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Abstract
Background/aims Clinical trials suggest anti-vascular
endothelial growth factor is more effective than
intravitreal dexamethasone as treatment for macular
oedema secondary to branch retinal vein occlusion. This
study asks if ’real world’ data from a larger and more
diverse population, followed for a longer period, also
support this conclusion.
Methods Data collected to support routine care
at 27 NHS (National Health Service) Trusts between
February 2002 and September 2017 contained 5661
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either during or recently preceding the treatment.
Number of treatment visits and change in visual acuity
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from baseline was plotted for three treatment groups
Revised 27 April 2020
Accepted 14 May 2020
(anti-vascularendothelial growth factor (anti-VEGF),
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intravitreal dexamethasone, macular laser) for up to
12 June 2020
3 years.
Results Mean baseline visual acuity was
57.1/53.1/62.3 letters in the anti-VEGF/dexamethasone/
macular laser groups, respectively. This changed to 66.72
(+9.6)/57.6 (+4.5)/63.2 (+0.9) at 12 months. Adequate
numbers allowed analysis at 18 months for all groups
(66.6 (+9.5)/56.1 (+3.0)/60.8 (-1.5)) and for anti-VEGF
at 36 months (68.0, +10.9) Mean number of treatments
were 5.1/1.5/1.2 at 12 months, 5.9/1.7/1.2 at 18
months for all three groups and 10.3 at 36 months for
anti-VEGF.
Conclusions Visual acuity improvements were higher
and more sustained with anti-VEGF. Higher treatment
burden occurred with anti-VEGF but this reduced over
36 months. Patients with better vision at baseline than
those in the clinical trials maintained high levels of vision
with both anti-VEGF and dexamethasone.
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Introduction
Branch retinal vein occlusion (BRVO) is a common
cause of vision loss with an incidence of between
0.5% to 1.2%.1 Five per cent of patients present
with bilateral disease and 10% develop disease in
both eyes within 10 years of the initial diagnosis. If
untreated BRVO leads to significant loss of vision,

only 50% to 60% of untreated eyes will retain
visual acuity of 6/12 or more after 1 year.2
Secondary macular oedema (MO) is the most
common cause of visual loss in BRVO. Five to
fifteen per cent of patients develop MO within
12 months of diagnosis and 50% of these suffer
visual loss.3 Three principle treatment options
for MO secondary to BRVO are discussed in the
Royal College of Ophthalmologists’ guidelines:
macular laser, intravitreal injections of anti-
vascularendothelial growth factor (anti-VEGF) and
steroid implants.4
Of the three treatments, macular laser was the
first to be shown to be effective, when, in 1986, the
Branch Retinal Vein Occlusion Study demonstrated
that, at 36 months, 28 of 43 (63%) participants
who had macular laser for MO gained two or more
lines of vision on a Snellen chart compared with 13
(37%) who were untreated.2
The first evidence of the effectiveness of both
anti-VEGF and steroid implants was published in
reports of two separate trials in 2011. In the BRAVO
study, ranibizumab—an anti-VEGF treatment—was
given monthly for six doses and then as required
for the following 6 months. Patients achieved a
mean gain of 18.3 letters at month 6 with stability
thereafter using a mean of 5.7 injections in the first
6 months and 2.7 in the second 6 months.5 Twenty
per cent of patients received macular laser at month
5 in accordance with the trial protocol for suboptimal response. The GENEVA study programme
evaluated the use of the intravitreal steroid implant
dexamethasone (Ozurdex) for RVO. The subgroup
of patients diagnosed with BRVO achieved a peak
mean gain of 10 letters and had a mean ETDRS
letter gain of six letters.6 Retreatment was allowed
at 6 months and the benefit at 12 months was
again six letters. Further trials of both treatments,
including other anti-VEGF agents, followed. In the
VIBRANT study, patients given monthly injections
of aflibercept achieved a mean gain of 17 letters at
6 months with a mean of 5.7 injections.7
The 2015 RVO guidelines state that ‘although
any of these drugs may be used as first line for this
condition, anti-VEGF is preferred in eyes with a
previous history of glaucoma and younger patients
who are phakic. Ozurdex may be a better choice
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Real world evidence on 5661 patients treated for
macular oedema secondary to branch retinal vein
occlusion with intravitreal anti-vascular endothelial
growth factor, intravitreal dexamethasone or
macular laser
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but that the studied treatments were nevertheless effective, and
effective in wider populations than were included within the
criteria of relevant trials.14 15 This study evaluates the effectiveness and treatment burden of anti-VEGF therapy, intravitreal
dexamethasone and macular laser for BRVO, in the same large
data set, that of the UK EMR Users group, identifying a much
larger group of patients than earlier studies. We seek to complement the evidence that has emerged from clinical trials, asking
three questions:
1. Do patients treated outside of clinical trials have the same
positive outcomes reported in relevant trials?
2. Do patients who are outside the typical trial inclusion criteria
benefit from treatment?
3. Are the benefits sustained after the period for which trial
patients were followed up?
We also looked at data on what proportion of patients switched
between the three recommended treatments, and at what point
in treatment they switched.

Methods
Study design and inclusion criteria

Twenty-
seven sites making comprehensive use of the Medisoft EMR system to record ophthalmology treatments agreed
to contribute data to studies of retinal diseases, including
RVO. Data were recorded between 01 February 2002 and 03
September 2017. Length of follow-
up varied depending on
when the patient was first entered onto the system and for how
long the patient’s treatment and VA assessments were recorded.

Population

All patients recorded as receiving treatment for ‘branch retinal
vein occlusion’ were included. Patients with missing data for
age and gender were excluded. Patients who were not treatment

Figure 1 ConsolidatedStandards of Reporting Trials flow diagram for the entire patient population. anti-VEGF,anti-vascular endothelial growth
factor; BRVO, branchretinal vein occlusion; DMO, diabetic macular oedema; PDR, proliferativediabetic retinopathy; VA,visual acuity.
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in patients with recent cardiovascular events and in those who
do not favour monthly injections’.4 More recently head-
to-
head evidence comparing the two categories of treatment has
become clearer and a recent meta-analysis identified four trials
assessing 643 eyes with BRVO and found that anti-VEGF treatments showed a greater improvement in visual acuity than the
dexamethasone implants: a mean difference between treatments
of 9.25 letters at 6 or 12 months.8
In addition to these clinical trials, some limited analyses of
‘real world evidence’ have been published. For example, Rezar et
al followed 14 patients treated for BRVO with ranibizumab and
found an improvement from a mean of 44 to 76 letters at long-
term follow-up.9 Wecker et al present data on 351 eyes treated
with anti-VEGF for RVO and showed that a stable percentage of
the number being treated had a >15 letter gain: 24.2% (1 year),
26.3% (2 years) and 24.2% (5 years), but note that the number
being treated (and therefore recorded in the data set) drops to
198 at year 1 and 33 at year 5.10 Chatziralli et al analysed routine
data from 29 BRVO patients treated with ranibizumab, with a
mean visual acuity (VA) of 63.7 at baseline, and found improvements to 74.9 at 12 months and 77.4 at 24 months.11 Spooner et
al followed 31 eyes treated for BRVO with anti-VEGF for 5 years
and found a mean change in VA of +14.1 letters.12 We found
only one study that compared anti-VEGF and other treatments
using real world data, that of Winterhalter et al who present data
on visual acuity after 6 months of treatment with ranibizumab
(n=58) or dexamethasone (n=48) and found improvements in
the mean visual acuity of both groups (from 59.5 to 67 and from
54.5 to 65.5).13
The UK EMR Users group has previously analysed data
obtained from an electronic medical record (EMR), first looking
at patients with age-
related macular degeneration and then
patients with diabetic macular oedema. They found that real
world visual outcomes were not as good as those in clinical trials
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Visual acuity measurement
Visual acuity was measured as a part of routine clinical practice and recorded as an ETDRS score, Snellen or LogMar acuity
measurement. All numerical measurements were converted to
an ETDRS letter score using a standard algorithm.17 A number
of eyes were recorded as having baseline vision of ‘counting
fingers’ or ‘hand movements’. Numbers in these categories are
reported but these eyes are excluded from numerical analyses
using pooled VA measurements. Eyes where VA measurements
decreased to ‘counting fingers’ or lower levels were given a value
of 0 when calculating mean ETDRS scores.

Statistical analysis
To compare the effectiveness of the three treatment modalities,
measurements of absolute VA and change from baseline visual
acuity were plotted for each of the three treatment groups for
all patients over 3 years from baseline at approximately monthly
intervals. Figures for mean VA and mean changes in VA each
month from baseline were calculated using data only from the
patients measured in that month, no interpolated data was used
in calculations, but in the patients’ trajectories are illustrated in
the figures by carrying forward individuals’ measured VA until
the next measurement. The impact of length of follow-up on
outcome was assessed by charting the VA measurements over
time separately for three cohorts defined by length of follow-up.
Numbers were sufficiently high in the anti-VEGF group to
allow assessment of the impact of age and VA at baseline by
stratification into quintiles. Kaplan-Meier figures were plotted
to show time to treatment switching and time to 15 letter loss.
Treatment burden was evaluated using number of visits and
number of injections.
Signed permission to analyse anonymised data was returned
from the lead clinician and Caldicott guardian (the clinician
responsible for data protection in an NHS (National Health
Service) trust) at each participating trust. Fully anonymised data
was extracted on 11 December 2017.

Table 1 Demographic information and mean visual acuity at
baseline and 6, 12, 18, 24 and 36 months (the number of eyes
with a measurement at each point is shown in parentheses). Data
on treatment burden and the numbers and percentages of eyes
switching treatment are also shown
Macular laser

Dexamethasone

Mean age at baseline 72.0

Anti-VEGF

72.5

71.9

Gender (% male)

47.4

48.6

45.9

Baseline CF (%)

57 (1.3)

14 (2.2)

14 (2.1)

Baseline HM (%)

23 (0.6)

2 (0.3)

3 (0.4)

Mean VA in ETDRS letters (n)
 
At baseline

57.1 (3859)

62.3 (620)

53.1 (659)

 
At 6 months

65.9 (1598)

60.9 (110)

59.7 (188)

 
At 12 months

66.7 (1042)

63.2 (53)

57.6 (95)

 
At 18 months

66.6 (713)

60.8 (48)

56.1 (71)

 
At 24 months

67.2 (485)

56.4 (30)

59.3 (45)

 
At 36 months

68 (203)

50.1 (23)

62.9 (20)

anti-VEGF, anti-vascular endothelial growth factor; CF, counting fingers; HM, hand
movement; VA, visual acuity.

Anti-VEGF

Macular laser

Visits

Visits Treatments Visits

Treatments

Dexamethasone
Treatments

Mean total visits and treatment visits (per patient)
 
At 6 months

5.2

3.8

2.3

1.1

3.9

1.3

 
At 12 months

7.9

5.1

3.2

1.2

5.6

1.5

 
At 18 months

9.5

5.9

3.8

1.2

6.6

1.7

 
At 24 months

10.6

6.4

4.2

1.2

7.2

1.7

 
At 36 months

11.7

6.9

4.6

1.2

7.8

1.7

Treatment switching (%)
 
To anti-VEGF

–

80 (12.6)

 
To macular laser

267 (6.8)

–

 
To
dexamethasone

162 (4.1)

83 (13.0)

285 (42.2)
63 (9.3)
–

anti-VEGF, anti-vascular endothelial growth factor.

Results

Of the 19 141 eyes with a recorded diagnosis of BRVO, 5251
were included in the study, reasons for exclusion are listed in the
Consolidated Standards of Reporting Trials diagram in figure 1.
The mean age of the study population was 72.1 years, and 47.4%
of patients were male. Ethnicity was recorded for only 64%, of
those 87% were recorded as White. All quintiles of social deprivation were approximately equally represented.

Visual acuity

The age, gender and mean VA of the three treatment groups at
baseline and 6, 12, 18, 24 and 36 months in ETDRS letters, are
shown in table 1.
Patients were lost to follow-up (the reasons for which are not
recorded in the data) at a roughly constant rate, starting immediately after baseline with a peak at 4 months. The mean period
for which data was recorded on a patient was 1.4 years. The
numbers in the cohort therefore fall rapidly, with 1090 patients
having a measurement at 12 months and 560 and 246 at 24
and 36 months, respectively. Only 15 patients have 5 years or
more of data. Table 1 also illustrates treatment burden across
the whole population over 36 months with a mean of 10.3 visits
ranging from a mean of 4.6 to 11.7 visits depending on treatment type. Sixty-three (1.2%) of the 5188 patients in the study
had a second eye treated (anti-VEGF: 45, laser: 9, dexamethasone: 9). Patients were included in the study until either the
last recorded VA measurement or the last recorded measurement
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naïve or were receiving one of the treatments of interest for
another condition were excluded, for example, patients with
proliferative diabetic retinopathy or ‘clinically significant
macular oedema’ were excluded as it could not be certain
that the MO for which these patients were being treated was
secondary to BRVO. Patients with a record of cataract surgery
in the 3 months before the first treatment for BRVO were also
excluded. Patients who had been flagged as receiving treatments as part of a blinded randomised trial were also excluded.
Any event where data was missing was also excluded. Patients
receiving intravitreal triamcinolone were excluded because of
the 126 eyes initiated on this treatment only 24 met our inclusion criteria.
The date of exit from the study for a patient was defined as the
date of either the last VA measurement or the last VA measurement prior to switching treatment modality or receiving cataract
surgery.
Patients were divided into three cohorts according to the
treatment received: (1) the ‘anti-VEGF’ cohort including ranibizumab (Lucentis), and aflibercept (Eylea); (2) the ‘dexamethasone’ (Ozurdex) cohort and (3) the ‘macular laser’ cohort.
Data on age (years) and ethnicity were extracted from the local
patient administration system. Social deprivation was assessed
using the 2015 Index of Multiple Deprivation for all patients
and stratified in quintiles.16
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before the patient switched treatment or received cataract
surgery. Numbers of patients switching between the different
treatments are given in table 1.
Figure 2 shows the mean VA and absolute change in VA from
baseline in the three groups, defined by treatment type. Figure 3
shows the mean VA and absolute change in VA from baseline for
the study population stratified by baseline VA quintiles. Figure 4
illustrates the difference in VA measurements over time for
patients above and below the upper threshold for inclusion in
the VIBRANT and GENEVA studies.

Discussion

This study is the largest to report on a cohort of UK patients
with BRVO. It provides detailed information about outcomes
and treatments of 5188 patients, with 246 patients followed
up for 3 years. The demographic data show that the patients in
the three treatment groups were of similar age, and had similar
mixes of gender, ethnicity and similar scores for social deprivation. The mean baseline visual acuity was higher for patients
treated with macular laser and lower for patients treated with
dexamethasone. It is possible that clinician or patient choice of
treatment is influenced by the perceived severity of the occlusion,
with less severe being offered macular laser. To assess whether
the difference in outcomes between patients treated with

anti-VEGF and dexamethasone was due to severity of disease we
compared baseline central retinal thickness of eyes treated with
anti-VEGF (n=249, mean=529 µm) or dexamethasone (n=110,
mean=515 µm), where the measurement was recorded on a
Heidelberg Spectralis machine (only very small numbers of eyes
had measurements recorded using other devices): the difference
is not statistically significant (p=0.44).
Relative gains in VA for patients treated with anti-VEGF were
lower than in key clinical trials: 11.5 at 12 months compared
with 18.4 in the 0.5 mg ranibizumab cohort in BRAVO. Fewer
injections were given in this study. Patients in the anti-VEGF
cohort had a mean of 5.1 injections in the first 12 months. This
partly reflects that many more patients in this study dropped
out, but the figure is still only 6.0 when patients who dropped
out before 12 months are excluded. This compares to 8.5 over
12 months in BRAVO and 9.0 in the first 48 weeks of VIBRANT.
Mean baseline VAs in these studies was comparable at 56 ETDRS
letters for BRAVO and 59 for the treatment group in VIBRANT,
compared with 57.1 in this cohort.
Gains in VA with dexamethasone at 12 months (+4.5) fell
short of trial outcomes, using patients in the GENEVA study for
comparison (+6). This may be because baseline VA was 57.7
in this cohort compared with 54 in GENEVA and fewer treatments were given over 12 months, 1.5 compared with two for

Figure 3 Mean (left) and change (right) in VA stratified by baseline VA for the entire cohort. Percentage of patients at baseline with a measurement
at 36 months for each quintile is: Q1: 4.6%, Q2: 7%, Q3: 4.7%, Q4: 5.2%, Q5: 5%. VA, visual acuity.
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Figure 2 Mean VA (left) and change from baseline in VA (right) during the first 3 years for 215 all treatment groups. anti-VEGF,anti-vascular
endothelial growth factor; VA, visualacuity.
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the retreatment group in GENEVA.6 It should also be noted
that more recent experience with dexamethasone suggests that
retreatment before 6 months improves outcomes.18
Possible explanations of the reduced effectiveness include
different case selection and dropout, fewer treatments and the
effect of higher starting visual acuity. A key outcome of the study
is that although patients with the lowest baseline VA show the
greatest absolute improvement, patients treated with the highest
baseline VA have the best outcomes. Patients with worse starting
VA did not reach that of those with better starting acuity, an
effect also seen with treatment of neovascular age-
related
macular degeneration(nvAMD), indicating that early access to
treatment is beneficial.14 As is clearly shown in figure 4, patients
with baseline VA that was above the threshold used for inclusion
in the VIBRANT and GENEVA trials (and in the head-to-head
comparisons of anti-VEGF and steroid injections reviewed by
Gao L, Zhou L, Tian C, et al8) had better outcomes than those
included in the trials.
Our study provides data on the long-term consequences of
treatment with BRVO, longer than has been reported in any of
the clinical trials to date. Patients clearly maintain vision longer
when treated with anti-
VEGF than with either intravitreal
steroids or with macular laser.
Patients were more likely to improve when treated with
anti-VEGF than with the alternative treatments. The cohort of
patients treated with laser or with dexamethasone either did not
improve or failed to maintain their improvement. It is important
to appreciate that this may in part be because the three treatment
cohorts start with different mean visual acuities. This effect is
not however, related to the treatment for cataracts since these
patients were excluded.
The burden of visits and of treatment is greater with anti-
VEGF than alternatives, but this has to be considered in the
context of the better outcomes. It is worth noting that the additional number of visits required is lower in later years.
The proportion of patients with severe visual loss (‘counting
fingers’ or less) is considerably lower in the group treated with
anti-VEGF compared with both alternatives.
This study uses real world data and has the advantages and
disadvantages of studies reporting on the routine care received by
patients outside of the controlled environment of clinical trials.
A particular difficulty is that of missing data. Not all patients are
assessed for visual acuity at the same point in time, many patients
are lost to follow-up and there is no way to determine whether

the data is censored because of patients moved, declined further
treatment or died. It should be noted that the shift in the mean
VA measurement over time may not reflect the trajectories of
individual patients but the changing composition of the cohort
as more and more patients are progressively lost to follow-up or
switched to alternative therapies.
This is largest study yet in the UK for patients with this condition and the outcomes should help inform clinician and patient
choice and the planning of services. It shows that patients treated
with the highest baseline VA have the best outcomes, presenting
a strong argument for the prompt initiation of treatment.
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Figure 4 Mean in visual acuity for patients in our study who met the inclusion criteria for the VIBRANT and GENEVA trials, compared with that for
patients with baseline visual acuity above the level set in each trial.
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