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Abstract

Purpose To assess the impact of COVID-19-related delay in intravitreal injection timing on macular structure and visual
acuity (VA) among patients treated for neovascular age-related macular degeneration (nvAMD).

Methods We reviewed demographic and clinical data and macular ocular computerized tomographic images of 34 patients
(48 eyes, group A) who did not follow their injection schedule during the first wave of COVID-19 and compared them to
46 patients (71 eyes, group B) who did. Functional worsening was defined as a loss of at least 0.1 in decimal VA. Anatomic
worsening was defined as new or increased subretinal/intraretinal fluids or new hemorrhage.

Results The planned mean =+ standard deviation intervals between the intravitreal injections were 5.7 +2.7 weeks for group A
and 5.5+ 2.4 weeks for group B (P=0.60). The actual intervals were 13.6 + 6.8 (7.9 £5.2 weeks’ delay) and 5.3 +2.4 weeks
(no delay), respectively (P <0.001). The best corrected visual acuity worsened in 23 group A eyes (47.9%) and in 6 group
B eyes (8.5%) (odds ratio [OR] 9.97, P<0.001). Anatomic features indicative of nvAMD worsening were detected in 31
group A eyes (64.6%) and in 16 group B eyes (22.5%) (OR 5.73, P<0.001). A new macular hemorrhage was observed in 4
group A eyes (8.3%) and in no group B eyes (P =0.09).

Conclusion Delay in timely retinal care during the COVID-19 restrictions period resulted in short-term negative outcomes,
including macular bleeding, in nvAMD patients.
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Key Messages

®  Anti-VEGEF is the main treatment for neovascular AMD. Timely injections are necessary to
maintain optimal vision. The COVID-19 pandemic disrupted retinal care.

® COVID-19 related delay in intravitreal injections has quantifiable repercussions on the retinal
structure and function.

® Some of the caused damage may be irreversible.

Introduction
P4 Joel Hanhart
hanhart@szmc.org.il Anti-vascular endothelial growth factor (VEGF) intravitreal
| Department of Ophthalmology, Shaare Zedek Medical injections were quickly adopted in the mid-2000s as ﬁrst-l.lne
Center, Affiliated to the Hebrew University, 12 Shmuel Bait treatment of neovascular age-related macular degeneration
St., 9103102 Jerusalem, Israel (nvAMD), revolutionizing the prognosis of this common
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condition with a grim natural history [1, 2]. The far-reaching
anatomical and functional achievements of the treatment,
however, come at the cost of a high level of the patient’s
compliance with regular ophthalmic exams, including retinal
imaging by optical coherence tomography (OCT) and itera-
tive injections. By 2019, millions of patients were regularly
receiving intravitreal anti-VEGF injections [3]. According
to published guidelines, treatment intervals of 3—4 months
are best tolerated, but many patients require monthly treat-
ments, with only a minority with preserved macular function
able to be safely kept on observation alone [4]. At that time,
it was observed that real-world data did not always reflect
smooth results from registration studies. After several years
of treatment, the mean visual acuity (VA) had nevertheless
improved as compared with presentation, in spite of fre-
quency of delivered injections being actually inferior to that
reported in the literature [35, 6].

The COVID-19 pandemic severely disrupted retinal care.
Patients were unable to arrive to medical centers or they
were fearful of crowding at those institutions, and system
resources were redirected to delivering emergent sight-sav-
ing therapy, thus deprioritizing routine eye care. For the first
time since the introduction of intravitreal anti-VEGF therapy
for nvAMD, long-standing treatment schedules of masses of
patients were suddenly disrupted [7-22]. In Israel, a lock-
down was announced from March to April 2020, in what was
termed the “first wave of COVID-19.” This abrupt change in
treatment access enabled the examination of the ophthalmic
sequelae of this pandemic-driven tactic. The objective of the
present study was to examine the “first wave of COVID-19”
behavioral, functional, and social changes on the macular
structure and VA in patients who missed their scheduled
intravitreal anti-VEGF injections during this time.

Materials and methods
Participants and ethics

This retrospective study included consecutive nvAMD
patients who were scheduled for anti-VEGF injection by a
single retina specialist (JH) at the Shaare Zedek Medical
Center, a tertiary ophthalmology center, from March to April
2020, the “first wave of COVID-19.”

Study design

The nvAMD patients’ data were retrieved from their elec-
tronic medical records, and included demographics, best
corrected visual acuity (BCVA), complete ophthalmic
biomicroscopic evaluation (including fundus examina-
tion by a retina specialist [JH]), duration of treatment, the
total number of anti-VEGF intravitreal injections since

@ Springer

treatment initiation, dates and kinds of the anti-VEGF
intravitreal injections before, during, and after the “first
wave of COVID-19,” as well as evaluation of macular SD-
OCT volumetric scans (Spectralis, Heidelberg Engineer-
ing, Germany) prior to and after this period. BCVA was
measured by a registered ophthalmic nurse using a Snellen
chart, and the measurements were decimalized in order
to respectively define a gain or loss of 0.1 deg™! in VA as
visual improvement or worsening.

The nvAMD patients were grouped according to their
adherence to the planned treatment schedule during the
first wave of COVID-19. Group A included patients who
delayed injections by more than 50% of planned treat-
ment. They consequently returned for consultation with
a delay of over 7.9 +5.2 weeks past their scheduled treat-
ment interval (equivalent to 150% of the planned interval).
Group B included patients who followed their original
treatment schedule throughout this period (less than 50%
delay).

Naive patients, those not personally and exclusively fol-
lowed by JH, were excluded as well as those who did not
return to clinic prior to June 17 2020.

All treated eyes had readable OCT images, and none
sustained any significant non-AMD ocular events during
the analyzed time period; therefore, none was excluded.
All eyes underwent a dense volumetric macular scan
(Heidelberg Spectralis, software version 6.9.4.0; Heidel-
berg Engineering GmbH, Germany; dense macular scan,
high-speed mode, > 15 images averaged, scan angle 20°,
5.9 mm X 5.9 mm, X scaling 11.47 pm/pixel, and Z scaling
3.87 pm/pixel).

Central macular thickness was measured as total retinal
thickness in the central subfield of the Early Treatment of
Diabetic Retinopathy Study (ETDRS) field by means of the
embedded software (Heidelberg Spectralis, software version
2.51). Delineation accuracy was verified by a retina special-
ist. “Thickening” was defined as an increase > 50 pm and
“thinning” as a decrease > 50 pm. For further analysis, we
also defined a central subfield change < 10% as “stability.”
At the beginning and end of the study period, the presence
of subretinal and intraretinal fluids as well as the presence
of blood was recorded for each eye at each clinical exami-
nation. All increases in the total amount of subretinal and
intraretinal fluids were evaluated and recorded by the same
retina specialist.

The primary outcome measure of the present study was
the mean change in VA in nvAMD patients with a delay
in their scheduled anti-VEGF treatment regimen during the
first wave of COVID-19 to those with no delay. The second-
ary outcome measure was the difference in structural retinal
changes between these 2 groups. The exclusion criterion was
the occurrence of any non-AMD ocular event during the
study period.
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Statistical analyses

Statistical analyses were performed with the Matlab R2020b
(Mathworks Inc, Natick, MA) software package. Analyses
were performed with the Kolmogorov—Smirnov test, Pearson
X2 analysis, Fisher exact test, and 2-sample ¢ test for unequal
variances, depending upon the nature of the data and the
hypothesis being tested. All tests were 2-sided unless speci-
fied otherwise. An alpha value of 0.05 was used to determine
statistical significance. While we present multiple functional
and morphologic metrics of progress, these metrics are not
independent of each other, and are presented to establish the
multiple facets of deterioration with missed treatment. These
data therefore do not meet the criteria for family wise error
rate (FWER) correction, such as a Bonferroni test, of a large
number of independent tests. Of note that though individual
hypotheses were tested at significance level of alpha=0.05,
all significant results save for change in SRF were significant
at a level 0.001 or greater and would thus meet statistical
significance even if a FWER correction was applicable.

Results

Group A included 48 eyes (34 patients), and group B
included 71 eyes (46 patients). No eye was excluded due to
a non-nvAMD event. Nineteen patients originally scheduled
for injection for nvAMD during the first wave of COVID-19
did not return during the data collection period and were
therefore excluded from the study.

The planned intervals between intravitreal injec-
tions were 5.7+2.7 and 5.5 +2.4 weeks for groups A
and B, respectively (P=0.60). The actual interval peri-
ods between intravitreal injections were 13.6 +6.8 and
5.3 +2.4 weeks, respectively (P <0.001), representing a
delay of 7.9 +5.2 weeks for group A.

Patient characteristics from presentation to last
pre-COVID-19 visit

Table 1 summarizes the demographic and clinical character-
istics of both study groups. In Israel, due to Health Medical
Organizations’ reimbursement policy, bevacizumab is given
as first-line therapy in nvAMD. If clinical response is insuf-
ficient, patients are switched to ranibizumab or aflibercept.
So, for a given patient, bevacizumab is first-line therapy,
while other compounds can be delivered as second or third
line. Some patients, not more responding to ranibizumab or
aflibercept, are switched back to bevacizumab.

The patients in group A were significantly older than
those in group B: 83.1+5.3 vs. 78.0 + 7.4 years, respec-
tively (P <0.001). Otherwise, the 2 groups were similar
in sex (43% males overall, P =0.648), lens status (58%

Table 1 Baseline demographic and clinical characteristics of the 2
study groups

Variable Group A  Group B P value
Patients, n (%) 34 (42.5) 46 (57.5) 0.553
Sex
Male (%) 13 (38) 21 (46) 0.648
Female (%) 21 (62) 25 (54)
Eyes, n (%) 48 (40) 71 (60)
Age, y mean +SD 83.1+53 78.0+74 <0.001
Lens status
Phakic (%) 21 (44) 29 (41) 0.850
Pseudophakic (%) 27 (56) 42 (59)
Compound
Bevacizumab (%) 35(73) 43 (61) 0.176
Ranibizumab (%) 4(8) 4 (6) 0.713
Aflibercept (%) 9(19) 23 (33) 0.140
Treatment line
First (%) 28 (58) 37 (52) 0.575
Second (%) 5(10) 16 (23) 0.013
Third (%) 8(17) 10 (14) 0.796
Back (%) 7 (15) 8(11) 0.588
BCVA at presentation 0.47+0.26 0.43+0.34 0.500
(mean + SD)

Treatment duration, y 2.69+2.09 2.33+1.44 0.300

(mean + SD)

Group A delayed treatment; group B timely treatment; SD standard
deviation; BCVA best corrected visual acuity (decimal)

Bold indicates significance (P <0.05)

pseudophakic overall, P =0.850), treatment (65% bevaci-
zumab overall, P=0.176), and treatment line (54.6% first
line, P=0.575).

Table 2 summarizes the ocular findings at the last exami-
nation before the COVID-19 lockdown.

The patients in both groups presented with statistically
similar mean BCVAs at the commencement of intravitreal
anti-VEGF injections: 0.47 +0.26 and 0.43 +0.34 decimal
for groups A and B, respectively (P =0.5). However, group
B sustained significantly more outcomes that were anatomi-
cally and functionally poorer as measured from the time of
treatment commencement to the last pre-COVID-19 lock-
down examination. Specifically, after a similar treatment
period of 2.69 +2.09 and 2.33 +1.44 years in groups A
and B, respectively (P=0.3), the group B eyes had poorer
BCVAs than the group A eyes (0.33 vs. 0.48 decimal,
respectively, P=0.007). Their BCVA was less likely to
have significantly improved under treatment (ABCVA > 0.1
decimal of 40% for group A vs. 15% for group B, P=0.005)
and more likely to have deteriorated BCVA (ABCVA <0.1
of 12% for group A vs. 34% for group B, P=0.010). These
findings were reflected by the OCT imaging findings, where
the group B eyes had a central subfield 26% thicker than
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Table 2 Pre-COVID

. Group A Group B P value
characteristics
Pre-COVID BCVA (mean + SD) 0.48+0.27 0.33+0.28 0.007
Number of eyes BCVA <0.1 pre-COVID (%) 5(10.4) 7(9.9 1.000
BCVA change since presentation until last pre-COVID check
Improved (A BCVA>0.1) (%) 19 (40) 11 (15) 0.005
Worsened (A BCVA<0.1) (%) 6(12) 24 (34) 0.010
Stable (—0.1 <A BCVA<0.1) (%) 23 (48) 36 (51) 0.850
OCT anatomical findings
Pre-COVID OCT macular thickness (i) (mean =+ SD) 294 + 54 372+103 <0.001
Presence of fluids (IRF or SRF) or blood at pre-COVID lockdown check
IRF, n (%) 21 (43.7) 29 (40.8) 0.850
SRF, n (%) 15 (31.2) 18 (25.3) 0.530
Blood, n (%) 12.0) 2(2.8) 1.000
Planned interval duration (weeks) (mean +SD) 5.7+2.7 54+24 0.600

Group A delayed treatment; group B timely treatment; BCVA best corrected visual acuity (decimal); IRF
intraretinal fluid; SRF subretinal fluid; SD standard deviation; OCT ocular computerized tomography

OCT macular thickness relates to the central subfield total retinal thickness as defined by the standard

ETDRS grid

Bold indicates statistical significance (P <0.05)

those of group A (294 +54 um for group A vs. 3724103 um
for group B, P <0.001) at the last pre-COVID-19 lockdown
checkup.

Outcome analysis

Table 3 summarizes the changes in clinical and imaging
findings over the last visit-before the first wave COVID-19
lockdown period to the first visit afterwards.

Visual acuity

The BCVA worsened significantly in 23 group A eyes
(47.9%) compared to 6 group B eyes (8.5%) (odds ratio [OR]
9.97, P<0.001) over the first wave COVID-19 lockdown
period. The BCVA improved in 2 group A eyes (4.2%) com-
pared with 9 group B eyes (12.7%) (OR 0.30, P=0.19). The
BCVA remained stable in 23 (47.9%) and 56 (78.9%) group
A and B eyes, respectively (OR 0.25 P <0.001). The distri-
bution of changes in BCVA is illustrated in Fig. 1.

Anatomical

Thickening of the central macular subfield
(AThickness > 50 pm) was observed in 9 (18.8%) group A eyes
and none in the group B eyes (P <0.001). Retinal thickness
increased by 10% in 13 group A eyes (27.1%), while there
was no comparable increase in the group B eyes (P <0.001).
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Stability

Stability (Aqpickness < 10%) was measured in 30 (62.5%)
group A eyes compared to 64 (90.1%) group B eyes
(P=0.002). Figure 2 illustrates the distribution of changes
in central subfield thickness.

New or increased amounts of subretinal fluid or worsening

These changes were detected in 20 (41.6%) group A eyes
compared to 7 (9.9%) group B eyes (OR=6.53, P=0.022).
New or increased amounts of intraretinal fluid were detected
in 19 (39.6%) group A eyes compared to 7 (19.7%) group
B eyes (OR=2.67, P<0.001). In group A, macular hemor-
rhage appeared de novo in 4 (8.3%) eyes, and did not resolve
in 1 eye in which it had already been present prior to treat-
ment disruption. Of the 4 eyes that were diagnosed with new
macular hemorrhage, the planned interval between injec-
tions had been 4.5 + 1 weeks and the actual interval was
10.3 + 1 weeks. No new occurrence of macular hemorrhage
was detected in the group B eyes. Furthermore, none of the
2 (2.8%) eyes of the group B patients who had a macular
hemorrhage in their pre-COVID-19 examination had evi-
dence of a macular hemorrhage in their post-COVID-19
exam. When considering any form of anatomic features of
worsening (defined as new subretinal or intraretinal fluids,
increase of preexisting fluids, or new hemorrhage), the group
A eyes fared worse: 31 (64.6%) eyes compared to 16 (22.5%)
group B eyes (OR=5.73, P<0.001). Additional anatomic
data are provided in Table 3.
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Table 3 Functional and

. X Group A Group B P value
anatomical changes in groups
A anq B pre- and post-COVID Changes in BCVA (decimal) from pre- to post-COVID-19 lockdown
examination Improved (A BCVA>0.1) (%) 2(4.2) 9(12.7) 0.116
Worsened (A BCVA<0.1) (%) 23 (47.9) 6(8.5) <0.001
Stable (%) 23 (47.9) 56 (78.9) <0.001
Markers of CNV activity
New or worse SRF, n (%) 20 (41.7) 7(9.9) 0.022
New or worse IRF, n (%) 19 (39.6) 14 (19.7) <0.001
Blood, n (%) New, 4 (8.3) Disappearance, 2 (2.8) 0.024
New or worse SRF, IRF, or new blood, n (%) 30 (62.5) 16 (22.5) <0.001
Central macular thickness (u)
Pre-lockdown (mean + SD) 293.7+54.4 371.5+103.4 <0.001
Post-lockdown (mean + SD) 326+1154 348.8+73.7 0.223
Absolute macular thickness change, Ap (%) 32.3(10.7) —-22.7(=3.9) 0.001
Reduction (A <50p) (%) 9 (18.8) 0(0.0) <0.001
Increase (A > 50p) (%) 12.1) 6 (8.5) 0.239
Stability (—50 p< A <50p) (%) 38(79.2) 65 (91.5) 0.061
Relative thickness change
Reduction (A < 10%) (%) 13 (27.1) 0(0.0) <0.001
Increase (A > 10%) (%) 5(10.4) 7(9.9) 1.000
Stability (—10% < A <10%) (%) 30 (62.5) 64 (90.1) 0.002
Group A delayed treatment; group B timely treatment; BCVA best corrected visual acuity (decimal); IRF
intraretinal fluid; SRF subretinal fluid; CNV choroidal neovascular membrane; OCT ocular computerized
tomography
OCT macular thickness relates to the central subfield total retinal thickness as defined by the standard
ETDRS grid. Pre- and post- refer to the first wave of COVID-19 lockdown
Bold indicates statistical significance (P <0.05)
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Correlation between anatomic and functional outcomes

Increased retinal thickness correlated with worse function.
The negative correlation between retinal thickness and
BCVA was seen in the pre-COVID-19 exam (Pearson cor-
relation coefficient — 0.266, P =0.004) as well as in the post-
COVID-19 exam (Pearson correlation coefficient — 0.240,
P=0.009) of all study patients in combination. A linear
regression model of BCVA against retinal thickness yielded
a significant correlation that was, however, clinically minute
(i.e., a decrease of 0.075 decimal in VA for an increase in
thickness of 100 p). The BCVA remained stable in 2 eyes
of the patients in group A that had sustained a new macular
hemorrhage (1 eye with low vision of 0.01 decimal, the sec-
ond eye 0.7 decimal), and decreased in 2 other eyes (from
0.02 to 0.005 decimal and from 0.25 to 0.2 decimal).

Correlation between delay in injection and adverse
outcome

There was no correlation between delay in injection and
either change in OCT central thickness or change in VA in
the group A eyes (R*=0.01) (Supplementary Figs. 1 and 2).

Discussion

In this study, we estimated the impact of delayed intravitreal
injection on the short-term visual and anatomic outcomes for
nvAMD patients based on data from a single retina unit in
a tertiary referral center in Israel. As expected, our results
showed that a delay in the delivery of anti-VEGF injections
was associated with adverse outcomes. Almost one-half of
the patients who missed their scheduled appointments sus-
tained a decrease in BCVA, while OCT revealed features
of worsening in 64% of them. Morphologic worsening cor-
related with decrease in VA but only weakly, which is con-
sistent with more controlled studies published prior to the
pandemics [23].

In order to get second-line treatment in the Israeli Health
system, a patient has to make a specific effort, including
dealing with many administrative issues. This could explain
that such patients, having often struggled to get reimburse-
ment, are more prone to show up for injections than those
treated with the easily obtainable bevacizumab as first-line
or fourth-line agent or those receiving third-line therapy
already acquainted with the administrative process. When
dealing with compliance, psychological issues should not
be underestimated.

The importance of regular delivery of anti-VEGF to pre-
serve structure and function in nvAMD was demonstrated
in earlier well-controlled studies [4, 24]. Data from recent
real-life observations confirmed that delaying injections was
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associated with functional impairment [5, 6]. As a major
disrupter of retinal care, the COVID-19 pandemic resulted
in a massive breach of the therapeutic protocols. While sev-
eral reports analyzed the impact of this worldwide event on
nvAMD patients [8, 25-31], only a few of them had looked
at the effects on both structural and functional outcomes. To
the best of our knowledge, our current report is the first to
specifically compare patients who missed injections during
the first wave of COVID-19 with patients who followed their
original therapeutic plan during the same period.

Our data show that both subretinal and intraretinal fluid
either appeared de novo or worsened in the nvAMD eyes of
patients who deviated from their injection schedule. More
worryingly, macular hemorrhage, which is a complication
often associated with irreversible damage [32], appeared
in 8.3% of our patients when the intravitreal injection was
delayed, an issue already raised by Romano et al. [33].

Interestingly, no correlation was found between delay
in treatment and either change in OCT central thickness or
change in BCVA. We speculate that the absence of any such
correlation might indicate that people who had noticed a
worsening of their VA adhered to their treatment schedule
despite any trepidation they may have had in association
with the COVID-19 outbreak.

Our study has several limitations starting with its retro-
spective design which could be associated with selection
bias. We tried to contain this issue by defining a control
group (group B) and analyzing our data as both discrete
and continuous values. In addition, 19 patients scheduled for
periodic injections were absent throughout the entire study
period and we are unable to determine their functional and
anatomic outcomes. Our small sample size, confined to one
region in Israel, also limits the power of the analysis. This
assessment should, therefore, be considered a pilot study: a
long-term follow-up analysis on a larger cohort is needed to
determine the degree and irreversibility of macular damage
in nvAMD patients who did not undergo uninterrupted anti-
VEGEF therapy.

The findings of our study demonstrate the real-world del-
eterious effect of the COVID-19 pandemic on compliance
with intravitreal therapy among nvAMD patients and, spe-
cifically, its morphological and functional impact. Patients
should preemptively be actively sought in an effort to pre-
vent irreversible loss of vision.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00417-021-05505-5.
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