Factors affecting
visual outcomes in
patients with
diabetic macular
edema treated with
ranibizumab

Abstract

Purpose To identify factors associated with
visual outcomes in patients with diabetic
macular edema (DME) treated with rani-
bizumab (RBZ) in the Ranibizumab for
Edema of the mAcula in Diabetes—Protocol
2 (READ-2) Study.

Patients and methods Optical coherence
tomography scans, fundus photographs, and
fluorescein angiograms (FAs) were graded and
along with baseline characteristics were
correlated with month (M) 24 visual outcome
of best-corrected visual acuity (BCVA) <20/100
(poor outcome) vs >20/100 (better outcome).
Results Of 101 patients with a M20 visit

or beyond, 27 (27%) had BCVA <20/100.
Comparison of patients with or without poor
outcome showed mean baseline BCVA of 16.8
letters (20/125) in the former compared with
30.4 letters (20/63; P <0.001). Mean change in
BCVA between baseline and M24 was —2.6
letters in the poor outcome group compared
with +9.8 letters (P<0.001). Foveal thickness
(FTH) at M24 was 374.1 um in the poor
outcome group compared with 268.8 yum
(P<0.01), a difference driven by 14 patients
with mean FTH of 450.3 um. Foveal atrophy
occurred in 65% (11/17) in the poor outcome
group compared with 17%(12/71, P =0.001).
Persistent edema was noted in 52% (14/27) of
patients with poor outcome. Laser scars near
foveal center were significantly more
common in patients with poor outcome who
did not have edema vs those who did

(78% (7/9) vs 23% (3/13) P =0.03).

Conclusion Poor baseline BCVA (<20/125)
in DME patients predicts poor visual
outcome (<20/100) after 2 years of treatment
with RBZ and/or focal/grid laser, often due to
foveal atrophy and/or persistent edema.

Eye (2014) 28, 269-278

© 2014 Macmillan Publishers Limited All rights reserved 0950-222X/14 @‘

vvww.nature.com/eye

R Channa', R Sophie’, AA Khwaja', DV Do'?3,
G Hafiz', QD Nguyen'-3, PA Campochiaro’ and the
READ-2 Study Group?

Eye (2014) 28, 269-278; doi:10.1038/eye.2013.245;
published online 22 November 2013

Keywords: macular edema; diabetic macular
edema; ranibizumab; anti-VEGF

Introduction

Diabetic retinopathy is a prevalent cause of
reduced vision, mostly due to diabetic macular
edema (DME).! Although the pathogenesis of
DME is not completely understood, recent
studies have demonstrated that vascular
endothelial growth factor (VEGF) has a major
role.>? The first study to clearly implicate VEGF
was the Ranibizumab for Edema of the mAcula
in Diabetes (READ) trial, which demonstrated a
mean improvement in best-corrected visual
acuity (BCVA) of 12.3 letters in patients with
chronic DME given five intraocular injections of
0.5mg of ranibizumab (RBZ) over the course of
7 months.? This led to the READ-2 study, in
which patients with DME were randomized to
receive intraocular injections of RBZ (RBZ
group), focal/grid laser (laser group), or a
combination of RBZ and focal/grid laser

(RBZ +laser group). At the month (M) 6
primary end point, RBZ patients who were
treated with intraocular injections of 0.5 mg of
RBZ at baseline and months 1, 3, and 5 showed
a mean improvement in BCVA of 7.2 letters
compared with — 0.4 letters in the laser group
(P=0.01), whereas RBZ + laser patients had a
mean improvement of 3.8 letters (P =0.08).3
After the primary end point, patients in the RBZ
group were seen every 2 months and if foveal
thickness (FTH, center subfield thickness) was
250 ym or greater, with time domain optical
coherence tomography (OCT), they were treated
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with 0.5mg RBZ. Patients in the laser group were seen
every 2 months and if FTH was 250 um or greater, they
could be treated with laser or RBZ. Patients in

RBZ + laser group were seen every 3 months and if FTH
was 250 um or greater, they could receive laser plus RBZ
or RBZ alone. At M24, the mean improvement in BCVA
letters was 7.7, 5.1, and 6.8 in RBZ, laser, and RBZ + laser
groups.* Some patients had an outstanding outcome,
with 45, 44, and 35% of patients having a M24 BCVA
>20/40, whereas others fared less well. In this study, we
sought to determine why some patients in the READ-2
study had a suboptimal visual outcome.

Materials and methods

The design and protocol of the READ-2 study have been
described in detail elsewhere®* and are summarized
here. After the primary end point at M6, patients and
investigators had the option to switch to RBZ only
treatment. Consequently, during the 18-month follow-up
period, patients in all three groups were mostly treated
with RBZ alone. Patients were divided based upon visual
outcome at M24 into poor visual outcome (<20/100) vs
better visual outcome (>20/100). Patients in the poor
visual outcome group were further divided into two
groups based on presence (poor vision/edema) or
absence (poor vision/no edema) of edema contributing
to poor BCVA. Edema was judged to be contributing to
poor vision if there was foveal thickening at M24, and
during months 12-24 there was a correlation between
reduced FTH and improved BCVA. Patients were
included in the analysis if they had completed 2024
months of the READ-2 study, and M24 data were used
when available. If a patient did not have the M24 study
visit, but had a study visit at M20 or beyond, the last
observation was carried forward. If fundus photography
and fluorescein angiography (FA) images from M24 were
not available, images from M12 were used for analysis as
long as no laser treatment was administered between
months 12 and 24. Data regarding demographics,
baseline characteristics, BCVA, presence of edema, FTH,
treatment received during the study, and grading of
fundus photographs and FA images were analyzed and
compared among groups. Fundus photography and FAs
were analyzed at the Wilmer Retinal Imaging Research
and Reading Center (RIRRC) for the presence of the
following characteristics: evidence of extensive laser
treatment, foveal atrophy, laser within 1 mm of the fovea,
pigment changes within 1 mm of the fovea, and severe
macular ischemia. Information regarding duration of
macular edema was obtained from patient charts in
which macular edema was first documented as a finding
on exam or ophthalmic imaging. FTH of the central 1 mm
of the macula was measured using Stratus Optical
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Coherence Tomography, scans were reviewed at the
RIRRC and the thickness values were used for analysis.
Images were received electronically from all sites via a
central database. Images acquired from different cameras
were resized to have uniform dimensions across images,
an ETDRS grid was overlaid, the area of the macula
covered by laser scars was measured using the software
Image J (National Institutes of Health, Bethesda, MD,
USA; available at http://rsbweb.nih.gov) and expressed
as a percentage of the total area covered by the ETDRS
grid. Patients were considered to have evidence of
extensive laser treatment if more than 20% of the macula
had laser scars or if patients had a history of having
received laser treatment with more than 200 burns before
being enrolled in the study. Laser scars were further
assessed to look for presence in the central 1 mm of the
ETDRS grid to determine whether laser treatment closer
to the fovea was associated with poor visual outcomes.
Severe macular ischemia was considered to be present if
there was closure of perifoveal capillaries for 360°
extending at least 1 mm from the fovea. Foveal atrophy
was judged from the presence of window defect on FA
and retinal thinning on OCT images. If hyper- or
hypopigmentary changes were identified on color FP in
the central 1 mm of the macula, the patient was judged to
have pigmentary changes.

Statistical Package for the Social Sciences version 19
(SPSS Inc., Chicago, IL, USA) was used for statistical
analysis. For the purposes of analysis, fundus photo and
FA characteristics that could not be graded were
considered as missing values. The independent samples
t-test was used for parametric variables, and the
Wilcoxon Signed-Rank test was used for non-parametric
variables. Differences in proportion among categorical
variables were determined using Pearson’s 5> and
Fisher’s exact test. Variables that had a P-value of
<0.05 upon univariate analysis were selected for the
multivariate model. We certify that all applicable
institutional and governmental regulations concerning
the ethical use of human volunteers were followed
during this research.

Results

The M24 disposition, visual outcome, and anatomic
outcome of patients in the READ-2 study have been
previously published.* Of the 126 patients originally
enrolled in the study, 101 had a study visit at M20 or
beyond and are included in the analysis. Two patients
had reduced vision at M24 owing to disease processes
unrelated to DME or its treatment: one had vitreous
hemorrhage and the other had a retinal vein occlusion.
Fundus photographs and FAs were available for

95 of the remaining 99 patients and were analyzed.


http://rsbweb.nih.gov

At M24, 27 (27%) had BCVA <20/100 and were
classified as having poor visual outcome. Of the
patients who had a better visual outcome, 42 (57%) had
BCVA >20/40. The characteristics of patients with a poor
visual outcome were compared with those of the

74 (73%) patients who had a better visual outcome.

Effect of baseline characteristics and original treatment
assignment on visual outcome

The baseline characteristics of the groups are shown in
Table 1. There were no significant differences in duration
of DME, age, or race. The percentage of female patients
was greater (P =0.03 by univariate analysis) in the poor
visual outcome (59%) vs the better outcome group (35%).
The mean BCVA at baseline was 16.8 letters (20/125) in
the poor outcome group vs 30.4 letters (20/63) in the
better outcome group (P <0.001 by univariate and 0.001
by multivariate analyses).

The major differences in treatment occurred in the first
6 months of the trial and at the M6 primary end point,
improvement from baseline BCVA was significantly
greater in the RBZ group compared with the focal/grid
laser group.® After M6, RBZ was available to all patients
as frequently as every 2 months if FTH was 250 um or

Table 1 Baseline characteristics of patients in the study
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greater, and at M24 there was no longer any difference in
visual outcome among the three treatment groups.*

Effect of treatment on visual outcome and course
throughout trial

The mean number of RBZ injections through M24 (6.9 vs
5.9, P=0.27) and the mean number of focal/grid laser
treatments administered before and during the study
(3.0 vs 2.7, P =0.59) were not significantly different in the
poor vs better outcome group (Table 2). The peak BCVA
recorded for all study visits provides an assessment of
visual potential. The mean peak BCVA was 28.4 letters
(20/63) in poor visual outcome group vs 44 letters
(20/32) in the better outcome group (P <0.001). The
difference between baseline and peak BCVA was not
significantly different in the poor (11.7 letters) vs better
outcome group 13.6 (P =0.28). Patients in the poor visual
outcome group did not maintain BCVA at peak and on
average lost 2.6 letters compared with a gain of 9.8 letters
in the better outcome group (P <0.001). The average time
point in the study at which maximum improvement in
VA occurred was significantly earlier in the poor vs the
better visual outcome group (12 vs 17 months; P =0.002).

Patient characteristics Poor outcome (n=27) Better outcome (n=74) P-value
Gender (% women)? 16 (59) 26 (35) 0.03
Race (% Caucasian) 19 (70) 52 (70) 0.44
Mean age (years) 64.9 62.4 0.19
Duration of DME (mos) 32.3 23.6 0.29
Mean BCVA in ETDRS letters (Snellen)? 16.8 (20/125) 30.4 (20/63) <0.001
Mean foveal thickness (um) 496.6 427.0 0.06
Patients randomized to ranibizumab group (%) 8 (30) 25 (34) 0.79
Patients randomized to laser group (%) 10 (37) 24 (32) 0.67
Patients randomized to ranibizumab + laser group (%) 9 (33) 25 (34) 0.97
Abbreviations: BCVA, best-corrected visual acuity; ETDRS, early treatment diabetic retinopathy study; mos, months.

?Significant with P <0.05 on univariate analysis.

Table 2 Vision and anatomic outcomes and treatments administered

Outcomes and treatments Poor outcome (n=27) Better outcome (n=74) P-value
Mean number of RBZ injections over 24 mos 6.9 5.9 0.27
Mean number of focal laser treatments before and during study 3.0 2.7 0.59
Mean peak VA® 28.4 (20/63) 44.0 (20/32) <0.001
Mean change in VA from baseline to peak 11.7 13.6 0.28
Time from baseline to peak VA? 12.0 17.0 0.002
Mean change in VA from baseline to M24° —-2.6 9.8 <0.001
Mean VA M24° 14.1 (20/125) 40.0 (20/40) <0.001
FTH at M24 (um)* 374.1 268.8 0.005
Patients who had cataract progression (%) 3 (11.1) 10 (13.5) 1.0
Patients who had cataract surgery (%) 13.7) 4 (5.4) 1.0

Abbreviations: BCVA, best-corrected visual acuity; M, month; mos, months.
?Significant with P <0.05 on univariate analysis.
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Mean FTH at M24 was 374.1 yum in the poor visual
outcome group vs 268.8 um in the better outcome group
(P =0.005 by univariate and P =0.01 by multivariate
analysis; Table 2).

Effect of cataract surgery or cataract progression on
visual outcome

Between baseline and M24, 1 of 27 patients in the poor
outcome group and 4/74 in the better outcome group
underwent cataract surgery, and 3/27 patients in the
poor outcome group and 10/74 in the better outcome
group had progression of cataract that was not severe
enough to consider cataract surgery. Neither of these
differences was statistically significant (Table 2).

Differences in fluorescein angiographic and treatment
characteristics between groups

Of the 95 sets of color and FA images available for
analysis, the following could not be graded: two images
for the presence of laser scars in the central 1 mm, seven
for foveal atrophy, one for pigmentary changes in the
fovea, and nine for the presence of severe macular
ischemia. Table 3 summarizes the color photographic and
FA characteristics between the groups. Foveal atrophy

Table 3 Characteristics identified on fluorescein angiogram

Fluorescein Poor outcome  Better outcome P-value
angiographic % (n/n graded)  %(n/n graded)
characteristics

Foveal atrophy® 65 (11/17) 17 (12/71) <0.001
Pigmentary changes 70 (16/23) 39 (28/71) 0.01
in the fovea®

Extensive laser 58 (14/24) 45 (32/71) 0.26
Laser in central 1mm 46 (10/22) 52 (37/71) 0.59
Severe macular 21 (4/19) 10 (7/67) 0.25

ischemia

#Significant with P<0.05 on univariate analysis.

Table 4 Multivariate analysis of factors associated with poor
visual outcomes in the READ-2 study

Variables Odds ratio 95% CI P-value
BCVA at BL* 0.83 0.75-0.93 0.001
Male gender 0.75 0.17-3.3 0.70
FTH at M24? 1.008 1.002-1.013 0.01
Foveal atrophy?® 14.3 1.8-117.1 0.01
Pigmentary changes 0.42 0.5-3.3 0.41

in the fovea

Abbreviations: BCVA, best-corrected visual acuity; BL, baseline;
FTH, foveal thickness; M, month.
#Significant with P <0.05 on multivariate analysis.
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was identified in 65% (11/17) in the poor outcome group
and 17% (12/71) in the better outcome group (P <0.001
by univariate and P =0.01 by multivariate analysis,
Table 4). Pigmentary changes in the fovea were more
frequent in patients in the poor outcome vs better
outcome groups (70 vs 39%, P =0.01); however, this
difference was not significant by multivariate analysis.
Extensive macular laser treatment and laser within the
central 1 mm were almost equivalent among groups: 58%
(14/24) and 46% (10/22) in poor visual outcome vs 45%
(32/71) and 52% (37/71) in the better outcome groups
(P=0.26 and P=0.59). Severe macular ischemia was
present in 4 of 17 (21%) in the poor visual outcome group
and 7 of 67 (10%) in the better outcome group (P =0.25).

Further analysis of patients with poor VA outcome

Among the 27 patients in the poor visual outcome group,
edema could not be ruled out as a cause of poor VA in 14,
although 13 patients had little or no edema. Figure 1
shows images from a patient in which persistent/
recurrent edema contributed to poor visual outcome, and
Figure 2 shows images from a patient who had a poor
visual outcome despite the absence of edema. Table 5
summarizes differences in characteristics between the
two groups. There were no significant differences in
gender, race, age, duration of disease, BCVA, or FTH at
baseline. There was a higher percentage of patients in the
RBZ group (50% (7/14) vs 7% (1/13), P=0.03) and a
lower percentage in the RBZ + laser group (14% (2/14) vs
54% (7/13), P=0.04) who had edema at the M24 visit.
The mean times to peak BCVA and the magnitude of
peak BCVA gain were similar between groups (10.2 vs
13.6, P=0.2; 15.0 vs 8.1, P =0.35). However, patients in
the edema group maintained BCVA between baseline
and M24, whereas patients in the edema-free group lost
on average 5.9 letters between baseline and M24. Patients
with edema required a significantly higher number of
injections (9.2 vs 4.3, P<0.001), and FTH at M24 was
higher (450.3 um vs 292.2 yum, P =0.004). The percentage
of patients who received extensive laser treatments as
well as total number of laser treatments was similar
between groups (46% (6/13) vs 73% (8/11), P =0.24;

2.5 vs 3.4, P=0.29). However, laser in the central 1 mm
was significantly more frequent in the edema-free group
(78% (7/9) vs 23% (3/13), P =0.03). Owing to the small
numbers, this sub-analysis was not adjusted for possible
confounding variables.

Discussion

Several studies have demonstrated that VEGF
antagonists provide benefit in patients with DME.3-8
These studies show that on average patients with DME
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Figure1 ImagesatM24 of a patient with poor visual outcome in which recurrent macular edema contributed. Fundus photograph (a)
and red-free photograph (b) show some pigmentary changes adjacent to the fovea, laser burns temporally, exudates inferiorly, and a
few hemorrhages and microaneurysms. An early frame of a FA taken 43s after dye injection (c) shows many microaneurysms and
areas of capillary closure temporally and superiorly. A late frame of the FA taken 11 min and 3s after dye injection (d) shows severe
leakage with pooling of dye in the fovea in a petaloid pattern. A horizontal time domain OCT scan through the fovea (e) shows severe

thickening and intraretinal fluid.

experience reduction in retinal thickness and
improvement in BCVA when treated with an anti-VEGF
agent or with a combination of an anti-VEGF agent and
focal/grid laser. However, although some patients
improve to near-normal levels, others are left with
substantial visual disability. In this study, we sought to
determine why visual outcomes vary in patients with
DME treated with RBZ. As the range of visual outcomes
is large and the differences among patients are large, this
sort of analysis is very complex. To reduce complexity,
we performed a categorical analysis. Given new

criteria for legal blindness when using ETDRS charts
(http:/ /wwwlighthouse.org/about-low-vision-blindness /
definition-legal-blindness /), patients with BCVA of 20/100 or
worse were considered to have a poor visual outcome.

Compared with patients who had a better visual
outcome, those with a poor outcome had a significantly
lower mean baseline BCVA. These two groups showed
almost an equal peak improvement, but the change from
baseline to M24 was — 2.6 letters in the poor outcome
group compared with + 9.8 letters in the better outcome
group. This suggests that both groups had potential for
visual gain, but it was only achieved in one of them.
Uncontrolled edema accounted for poor visual outcome
in about half the patients in the poor visual outcome
group and these patients could still have some
improvement in vision with better control of edema.

In fact, after M24, the protocol was amended and patients
were evaluated every month and recurrent or persistent
edema was treated with RBZ; this resulted in reduced
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Figure 2 Images at M24 of a patient with poor visual outcome in which recurrent macular edema did not contribute. Fundus
photograph (a) and red-free photograph (b) show some numerous laser scars surrounding the fovea (within 1 mm) and throughout the
posterior pole. An early frame of a fluorescein angiogram (FA) taken 41s after dye injection (c) shows hyper- and hypofluorescent
spots in areas of laser burns and pigmentary changes and some microaneurysms between the disc and fovea. A late frame of the FA
taken 10 min and 48 s after dye injection (d) shows mild leakage associated with the microaneursyms near the disc, but no leakage or
pooling of dye near the fovea. A horizontal time domain optical coherence tomography scan through the fovea (e) shows no thickening

or intraretinal fluid.

FTH and visual improvement in many of the patients
who had residual edema at M24.° In the remaining half
of the patients with poor visual outcome, there was no
residual edema contributing to reduced vision.

In patients with poor visual outcome, foveal atrophy
was significantly more frequent than in patients with
better outcome. This suggests that photoreceptor damage
is a major contributor to poor visual outcome. There are
several possible causes for photoreceptor damage,
including chronicity of edema, ischemia, or foveal
damage from photocoagulation. Although this study has
not provided definitive evidence that long-standing
persistent and/or recurrent edema contributed to poor
outcome, there are some hints that this may be the case.

Eye

Poor vision at baseline correlated with a poor visual
outcome and patients with more severe edema had poor
vision at baseline. Patients with poor baseline vision still
had some potential for visual improvement, because
many of them showed substantial improvement from
baseline BCVA at some point in the trial, but this
improvement was gradually lost. Whether this loss could
have been prevented by better control of edema is an
important question that should be investigated in the
future.

Macular ischemia has been suggested to be associated
with poor visual outcomes in patients with DME.!0/11
We did not find a significant association between severe
macular ischemia and poor visual outcome regardless of
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Table 5 Comparison of factors among poor vision groups

Variables Poor vision; edema Poor vision; edema P-value
contributory group 1A not contributory group 1B
(n=14) (n=13)

Baseline characteristics
Gender (% women) 6 (43) 10 (77) 0.12
Race (% Caucasian) 8 (57.1) 11 (84.6) 0.11
Age (mean years) 65.8 64.0 0.65
Duration of disease (mos) 39.5 23.6 0.29
Mean BCVA in ETDRS letters (Snellen) 15.4 (20/125) 18.3 (20/125) 0.44
Mean FTH (um) 481.4 512.9 0.84
Patients belonging to original READ-2 ranibizumab group (%)* 7 (50) 1@) 0.03
Patients belonging to original READ-2 laser group (%) 5 (36) 5 (39) 1.0
Patients belonging to original READ-2 ranibizumab -+ laser (%)* 2 (14) 7 (54) 0.04

Visual acuity (in ETDRS letters), anatomic outcomes (in um) and treatment history
VA M24 15.8 (20/125) 12.4 (20/160) 0.14
Delta VA M24 0.4 —-59 0.23
Peak VA during 24 mos 30.4 (20/63) 26.4 (20/80) 0.10
Delta VA peak 15.0 8.1 0.35
time from baseline to peak VA 10.2 13.6 0.2
Mean number of RBZ injections over 24 mos® 9.2 4.3 <0.001
Mean number of focal laser treatments before and during the study 2.5 3.4 0.29
FTH M242 450.3 292.2 0.004

Percentage frequencies of characteristics identified on fluorescein angiogram (n/n graded)
Extensive laser 46 (6/13) 73 (8/11) 0.24
Pigmentary changes in fovea 58 (7/12) 82 (9/11) 0.37
Foveal atrophy 43 (3/7) 80 (8/10) 0.16
Definite macular ischemia 33 (3/9) 10 (1/10) 0.30
Laser in central 1 mm? 23 (3/13) 78 (7/9) 0.03

Abbreviations: BCVA/VA, best-corrected visual acuity; BL, baseline; FTH, foveal thickness; M, month; mos, months.

*Significant with P <0.05.

the presence or absence of residual edema. However,

a limitation of our study is that it was a retrospective
analysis of a clinical trial and may not have had sufficient
power to detect all differences between groups that
contribute to poor visual outcome. Therefore, we cannot
conclude that our failure to identify differences in some
of the parameters, such as severe macular ischemia,
conclusively proves that they do not exist. Surprisingly,
seven patients with a good visual outcome (>20/40)
were judged to have severe macular ischemia because of
widespread closure of perifoveal capillaries involving
360° of capillaries bordering the foveal avascular zone.
This could mean that macular ischemia does not
contribute to poor visual outcome in patients with DME,
or it may mean that closure of perifoveal capillaries is not
a valid indicator of macular ischemia and that some
patients may obtain sufficient oxygenation from the
choroid to maintain foveal function. Thus, we conclude
that dropout of perifoveal capillaries for 360° for at least
1mm around the fovea is not strongly associated with a
poor visual outcome, but as we do not know how well
this anatomic finding correlates with macular ischemia,
we cannot determine whether macular ischemia

contributes to poor outcome. One might expect that
patients with extensive macular laser are more likely to
have had foveal damage or may have exceeded a
threshold of loss of central retinal tissue that would lead
to reduced vision. However, there was no association
between patients with extensive macular laser
photocoagulation and reduced visual outcome, which is
consistent with results of a previous study.'?> Closeness of
photocoagulation burns to the fovea may be more
important than total amount of macular laser. The
percentage of patients with laser burns in the central
1mm was significantly greater in patients with a poor
visual outcome and no residual edema compared with
patients who had a poor visual outcome due to residual
edema. This raises the possibility that laser
photocoagulation in close proximity to the fovea could
contribute to poor visual outcome in patients treated
with a combination of an anti-VEGF agent and focal laser,
and it may be prudent to avoid it since we no longer have
to rely solely on laser.

In conclusion, after 2 years of treatment of DME with
RBZ no more frequently than every 2 months for
recurrent edema, about 27% of patients have a poor
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visual outcome (BCVA <20/100), with about half having
some residual edema that could be contributing. More
aggressive follow up and treatment with RBZ was able to
improve vision in some of these patients.” Foveal atrophy
was substantially more common in patients with poor
visual outcome than in patients with a better visual outcome
suggesting that photoreceptor damage was an important
contributor to reduced vision. Severity and/or chronicity of
edema may have contributed because poor vision at
baseline correlated with a poor visual outcome and,
although many patients with poor vision at baseline
showed substantial improvement from baseline BCVA at
some point in the trial, this improvement was gradually
lost. Focal laser within 1 mm of the center of the fovea was a
significant factor associated with poor vision in patients
who did not have persistent edema as a cause of poor
vision. These data suggest that treatment with anti-VEGF
agents should be initiated early in the disease process before
vision is substantially reduced. Focal laser therapy is well-
tolerated in most patients, but in view of the substantial
efficacy of anti-VEGF agents, it is prudent to avoid laser
photocoagulation in close proximity to the fovea.
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Summary

What was known before:
® Multiple studies have shown that anti-VEGF injections
can be successfully used to treat DME.

® However, a proportion of patients continue to have poor
visual outcome despite the treatment.

What this study adds:

® This study reports factors associated with poor visual
outcomes in patients with DME treated with anti-VEGF
therapy—residual macular edema accounted for poor
vision in about half the patients.

® Foveal atrophy was more common among patients with
poor visual outcome compared with those with better
outcomes.

® In patients with resolved macular edema, laser scars
within 1 mm of foveal center were associated with poor
vision.
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