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Abstract

Purpose The coronavirus pandemic has prompted unprecedented delays to treatment with anti-VEGF intravitreal injections
due to the need to reduce hospital attendances and prioritise the patients at highest risk of vision loss. This study aims to
quantify the effect of these delays on visual acuity (VA) outcomes and optical coherence tomography (OCT) features for
patients receiving treatment for neovascular age-related macular degeneration (nAMD), retinal vein occlusions (RVO) and
diabetic macular oedema (DMO) and correlate to the Royal College of Ophthalmologists guidelines (RCOphth).

Methods A retrospective data analysis of an electronic medical record was performed on a random sample of eyes receiving
anti-VEGEF injections for nAMD, RVO or DMO. Data collected included age, sex, reason for injection, number of weeks
delay if > 8 weeks from that planned, VA at baseline and follow-up and the OCT features, if delayed. For those eyes not
delayed, a visual acuity at 20 weeks was recorded to provide a control group.

Results A sample of 981 eyes (858 patients) were analysed. There was a delay in review of 8 weeks or more in 39.6% of
patients of which 30.4% had since returned for review (28.4% nAMD, 37.6% RVO and 30.0% DMO). There was no demo-
graphic difference identified between the delayed and non-delayed patients; however, the delayed group was significantly
more likely to have better vision in their non-treated eye (p=0.0003). A statistically significant difference was found in the
change in VA between the delayed and the not-delayed group for eyes with nAMD (p=0.001) but not for RVO or DMO.
For the delayed group, mean CMT increased by 33 and 100 um, respectively, for nAMD and RVO and decreased by 7.8 pm
for DMO. The VA of 89.7% of DMO eyes returned to baseline, compared to 74.6% and 76.9% of nAMD and RVO eyes.
Conclusion The RCOphth guidance to prioritise intravitreal injections for nAMD over DMO appears appropriate in this
cohort but not for RVO. Eyes with nAMD experienced the greatest loss of vision with treatment delay, and nAMD and RVO
eyes were less likely to return to baseline on restarting treatment.

Key messages

® The COVID-19 pandemic prompted unprecedented delays to treatment for patients receiving anti-VEGF intra-vitreal
injections. This study has demonstrated that the Royal College of Ophthalmologists’ guidance to prioritize treatment
for those with neovascular age-related macular degeneration (nAMD) over diabetic macular oedema (DMO) was
appropriate, however this was not true for retinal vein occlusion (RVO) patients. Patients with nAMD lost the most
vision due to treatment delays, and it was less likely that their vision would return to baseline. The vision of RVO
patients also did not recover to that measured prior to the delay. Central foveal thickness and vision did not change
significantly in DMO patients with delay. Patients with better vision in the non-treated eye were more likely to be
delayed.
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Introduction

In December 2019, an outbreak of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2 or COVID-19), initi-
ated in Wuhan China, spread worldwide [1]. The virus has
severely disrupted health service provision resulting in a
drastic reshape in healthcare infrastructure and provision.

In the height of the pandemic, ophthalmic healthcare ser-
vices tried to minimise the number of patients attending hospi-
tal and only see those with a high risk of visual loss. Reducing
hospital attendances was of particular concern in medical ret-
ina clinics where patients are often elderly and have comorbid
conditions. In the United Kingdom (UK), the Royal College of
Ophthalmologists COVID review team created medical retina
management plans in response to this [2]. It advised consider-
ing maintaining neovascular age-related macular degeneration
(nAMD) patients on 8-weekly anti-VEGF therapy and advised
deferring anti-VEGF injections for most patients with diabetic
macular oedema (DMO) and retinal vein occlusions (RVO).
This has led some to predict that following these guidelines,
approximately 25% of appointments would be delayed [3].

The pandemic has also caused high levels of psychological
distress and anxiety, especially among patients with pre-existing
health conditions [4]. Likely because of these high anxiety lev-
els, despite many medical retina units prioritising seeing only
those patients who were most at risk of irreversible visual loss,
there were high levels of patient-initiated cancellations and ‘did
not attend’ (DNA) rates [5]. There has not only been a reduc-
tion in outpatient clinic attendance, but one study also showed
a more than 50% reduction in emergency attendances [5].

Both randomised controlled trials and real-world data
analyses have demonstrated the benefit of anti-VEGF injec-
tions in the treatment of medical retina conditions. Studies
suggest that without intravitreal treatment, there will be a
significant deterioration in patients’ vision [6-9]. With this
evidence, it can be predicted that the delays to anti-VEGF
treatment attributed to COVID-19 will have a significant
negative impact on visual outcomes.

With the onset of a ‘second wave’ of COVID-19 cases
across Europe more recently, it is important to know the
extent of the impact of delayed treatment and try to iden-
tify those patients at greatest risk of visual loss due to this
delayed review. This study aims to provide real world data
on the prevalence of delayed anti-VEGF treatment due to
COVID 19 and the associated visual consequences.

Methods

All eyes who had at least one anti-VEGF injection at the
Newcastle Eye Department from 1 January 2020 until 23
March 2020 (date of first UK national lockdown) for nAMD,
RVO or DMO were identified. The following baseline data
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was recorded from a randomly selected sample of these
patients: age and sex of patient, indication for anti-VEGF
treatment, which eye(s) were receiving treatment, visual acu-
ity (VA) of treated and untreated eyes and central macular
thickness (CMT) of treated eye. Randomisation was carried
out using the list randomisation function in Microsoft Excel
(=RAND). Those patients in which the review appointment
was delayed by 8 weeks or more (either due to postpone-
ment by the department or cancellation by patient) were then
identified. In these delayed eyes, the following additional
data were documented: VA at delayed review, CMT change
since previous visit and OCT features (presence of intrareti-
nal fluid and/or subretinal fluid). For those eyes where the
review was not delayed, the VA at 20 weeks (or closest to
this) after the baseline review was noted. This timeframe
was chosen as this was the average time to review for the
eyes which were delayed and was therefore seen as the most
appropriate control measure. The majority of patients were
on a treat and extend regime. The patients’ electronic records
were accessed again in November 2020, and it was noted
whether the VA returned to within 5 letters of their baseline
VA at any point since the delayed visit.

All data was recorded using an electronic medical record
(EMR) system (Medisoft Ophthalmology; Medisoft Lim-
ited, Leeds, UK), which mandates collection of a standard-
ised data set throughout a patient’s care pathway. The lead
clinician and Caldicott Guardian (nominee responsible for
data protection) at the hospital gave written approval for
anonymised data extraction. Anonymised database analyses
of this type do not require ethical permission because they
are viewed as audit or service evaluations (see http://www.
hra.nhs.uk/research-community/beforeyou-apply/determine-
whetheryourstudy-is-research/). This study was conducted
in accordance with the Declaration of Helsinki and the UK’s
Data Protection Act.

Early Treatment Diabetic Retinopathy Study (ETDRS)
VA letter scores at 2 m were recorded. Most VA values were
recorded using habitual correction rather than with refrac-
tion as is usual in clinical practice. Values corresponding to
counting fingers, hand movements, light perception and no
light perception were substituted with values of 0 letters.

All participants had undergone imaging using spectral
domain optical coherence tomography (SD-OCT) on the
Heidelberg Spectralis (Heidelberg, Germany) in two centres
under the care of Newcastle Eye Department.

Descriptive statistics were calculated using Excel 365 for
Microsoft Office. The same software was used for produc-
tion of graphics. Mean and median are reported to reduce
the risk of a skewed mean result which might be seen if a
few patients had a significant VA change. Statistical analy-
sis was performed using Graphpad online. Unpaired #-tests
were used to calculate statistical significance of the differ-
ence between the means for the delayed and non-delayed
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groups. Chi-squared statistic was used to compare the groups
for categorical variables.

Results

Anti-VEGF injections had been given to 3255 eyes (2837
patients) between 1 January 2020 and 23 March 2020 for
nAMD, RVO or DMO. Of these, 981 eyes (858 patients)
were randomly selected, of which 681 (69.4%) eyes (585
patients) had nAMD, 176 (17.9%) eyes (173 patients) had
RVO and 124 (12.6%) eyes (100 patients) had DMO. This
was comparable to the proportions in the original cohort for
each disease indication (see Fig. 1).

Delays

Of the sample of 858 patients, 518 (60.4%) were reviewed
within 8 weeks of requested review, had died or had since been
discharged. Seventy-nine patients (9.21%) had yet to be seen,
and 261 patients (30.4%) had since been seen with a greater
than 8-week delay (Fig. 1). This gives a total of 340 patients
(39.6%) delayed (36.6% nAMD, 45.7% RVO and 47.0%
DMO). For the group who have been seen delayed, the mean
delay was 13.1 weeks. In this group, 166 had nAMD (28.4%),
65 had RVO (37.6%) and 30 had DMO (30.0%).

Fig. 1 Flow diagram demon-
strating sample and the numbers
of patients in delayed and not
delayed groups

Demographics

For the whole cohort of patients, the mean age was
78.1 years (81.5 in nAMD, 75.0 in RVO and 63.9 in DMO),
and 57.3% were female. For the randomised sample of 858
patients, the mean age was also 78.1 years (82.0 in nAMD,
76.1 RVO and 61.3 in DMO), and 57.2% were female. For
the patients who were delayed and subsequently seen, the
mean age was 78.8 years compared to the non-delayed where
the mean age was 78.4 (p=0.650); 57.6% of eyes were
female in the delayed group compared to the not delayed
group where 56.9% of eyes were female (p =0.840).

Vision

Table 1 shows the mean and median VA pre- and post-delay
for the eyes of patients who were delayed by 8 weeks or
more and in those whose review was not delayed.

Of the 298 eyes (261 patients) that were delayed and
since seen, a delay of 8—16 weeks occurred in 234 eyes, and
64 eyes were delayed by over 16 weeks. For eyes delayed
by 8-16 weeks, VA changed from a mean of 61.5 letters
(median 65) to 57.2 letters (median 62) compared to those
eyes delayed by over 16 weeks who had a greater deteriora-
tion in VA from a mean of 56.3 letters (median 60) to 50.5
letters (median 55). Figure 2 shows the change in VA from

Cohort of injected
patients:
(n=2837)

nAMD 1919 (67.6%)

RVO 584 (20.6%)
DMO 334 (11.8%)

Random sample of
patients:
n=858 (30.2%)
nAMD 585 (30.4%)
RVO 173 (29.6%)
DMO 100 (29.9%)

Yet to be seen:
n=79 (9.21%)

nAMD 48 (8.21%)
RVO 14 (8.09%)
DMO 17 (17.0%)

Seen, but delayed:
n=261 (30.4%)

Treatment not delayed/
delayed <8 weeks:
n=518 (60.4%)
nAMD 371 (63.4%)
RVO 94 (54.3%)
DMO 53 (53.0%)

nAMD 166 (28.4%)
RVO 65 (37.6%)
DMO 30 (30.0%)

i ~

Deceased: Discharged:
N=21 (4.05%) N=19 (3.67%)

nAMD 17 (4.58%)
RVO 3 (3.19%)
DMO 1 (1.89%)

nAMD 14 (3.77%)
RVO 5 (5.32%)
DMO 0 (0%)
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Table1 VA (ETDRS letters)

. Baseline VA Review VA Change in VA p value
at baseline and at next B
. . (change in
review comparing those VA)
eyes delayed and not delayed - - -
and by diagnosis. (Review Number Mean Median Mean Median Mean Median
delayed = next review was nAMD
delayed by 8 weeks or more .
from what was requested by the Review delayed 194 60.1 64 552 59 -5.18 -4 0.0010
clinician) Not delayed 399 614 65 599 64 —-247 =2
RVO
Review delayed 65 59.7 62 545 59 -515 -3 0.3627
Not delayed 88 63.5 67 61.6 67 -342 -2
DMO
Review delayed 39 63.0 65 61.1 67 -237 42 0.9780
Not delayed 62 63.7 68 61.0 67 -244 -0.50
All patients
Review delayed n=298 604 64 55.7 60 -482 -4 0.0027
Not delayed n=549 62.0 65 603 65 -261 -2

baseline to review split by diagnosis for both delayed and
non-delayed groups.

For the 743 patients receiving unilateral anti-VEGF injec-
tions, the mean VA in the non-treated eye was 61.3 letters
in the delayed group, compared to 53.3 letters in the non-
delayed group (p =0.0003).

Disease activity on OCT

Table 2 shows CMT data in those eyes which were
delayed, split by diagnosis. Mean CMT for retinal vein
occlusions increased by + 100 pm in eyes with RVO com-
pared to only +33 and — 7.8 pm for nAMD and DMO,

respectively. In order to reduce time in the department
for patients due to coronavirus, some patients did not
have vision and/or OCT at all visits, accounting for some
missing data.

Further analysis in nAMD eyes

At the delayed review for eyes with nAMD, 74 eyes (38.1%)
had lost more than 5 letters compared to their baseline VA.
The other 120 eyes (61.9%) had maintained their VA (within
5 letters of their baseline). An OCT scan was available for
159 eyes at the delayed review, of which 43 (27.0%) were
dry, the rest having evidence of subretinal fluid, intraretinal
fluid or both.

Fig.2 Change in vision from 100%
baseline to review in those eyes )
delayed by 8 weeks or more 90%
(maintained vision is within 5 o
. 80%
letters of baseline)
& 70%
%]
$ 60%
(0]
S 50%
g
E 40% ® Maintained vision
]
E 30% Lost 5-15 ETDRS letters
20% u Lost more than 15 ETDRS letters
0
+~H=HEEN
0% [
Delayed Not Delayed Not Delayed Not
delayed delayed delayed
nAMD' RVO? DMO?

"nAMD Neovascular Age-Related Macular Degeneration

2RVO Retinal Vein Occlusion
3DMO Diabetic Macular Oedema
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Table 2 Central macular

. . CMT at baseline CMT at delayed visit Mean change in CMT p value
thickness (CMD at. baseline (pm) (pm) for individual patient (change in
and at next review in those eyes (

\ ) CMT)

whose review was delayed by 5 -

8 weeks or more Mean Median  Mean Median  Mean
nAMD 311 282 342 311 +33 0.0074
(n=194) (n=160) (n=160) (n=159) ®=159) ®=151)
RVO 374 290 451 355 +100 0.0375
(n=065) (n=55) (n=55) (=57 ®=57) [®=52)
DMO 395 384 387 361 -17.8 0.7878
(n=39) (n=28) (n=28) (n=34) @®=34) @®=28)
All delayed patients 335 292 373 327 +43 0.0019
(n=298) (n=238) (n=238) (n=254) (n=254) (n=234)

Figure 3 shows OCT characteristics of eyes which main-
tained their VA at their delayed follow-up compared to those
which lost more than 5 letters of VA. Eyes which have lost
vision were more likely to have both intraretinal and subreti-
nal fluid compared to those which maintained vision (3> [1,
n=159]=13.3, p= <0.05). Eyes which maintained vision
were more likely to be dry compared to those eyes which lost
vision (3% [1, n=159]=5.58, p= <0.05).

Long-term VA

On further notes review in November 2020, VA was within
5 letters of baseline in 229 of 297 eyes (77.1%); one patient
in this group was missing a follow-up VA due to expressive

Fig.3 Optical Coherence 100
Tomography (OCT) character-

istics of wet age-related macular
degeneration eyes which main-

tained their visual acuity at their
delayed follow-up compared to 80
those which lost more than 5
letters of visual acuity 70

90

60

Percentage of eyes (%)

30

20

10

50
40

. .Dry

Eyes maintaining vision
(n=101)

dysphasia. Figure 4 shows the proportion of eyes returning
to baseline for each condition.

Discussion

In early 2020, during the height of the COVID-19 pandemic,
healthcare services tried to minimise the number of patients
attending hospital and only see those with a high risk of
visual loss. For those clinicians treating patients in medical
retina clinics in the UK, guidance was provided by the Royal
College of Ophthalmologists COVID review team who cre-
ated a medical retina management plan [2]. Some predicted
that when following these guidelines approximately 25%
of appointments would be delayed [3]. Despite limiting the

m Both

u Intra-retinal
fluid

Sub-retinal
fluid

Eyes losing more than 5 letters
(n=58)
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Fig.4 Percentage of eyes 100.0
returning to within 5 letters of
their baseline visual acuity at 90.0
any point since the delayed visit

80.0

Percentage (%) of eyes returning back to baseline vision

70.0
60.0
50.0
40.0
30.0
20.0
10.0

0.0

Total (n=297)

nAMD?* (n=193) RVO? (n=65) DMO? (n=39)

1 nAMD Neovascular Age-Related Macular Degeneration

2 RVO Retinal Vein Occlusion

3 DMO Diabetic Macular Oedema

service to those patients most at risk of visual loss, most
units have seen a larger reduction in activity than predicted,
with multiple patient-initiated cancellations; one study
showing the average DNA rate of 24.9% [5]. A study car-
ried out in the USA reported a reduction in patient volume
of 81% compared to 1 year ago, making ophthalmology the
speciality with the greatest patient volume loss due to the
COVID-19 pandemic [10].

Our study showed that of the 858 patients analysed, 340
(39.6%) had review appointments delayed by 8 weeks or
more. A higher proportion of eyes had a delay in the DMO
(47.0%) and RVO population (45.7%) compared to nAMD
(36.6%). In the first 4 weeks of the UK lockdown, our unit
only saw 33% of the patients booked for anti-VEGF review
[3]. One study in Italy showed a 53.6% reduction in intravit-
real injections, although this study showed a greater outpa-
tient volume loss for AMD patients with a 79.9% reduction
[11]. On analysis of which eyes were more likely to have
their review delayed, there seemed to be no relationship with
age and gender, but interestingly in those receiving unilateral
anti-VEGF injections, better vision in the other eye resulted
in higher chance of a delayed appointment. This may rep-
resent patients in whom the treated eye is the better eye or
where the other eye also has pathology being more sympto-
matic or experiencing more anxiety. In our previous paper,
we reported that of the patients receiving treatment to one
eye, 57.6% were receiving treatment to their worse seeing
eye [3]. Previous studies in patients receiving anti-VEGF
injections have shown increased rates of non-attendance and
being lost to follow-up in those with worse baseline vision
and non-proliferative diabetic retinopathy (NPDR) stage in
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those with DMO [12]. For those with nAMD, older age,
unilateral injections and living further away from the clinic
were contributing factors [13, 14].

The Royal College of Ophthalmologists produced guid-
ance as a pragmatic approach to maintain care for those
patients who need it while deferring care for those patients
who can wait. The guidelines prioritised certain condi-
tions over others: advising 8-weekly injections for those
with nAMD and advised considering deferring review for
RVO and DMO. Guidance to prioritise injections in those
with nAMD is based on the known poor outcomes of these
patients prior to the advent of anti-VEGF. Multiple studies
have shown worsening VA and OCT features in patients who
have anti-VEGF injections delayed [15], with some studies
suggesting poor VA persisting on final follow-up despite
normalisation of central foveal thickness after a period of
delayed treatment [16]. Our study does support the belief
that nAMD eyes do indeed seem to be most at risk of visual
loss with delays in anti-VEGF treatment but also shows
that RVO eyes have an increased risk from treatment delay.
Analysis of VA at the delayed appointment showed that
nAMD and RVO eyes lost the most VA (a mean loss of 5.18
and 5.15 letters, respectively) compared to eyes with DMO
(2.37 letters). Although the change in visual acuity for vein
occlusions in the delayed compared to non-delayed group
was not significant, the proportion of eyes who lost vision
was similar to nAMD (36.9% compared to 37.8%), and we
predict that with a bigger sample size this may have become
significant. We also note that vein occlusion eyes had the
greatest change in CMT. This visual loss continued more
long term, with nAMD and RVO eyes being the least likely
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to return to their baseline VA once treatment had recom-
menced (74.6% and 76.9% returning to baseline respectively,
compared to 89.7% in DMO). Our study perhaps highlights
that as well as maintaining injections for those with nAMD,
more emphasis should be placed on maintaining RVO treat-
ment as they lose comparable VA with delayed treatment
and have similar longer-term visual outcomes. There is rela-
tively little previous data on the effect of a lapse in treatment
in those with RVO; however, some studies have shown worse
outcomes in eyes where there has been a delay in the initial
treatment with the anti-VEGF [17, 18]. As well as having a
drop in VA similar to nAMD eyes, eyes with RVO also had
the largest increase in their CMT (mean change of 4+ 100
compared to+33 and — 8 in nAMD and DMO, respectively).
Visual loss was least in the DMO eyes which may have been
predicted as evidence for lapses in anti-VEGF treatment is
mixed; some showing a significant drop in VA [19] and oth-
ers showing little effect on VA in the short term [20]. Our
results show minimal drop in VA associated with delay in
those with DMO and in fact a slight improvement in their
CMT. The small sample size in eyes with DMO compared
to nAMD and RVO should be noted, however.

Our study also highlights that in nAMD patients, a higher-
than-expected number had dry OCTs despite having significant
delays in their treatment. Despite the mean number of weeks
delay being 13.1 weeks over the requested review, 26.7% of
eyes remained dry. As expected, eyes with a dry OCT were
more likely to maintain vision, compared to those losing more
than 5 letters of vision which were associated with higher
rates of intra- and sub-retinal fluid (Fig. 3). Although nAMD
was, along with RVO, the condition most affected by delayed
review, there is a subgroup within the nAMD population where
substantial delays did not result in a drop in VA. The higher-
than-expected proportion remaining inactive despite long
delays suggests that these patients could perhaps have had
more aggressive extension of their intravitreal treatment. The
difficulty is with predicting which patients are most likely to
remain dry and maintain vision, and we were unable to identify
any OCT features prior to delay which helped predict these
patients. As expected, eyes which maintained vision were
more likely to have dry OCTs, but we also noted that those
eyes losing vision were more likely to have both intraretinal
and subretinal fluid. A previous study has provided evidence
that patients treated with anti-VEGF who tolerated some SRF
achieved VA that is comparable, with fewer injections, with
that achieved when treatment aimed to resolve all SRF com-
pletely [21]. In our study, the proportion of eyes with only sub-
retinal or intraretinal fluid were similar in those that maintained
vision compared to those that lost vision.

A limitation of the study includes the relatively smaller
number of DMO patients included in the analysis. Although
this is a result of the random sample that was taken and rep-
resents the lower number of DMO patients seen in clinic

compared to nAMD and RVO, this can potentially affect the
accuracy of our analysis. Another limitation of the study is
that when analysing the patients whose review was delayed,
the reason for delay is not known. Although a significant
proportion of delays are likely to have been patient initiated,
there will have been a large number of patients who will
have been delayed after notes had been reviewed by the clini-
cian referencing the national guidelines. A small number of
patients on subsequent review in clinic did not have repeat
VA or OCT scans due to change in practice due to COVID-19
which again may have had a small impact on the accuracy
of results. Lastly, although our study did involve review of
patients EMR up to 8 months after the initiation of lockdown,
we cannot make conclusions on the more long-term impact
of delayed treatment on disease activity and visual outcomes.

In conclusion, we provide real-world data on how delayed
follow-up of medical retina patients due to COVID-19 impacts
on their disease activity and VA. Almost 40% of patients had
their review delayed by 8 weeks or more, and we see that
nAMD and RVO eyes were most affected by delayed review,
with associated visual loss and worsening of activity on OCT
scans. Despite some patients with nAMD having long delays
there were a significant proportion which remained inactive,
potentially highlighting that more aggressive extension of
their treatment could have been attempted. The results of this
study will help guide future decisions and guidance on anti-
VEGF treatment if disruption to treatment regimens occurs,
and prioritisation of therapy is necessary in future.
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