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Abstract
Purpose To estimate the impact of delayed care during the coronavirus disease 2019 (COVID-19) pandemic on the outcomes of
patients with neovascular age-related macular degeneration (AMD).
Methods Consecutive patients with diagnosis of neovascular AMD were consecutively enrolled between March 9, 2020, and
June 12, 2020, (during and immediately after the Italian COVID-19 quarantine). During the inclusion (or pandemic) visit (V0),
patients received a complete ophthalmologic evaluation, including optical coherence tomography (OCT). Best-corrected visual
acuity (BCVA) and OCT findings from the two preceding visits (V−1 and V−2) were compared with data at V0.
Results One-hundred patients (112 eyes) were enrolled in this study. The time interval between following visits was 110.7 ±
37.5 days within V0 and V−1 and 80.8 ± 39.7 days within V−1 and V−2, respectively (P < 0.0001). BCVA was statistically worse
at the V0 visit as compared with the immediately preceding (V−1) visit (0.50 ± 0.43 LogMAR and 0.45 ± 0.38 LogMAR at the
V0 and V−1 visits, respectively; P = 0.046). On structural OCT, 91 out of 112 (81.2%) neovascular AMD eyes displayed the
evidence of exudative disease activity at the V0 visit, while 77 (68.7%) eyes exhibited signs of exudation at the V−1 visit (P =
0.022). No differences in terms of BCVA and OCT findings were detected between the V−1 and V−2 visits. In multiple
regression analysis, the difference in BCVA between V0 and V−1 visits was significantly associated with the interval time
within these two visits (P = 0.026).
Conclusion The COVID-19 pandemic-related postponement in patient care proved to be significantly associated with worse
short-term outcomes in these patients.
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Introduction

Age-related macular degeneration (AMD) is the leading cause
of severe decrease in visual acuity among subjects older than
50 years [1]. Severe vision loss in AMD is frequently the
result of development of macular neovascularization (MNV)
[2, 3]. Exudation fromMNV may indeed irreversibly damage

photoreceptors and retinal pigment epithelium (RPE) in
neovascular AMD [4].

Treatment of exudative neovascular AMD has been signif-
icantly evolved over the past two decades and anti-vascular
endothelial growth factor (VEGF) therapy is currently consid-
ered as the gold standard of treatment in these eyes. This
treatment proved to be effective for preventing disease pro-
gression and improving vision in patients with neovascular
AMD [5–7]. However, anti-VEGF therapy must be given at
appropriate intervals in order to control disease activity [5–7].

Current treatment strategies include monthly (treatment ev-
ery 4 weeks) and bimonthly (treatment every 8 weeks after 3-
month loading) fixed-interval regimens that were employed in
the registration trials for ranibizumab and aflibercept, respec-
tively [8–12]. Although these fixed-interval regimens repre-
sent on-label standards for anti-VEGF therapy, discontinuous
regimens are mostly used in clinical practice in order to reduce
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treatment burden. The “pro-re-nata” (PRN - “as needed”) pro-
tocol is based on re-treatment on evidence of exudative dis-
ease activity [13]. Conversely, the “treat and extend” (TREX)
regimen is characterized by a progressive extension of treat-
ment and visit intervals up to 12 weeks depending on the
clinical findings [14]. These discontinuous regimens are wide-
ly used worldwide as they have been validated in previous
studies [15–18]. Their introduction was mainly intended to
reducing the number of intravitreal injections as compared
with fixed regimens. Importantly, all the above-mentioned
regimens include an ocular examination prior to anti-VEGF
injection. While in the fixed-interval protocol this assessment
is mainly aimed at excluding complications and/or ocular in-
flammation before therapy, PRN and TREX protocols require
a detailed ocular examination in order to adopt a final thera-
peutic decision.

The coronavirus disease 2019 (COVID-19) pandemic has
drastically modified how outpatient care is given in
healthcare practices. This disease has hit several regions
worldwide and single countries’ outbreaks have evolved at
different speeds and at distinct times. During the worst
phases of COVID-19 outbreak, in order to reduce the chance
of transmitting the virus to either patients or healthcare per-
sonnel, providers have deferred elective and preventive
visits, and outpatient visits have been restricted to more
urgent care [19–23]. Symmetrically, many patients have also
postponed visits in order to avoid being exposed. A recent
report from our group has demonstrated that the COVID-19
pandemic has significantly shrunk both the in-person visit
and intravitreal procedure volumes during the COVID-19
quarantine [24]. Importantly, the latter study showed that
outpatient care in AMD patients was the most impacted by
the COVID-19 pandemic.

Assuming that the number of injections and a failure to
visit clinicians and undergo optical coherence tomography
(OCT) were demonstrated to be associated with worse out-
comes in patients with neovascular AMD [25], the COVID-
19-related contraction in outpatient volume might result in
significant repercussions on the outcome of these patients.

Assuming that there is a lack of informative ophthalmology
non-communicable diseases (NCD)-related epidemiology in
emergency settings, the aim of this study was to estimate the

impact of delayed care secondary to COVID-19 in patients
with exudative neovascular AMD. We also examined the re-
lationship between functional and anatomic outcomes and pa-
tients’ characteristics. It is hoped that these analyses will pro-
vide a valuable insight into factors affecting outcomes in real-
life emergency settings. More importantly, our findings might
be helpful in the management of neovascular AMD patients in
the course of second waves of the COVID-19 outbreak.

Methods

This was a consecutive observational case series that adhered
to the 1964 Helsinki declaration and its later amendments.
Informed consent was obtained from all individual partici-
pants included in the study. The study was approved by the
Institutional Review Board (IRB) of the San Raffaele
Scientific Institute.

Study participants

Patients 50 years of age and older with a clinical diagnosis of
neovascular AMD in at least one eye were enrolled from a
medical retinal practice (Medical Retina and Imaging Unit) at
the San Raffaele Scientific institute in Milan, Italy. All pa-
tients were consecutively enrolled between March 9, 2020,
and June 12, 2020, (during and immediately after the Italian
COVID-19 quarantine). During the inclusion (or pandemic)
visit (V0), patients received a complete ophthalmologic exam-
ination, which included the measurement of best-corrected
visual acuity (BCVA), dilated ophthalmoscopy, and structural
OCT. BCVA measurements were made using a Snellen chart
and were converted to the logarithm of the minimum angle of
resolution (LogMAR), as previously described [26].
Structural OCT imaging was performed with the Heidelberg
Spectralis HRA+OCT device (Heidelberg Engineering,
Heidelberg, Germany). Each set of SD-OCT scans consisted
of 19 B-scans, each of which comprised 24 averaged scans,
covering approximately 5.5 × 4.5-mm area centred on the fo-
vea. A minimum signal strength of 25 was required to the
OCT images to be included, as recommended by the manu-
facturer [27].

Key messages

- The volume of outpatient visits and intravitreal injections has declined during the COVID-19 pandemic. 

- The follow-up of patients with neovascular AMD was significantly postponed during this period. 

- Postponement in in-person visits has significantly impacted on the visual acuity and anatomical findings in patients 
with neovascular AMD. 
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The inclusion criteria for enrolled eyes included evidence
of exudative neovascular AMD by history or examination and
positive history for anti-VEGF therapy with a PRN approach.
Furthermore, patients were required to have records of at least
two complete ophthalmology examinations (V−1 and V−2)
prior to the inclusion visit (V0). Importantly, V−1 and V−2

were required to be subsequent to the anti-VEGF loading
phase, in order to have all the examinations (V0, V−1 and
V−2) subsequent to at least 3 anti-VEGF injections.
Exclusion criteria for neovascular AMD eyes were (i) any
maculopathy secondary to causes other than AMD (including
presence of vitreomacular traction syndrome or an epiretinal
membrane) and (ii) presence of foveal macular atrophy, as
assessed with structural OCT, as this may reduce the capabil-
ity to discern changes in visual acuity because of worsening in
neovascular AMD clinical characteristics [28].

OCT grading

At the V0, V−1 and V−2 visits, OCT images were graded for
qualitative features previously proposed as suggestive of
exudative disease activity [29–31], including presence of
subretinal fluid, intraretinal fluid, and subretinal
hyperreflective material (SHRM). Structural OCT images
were reviewed by two independent and experienced
readers. Based on previous studies [32], a lesion was graded
as present if the reader had a more than 90% confidence that
it was recognizable in at least 1 B-scan. Graders later met to
compare level of agreement, and disagreements were re-
solved by open adjudication to yield a single assessment
for each case. In those cases in which the graders did not
agree on a single consensus result, the final decision was
made by the director of the San Raffaele Medical Retina and
Imaging Unit (GQ).

Statistical analysis

Statistical calculations were performed using Statistical
Package for Social Sciences (version 20.0, SPSS Inc.,
Chicago, IL, USA).

Continuous variables were compared by conducting a
paired sample t test. Statistical significance of the dif-
ferences for qualitative variables was assessed using
Fisher’s exact test.

Relationships between change in BCVA between V0 and
V−1 visits (dependent variable) and other clinical features and
demographics (independent variables) were evaluated using a
multiple regression analysis. In the regression analysis, only
the right eyes of patients with bilateral neovascular AMD
were included. A P value < 0.05 was determined to be statis-
tically significant.

Results

Characteristics of patients included in the analysis

Clinical characteristics of enrolled patients are presented
in Table 1. We included 100 consecutive patients with
neovascular AMD, after excluding 7 patients because they
were not fulfilling exclusion criteria. In our study cohort,
49 were female (49.0%) and 51 were male (51.0%). Mean
± SD age was 79.1 ± 7.6 years (range 60–95 years). In the
study group, 12 patients presented with bilateral
neovascular AMD, whereas 88 patients presented with
either dry AMD or non-includable neovascular AMD in
the fellow eye. Therefore, 112 eyes from 100 patients met
the inclusion criteria and were finally included in our
analysis. Mean ± SD previous anti-VEGF injections be-
fore inclusion in the study was 15.0 ± 10.1 (range 3–46
injections). The number of anti-VEGF injections in the
12 months preceding V0 was 3.3 ± 1.9 procedures.
Regarding the latter anti-VEGF injection before V0,
bevacizumab was the drug employed in 106 out of 112
eyes, while ranibizumab and aflibercept were the latter
drugs injected in 4 and 2 eyes, respectively.

Mean ± SD time interval between following visits was
110.7 ± 37.5 days within V0 and V−1 and 80.8 ± 39.7 days
within V−1 and V−2, respectively (P < 0.0001) (Fig. 1). The
average difference between these two intervals was 29.9 ±
48.5 days.

Functional and anatomic outcomes

Mean ± SD BCVA was statistically worse at the inclu-
sion (V0) visit as compared with the immediately preced-
ing (V−1) visit (0.50 ± 0.43 LogMAR and 0.45 ± 0.38
LogMAR at the V0 and V−1 visits, respectively; P =
0.046). No differences in BCVA were detected between
the V−1 and V−2 visits (0.45 ± 0.37 LogMAR at the V−2

visit; P = 0.834) (Table 2, Fig. 2). Change in BCVA was
− 8.8 ± 29.3% in eyes who required at least 5 injections
in the previous year (29 eyes) and − 2.0 ± 29.3% in

Table 1 Characteristics of patients included in the analysis

Number of eyes enrolled (patients) 112 (100)

Age (years), mean (SD) 79.1 (7.6)

Gender, n (%)

M 51 (51.0%)

F 49 (49.0%)

Previous anti-VEGF Injections, mean (SD) 15.0 (10.1)

SD standard deviation, n number of eyes, BCVA best-corrected visual
acuity (logMAR [logarithm of the minimum angle of resolution]),
VEGF vascular endothelial growth factor

2623Graefes Arch Clin Exp Ophthalmol (2020) 258:2621–2628



patients who required less than 5 injections in the last
year (83 eyes). The latter analysis suggested that eyes
requiring more injections had a worse reduction in visual
acuity at V0.

On structural OCT, 91 out of 112 (81.2%) neovascular
AMD eyes displayed the evidence of MNV exudation at the
V0 visit, while 77 (68.7%) and 85 (75.9%) eyes exhibited
signs of MNV exudation at the V−1 (P = 0.022 vs V0) and
V−2 (P = 0.148 vs V−1) visits, respectively (Table 2, Figs. 3
and 4).

Regression analysis

Results of multiple regression analysis are summarized in
Table 3. In multiple regression analysis, the difference in
BCVA between V0 and V−1 visits was significantly associated
with the interval time within these two visits (P = 0.026).

Discussion

In this report we estimated the impact of delayed care on the
visual and anatomic outcomes of patients with neovascular
AMD. Overall, we demonstrated that the COVID-19 pandem-
ic significantly delayed the in-person visits and subsequent
possible intravitreal procedures. More importantly, we proved
that this deferral was significantly associated with worse
short-term outcomes in these patients.

In a previous report, [24] our group demonstrated a signif-
icant reduction in average age among patients undergoing
visits and intravitreal procedures during the 2020 COVID-19
quarantine, as compared with the same period in 2019.
Furthermore, among patients referring to a medical retina
practice who presented during the COVID-19 period, the
prevalence of AMD was lower than among those who pre-
sented during the pre–COVID-19 period. Based on these find-
ings, we concluded that outpatient care in AMD patients was

Table 2 Functional and anatomic
parameters at different visits V−2 V−1 V0

BCVA (LogMAR), mean (SD) 0.45 (0.37) 0.45 (0.38) 0.50 (0.43)

0.834b 0.046a

OCT evidence of MNV exudation, n (%) 85 (75.9) 77 (68.7) 91 (81.2)

0.148b 0.022a

OCT evidence of intraretinal fluid, n (%) 50 (44.6) 45 (40.2) 50 (44.6)

0.294b 0.294a

OCT evidence of subretinal fluid, n (%) 51 (45.5) 42 (37.5) 56 (50.0)

0.139b 0.040a

OCT evidence of SHRM, n (%) 46 (41.1) 37 (33.0) 40 (35.7)

0.134b 0.389a

BCVA best-corrected visual acuity (logMAR (logarithm of the minimum angle of resolution)), SD standard
deviation, OCT optical coherence tomography, MNV macular neovascularization, n number of eyes, SHRM
subretinal hyperreflective material
a Comparison versus V−1;

b comparison versus V−2

Fig. 1 Graph showing the time
interval between following visits.
The COVID-19 pandemic caused
a significant delay in the assess-
ment of patients with neovascular
AMD. The time interval between
V0 (the inclusion visit during the
COVID-19 pandemic) and the
immediately preceding visit (V−1)
was significantly longer than the
interval between V−1 and the pre-
ceding visit (V−2). The inclusion
visit was performed during the
COVID-19 pandemic (from
March 9, 2020, through June 12,
2020) and this period is
highlighted in red in this graph
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most significantly impacted by the COVID-19 pandemic in a
referral medical retina practice.

This shrinking in outpatient volume may be related to dif-
ferent factors. First, ophthalmology teams have adopted new
ways of working to minimize risk to patients and staff at the
same time as optimizing treatment and care of ocular disor-
ders. In details, ophthalmology departments conceived risk-
stratification guidelines to decide if patients needed to be visit
in-person or could be deferred [19, 20, 23]. Such guidelines
were also consequent to shortages of personal protective
equipment (PPE) and absence of well-established protocols

that might reduce personnel risk. Also, COVID-19 infections
among health workers have been dramatically contracting the
numbers of available staff. Second, patients were also limited
in travelling between regions and this may have limited their
capability to attend visits and intravitreal treatments. Third,
many patients also postponed visits as fears of exposure to
COVID-19 are causing people to avoid hospital help.
Accordingly, results of the present study demonstrated a sig-
nificant increase in the time interval between following visits
during this real-life emergency setting.

As discussed above, fixed-interval regimens are character-
ized by a significant treatment burden for patients, caregivers
and physicians [33]. Assuming this, fixed-interval regimens
are often unfeasible in clinical practice and less frequent dos-
ing protocols (i.e. PRN and TREX) have been widely
employed in patients with neovascular AMD [7, 33].
However, these non-continuous protocols require an adequate
number of ocular examinations in order to avoid
undertreatment in these patients. Holz and colleagues [33]
reviewed 2227 patients with neovascular AMD and receiving
anti-VEGF treatment in clinical practice. The latter study of
real-life anti-VEGF therapy demonstrated that more frequent
visits and injections were associated with greater improve-
ments in visual outcome.

We add to the literature by reporting the impact of delayed
care secondary to the COVID-19 pandemic on the short-term
visual and anatomic outcomes of patients with neovascular
AMD under a PRN approach. Importantly, we proved that
this delay was significantly associated with worse functional
and anatomical short-term outcomes. In details, at the inclu-
sion visit, which was performed during or immediately after
the Italian COVID-19 quarantine, patients had worse visual
acuities as compared with the previous visits. Similarly, at the
same visit, a larger portion of patients had OCT evidences of
exudative disease activity (81.2% at the V0 and 68.7% at the
V−1). Importantly, no similar differences were detected

Fig. 3 Bar chart showing differences in OCT findings between visits. Bar
chart displaying study cohort’s structural OCT findings at different visits.
The height of the bars corresponds to the number of eyes with the
corresponding OCT finding graded. The number of patients with OCT
sings of exudation and subretinal fluid at the inclusion (V0) visit was

significantly higher as compared with the immediately preceding (V−1)
visit. Conversely, no differences were detected in terms of OCT findings
between the V−1 and V−2 visits. Red asterisks indicate significative
differences in the comparison with the previous visit

Fig. 2 Bar chart showing differences in visual acuity between visits.
Error-bar chart displaying study cohort’s visual acuity at different visits.
The height of the bars corresponds to the mean value, while the error bars
represent the standard deviation (SD) of the data. Best-corrected visual
acuity (BCVA) was statistically worse at the inclusion (V0) visit as com-
pared with the immediately preceding (V−1) visit. Conversely, no differ-
ences were detected in terms of BCVA between the V−1 and immediately
preceding V−2 visits. Red asterisks indicate significative differences in the
comparison with the previous visit
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between the V−1 and V−2 visits, which were both performed
before the COVID-19 pandemic.

The finding in our study of a worse visual acuity at the visit
performed during a real-life emergency setting may indicate

that a longer time interval between visits may be causing a
reduction in visual acuity in these patients. Indeed, the present
study highlights the distinctive relationship between drop in
visual acuity and time interval between visits: considering

Fig. 4 Structural OCT from a
patient with exudative
neovascular AMD. Top panel,
V−2 visit; middle panel, V−1 visit;
bottom panel, V0 (inclusion) visit.
The green arrows on the near-
infrared reflectance images (left)
shows the location and direction
of the structural optical coherence
tomography (OCT) B-scans (right
images). At the V−2 and V−1
visits, the structural OCT B-scans
show the presence of a fibrovas-
cular pigment epithelial detach-
ment associated with a small
amount of subretinal
hyperreflective material (SHRM).
At the inclusion visit performed
during the COVID-19 pandemic
(V0), the structural OCT B-scan
displays an increased quantity of
SHRM with associated subretinal
fluid. Similarly, the best-corrected
visual acuity (BCVA) was signif-
icantly worse at the V0 visit, as
compared with both the preceding
visits (V−1 and V−2). The time
interval between following visits
was 63 (within V−1 and V−2) and
147 (within V0 and V−1) days

Table 3 Results of multiple
regression analysis of the
association between change in
visual acuity between V0 and V−1
and other variables

Standardized ß coefficient (SE) P value

Time interval between V0 and V−1 0.267 0.026

Number of anti-VEGF injections in the last year before V0 0.082 0.404

Number of previous anti-VEGF injections − 0.037 0.694

BCVA at V−1 0.024 0.799

Age 0.189 0.053

Gender 0.096 0.316

VEGF vascular endothelial growth factor, BCVA best-corrected visual acuity
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change in visual acuity within visits as dependent variable, we
observed a direct relationship between these two variables,
even after accounting for confounding factors, such as age
and gender.

Although the COVID-19 pandemic is limited in time, this
could last about 2 years. In addition, our findings might be
applied to other emergency settings. Moreover, our results
highlight the relevance of efforts to not delay in-person visits
and subsequent intravitreal procedures. As an example, we
have recently proposed a novel discontinuous regimen, which
was termed “Triple and Plan (TriPla)” (Querques G. Presented
during a webinar ESASO in 2020), that is aimed at reducing
the number of in-person visits by performing a complete oph-
thalmologic evaluation every three injections. Furthermore,
administrators have been relocating ophthalmology teams
and services away from departments caring for patients with
COVID-19. This may reduce patients’ and healthcare
workers’ fears of exposure to COVID-19.

Limitations of this study include the analysis of a single
community setting in northern Italy, which to date is one of
the most affected regions worldwide. The heterogenicity of
our study cohort may be considered as another limitation. In
details, patients had a large range in visual acuity and num-
ber of intravitreal injections before V0. However, the aim of
this study was to provide a rough estimate of the COVID-19
impact on patients with neovascular AMD in a tertiary re-
ferral centre. Of note, we performed a multiple regression
analysis including main patients’ clinical characteristics.
Since multiple linear regression analysis allows us to esti-
mate the association between a given dependent variable
and other parameters, it provides a way of adjusting for (or
accounting for) potentially confounding variables (i.e.
study cohort variability). Finally, we did not provide a quan-
tification of OCT signs of exudation. Assuming that pres-
ence of some SRF was demonstrated to be tolerable in pa-
tients with neovascular AMD [34], this represents a further
limitation in our study. The strengths of our study include
the consecutive design and the large sample size of consec-
utively enrolled patients.

In conclusion, in a tertiary referral retina unit, the COVID-
19 pandemic resulted in a significant delay in neovascular
AMD patient care. Importantly, this postponement proved to
be significantly associated with worse short-term outcomes in
these patients. These findings may help broaden our knowl-
edge regarding the natural history of AMD and the manage-
ment of these patients in an emergency setting. Future studies
with extended longitudinal follow-up of this cohort may pro-
vide additional substantive information. Importantly, these
studies may clarify whether the COVID-19 pandemic may
have a negative impact on long-term outcomes. Finally, our
findings will help ophthalmologists to evaluate the risk of
vision loss associated with extending interval between visits
and should be taken together with other factors including

prevalence of COVID-19 within the community and individ-
ual patient’s systemic comorbidities.
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