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Abstract

Background/Objective Some clinicians may be forced to temporarily extend treatment intervals in neovascular age-related
macular degeneration (nAMD) eyes with frequent retreatments to reduce the number of visits during the COVID-19
pandemic. To provide an indication of what these outcomes may be, we studied eyes with active lesions with unplanned
treatment interval extensions before the pandemic occurred.

Methods We compared eyes with active disease despite <6 weekly injections whose next injection was extended to
>7 weeks and those whose intervals were not extended. We identified 1559 (16%) of 9602 eyes from the Fight Retinal
Blindness! (FRB!) registry (2013 and 2018) that fit this criteria. Eyes were further stratified into four groups by the mean
interval over the following 6 months: (1) <6 weeks (81%), (2) 7-9 weeks (9%), (3) 10-12 weeks (5%) and
(4) >12 weeks (5%).

Results There was a significant loss in VA in eyes extended to >12 weeks compared to the non-extended group (adjusted
VA change, mean (95% CI): <6 weeks, 0.4 (—1.5 to 2.2), versus >12 weeks, —4.7 (—7.4 to —2.1), letters, p =0.03 and a
threefold increase in relative risk of losing >15 letters (absolute risk (14% versus 4%, p < 0.01)).

Conclusion Mean VA remained stable for 6 months in eyes requiring frequent treatment despite retreatment interval
extension up to 10-12 weeks. There was a significant short-term risk to vision when retreatment interval was extended
beyond 12 weeks, hence extensions to this level should be considered cautiously. These data may be useful for physicians
who are considering reducing visits to mitigate the risk of COVID-19.

Introduction resulted in a pandemic as declared by the World Health
Organisation [2]. The lack of a vaccine or a cure has
The coronavirus disease 2019 (COVID-19) caused by the  resulted in the implementation of strict and extreme social
severe acute respiratory syndrome coronavirus 2 [1] has  distancing measures and even lockdowns to minimise
person-to-person interactions as the only viable way to
prevent of virus transmission [3]. Healthcare services are
also affected with reduced appointments and efforts to
shorten in-clinic duration [4-8].
These measures present a particular challenge in the
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Physicians are faced with a difficult decision during this
time especially when managing eyes that are persistently
active despite frequent injections. These make up a sub-
stantial proportion of eyes with nAMD [14-16]. Some
physicians may be forced to consider extending treatment
intervals in these eyes until the immediate risk of COVID-
19 has reduced significantly, because minimizing the
potentially life-threatening risk of COVID infection may
outweigh the risk of recurrence and visual loss. How big
this risk of visual loss is, and over what time period it may
manifest, remain unclear.

In order to provide an indication of what the outcomes of
this may be, we studied eyes with active lesions that had
unplanned treatment interval extensions before the pan-
demic occurred. We performed an analysis on real-world
observational outcome data from the Fight Retinal Blind-
ness! (FRB!) registry comparing eyes with active disease
despite at least six weekly injections whose next injection
was extended to 7 or more weeks and those whose intervals
were not extended. These data may help retina specialists
and patients arrive at a more informed management plan
together during this pandemic.

Methods

Data for this analysis were obtained from the FRB! registry,
which prospectively tracks real-world outcomes of nAMD
in routine clinical practice, from patients treated prior to the
pandemic [17]. This study included patients from Australia,
New Zealand, Switzerland and Singapore. Institutional
ethics approval was obtained from each country: The
Human Research Ethics Committees of the University of
Sydney, the Royal Victorian Eye and Ear Hospital, the
Royal Australian and New Zealand College of Ophthal-
mologists, the Cantonal Ethics Committee Zurich, Swit-
zerland and Singhealth, Singapore. The research described
adhered to the tenets of the Declaration of Helsinki.

The detailed methodology of the FRB! registry has been
previously published [17]. Briefly, the FRB! registry collects
demographics, baseline clinical and outcome data from
patients treated for nAMD. Data collected at baseline include
the visual acuity (VA), lesion subtype, greatest linear diameter
of the lesion, lesion activity, treatment administered and any
ocular adverse events. VA scores were determined by the
number of letters read on a logarithm of the minimum angle
of resolution (logMAR) VA chart and recorded whichever
reading was best: uncorrected, corrected or pinhole. Lesion
subtype was determined by the treating physician as types 1, 2
and 3 CNV or polypoidal choroidal vasculopathy (PCV)
using all clinical and imaging modalities available to them
including optical coherence tomography and dye angio-
graphy, alone or in combination. Lesion activity was similarly
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graded by the treating physician based on findings from
clinical examination and in combination with multimodal
imaging available at each visit. Treating physicians also
determined all management decisions in consultation with the
patient including frequency of visits and treatment modality,
thereby reflecting real-world practice.

Patient selection

Data from eyes that commenced anti VEGF therapy from
2013 to 2018 were identified from FRB! registry for analysis.
All patients had an induction phase of three injections over
90 days from the commencement of treatment. Subsequent
retreatment strategy was physician directed. First, we identi-
fied eyes with high retreatment requirement defined as eyes
with active disease with a prior 6-week retreatment interval.
Examples of scenarios where this visit may occur include
persistent fluid, which may be following three injections in the
initial 3 months of treatment or disease recurrence. We defined
the first such visit for each patient as the start of the analysis,
hereafter referred to as the “index visit”. Next, all eyes
required to have at least 6 months of follow up and outcomes
of these eyes after 6 months from the index visit were ana-
lysed according to mean retreatment interval received after the
index visit; grouped by interval length into (1) <6 weeks, (2)
7-9 weeks, (3) 10-12 weeks and (4) >12 weeks. For the
purpose of categorization, a window of +6 days was allowed

(Fig. 1).
Outcomes measures

The primary outcome was the mean change in VA (logMAR
letters) at 6 months compared to the index visit according to
the different retreatment interval groups. Secondary outcomes
included proportion of eyes with >5, >10 or 215 letter loss,
number of visits (including non-treatment visits, excluding
visits for fellow eye if applicable) and proportion of active
visits. We adjusted for baseline differences in demographic
and clinical characteristics, including age, sex, baseline
vision, lesion size, lesion type and lesion activity.

The specific reasons why intervals were changed were
not collected, however we compared the change in vision
from first treatment visit to the index visit between
groups to explore whether futility was the reason behind
extension. The proportion of eyes in good (270 letters),
middle (69-36 letters) and low (<35 letters) vision cate-
gories was also compared between groups.

Statistical analysis
Descriptive data are presented as mean (standard deviation

[SD]), median (Q1, Q3) or number (percentage). Student’s
t test, Chi-squared tests and Kruskal-Wallis test were used
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Fig. 1 Analysis criteria for patients. This figure shows the analysis criteria for pateints. Patients were divided by mean retreatment intervals after
the index visit (Ist visit with a 6 week interval that where disease activity was detected). Analysis was carried out by mean retreatment interval

after index visit.

where appropriate to in comparisons between 6-week interval
group and other interval groups. Unadjusted VA at 6 months
from index visit was compared across the interval groups with
pairwise comparison using ANOVA. Adjusted VA change at
6 months from index visit was compared across interval
groups using linear mixed-effects regression models adjusted
for age, gender index VA, lesion size and type (fixed effects),
and for clustering by practice and patient (random effects).
Mixed-effects logistic regression models adjusted for age,
index VA, lesion size and type (fixed effects), and clustering
by patient and practice (random effects), were used to com-
pare the overall proportion of visits in which the lesion was
graded as active, proportion of eyes that lost 5, >10 and >15
letters and proportion of eyes with predominate agent type
between interval groups. p value <0.05 was considered sta-
tistically significant. Analysis was conducted using R Statis-
tical Software (V 4.0.0) [18].

Results

Baseline data—data from the first treatment visit
included in FRB! registry

Data were analysed from a total of 1559 eyes (16%) which
met the inclusion criteria for high retreatment requirement out
of 9602 eyes. Most of patients (n = 1278, 81%) had a mean
retreatment interval of <6 weeks. In the remaining 19%, the
distribution of actualized mean retreatment intervals was

7-9 weeks in 116 (9%) eyes, 10-12 weeks in 84 (5%) eyes
and >12 weeks in 81 (5%) eyes. Baseline characteristics at
first treatment are summarised in Table 1. There was no sig-
nificant difference in any demographic and clinical features
between retreatment interval groups. The proportion of eyes
with types 1, 2 and 3 CNV and PCV were similar across all
groups. The median time from baseline to index visit was also
similar across all groups. The mean+SD VA change from
baseline to index visit was similar between groups (8.3 +9.0
letters, 7.8 £ 8.1 letters, 7.0 = 12.2 letters and 6.9 + 11.1 letters
in the <6 weeks, 7-9 weeks, 10-12 weeks and >12 weeks
interval groups, respectively). There was no significant dif-
ference in the proportion of eyes in the good, middle and low
vision groups at the index visit. There was no significant
difference in the time to index visit from baseline in all
interval groups. The median (Q1, Q3) number of treatments
from baseline was 7 (5, 8), 7 (5, 8), 6 (5,9) and 7 (5, 9) in the
<6 weeks, 7-9 weeks, 10-12 weeks and >12 weeks interval
groups, respectively.

Visual outcomes at 6 months

The mean + SD change in VA at 6 months after the index
visit was +0.8 +£5.4 letters, +0.7 +7.1 letters, +0.5+8.0
letters and —2.4+8.3 letters in eyes which received
retreatment at the <6 weeks, 7-9 weeks, 10-12 weeks and
>12 weeks, respectively. When compared to the <6-week
retreatment group, the longest retreatment group >12-week
interval lost significantly more letters at month 6 (adjusted
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Table 1 Baseline (on first presentation) characteristics of eyes with a 6-week interval (<6 weeks) compared to increasing intervals (7-9 weeks,

10-12 weeks, >12 weeks).

<6 weeks 7-9 weeks p value 10-12 weeks p value >12 weeks p value
(Reference group)
Baseline
Number of eyes n 1278 116 84 81
Age, years Mean+SD 77.1+8.1 78.0+8.5 0.97 79.2+7.1 022 78.6+10.2 0.80
Gender, female % 59 60 0.70 60 0.86 51 0.16
Baseline VA, letters Mean+SD 56.3+11.5 54.6+134 0.46 55.7+15.3 033 56.2+19.8 0.12
Baseline GLD, um Mean £ SD 2475 +£2211 2642 £2426 0.68 2153 £ 1414 0.23  2433+1320 0.46
Lesion type
Type 1 % 58 60 0.21 54 046 52 0.97
Type 2 % 33 28 39 33
Type 3 % 3 4 0 7
PCV % 7 8 7 7
Median time from baseline to Median 274 (189, 352) 258 0.09 214 (145, 305) 0.06 299 0.56
index visit (Q1, Q3) (192, 315) (187, 418)
Median number of Median 7, 8) 7 (5, 8) 0.07 6(,9) <001 7,9 0.02
treatments from baseline (Q1, Q3)
Index visit
VA change from first visit to Mean+SD 8.3+9.0 7.8+8.1 0.19 7.0+12.2 041 69=x11.1 0.12
index visit, letters
VA group at index visit
High (270 letters) % 53 47 0.23 57 048 44 0.13
Middle (69-36 letters) % 38 41 0.42 27 0.06 40 0.74
Low (<35 letters) % 9 11 0.47 16 0.06 16 0.04

p value was derived by comparing each interval group to the <6-week interval group.

VA visual acuity, GLD greatest linear diameter.

mean letters: —2.6 versus 0.5, p = 0.02). Significantly more
eyes in the >12-week interval group lost 25 letters (35%
versus 20%, p<0.01), 210 letters (19% versus 8%,
p<0.01) and 215 letters (14% versus 4%, p <0.01) com-
pared with the <6-week interval group (Fig. 2). The changes
in VA over time across groups are shown in Fig. 3.

Disease activity outcomes at 6 months

The proportion of active visits was 72, 81, 85 and 70% in
eyes which received retreatment at <6 weeks, 7-9 weeks,
10-12 weeks and >12 weeks, respectively. Significantly
more eyes in the 7-9 weeks (p =0.01) and 10-12 weeks
(p <0.01) interval groups had active visits compared to the
<6-week interval group.

Number of visits and predominately used VEGF
inhibitor

There were significantly fewer visits (including non-
treatment visits) over 6 months in eyes with progressively
long intervals. The median number of visits was 7, 6, 4 and
4 in the <6 weeks, 7-9 weeks, 10—12 weeks and >12 weeks
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groups, respectively. There was no difference between the
distributions of the predominate VEGF inhibitor (bev-
acizumab, ranibizumab and aflibercept) used between the
interval groups. Results are summarised in Table 2.

Visual outcomes at 12 months

All eyes included in the initial analysis had a 12-month
outcome reported

The mean + SD change in VA at 12 months after the index
visit was +0.2 +6.9 letters, —0.1 = 8.9 letters, —0.7 = 10.7
letters and —1.4+10.8 letters in eyes which received
retreatment at the <6 weeks, 7-9 weeks, 10-12 weeks and
>12 weeks, respectively. There was no significant differ-
ence in VA change between <6-week retreatment groups
and other retreatment groups.

Discussion

We used the FRB! dataset in this analysis to investigate the
risk of visual loss in patients with high retreatment
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Fig. 2 Proportion of patients with >5, 210 and 215 letters lost
divided by interval group. This bar chart shows the proportion of
patients with varying letters lost divided by interval group. There is
consistently more patients in the >12 week interval group that lost
letters in all categories compared to the other retreatment intervals.

requirement regarding if the interval between treatments were
temporarily and aggressively extended. We defined high
retreatment requirement by the presence of activity despite
receiving six weekly treatments. Our findings may be of
interest to physicians who are considering extending the
retreatment interval during the COVID-19 pandemic for these
patients despite potentially requiring frequent retreatments to
control their disease. We found that that on average, vision
can remain relatively stable for up to 6 months when patients
were extended up to 10-12 weekly injections. There were
also significantly fewer visits in the 10-12-week group with
four visits compared to seven visits in the <6-week interval
group. This suggests that more than two visits can be saved
by aggressive extensions while maintaining vision. Patients
whose treatment interval was extended >12 weeks, however,
lost about 4.7 letters on average. More importantly, the
relative risk of devastating vision loss of 215 letters was 2-3
times higher in patients on >12-week interval group versus
the group that was not extended.

In the longer term results, the vision up to 12 months
after index visit was not significantly different between
interval groups and <6-week interval group. It appeared that
even patients in the >12-week interval group managed to re-
gain some vision over the following 6 months. This suggest
that some patients may have ‘salvageable’ vision loss even
at the longest retreatment interval but this would depend on
many factors including the treatment regimen during the

following 6 months, disease and patient characteristics that
are beyond the scope of this analysis.

Our results focused on the group of eyes with a high
retreatment requirement as defined in our inclusion criteria.
This group of patients constituted 16% of the eligible FRB!
cohort, but likely represent the most challenging cases.
Even with the most intensive treatment at <6 weeks, 20% of
these patients lost five letters or more, and 70% had disease
activity. This group of patients also had a median of 7 visits
during the 6-month study period. Maintaining this high
frequency of visits during the current pandemic may inad-
vertently put patients at greater risk of exposure and con-
tracting COVID-19. A small mismatch between disease
activity in the >12-week interval group (72% of visits
graded as active) and the <6-week interval group (70% of
visits graded as active) and visual outcome was noted. We
propose that this discrepancy may be due to the develop-
ment of poor prognostic features like macular atrophy and
or sub-retinal fibrosis in the longer interval group limiting
their visual gains. This difference in proportion of active
visits, however, was small and not statistically significant.

These results should be interpreted in the context of risk
versus benefit ratio for each individual patient. We recog-
nise the current evidence from both clinical trial and real-
world evidence that clearly demonstrated the detrimental
effects of sub-optimal treatment [19-22] and that appro-
priate and timely treatment is important for favourable
visual outcomes in nAMD [23-29]. Our group has advo-
cated strongly for this and has demonstrated this in several
studies [21, 30, 31]. On the other hand, these data will help
physicians evaluate the risk of vision loss associated with
each extension interval and should be taken together with
other factors such as prevalence of COVID-19 within the
community, individual patient’s systemic comorbidities,
VA in the fellow eye and visual potential of the treated eye
to better inform the physician and patient when deciding on
an acceptable retreatment interval.

These results can also provide reference for professional
bodies when crafting recommendation and guidelines.
Currently, there is no consensus on the approach to the
approach to management of patients with AMD during this
pandemic [32, 33]. A variety of strategies have been pro-
posed including maintaining current practice [34] and 8-
week treatment with minimal investigations [35]. The lack
of clear consistent guidance is a result of firstly, a lack of
evidence in an unprecedented crisis that has forced physi-
cians to consider less than ideal treatment. The Canadian
society of ophthalmology uses currently available clinical
trial evidence [36] to infer the best practice for a period of
lockdown, for example, suggesting aggressive 4-week
extension with TNE tolerating some fluid as per the
ALTAIR study [16] or quarterly intervals after loading as
per PIER study [37]. However, these strategies may not

SPRINGER NATURE
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Fig. 3 Visual acuity change
from baseline over time in 10.0
each interval group. The dotted
line represents the median day of
index visit, and the dash line
indicates 180 days after

index visit.
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directly relate to the current situation. Secondly, there are
varying levels of COVID prevalence in different countries
with the situation rapidly evolving. Nonetheless, the general
guidance should be to practice as much social distancing as
safely possible and discourage unnecessary hospital visits.

The strengths of this study are that it derives the out-
comes from a large real-world dataset. The heterogeneity of
patient characteristics and physician-driven regimens con-
tribute to the generalisability of these results. Only through
large real-world datasets such as this, can we observe
deviations from recommended treatments which in turn can
help to guide our management of nAMD during unprece-
dented crisis such as this one. These deviations are unlikely
to be intentional and likely due to unforeseeable circum-
stances such as periods of hospitalisation or illness.

There are several limitations to this analysis. Firstly, and
most importantly, the cohort analysed is different from
those that are extended during the COVID pandemic. This
is because the reasons and circumstances for sub-optimal
treatment in our study cohort, which constitutes only a small
proportion of patients on FRB! registry, are unusual and not

SPRINGER NATURE

Follow Up, Days

generalisable. Nonetheless, this analysis can be used a
reference as there is a little evidence of treatments for
nAMD during this unprecedented time. Another limitation
as eluded to previously, is that the reason behind the
aggressive extensions for each patient was not collected as
part of the registry, and is unrelated to the COVID-19
situation. The majority of patients on the FRB! registry are
optimally treated, however there is a small proportion that
are suboptimally treated. The reasons for sub-optimal
treatment could be multifactorial and are well known to
practising physicians, with unplanned extension from mis-
sed appointments due to management of comorbidities that
patients receiving injections then to have, or conscious
extension of intervals due a variety of reasons related to the
high burden of treatment. One reason could be futility of
treatment, but this is unlikely since each of the three groups
that were extended had mean VA at the index visit similar
to that of the eyes that were not extended. Another reason
could be due to a change in practice patterns in late 2018
with the FLUID study, which reported that eyes with sub-
retinal fluid alone could have treatment intervals extended
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