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a b s t r a c t 

The COVID-19 pandemic disrupted the regular injections of anti-vascular endothelial 

growth factor (anti-VEGF) in patients with various retinal diseases globally. It is unclear to 

what extent delayed anti-VEGF injections have worsened patients’ visual acuity. We per- 

formed a meta-analysis to assess the impact of delayed anti-VEGF injections on the best- 

corrected visual acuity (BCVA) in patients with neovascular age-related macular degenera- 

tion (nAMD), retinal vein occlusion (RVO), and diabetic macular edema (DME). We searched 

four computer databases (EMBASE, MEDLINE, Web of Science, Scopus) from inception to Jan- 

uary 5, 2022. Data were pooled using the random-effects model. Results were reported by 

less than 4 months and 4 months or longer for the time period between the first injection 

during the pandemic and the last pre-pandemic injection. All BCVA measures were con- 

verted to the logarithm of the minimum angle of resolution (logMAR) for analyses. Among 

patients who received injections 4 months or longer apart, the mean difference in BCVA 

was 0.10 logMAR (or 5 ETDRS letters) (95% confidence interval [CI] 0.06 ∼0.14) for nAMD pa- 

tients, 0.01 logMAR (or ∼ 1 ETDRS letter) (95% CI -0.25 ∼0.27) for RVO patients, and 0.03 logMAR 

(or ∼1 ETDRS letters) (95% CI -0.06 ∼0.11) for DME patients. These results suggest that pa- 

tients with nAMD needing scheduled anti-VEGF injections may require priority treatment 

over those with RVO and DME in the event of disturbed anti-VEGF injections from COVID-19 

lockdowns or similar scenarios. 
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1. Introduction 

The coronavirus disease 2019 (COVID-19) was declared a
global pandemic in March, 2020.6 ,A As of February 1, 2022,
the disease has affected over 370 million people and caused
5.6 million deaths worldwide. B To curb the viral transmission,
large-scale public health policies and measures (e.g., limit-
ing hospital activities, social distancing mandates and city
wide lockdowns) were implemented in many countries. These
measures, specifically lockdowns and decreased clinical activ-
ities, have significantly limited patients’ access to healthcare
services, including eye care. As a result, both outpatient and
emergency eye care service attendance have been reduced by
as much as 50% or more at some time point during the pan-
demic.41 

Neovascular age-related macular degeneration (nAMD),
retinal vein occlusion (RVO), and diabetic macular edema
(DME) are retinal disorders that are among the most com-
mon causes of vision loss and comprise a major health-
care burden.7 , 11 , 15 , 42 Anti-vascular endothelial growth factor
(anti-VEGF) therapy is the standard of care for individuals
with these conditions.39 Regular intravitreal injections of anti-
VEGF, either based on treat-and-extend or as-needed regi-
mens, are necessary for the greatest improvements in the vi-
sual acuity of these patients; 3 however, with lockdowns, re-
duced hospital activities, and the unfeasibility of receiving
anti-VEGF treatment by virtual care, the schedules of anti-
VEGF treatment regimens for many patients have inevitably
been delayed or canceled and are suspected to have severe
consequences for vision outcomes among those with retinal
diseases.22 Solid evidence is needed, however, to confirm this
suspicion and assess whether patients with various retinal
diseases are equally impacted. We hypothesized that vision
loss would be greater among nAMD patients due to its more
severe nature relative to RVO and DME . 39 

Several individual studies have evaluated the impact of de-
lays in anti-VEGF treatment due to the COVID-19 pandemic
on visual acuity, but a meta-analysis to summarize quantita-
tively prior findings has not yet been conducted. We system-
atically reviewed and meta-analyzed studies that examined
the impact of delayed anti-VEGF injections by the COVID-19
pandemic on the best-corrected visual acuity (BCVA) among
patients with nAMD, RVO, or DME. 

2. Methods 

2.1. Quality appraisal and data extraction 

The quality of studies included in this review was evaluated
by 2 independent reviewers (J.H.B.I., R.C.) using the Joanna
Briggs Institute (JBI) Checklist for Case Series.23 Studies were
considered case series due to the nature of observations in
the studies as well as lacking a distinct comparative arm
(control group).21 Disagreements on study quality were re-
solved through discussions or consulting with a senior au-
thor (Y.P.J.) when consensus between the 2 reviewers could
not be reached. For studies that were included after full-text
screening, background data on studies (authors, publication
year, study design), participant characteristics (sample size,
mean age, percentage female), and outcome-related infor-
mation (mean BCVA and standard deviations between pre-
pandemic and during-pandemic, length of treatment delay,
and patient condition) were extracted into a standardized Ex-
cel spreadsheet by two independent reviewers (J.H.B.I., R.C.).
Study authors of extracted studies were contacted when more
detailed data were required. 

2.2. Data synthesis and analysis 

All measures of BCVA were converted to logarithm of the
minimum angle of resolution (logMAR) to calculate the mean
BCVA and associated standard deviation for each individual
study. Two studies presented median and range or interquar-
tile range of BCVA.33 , 45 The mean BCVA and standard devia-
tion were imputed for these 2 studies using the methods pre-
sented by Wan and coworkers and Weir and coworkers.38 , 40

Based on commonly agreed upon treatment regimens by reti-
nal specialists for patients with nAMD, RVO or DME, we strat-
ified patients by less than 4 months and 4 months or longer
from the last regular pre-pandemic injection to the first sub-
sequent injection during the pandemic. As most patients are
treated in up to 12-week intervals using the treat-and-extend
regimen, we chose a cut point of 4 months to identify patients
whose treatment was significantly delayed. 

The mean difference (MD) in BCVA between two consec-
utive injections (during-pandemic vs pre-pandemic) and cor-
responding 95% confidence intervals (CI) were calculated and
presented. The mean differences were also presented in Early
Treatment Diabetic Retinopathy Study (ETDRS) letters to as-
sist comparisons.18 If the overall BCVA estimate from indi-
vidual studies included patients with retinal diseases other
than nAMD, RVO or DME, subgroup-specific BCVAs pertaining
to nAMD, RVO or DME were used in the overall quantitative
synthesis. Heterogeneity was assessed using the I 2 statistic,
with cut-off values of < 25%, 25%-50%, and > 50% correspond-
ing to low, medium, and high levels of heterogeneity, respec-
tively.14 As we expected population-based heterogeneity be-
tween studies, we used the random-effects model, rather than
a fixed-effects model, to pool data.9 Weights given to each
study were calculated using the inverse of the variance of the
effect estimates (i.e., the inverse-variance method). Subgroup
analyses were conducted by type of disease (nAMD, RVO, DME).
Visual inspection of funnel plots and the Egger’s test were
used to assess publication bias. A P-value < 0.05 was used
as the cut-off for statistical significance. All analyses were
performed using R, version 4.0.2 (R Foundation for Statistical
Computing; Vienna, Austria). 

3. Results 

A total of 98 studies were identified through the database
search. Two additional studies were found through forward
and backward citation searching. After removing duplicates,
35 studies remained and underwent title and abstract screen-
ing. At this stage, 4 studies were deemed irrelevant and the
full texts of 31 studies were collected and further examined.
18 studies met the inclusion criteria and were incorporated
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Fig. 1 – Forest plot of mean difference in the best-corrected visual acuity between the first visit during the pandemic and the 
last pre-pandemic visit among patients with neovascular age-related macular degeneration, retinal vein occlusion and 

diabetic macular edema stratified by length of time between injections. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

into the qualitative synthesis. Four of these 18 studies were
excluded from the meta-analysis due to lack of sufficient in-
formation required to quantitatively pool the results.2 , 27 , 28 , 36 

In the end, 14 studies (including 1,931 patients) were in-
cluded in the quantitative synthesis.4 , 5 , 8 , 24 , 29-31 , 33-35 , 37 , 44-46 

The PRISMA diagram detailing the study screening process is
shown in Supplementary File, Figure S1. 

3.1. Study characteristics 

Study characteristics are displayed in Table 1 . All included
studies were observational in nature. All studies measured
changes in patients with nAMD while 10 studies measured
changes in patient with DME 5 , 8 , 24 , 27 , 28 , 29 , 33 , 34 , 36 , 44 and 9 stud-
ies measured changes in those with RVO.5 , 8 , 24 , 28 , 29 , 33 , 34 , 36 , 44 

The mean length of time between the last pre-pandemic visit
and the first visit during the pandemic was 4 months or
greater for 8 studies.5 , 30 , 33 , 35 , 37 , 44 , 45 , 46 BCVA was measured
using logMAR in 10 studies, ETDRS letters in seven studies,
and decimal Snellen in one study. The majority of studies re-
ported worsening of vision due to delays caused by the COVID-
19 pandemic with the exception of patients with DME in stud-
ies by Bulut and coworkers, Sindal and coworkers, and Elfalah
and coworkers,5 , 8 , 33 as well as patients with RVO in studies
by Naravane and coworkers and Sindal and coworkers .24 , 33 

These studies reported either no change or minor improve-
ments in vision. 
3.2. Methodological quality 

Most studies were of fairly high quality, although none sat-
isfied all measured domains of the quality assessment tool
(Supplementary File, Table S1). In particular, answers were
“No” for all 18 studies for the question, “Was there clear re-
porting of the presenting site(s) and/or clinic(s) demographic
information?” Answers were “Unclear” or “No” in 7 of 18 stud-
ies for questions related to consecutive and complete inclu-
sion of participants. Other problematic domains included lack
of clear reporting of outcomes (n = 8). 

3.3. Meta-analysis of change in BCVA for the 3 conditions
combined 

For the overall change in BCVA, 6 studies included patients
with less than 4 months between injections and 8 studies
included patients with 4 months or longer between injec-
tions ( Fig. 1 ). Among patients with less than 4 months be-
tween injections, the MD in BCVA between 2 subsequent vis-
its (pre-pandemic and during-pandemic) was 0.044 logMAR
(or ∼2 ETDRS letters) (95% CI: 0.005, 0.083; I 2 = 0%). Among pa-
tients with 4 months or longer between injections, the MD in
BCVA was 0.126 logMAR (or ∼6 ETDRS letters) (95% CI: 0.061,
0.191; I 2 = 76%). Overall, the MD in BCVA among all patients
was 0.093 logMAR (or ∼5 ETDRS letters) (95% CI: 0.050, 0.136;
I 2 = 62%). Visual inspection of the funnel plot for overall change

https://doi.org/10.1016/j.survophthal.2022.08.002
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Table 1 – Characteristics of included studies. 

Study Study 
Location 

Study Design Conditions Sample Size ∗ Patient 
Characteristics 

Mean Length 
Between Ap- 
pointments 

BCVA 

Measure 
Pre-Pandemic 
BCVA 

During- 
Pandemic 
BCVA 

Change in 
BCVA 

1 Arruabarrena 
et al.2 

Europe Retrospective 
observational 
study 

nAMD 546 patients 
(546 eyes) 

Mean age: 79.4 
years 
% female: 44.9% 

2.45 months ETDRS 
letters 

59.02 55.61 -3.41 

2 Borrelli et al.4 Italy Case series nAMD 100 patients 
(112 eyes) 

Mean age: 79.1 
years 
% female: 49.0% 

110.7 days logMAR 0.45 0.50 0.05 

3 Bulut et al.5 Turkey Retrospective 
observational 
study 

nAMD, 
DME, RVO 

46 patients 
(55 eyes) 

Mean age: 61.0 
years 
% female: 47.8% 

5 months logMAR 0.72 (all) 
1.11 (nAMD) 
0.60 (DME) 
0.85 (RVO) 

0.76 (all) 
1.27 (nAMD) 
0.58 (DME) 
1.02 (RVO) 

0.04 (all) 
0.16 (nAMD) 
-0.02 (DME) 
0.17 (RVO) 

4 Elfalah et al.8 Jordan Retrospective 
observational 
study 

nAMD, 
DME, RVO 

145 eyes Mean age: 64.8 
years 
% female: 45.6% 

60.97 days Snellen 
(decimal) 

NA NA -0.04 (nAMD) 
0.02 (DME) 
-0.03 (BRVO) 
-0.09 (CRVO) 

5 Naravane 
et al.24 

USA Retrospective 
review 

nAMD, 
DME, RVO 

57 patients 
(77 eyes) 

Mean age: 73 
years 
% female: 61.4% 

> 2 weeks † logMAR 0.63 (all) 
0.73 (nAMD) 
0.54 (DME) 
0.56 (RVO) 

0.77 (all) 
0.85 (nAMD) 
0.72 (DME) 
0.55 (RVO) 

0.14 (all) 
0.12 (nAMD) 
0.18 (DME) 
-0.01 (RVO) 

6 Rush et al.28 USA Case series nAMD, 
DME, RVO 

129 patients 
(129 eyes) 

Mean age: 73.4 
years 
% female: 57.4% 

11.8 weeks logMAR 0.38 (all) 
0.44 (nAMD) 
0.34 (DME) 
0.31 (RVO) 

0.65 (all) 
0.75 (nAMD) 
0.53 (DME) 
0.63 (RVO) 

0.27 (all) 
0.31 (nAMD) 
0.19 (DME) 
0.32 (RVO) 

7 Rahimzadeh 
et al.27 

United 
Kingdom 

Retrospective 
observational 
study 

nAMD, DME 80 patients 
(86 eyes) 

Mean age: NA 

% female: NA 

> 47 days ETDRS 
letters 

NA NA 1.67 (nAMD) 
1.63 (DME) 

8 Saleh et al.29 Jordan Retrospective 
observational 
study 

nAMD, 
DME, RVO 

119 patients Mean age: 59.9 
years 
% female: 46.3% 

6.2 weeks logMAR 0.48 (nAMD) 
0.46 (DME) 
0.44 (RVO) 

0.66 (nAMD) 
0.58 (DME) 
0.6 (RVO) 

0.18 (nAMD) 
0.12 (DME) 
0.16 (RVO) 

( continued on next page ) 
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Table 1 ( continued ) 

Study Study 
Location 

Study Design Conditions Sample Size ∗ Patient 
Characteristics 

Mean Length 
Between Ap- 
pointments 

BCVA 

Measure 
Pre-Pandemic 
BCVA 

During- 
Pandemic 
BCVA 

Change in 
BCVA 

9 Sekeroglu 
et al.30 

Turkey Retrospective 
observational 
study 

nAMD 140 patients 
(140 eyes) 

Mean age: 72.0 
years 
% female: 55.7% 

29.4 weeks ETDRS 
letters 

50.2 38.8 -11.4 

10 Sevik et al.31 ‡ Turkey Retrospective 
observational 
study 

nAMD 31 patients 
(33 eyes) 

Mean age: 70.7 
years 
% female: 53.7% 

> 10 weeks logMAR 0.52 0.70 0.08 

11 Sindal 
et al.33 ‡ 

India Retrospective 
observational 
study 

nAMD, 
DME, RVO 

131 eyes Mean age: 58.3 
years 
% female: 30.4% 

> 15.8 weeks logMAR 0.4 (nAMD) 
0.3 (DME 
0.5 (RVO) 

0.5 (nAMD) 
0.3 (DME) 
0.5 (RVO) 

0.1 (nAMD) 
0.0 (DME) 
0.0 (RVO) 

12 Song et al.34 USA Retrospective 
chart review 

nAMD, 
DME, RVO 

421 patients Mean age: 77.5 
years 
% female: 59.9% 

11.95 weeks ETDRS 
letters 

NA NA -1.23 (nAMD) 
-3.48 (DME) 
-3.22 (RVO) 

13 Stattin et al.35 Austria Retrospective 
observational 
study 

nAMD 142 patients 
(142 eyes) 

Mean age: 78.1 
years 
% female: 56.3% 

120 days ETDRS 
letters 

70 67.8 -2.3 

14 Stone et al.36 United 
Kingdom 

Retrospective 
observational 
study 

nAMD, 
DME, RVO 

261 patients 
(298 eyes) 

Mean age: 78.8 
years 
% female: 57.6% 

13.1 weeks ETDRS 
letters 

60.4 (all) 
60.1 (nAMD) 
63.0 (DME) 
59.7 (RVO) 

55.7 (all) 
55.2 (nAMD) 
61.1 (DME) 
54.5 (RVO) 

-4.7 (all) 
-4.9 (nAMD) 
-1.9 (DME) 
-5.2 (RVO) 

15 Valverde- 
Megias 
et al.37 

Spain Case series nAMD 242 patients 
(270 eyes) 

Mean age: 82.8 
years 
% female: NA 

184.2 days ETDRS 
letters 

60.2 55.9 -4.3 

16 Yang et al.44 China Retrospective 
chart review 

nAMD, 
DME, RVO 

46 patients 
(59 eyes) 

Mean age: 62.4 
years 
% female: 45.8% 

5.3 months logMAR 0.57 0.98 0.41 

17 Yeter et al.45 c Turkey Retrospective 
observational 
study 

nAMD 106 patients 
(116 eyes) 

Mean age: 73.2 
years 
% female: 51.9% 

5.08 months logMAR 0.67 0.78 0.11 

18 Zhao et al.46 China Retrospective 
observational 
study 

nAMD 82 patients 
(96 eyes) 

Mean age: 74.4 
years 
% female: 51.2% 

4.37 months logMAR 0.80 0.95 0.15 

∗ Where possible, sample size only includes delayed patients 
† Authors provided length of delay rather than length of time between two visits 
‡ BCVA measurements provided in medians 
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Fig. 2 – Forest plot of mean difference in the best-corrected visual acuity between the first visit during the pandemic and the 
last pre-pandemic visit among patients with neovascular age-related macular degeneration stratified by length of time 
between injections. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

in BCVA (Supplementary File, Figure S2) as well as Egger’s test
(P = 0.5182) showed no evidence of publication bias. 

3.4. Subgroup analyses by condition 

Results of subgroup analyses of nAMD patients are shown in
Fig. 2 . The MD in BCVA between 2 subsequent visits was 0.042
logMAR (or ∼2 ETDRS letters) (95% CI: -0.026, 0.110; I 2 = 23%) for
nAMD patients with less than 4 months between injections
and 0.098 logMAR (or ∼5 ETDRS letters) (95% CI: 0.057, 0.139;
I 2 = 32%) for nAMD patients with 4 months or longer between
injections. Overall, the MD in BCVA among all nAMD patients
was 0.082 logMAR (or ∼4 ETDRS letters) (95% CI: 0.044, 0.120;
I 2 = 35%). The mean time between subsequent injections was
5.1 months for the 4 months or longer group and 2.4 months
for the less than 4 months group. The number of patients
ranged from 7 to 270 for the 4 months or longer group and
22 to 264 for the less than 4 months group. 

Results of subgroup analyses of RVO patients are shown in
Fig. 3 . The MD in BCVA between 2 subsequent pre-pandemic
and during-pandemic visits was 0.075 logMAR (or ∼4 ETDRS
letters) (95% CI: -0.043, 0.192; I 2 = 0%) for RVO patients with less
than 4 months between injections and 0.010 logMAR (or < 1
ETDRS letter) (95% CI: -0.248, 0.267; I 2 = 0%) for RVO patients
with 4 months or longer between injections. Overall, the MD
in BCVA among all RVO was 0.063 logMAR (or ∼3 ETDRS letters)
(95% CI: -0.043, 0.170; I 2 = 0%). The mean time between subse-
quent injections was 4.8 months for the 4 months or longer
group and 2.1 months for the less than 4 months group. The
number of patients ranged from 11 to 25 for the 4 months or
longer group and 4 to 89 for the less than 4 months group. 

Fig. 4 shows the results for DME patients. The MD in BCVA
between 2 subsequent pre-pandemic and during-pandemic
visits was 0.081 logMAR (or ∼4 ETDRS letters) (95% CI: 0.007,
0.156; I 2 = 0%) for DME patients with less than 4 months be-
tween injections and 0.025 logMAR (or ∼1 ETDRS letter) (95%
CI: -0.055, 0.105; I 2 = 0%) for DME patients with 4 months or
longer between injections. Overall, the MD among all DME pa-
tients was 0.055 logMAR (or ∼3 ETDRS letters) (95% CI: 0.001,
0.110; I 2 = 0%). The mean time between subsequent injections
was 4.8 months for the 4 months or longer group and 2.1
months for the less than 4 months group. The number of pa-
tients ranged from 37 to 72 for the 4 months or longer group
and 34 to 109 for the less than 4 months group. 

4. Discussion 

To our knowledge, this is the first meta-analysis that has in-
vestigated the impact of delayed intravitreal anti-VEGF injec-
tions due to the COVID-19 pandemic on patients with 3 com-
mon retinal diseases. We found that nAMD patients with 4
months or longer between subsequent injections (mean 5.1
months) experienced significant worsening of vision (0.098
logMAR [95% CI: 0.057, 0.139], about 5 ETDRS letters or 1 line
of vision deterioration). Although the BCVA of DME patients
with an injection interval less than 4 months seems to have
worsened statistically speaking (0.081 logMAR [95% CI: 0.007,
0.156]), the marginally significant MD raises caution when in-
terpreting it. There was no significant evidence of worsening
of vision for patients with RVO, regardless of length of time
between injections. nAMD is a leading cause of severe and
irreversible vision loss and blindness among older adults.26

Regular anti-VEGF intravitreal injections at scheduled inter-
vals have demonstrated superior efficacy in reducing chances
of blindness and vision loss associated with nAMD.1 Conse-

https://doi.org/10.1016/j.survophthal.2022.08.002
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Fig. 3 – Forest plot of mean difference in the best-corrected visual acuity between the first visit during the pandemic and the 
last pre-pandemic visit among patients with retinal vein occlusion stratified by length of time between injections. 

Fig. 4 – Forest plot of mean difference in the best-corrected visual acuity between the first visit during the pandemic and the 
last pre-pandemic visit among patients with diabetic macular edema stratified by length of time between injections. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

quently, it is believed that delays in injections may result in
significant, permanent vision loss.10 Regularly scheduled anti-
VEGF intravitreal injections are also necessary for patients
with RVO and DME, but studies suggest that patients with RVO
or DME seem less susceptible to short-term vision loss as a
result of delayed injections.19 , 43 Reports suggest that vision
loss associated with RVO and DME progresses more gradually
than nAMD.39 Our results corroborated these observations.
We showed patients with nAMD sustained greater vision loss
than patients with DME or RVO due to delayed injections dur-
ing the pandemic. Alternatively, the lack of vision loss seen
in RVO and DME patients in this meta-analysis may suggest
that the decisions of physicians and patients with RVO or DME
during the COVID-19 pandemic to delay treatment were made
appropriately. This delayed care did not lead to harm to the
patients. 

One lingering question surrounding the COVID-19 pan-
demic is the long-term implications of delayed visits. Among
patients who experienced vision loss, Rush and coworkers
found that the visual acuity of patients with nAMD, RVO or
DME who were delayed for 10 or more weeks did not recover
to baseline levels after 6 months of retreatment.28 Similarly,
Greenlee and coworkers found that patients with nAMD who
delayed their anti-VEGF treatment by 3 months or more lost a
full line of vision that did not recover even after 12 months
of retreatment.13 Findings from these studies suggest that
many patients with lengthy delays in injections may suffer
from permanent vision loss; however, as the overall magni-
tude of vision loss reported in this study was an approximate
1-line drop in Snellen acuity, in conjunction with a mean time
between subsequent injections of 5.1 months for nAMD pa-
tients in the 4 months or longer group, the potential cannot
be ruled out that some nAMD patients may be able to regain
some visual acuity after retreatment. Further empirical stud-
ies quantifying the long-term vision consequences associated
with pandemic-related delays would be beneficial for under-
standing the impact of the COVID-19 pandemic on patients
with nAMD, RVO or DME. 

Various studies have investigated the specific barriers en-
countered by patients during the COVID-19 pandemic. Even
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with precautionary measures implemented to reduce the risk
of COVID-19 transmission, outpatient clinics have seen de-
creased patient attendance rates.12 , 25 In a study by Fung and
coworkers, 85% of patients with retinal diseases who did not
attend their appointments reported fear of COVID-19 infection
as the primary reason for non-attendance.12 About 62% of sur-
veyed patients in the same study indicated that they were un-
aware of the adaptations made by the clinic and would benefit
from better and clearer communications.12 Similarly, Shields
and coworkers and Lindeke-Myers and coworkers also found
that fear of COVID-19 infection was the largest barrier to seek-
ing care among patients with retinal diseases and that ap-
pointment reminders and clearer communications would be
most helpful in improving clinic attendance.20 , 32 In our own
retinal clinic, some patients returned for treatment only when
they noticed a significant worsening of their vision. Health ad-
ministrators and clinics should therefore aim to address pa-
tients’ fears and concerns regarding COVID-19 infection, the
health and safety measures adapted by the clinics and hospi-
tals, as well as the necessity of regular injections to maintain
their vision, even when they do not see a decrease in their vi-
sual acuity. 

One limitation of this review is that the number of studies
and number of patients examining RVO or DME was smaller
than those investigating nAMD. Subgroup analyses of patients
with RVO or DME are thus likely to be more imprecise. This
was reflected by their wider confidence intervals. Results for
these subgroups should therefore be interpreted with caution.
Secondly, while we were able to obtain missing or required
information from most study authors, we imputed mean BC-
VAs and standard deviations for 2 studies that therefore may
not represent the true values. In 4 other studies, we could
not reach the study authors and these studies had to be ex-
cluded. Thirdly, the individual studies included in our meta-
analysis did not provide the distributions of changes in visual
acuity. Therefore, we are unable to assess whether their re-
ported visual acuity changes were driven by a small subset
of patients. Lastly, as COVID-related literature is still rapidly
evolving, larger studies may be published in the future that
could be used to update the results reported. Study strengths
include a timely meta-analysis that examines the collateral
impact of the COVID-19 pandemic on the visual acuity of pa-
tients with 3 common retinal diseases. Furthermore, method-
ological rigor in this study was promoted through the uti-
lization of two independent reviewers at each stage of this
review. 

In conclusion, patients with nAMD with an anti-VEGF in-
jection interval 4 months or longer during the pandemic ex-
perienced significant, likely irreversible deterioration of their
vision. Compared to patients with nAMD, vision loss in pa-
tients with RVO or DME seems to be less sensitive to short-
term delayed injections. Emerging anti-VEGF therapies such
as faricimab and the Port Delivery System may help decrease
treatment burden by extending treatment duration for pa-
tients with retinal diseases. This will mitigate the potential
impacts of short-term interruptions in care.16 , 17 In the ab-
sence of these, ophthalmologists may consider prioritizing the
treatment of nAMD patients in the event of future emergen-
cies and lockdowns. 
5. Literature Search 

We systematic searched four computer databases (EMBASE,
MEDLINE, Web of Science, Scopus) to identify articles re-
lated to changes in BCVA due to pandemic-related delays
in anti-VEGF treatment among patients with nAMD, RVO or
DME. Databases were initially searched on July 26, 2021 and
an updated search was performed on January 5, 2022. All
English-language articles published from inception until Jan-
uary 5, 2022 were included for screening. Reference lists of ex-
tracted articles were also manually searched to identify addi-
tional relevant studies. Key search terms included “wet mac-
ular degeneration,” “retinal vein occlusion,” “diabetic macular
edema,” “coronavirus disease 2019,” “delay,” and “anti-VEGF.”
The search strategies for each database are included in Sup-
plementary File, Appendix S1. 

5.1. Study Screening 

Titles and abstracts of extracted studies were initially
screened to identify potentially relevant studies that reported
on changes in BCVA due to pandemic-related treatment de-
lays among patients with either nAMD, RVO or DME. Informa-
tion from full-text articles was then used to confirm screen-
ing results and determine if a study was included or excluded.
Studies were excluded if: (a) they reported on diseases other
than nAMD, RVO, and DME (with or without proliferative dia-
betic retinopathy); (b) full-length texts were not available; (c)
pre-pandemic and during-pandemic BCVA and related disper-
sion information (range, interquartile range or standard de-
viation) were not reported or (d) they did not pertain to the
COVID-19 pandemic. All studies were screened by two inde-
pendent reviewers (J.H.B.I., R.C.) and any disagreements were
resolved through discussions. Where consensus on the inclu-
sion or exclusion of an article could not be reached, a senior
author (P.Y.) was consulted. 
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