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ABSTRACT

Introduction: To evaluate the effect of a 9-week
treatment deferral due to healthcare restrictions
caused by Austria’s first governmental lock-
down associated with the coronavirus disease
2019 (COVID-19) pandemic on visual acuity
(VA) in eyes compromised by exudative neo-

vascular age-related macular degeneration
(nAMD) after 1 year.
Methods: Retrospective data collection of
98 eyes (98 patients) with a treatment discon-
tinuation at a tertiary eye care center (Clinic
Landstraße, Vienna Healthcare Group, Austria)
between March 16 and May 4, 2020. Prior to the
lockdown, patients received multiple intravit-
real injections (IVI) of anti-vascular endothelial
growth factor with a personalized treatment
interval for 3 years on average and at least three
IVI after the lockdown.
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Results: When the treatment interval doubled
to 117.6 ± 31.4 days in spring 2020, patients
lost 2.2 ± 4.6 ETDRS letters (p = 0.002) on
average before reinitiating therapy. In total,
4.1 ± 8.1 letters (p\ 0.0001) were lost despite
continuous individual re-treatment over the
course of the next year. In a univariate analysis,
the extended interval time remained statisti-
cally significant (p\0.0001), indicating a larger
VA reduction within intervals with increasing
interval time in days.
Conclusion: The short-term treatment inter-
ruption had a persistent negative impact on the
VA course of eyes under therapy after 1 year.
Continuous therapy independent of the under-
lying treatment regimen remains of utmost
importance in exudative nAMD. Our data should
create awareness to regulators regarding future
decisions despite the global pandemic.

PLAIN LANGUAGE SUMMARY

Age-related macular degeneration (AMD) is the
leading cause of legal blindness in developed
countries. Wet AMD refers to the existence of
new vessel growth in the macular, the part of the
retina with the highest concentration of pho-
toreceptors and hence the best visual acuity. The
gold standard therapy of wet AMD consists of
repeated injections of an antibody against new
vessel formation into the eye to stabilize the
disease. The sudden break of a treatment regimen
for an individual person has never been investi-
gated as it is ethically not acceptable. The coro-
navirus disease 2019 (COVID-19) pandemic and
its associated lockdown led to an emerging situ-
ation in spring, 2020. We were forced by gov-
ernmental restrictions to minimize contact with
the most vulnerable patient cohort—the elderly.
As an initial consequence, the Medical Retina
Unit of Department of Ophthalmology (Clinic
Landstraße, Vienna Healthcare Group, Austria)
postponed appointments of patients with only
one eye afflicted by wet AMD. This study exam-
ined the effect of a short-term treatment deferral
caused by the first national COVID-19 lockdown
in eyes of patients with ongoing therapy of wet
AMD in Austria. The break led to a persistent

visual loss despite re-treatment, which was still
evident after 1 year. Our findings provide further
support for an adequate and permanent therapy
of wet AMD and regard intravitreal injections as
urgent standard of care. It should be taken into
consideration by authorities in future pandemic
planning.

Keywords: Age-related macular degeneration;
Anti-vascular endothelial growth factor;
Coronavirus disease 2019; Intravitreal
injection; Lockdown; Pandemic

Key Summary Points

Why carry out this study?

The recent COVID-19 pandemic lockdown
forced a treatment interruption in eyes
with ongoing intravitreal anti-vascular
endothelial growth factor (anti-VEGF
therapy) of exudative neovascular age-
related macular degeneration (nAMD).

It was unknown whether a short-term
treatment discontinuation of eyes under
previous therapy would have a negative
impact on visual outcomes.

The negative effect—if detectable—could
diminish over the course of 1 year.

The negative effect—if detectable—could
depend on several factors other than the
extended interval.

What was learned from the study?

The treatment deferral led to a significant
visual loss after 1 year.

The extended interval was the only
significant parameter related to the visual
loss.

Our data provide further support of an
urgent and ongoing therapy in active
nAMD despite the global pandemic.

This study demonstrates the potential
damage done when patients are forced to
forego therapy.
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INTRODUCTION

The pandemic named coronavirus disease 2019
(COVID-19) by the World Health Organization
in February 2020, caused by severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2),
became an inevitable matter of concern world-
wide and affected all aspects of daily life [1, 2].
COVID-19 demanded quick adaptation and
prompt decision-making in an emerging and
rapidly evolving situation [3, 4]. On March 16,
2020, restrictions in public spaces were imposed
as a result of the actions taken by the Austrian
government to limit collateral damage. As an
initial consequence, scheduled appointments of
patients with unilateral exudative neovascular
age-related macular degeneration (nAMD) for
follow-up and treatment with intravitreal
injections (IVI) of anti-vascular endothelial
growth factor (anti-VEGF) were postponed at
the Medical Retina Unit of the Department of
Ophthalmology (Clinic Landstraße, Vienna
Healthcare Group, Karl Landsteiner Institute for
Retinal Research and Imaging, Austria) until
May 4, 2020. It was unknown whether a short-
term treatment discontinuation would have an
impact on the visual acuity (VA) course of eyes
under previous therapy. Moreover, the VA
loss—if detectable—could very well be tempo-
rary after reinitiating treatment.

The purpose of this study was to evaluate the
effect caused by the governmental restrictions
due to the first COVID-19 pandemic lockdown
on the VA course in eyes with active nAMD after
1 year.

METHODS

This retrospective, observational case study was
performed at a single center in Vienna. The
study protocol adhered to the tenets of the
Declaration of Helsinki. The Federal Hospitals
Act §15a Abs. 3a states that approval from the
Viennese ethics committee is not needed for
this study design. All subjects provided
informed consent to analyze their data retro-
spectively and hence to participate in the study
at first presentation.

Patients

This study included patients with a unilateral
diagnosis of macular neovascularization (MNV)
including polypoidal MNV secondary to
exudative nAMD under current treatment with
serial IVI of two different anti-VEGF agents
(aflibercept 2 mg, bevacizumab 1.25 mg) at the
tertiary eye care center of the Clinic Landstraße
(formerly named Rudolf Foundation Hospital,
Vienna) for the past 3 years
(1094.6 ± 828.3 days) on average [5]. All
patients routinely underwent a comprehensive
ophthalmic examination including best-cor-
rected VA using the Early Treatment Diabetic
Retinopathy Study chart at 4 m (ETDRS)—
counting every correctly read letter—converted
to Snellen, indirect slit-lamp biomicroscopy
(Haag-Streit AG, Bern, Switzerland) with dilated
pupils using 0.5% tropicamide and spectral
domain-optical coherence tomography (SD-
OCT; Zeiss Cirrus HD 4000, Carl Zeiss Meditec
AG, Jena, Germany) imaging at each follow-up.
The decision for treatment and its respective
interval was made after the loading dose of
three monthly IVI [6, 7]. Patients continued on
a pro re nata regimen with individual visits and
treatment as needed on the basis of the previ-
ously elaborated personal interval (see Fig. S1 in
the electronic supplementary material for
details). Only patients with a VA of 40 ETDRS
letters (20/160 Snellen) or better in the affected
eye at last follow-up of the pre-lockdown era
were included in the study, who had an
appointment within the time period of the first
COVID-19-associated restrictions and who
came back for a follow-up and treatment until
March, 2021. The VA course of eyes with indi-
vidual treatment intervals resulting in a differ-
ent number of injections was surveyed over the
next year. Only eyes with three IVI following
the lockdown were included for evaluation.
After that, eyes could be observed without
injection according to the treatment protocol
and still be included in the study. Exclusion
criteria were eyes of patients with scheduled
appointments without treatment over the past
6 months prior to the lockdown or without the
necessity of ongoing treatment thereafter.
Patients with a sudden onset of VA

Ophthalmol Ther (2021) 10:935–945 937



deterioration in the affected eye and a subse-
quent urgent intervention (three patients with
subretinal hemorrhage and straightforward
surgery) were also excluded from further anal-
ysis to minimize the statistical bias in VA
change. Meanwhile, additional measures were
undertaken to reduce the risk of further loss to
follow-up and guarantee the best safety profile
for patients and staff [8–10].

Statistical Analysis

First, data were collected via charts of patients
who missed an appointment between March 16
and May 4, 2020. The allocated interval
between the two last consultations of each
patient resulting in IVI treatment was compare
to the rescheduled appointment and its delay.
Then, data of all eyes receiving at least three
consecutive IVI after reopening were analyzed
until March, 2021. Descriptive statistics were
calculated for all eyes as well as separately for
the subgroups divided into different numbers of
visits. Continuous variables were summarized
using mean and standard deviation. Categorical
variables were summarized using absolute and
percentage values. Univariate linear mixed
regression models with patient as a random
factor were performed to investigate factors
potentially influencing the VA change such as
age, sex, drug, total duration, missed interval,
last interval, baseline VA, last measured VA,
MNV subtype, number of visits, and number of
IVI. To investigate the time course in detail,
linear mixed regression models were performed
for the difference in VA of each visit compared
to the visit before as dependent variable and
patient as a random factor. Since only one
variable showed a significant result in the uni-
variate analyses (interval time) in both analyses,
no multivariate regression models were calcu-
lated. p values less than 0.05 were considered
statistically significant and 95% confidence
intervals (95% CI) were calculated for main
findings. All analyses were performed using R,
release 3.3.3.

RESULTS

For this retrospective data analysis, 98 patients
were eligible for enrollment with a mean follow-
up period of 1 year (376.9 ± 31.5 days) after
treatment deferral and reinitiating therapy. A
total of 572 IVI in 586 consultations were
administered in the post-lockdown era. The
number of visits corresponded to the number of
IVI in 88 of 98 eyes (90%). The demographic
data is listed in Table 1. The mean injection
interval was extended to 117.6 ± 31.4 days
from the planned interval of 56.5 ± 27.7 days
because of the first COVID-19-associated lock-
down and led to an immediate significant
2.2 ± 4.6 letters loss (95% CI - 3.552 to
- 0.815; p = 0.002). The overall VA loss 1 year
after the lockdown was calculated as 4.1 ± 8.1
letters (95% CI - 5.481 to - 2.744; p\ 0.0001)

Table 1 Demographic data of all eyes compromised by
exudative nAMD and affected by the COVID-19-associ-
ated lockdown with a 1-year follow-up

Total n (%) 98 (100)

MNV subtype (%)

Type 1 77 (79)

Type 2 6 (6)

Type 3 4 (4)

Mixed type 7 (7)

Othersa 4 (4)

Mean age, years ± standard deviation 77.7 ± 8.1

Sex

Male 45

Female 53

Drug

Bevacizumab 62

Aflibercept 36

nAMD neovascular age-related macular degeneration,
COVID-19 coronavirus disease 2019, MNV macular
neovascularization
a Polypoidal lesion or not classified
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as compared to 2.9 ± 12.7 letters loss in 3 years
(1094.6 ± 828.3 days) on average before the
lockdown. A subanalysis of eyes with individual
numbers of visits and their corresponding time
intervals despite different numbers of IVI was
performed (Table 2). A significant trend for the
VA change with increasing time in days after
treatment interruption was detected in the
subgroup of patients with five visits (regression
estimate [RE] - 0.009; 95% CI - 0.015 to
- 0.003; p = 0.005), six visits (RE - 0.014;
95% CI - 0.020 to - 0.009; p\0.0001), and
seven visits (RE - 0.018; 95% CI - 0.023 to
- 0.013; p\0.0001) in contrast to the subgroup
of patients with three visits (RE - 0.003; 95% CI
- 0.006 to - 0.001; p = 0.1171), four visits (RE
- 0.005; 95% CI - 0.011 to 0.001; p = 0.118),
and eight visits (RE - 0.002; 95% CI - 0.008 to
0.003; p = 0.4117). The penultimate VA and last
VA before the lockdown were plotted alongside
the VA course thereafter to illustrate the VA
decline in the overall cohort as well as in the
subgroups (shown in Fig. 1). No significant
influence of age (RE 0.047, 95% CI - 0.069 to
0.162; p = 0.433), sex (female vs. male RE 1.709,
95% CI - 0.119 to 3.536; p = 0.07), drug
(aflibercept vs. bevacizumab RE 0.551; 95% CI
- 1.369 to 2.469; p = 0.576), total duration
before lockdown (RE - 0.001; 95% CI - 0.002
to 0.001; p = 0.271), missed interval (RE
- 0.044; 95% CI - 0.105 to 0.018; p = 0.169),
last interval (RE 0.032; 95% CI - 0.008 to 0.072;
p = 0.117), baseline VA (RE - 0.031; 95% CI
- 0.114 to 0.052; p = 0.462), last measured VA
(RE - 0.014; 95% CI - 0.086 to 0.058;
p = 0.701), MNV subtype ([type 2 vs. type 1 RE

1.271; 95% CI - 2.532 to 5.074; p = 0.521],
[type 3 vs. type 1 RE 3.097; 95% CI - 1.528 to
7.722; p = 0.199], [mixed type vs. type 1 RE
- 0.721; 95% CI - 4.267 to 2.826; p = 0.696],
[others vs. type 1 RE 2.918; 95% CI - 1.703 to
7.538; p = 0.226]), number of visits (RE - 0.385;
95% CI - 1.006 to 0.235; p = 0.227), or number
of IVI (RE - 0.396; 95% CI - 0.987 to 0.196;
p = 0.193) on the VA loss was observed. In the
univariate linear mixed regression models with
VA change between visits as dependent vari-
able, only interval time remained statistically
significant (RE - 0.034; 95% CI - 0.033 to
- 0.013; p\0.0001) indicating a larger VA
reduction within intervals with increasing
interval time in days. No significant influence of
the number of visits (RE - 0.034, 95% CI
- 0.269 to 0.200; p = 0.775) or the number of
IVI (RE - 0.058; 95% CI - 0.279 to 0.162;
p = 0.604) on the VA change within the treat-
ment intervals was detected.

DISCUSSION

This study evaluated the persistent negative
effect of a governmental lockdown and its
associated restrictions during the COVID-19
episode on care for patients with only one eye
afflicted with exudative nAMD. The interval
between two injections doubled to 117.6 days
mainly as a result of reduced patient volumes
and intensified safety procedures. The VA
course remained at a lower level and even
decreased another 1.9 letters (p = 0.0062) 1 year
after treatment suspension. In total, the number
of visits (p = 0.227) or IVI (p = 0.193) had no
influence on the VA course. Subgroups with a
different need for re-treatment were investi-
gated independently. All eyes received at least
three IVI after the lockdown. Most eyes required
more injections over the course of 1 year but
still suffered from a VA loss (Fig. 1). Our data
conform with a recently published report of
preliminary results for adherence to intravitreal
treatment of macular diseases, rating only a
long treatment interval (more than 3 months)
as nonurgent [11]. Similar 6-month results were
extracted from a data registry, which stated that
VA remained stable if re-treatment interval was

bFig. 1 Mean visual acuity (VA) change in Early Treat-
ment Diabetic Retinopathy Study (ETDRS) letters of all
patients (gray line) and separated into subgroups (a–f) ac-
cording to the number of visits over time in weeks. The
vertical dashed line illustrates the mean planned interval,
which was postponed during the coronavirus disease 2019
(COVID-19) pandemic and its associated governmental
lockdown. The VA change including standard error
(vertical lines) of each subgroup for the penultimate and
the last visit with its respective average time interval before
the lockdown are compare to the VA change at each visit
after restarting treatment over the course of 1 year

Ophthalmol Ther (2021) 10:935–945 941



extended by not more than 10–12 weeks [12].
Another study group associated unintended
lapses over 3 months with poor functional and
structural outcomes for patients with nAMD,
especially in unstable clinical courses [13]. In
our study cohort, four eyes with a long treat-
ment interval before the lockdown did not
experience a persistent VA loss due to the
extended interval (Table 1 V3 and Fig. 1a).
A Chinese study investigated the 6-month VA
outcomes of a treatment suspension with
intravitreal anti-VEGF due to the COVID-19
pandemic regardless of the underlying disease
[14]. The most significant negative effect was
detected in nAMD. Less severe adverse sequelae
were attributed to macular edema secondary to
diabetes and retinal vein occlusions. An Italian
study group recently evaluated the effects of
COVID-19 and its restrictions on short-term VA
outcomes of eyes with nAMD and found proof
of significant worsening [15]. In France, a
comparable patient cohort (116 eyes in 106
patients) was analyzed for differences in VA and
OCT findings after postponing treatment for
nAMD [16]. They also related the negative
short-term effect on VA to the treatment inter-
ruption. Data records of a small British patient
cohort (n = 17) with a mean treatment delay of
47 days (median 26 days) showed no significant
VA loss as compared to the latter year [17].
A South Korean group showed marked VA
deterioration after discontinuing treatment
with a follow-up of 24 months in a different
setting [18]. Soares et al. [19] recently published
data on eyes under anti-VEGF injections that
were lost to follow-up for a mean of 12 months
and concluded that the recovery would only be
partially after re-treatment. As an initial conse-
quence, a model calculation of the study cohort
based on the long-term VA course of untreated
eyes was performed to estimate the effect of the
installed measures (unpublished results). The
model was compare to the real-life outcomes
before restarting treatment. The estimated VA
loss was borderline significantly higher as
compared to the effective VA loss, which was
likely due to the preceding treatment as well as
the applied model. At that time, it was
unknown if the measured data was reliable as
no similar model on short-term treatment

discontinuation was available. The present
study investigated eyes under permanent and
adequate therapy for more than 3 years on
average, which were hence forced to forego
their treatment for more than 2 months. A sig-
nificant VA loss in spite of ongoing treatment
remained 12 months later. The Austrian gov-
ernment installed two more lockdowns starting
in November, 2020 and called upon healthcare
regulators to impose new restrictions to reduce
numbers of patients in hospitals [3]. Our data
indicated that intravitreal anti-VEGF injections
should be considered as an urgent treatment for
patients.

The administered drug, the total treatment
duration before the lockdown, the MNV sub-
type, the initial VA, and the last VA before the
lockdown had no significant impact on the VA
course thereafter. Eyes with a low VA (\ 20/160
Sn) at the onset of the restrictions were exclu-
ded in order to establish VA development in
both directions—negative and positive. It was
well known that eyes with very low vision could
rarely lose VA because of the ‘‘floor effect’’
[20, 21]. On the other hand, eyes with good
vision had a limited potential to gain VA and if
so, the benefit would only be temporary. Many
pivotal 12-month trials showed a VA gain after
initiating treatment with an undulated course
based on the underlying regimen and IVI
interval, independent of the administered drug
[22–26]. The initial VA gain could be sustained
by different therapeutic approaches for a pro-
longed period as long as the treatment was
continued [27–29]. Arguably, the therapeutic
effect faded once treatment was suspended over
a certain time period, but could likely recover
when treatment was restarted. That said, the
interval extension beyond the planned interval
remained the only significant variable attrib-
uted to the VA loss of eyes in need of therapy
after 1 year (p\0.0001). The healthcare
restrictions associated with the first Austrian
COVID-19 lockdown as applied at our institu-
tion helped to understand this phenomenon as
no comparable analysis on short-term treat-
ment discontinuation in exudative nAMD with
a 1-year follow-up exists to date. Our findings
contribute to the current understanding that
the average eye that is compromised by active
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exudative nAMD requires an adequate and
ongoing therapy.

Limitations of this study were attributed to
its retrospective design and its bias in terms of
patient selection. All included patients showed
40 ETDRS letters (20/160) or better in the
affected eye when the treatment discontinua-
tion was determined. Thus, our results may not
be true for patients with less VA. Co-existing
fibrosis at the time of recruitment was not
investigated, nor was it an exclusion criterion in
case of active disease. Mixing different thera-
peutic agents and switching treatment regimen
were not exclusion criteria before the lockdown.
The general lockdown enforced by the Austrian
government and the cessation of care as exe-
cuted at the Clinic Landstraße was unique and
not comparable to strategies in other countries
[30–33]. Patients affected by the restrictive
measures may have missed one or more injec-
tions depending on their individual interval,
which was not analyzed separately. Therefore,
no conclusions about a prolonged treatment
deferral or a series of missed IVI could be drawn.
Such questions may be answered by way of a
prospective trial. For example, the study did not
pursue VA behavior of a comparable cohort
under continuous therapy.

CONCLUSIONS

This study provides novelty as it supports fur-
ther evidence for an urgent and ongoing treat-
ment with intravitreal anti-VEGF for MNV
secondary to exudative nAMD, regardless of the
treatment regimen. Its findings should be taken
into consideration by authorities in future
pandemic planning. Amidst multiple lock-
downs to come, it remains more important than
ever to demonstrate the potential damage done
when patients are forced to forego therapy.
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