t
N

o
1
4

A
sa

8
1
,

cl
o
p
id

o
gr

el
Sm

o
ki

n
g/

C
O

P
D

H
x

o
f
A

A
s/

p
re

p
ai

r
N

o

1
0

8
8

M
1
1
2

2
0
8

C
F

1
ft

C
F

1
ft

2
0
/2

5
In

ac
ti
ve

Y
es

3
6
0

D
is

ci
fo

rm
sc

ar
,
ir

re
gu

la
r

P
E
D

ad
ja

ce
n
t

Y
es

–
R

iv
ar

o
x
ab

an
Sm

o
ki

n
g/

C
H

F
C

A
D

/A
fib

N
o

1
1

7
8

F
3
5

7
0

2
0
/4

0
2
0
/3

0
0

2
0
/4

0
A

ct
iv

e,
af

lib
er

ce
p
t

Y
es

5
2
8

SH
R

M
ad

ja
ce

n
t

to
ac

ti
ve

P
E
D

N
o

7
N

o
n
e

A
ge

o
n
ly

N
o

1
2

8
6

F
1
8
0

2
0
1

2
0
/1

0
0

2
0
/1

5
0

2
0
/2

0
0

N
o
n
ex

u
d
at

iv
e

N
o

1
1
9

D
ru

se
n
,
G

A
,
n
o

si
gn

s
o
f

C
N

V
M

N
o

1
N

o
n
e

Sm
o
ki

n
g/

C
O

P
D

N
o

1
3

7
0

F
4
2

2
1
0

2
0
/1

5
0

2
0
/1

5
0

2
0
/2

5
A

ct
iv

e,
af

lib
er

ce
p
t

N
o

2
2
7

La
rg

e,
ir

re
gu

la
r

P
E
D

(4
6
0
-

mm
h
ei

gh
t)

Y
es

6
0

N
o
n
e

D
ia

b
et

es
N

o

1
4

9
0

F
4
9

1
8
8

2
0
/5

0
2
0
/2

0
0

2
0
/2

5
A

ct
iv

e,
af

lib
er

ce
p
t

N
o

2
3
6

Sh
al

lo
w

,
ir

re
gu

la
r

P
E
D

Y
es

3
0

N
o
n
e

Sm
o
ki

n
g/

C
O

P
D

N
o

M
ea

n
8
2
.2

+
1
1
.3

8
6
.9

+
6
6
.8

1
4
7
.1

+
6
1
.0

A
b
b
re

vi
at

io
n
s:

A
A

,
ao

rt
ic

an
eu

ry
sm

;
A

fib
,
at

ri
al

fib
ri

lla
ti
o
n
;
A

I,
au

to
im

m
u
n
e

h
ep

at
it
is

;
A

sa
,
as

p
ir

in
;
B
C

V
A

,
b
es

t-
co

rr
ec

te
d

vi
su

al
ac

u
it
y;

C
A

D
,
co

ro
n
ar

y
ar

te
ry

d
is

ea
se

;
C

F,
co

u
n
ti
n
g

fin
ge

rs
;
C

H
F,

co
n
ge

st
iv

e
h
ea

rt
fa

ilu
re

;
C

K
D

,c
h
ro

n
ic

ki
d
n
ey

d
is

ea
se

;C
N

V
M

,c
h
o
ro

id
al

n
eo

va
sc

u
la

r
m

em
b
ra

n
e;

C
O

P
D

,c
h
ro

n
ic

o
b
st

ru
ct

iv
e

p
u
lm

o
n
ar

y
d
is

ea
se

;C
O

V
ID

-1
9
,c

o
ro

n
av

ir
u
s

d
is

ea
se

2
0
1
9
;F

,f
em

al
e;

FC
E
,f

o
ca

lc
h
o
ro

id
al

ex
ca

va
ti
o
n
;G

A
,g

eo
gr

ap
h
ic

at
ro

p
h
y;

H
M

,h
an

d
m

o
ti
o
n
;H

T
N

,h
yp

er
te

n
si

o
n
;H

x
,h

is
to

ry
;M

,m
al

e;
O

C
T

,o
p
ti
ca

lc
o
h
er

en
ce

to
m

o
gr

ap
h
y;

O
SA

,o
b
st

ru
ct

iv
e

sl
ee

p
ap

n
ea

;P
E
D

,p
ig

m
en

t
ep

it
h
el

ia
ld

et
ac

h
m

en
t;

SH
R

M
,s

u
b
re

ti
n
al

h
yp

er
re

fle
ct

iv
e

m
at

er
ia

l;
s/

p
,
st

at
u
s

p
o
st

;
SR

F,
su

b
re

ti
n
al

flu
id

.

528



seems especially prudent in patients with a history of prior

hemorrhage or known active CNVM.

However, patients with nonexudative AMD in this hemor-

rhage cohort had their scheduled visits intentionally resched-

uled by our department to minimize exposure. Perhaps these

are the patients that would most benefit from home monitoring

devices or hybrid telemedicine visits (imaging only with phone

or written message discussing results). Furthermore, there were

a considerable number of patients who had OCT findings sug-

gestive of type 1 CNVM presence who may have benefitted

from closer monitoring. Although we do not have absolute

values of subclinical CNVM prevalence, our findings suggest

that in the presence of future lockdowns, these patients with

nonexudative neovascular AMD may benefit from closer fol-

low-up.

Certainly, any patients with new symptoms should be hav-

ing more thorough evaluations with OCT imaging, and within

our cohort even these patients delayed evaluation because of

COVID-19 exposure concerns. It is worth noting that even in

newly converted patients there was a significant delay between

onset of new symptoms and presentation to our clinics (1

patient had 1 day of symptoms but 2 others had months of

symptoms). In fact, 10 of the 14 patients (71%) had more than

1 week of symptoms before presentation, again likely because

of anxiety regarding clinic exposure.

Perhaps most important in prognosticating risk of presenting

with a hemorrhage was prior appearance of a CNVM-

associated hemorrhage (73%), regardless of the time since prior

hemorrhage. While a seemingly obvious risk, this should likely

be well noted in the patient’s medical record to aid in real-time

conversations when the issue of rescheduling appointments is

raised.

Many of the patients in our series were on antiplatelet med-

ications (typically aspirin 81 mg), with only a small subset on

more robust anticoagulation. Prior studies demonstrated mixed

results in the association of anticoagulation use with hemor-

rhage. Some studies found no association;11 however, a sub-

analysis of CATT (Comparison of Age-related AMD

Treatments Trials) participants found increased hemorrhage

rates in patients on anticoagulation who were also hyperten-

sive.12 Our cohort was far too small to draw meaningful impli-

cations of hemorrhage extent or presence with anticoagulation;

however, like the presence of prior hemorrhage, it is likely

prudent to denote concurrent use of anticoagulation in the med-

ical record to facilitate patient-physician discussion and

appointment triage.

Our findings also allude to the importance of sustained,

long-acting delivery vehicles, many of which are already in

development, to minimize the frequency of injection visits, and

thus exposure, for our active exudative AMD patients during

public health crises.13-15

This is obviously a limited study because of the small cohort

and retrospective nature of the review, and with such a small

number of patients it is difficult to determine statistical signi-

ficance of hemorrhage risks. However, some broad concerns

were identified. Based on our findings, we recommend

thorough documentation of possible hemorrhage risk factors

(prior presence of hemorrhage, concurrent anticoagulation use,

and presence of suspected CNVM even if nonexudative), as

well as COVID-19–specific risk factors (present in almost all

patients in our cohort) in the medical record to better aid

informed discussion in the event of future lockdowns. We fur-

ther suggest that all patients with the aforementioned ocular

risk factors have specific follow-up with physician calls or

telemedicine visits to adequately counsel them on their risk for

significant vision loss, as was often absent with our cohort. We

hope that such recommendations do not become necessary but

feel such preparation to be prudent.
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