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e PURPOSE: To investigate the relationship between
intraretinal macular hemorrhage and visual acuity out-
comes in eyes with central retinal vein occlusion or hemi-
retinal vein occlusion managed with aflibercept,
bevacizumab, or observation.

* DESIGN: Retrospective analysis of data from 2 random-
ized clinical trials.

e METHODS: A total of 362 participants were randomized
in the Study of Comparative Treatments for Retinal Vein
Occlusion 2, and 88 participants randomized to observa-
tion in the Standard Care vs Corticosteroid in Retinal
Vein Occlusion Study. Participants received monthly
intravitreal aflibercept or bevacizumab through month 6
or observation through month 8. The main outcome
was visual acuity letter score (VALS).

e RESULTS: Reduced area of hemorrhage by month 6 was
observed in 70.7% (116 of 164) of aflibercept-treated
eyes, 63.8% (104 of 163) of bevacizumab-treated eyes,
and 42.2% (27 of 64) of observation eyes by month 8
(P < .01). Relative to eyes with hemorrhage during
follow-up, aflibercept-treated eyes without hemorrhage
at month 6 had a mean VALS improvement of 8.0
(99%  confidence interval [CI]: 1.9, 14.2);
bevacizumab-treated eyes without hemorrhage at month
6 had a mean VALS improvement of 3.2 (99%
Cl: —4.6, 11.0); and observation eyes without hemor-
rhage at month 8 had a mean VALS improvement of
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13.5 (99% CI: 0.4, 26.5). At month 6, the presence of
hemorrhage and the change in central subfield thickness
(CST) were significantly associated with the change in
VALS; however, CST was a more important predictor.
e CONCLUSION: Improvement in hemorrhage during
follow-up was associated with visual acuity improvements
and predicted visual acuity changes beyond what was
explained by CST. These findings suggest that intrareti-
nal macular hemorrhage is an important indicator of dis-
ease severity in retinal vein occlusion. (Am ]
Ophthalmol 2021;222:185-193. © 2020 Elsevier Inc.
All rights reserved.)

NE OF THE TYPICAL FEATURES OF RETINAL VEIN
O occlusion (RVO) is the presence of intraretinal

hemorrhages. These hemorrhages are easily visu-
alized during routine examination and traditionally
regarded as a feature of the disease process because of
vascular congestion and extravasation but are not known
to directly impact visual acuity outcomes. In contrast, mac-
ular edema is the leading cause of vision loss in patients
with RVO and is monitored with optical coherence tomog-
raphy (OCT). There is substantial evidence that treatment
with anti-vascular endothelial growth factor (anti-VEGF)
agents can markedly decrease RVO-associated macular
edema;'” however, little is known about the effect of
anti-VEGF treatment on intraretinal hemorrhage associ-
ated with central RVO (CRVO) or hemiretinal vein occlu-
sion (HRVO).

The Study of COmparative Treatments for REtinal
Vein Occlusion 2 (SCORE2), a multicenter randomized
trial, demonstrated that after 6 monthly intravitreal injec-
tions, bevacizumab was noninferior to aflibercept in terms
of mean change from baseline in visual acuity letter score
(VALS) in eyes with macular edema associated with noni-
schemic CRVO or HRVO.” At month 6, a significantly
higher proportion of eyes in the aflibercept-treated group
compared with the bevacizumab-treated group demon-
strated complete resolution of macular edema on spectral
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domain OCT (SD-OCT). The predecessor Standard Care
vs COrticosteroid for REtinal Vein Occlusion (SCORE)
Study demonstrated that a gain in VALS of 15 or more
at 12 months is 5 times greater with intravitreal triamcin-
olone than observation for eyes with vision loss associated
with macular edema secondary to CRVO.°

This investigation is a retrospective analysis of both the
SCORE and SCORE2 clinical trials and had a different
goal from the previously published primary outcome reports
of the 2 studies.”® In this secondary analysis using both
SCORE and SCORE2 datasets, we compare the area of
intraretinal macular hemorrhage within the Early Treat-
ment Diabetic Retinopathy Study (ETDRS) grid at month
6 (SCORE2 eyes) or month 8 (SCORE eyes) among afli-
bercept- and bevacizumab-treated eyes (SCORE2) and
observation eyes (SCORE). Further, we examine the rela-
tionship between hemorrhage and VALS and central sub-
field thickness (CST) based on SD-OCT.

METHODS

THE SCORE STUDY AND SCORE2 WERE BOTH RANDOMIZED
clinical trials that adhered to the tenets of the Declaration
of Helsinki’ and are registered on http://www.clinicaltrials.
gov (identifiers: NCT01969708 and NCT00105027). The
SCORE Study and SCORE2 protocols received approval
from a site-specific or centralized institutional review board
(Advarra, Columbia, Maryland, for SCORE2 and Jaeb
Center for Health Research, Tampa, Florida, for the
SCORE Study), and written informed consent was ob-
tained from all participants. The SCORE Study and
SCORE2 methods have been described in detail.*’

The current report focuses on the 180 SCORE2 partici-
pants initially randomized to aflibercept (2.0 mg), the 182
participants initially randomized to bevacizumab (1.25
mg), and the 88 SCORE participants randomized to observa-
tion. In SCORE2 at months 0, 6, 12, and 24, data were
collected on best-corrected electronic ETDRS (E-ETDRS)
VALS, CST assessed by SD-OCT, and eye examinations.
Color fundus photographs were also collected at these time
points for assessment of intraretinal macular hemorrhage.
Certified photographers obtained stereoscopic digital color
fundus photographs of the disc and macula in the Study
eye. These 30-degree fundus photographs were taken at base-
line and at month 6. All images were de-identified in compli-
ance with Health Insurance Portability and Accountability
Act regulations before being sent to the Fundus Photograph
Reading Center at the University of Wisconsin. Color
fundus photograph grading was based on the RVO grading
protocol developed during the SCORE Study.'® Grading
of stereoscopic fundus photographs was performed as a single
read by a pool of 4 graders; all visits were graded indepen-
dently with graders masked to treatment assignment.
Graders identified retinal hemorrhage if there was an intra-

186 AMERICAN JOURNAL OF OPHTHALMOLOGY

retinal or subretinal red lesion >150 wm in its longest diam-
eter that was punctate, blot, or linear in appearance. Graders
evaluated fundus photographs for the presence and area of
intraretinal macular hemorrhage within the ETDRS grid
and specified if the presence of the blood involved the cen-
tral subfield. The grader assessed area of hemorrhage within
the grid into one of 4 categories: 0%, 1%-25%, 26%-50%,
and >50%. As defined in the SCORE Study protocol, the
grade of intraretinal macular hemorrhage included both
intraretinal and subretinal hemorrhage. Hemorrhage that
was observed to be below the retinal pigment epithelium
or anterior to the retina (ie, preretinal or vitreous hemor-
rhage) was not considered to be intraretinal macular hemor-
rhage. Poor quality images were graded as “cannot grade.”
Quality control was evaluated by regrading 5% of the color
fundus photographs. Analysis of the regrading exercise
showed that there was 100% agreement among graders
with regard to the area and location of the blood.

From the SCORE Study, 88 Study participants random-
ized to observation were integrated into this secondary
analysis as a control arm to compare with the SCORE?2 afli-
bercept and bevacizumab arms. In the SCORE-CRVO
trial, conducted from 2004 to 2009, participants were ran-
domized to either 1 mg of triamcinolone acetonide, 4 mg of
triamcinolone acetonide, or observation.” The visit
schedule showing when E-ETDRS, OCT scans, and color
fundus photographs were performed for the SCORE Study
differed from SCORE?2, so the month 8 visit from SCORE
was used in this analysis to compare with the month 6 visit
in SCORE2.

The eligibility criteria matched closely between the
SCORE Study and SCORE2, with both having the E-
ETDRS VALS inclusion criterion between 19 (approxi-
mate Snellen of 20/400) and 73 (approximate Snellen of
20/40) and defining a CRVO as an eye with retinal hemor-
rhage or other biomicroscopic evidence of RVO (eg, telan-
giectatic capillary bed) and a dilated venous system (or a
previously dilated venous system) in all 4 quadrants. The
SCORE Study required a retinal thickness over 250 wm
in the central subfield of the OCT topographic map formed
by 6 radial scans based on OCT?2 or Stratus OCT, whereas
SCORE?2 eligibility required a CST of at least 300 pwm if
measured with a Carl Zeiss Meditec Cirrus SD-OCT ma-
chine and at least 320 wm if measured with a Heidelberg
Spectralis OCT machine. Both studies allowed eyes to be
enrolled as early as the time of diagnosis of the macular
edema, but eyes were excluded from enrolling in the
SCORE Study more than 24 months after diagnosis.

The primary outcomes were changes over time in VALS
and CST. Comparisons were exploratory and descriptive,
all calculated using SAS version 9.4 (SAS Inc, Cary, North
Carolina, USA). Because no hypothesis testing is being
done, we limit the number of P values presented from sta-
tistical tests comparing treatment outcomes and show 99%
CI rather than the traditional 95% CI to give an idea of
variability and help account for multiple testing.
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FIGURE 1. Shift in number of steps between baseline and month 6 in the area of intraretinal macular hemorrhage.

VALS of 23.1 compared with 15.1 in those with hemor-
thage, showing a mean VALS benefit of 8.0 (99% CI:
1.9, 14.2) relative to eyes without hemorrhage (Table 2).
A smaller VALS difference of 3.2 (99% CI: —4.6, 11.0)
was noted in the bevacizumab-treated group, with those
without hemorrhage at month 6 having a mean improve-
ment in VALS of 21.1 compared with 17.9. In the SCORE
observation arm, despite an overall worsening of visual acu-
ity from baseline to month 8, the trend of better visual acu-
ity was also noted in eyes without hemorrhage at month 8
(mean change from baseline in VALS of —2.8) compared
with those with hemorrhage (mean = —16.3), with a
mean difference in VALS of 13.5 (99% CI: 0.4, 26.5) favor-
ing observation eyes without hemorrhage at month 8. This
same relationship between hemorrhage within the grid and
visual acuity outcomes was also observed when examining
the outcome of change in area of hemorrhage between
baseline and month 6 (SCORE2) or month 8 (SCORE)
(Table 2).

o ASSOCIATION OF INTRARETINAL MACULAR HEMOR-
RHAGE WITH SD-OCT CST: No association was noted be-

tween the presence of intraretinal macular hemorrhage at
month 6 and the change from baseline in CST when
comparing mean differences from baseline in CST between
the aflibercept and bevacizumab groups (Supplemental
Table 2). However, aflibercept-treated eyes had a mean
improvement in CST of —465.9 pm from baseline in those
eyes with lesser area of hemorrhage at month 6 over base-
line compared with —329.2 wm for those with the same
or greater area of hemorrhage, showing a benefit
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of —136.7 pm (99% CI: —241.3, —32.1) to eyes with an
improvement in hemorrhage. Similar findings were noted
in bevacizumab-treated eyes, where there was a benefit
of —111.5 pm (99% CI: —218.5, —4.5) based on a mean
improvement in CST of —428.8 wm over baseline in those
that had hemorrhage improvement at month 6 compared
with —317.3 pm for those with no improvement in hemor-
rhage at month 6. For eyes in the SCORE observation arm,
no trends are apparent when examining the change from
baseline to month 8 in whether there was improvement
or no improvement in area of hemorrhage (Supplemental

Table 2).

e ANALYSIS EXAMINING ASSOCIATION OF VISUAL ACU-
ITY WITH SD-OCT AND INTRARETINAL MACULAR HEMOR-
RHAGE TOGETHER: To further investigate the relative

importance of SD-OCT CST and intraretinal macular
hemorrhage status on visual acuity, 3 statistical models
were fit to the outcome of change in VALS from baseline
to month 6 (Table 3). Model 1 included both CST and
hemorrhage, whereas models 2 and 3 each included only
one of these factors. Model 1 shows that both change
from baseline to month 6 in CST and hemorrhage presence
at month 6 are associated with the change in VALS from
baseline to month 6. Table 3 also shows R%, which gives
the proportion of variance of VALS that is explained by
the regression model. Although none of the regression
models is extremely successful at predicting VALS, model
1 (R* = 0.16) is considerably better than model 3 (R* =
0.03), but only slightly better than model 2 (R* = 0.13).
As all the betas in Table 3 are significant, this suggests
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TABLE 3. Relationship of Central Subfield Thickness and Intraretinal Macular Hemorrhage Outcomes and Visual Acuity Outcome at
Month 6

Outcome: Change From Baseline to Month 6 in Visual Acuity Letter Score

Change From Baseline to Month 6 in CST

Intraretinal Macular Hemorrhage Present

(Unit = 100 pm) (Relative to no Presence) at Month 6
Model Beta Coefficient 99% Cl P Value Beta Coefficient 99% Cl P Value R?
1. Both CST and intraretinal -2.35 —-3.25, —1.45 <.0001 -5.87 —-10.52, —1.21 .0012 0.16
macular hemorrhage in model
2. CST only in model —2.36 —3.28, —1.45 <.0001 - - 0.13
3. Intraretinal macular hemorrhage - - -5.97 -10.81, —1.13 .0015 0.03

only in model

CST = central subfield thickness.

®Models also adjusted for the treatment arm (bevacizumab or aflibercept).

Extensive intraretinal macular hemorrhage has been re-
ported to reflect a more severe phenotype and biomarker of
ischemia in CRVO eyes.'”!® Intraretinal hemorrhage has
also been reported to be a marker of disease severity in
the staging of diabetic retinopathy.'’ The current analysis
demonstrates that anti-VEGF therapy was effective in
decreasing the area of hemorrhage in eyes with CRVO or
HRVO (SCORE2 cohorts) compared with the natural his-
tory of this condition (SCORE cohort). This analysis also
confirms prior analyses of the ranibizumab registration tri-
als (CRUISE and BRAVO), in which the analysis of hem-
orrhage at 12 months revealed that compared with sham
injections, monthly ranibizumab was associated with a
greater proportion of patients without hemorrhage and
fewer patients with >10 hemorrhages within the entire
retina. "’

The present analysis also importantly demonstrates an
association between visual acuity outcomes and both pres-
ence of and improvement of intraretinal macular hemor-
thage. In eyes treated with monthly intravitreal anti-
VEGEF injections for CRVO- or HRVO-associated macular
edema, the persistence of hemorrhage at 6 months for
SCORE2 or 8 months for the SCORE Study was associated
with, on average, 8-letter worse visual outcomes in eyes
treated with aflibercept and 3 letters worse in
bevacizumab-treated eyes, compared with those without re-
sidual hemorrhage. Eyes without hemorrhage at 6 months
in SCORE2 or 8 months in the SCORE Study have the
most favorable visual outcomes, followed by eyes with
improvement but not clearance of hemorrhage, and lastly
by eyes without improvement in hemorrhage. Visual out-
comes were similar when assessed by mean VALS improve-
ments from baseline to month 6. The resolution of macular
hemorrhage at 6 months is associated with a more favorable
visual acuity at 12 and 24 months compared with eyes with
persistent hemorrhage at 6 months. These analyses directly
link visual acuity and phenotypic appearance of eyes with
CRVO or HRVO. In one retrospective analysis, individ-
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uals with fovea-involving hemorrhage from branch RVO
demonstrated lower baseline and final visual acuities, and
increased risk of cystoid macular edema, compared with
branch RVO eyes without fovea-involving hemorrhage.'®

The relationship between macular edema, retinal hem-
orrhage, and visual acuity is complicated as these factors
vary along with disease severity. Eyes with more hemor-
rhage would be expected to have an increased likelihood
of ischemia, more edema, and worse visual acuity.'”
Anti-VEGEF injections disrupt the negative feedback cycle
in eyes with RVO and have been associated with less mac-
ular edema, modest improvement in capillary nonperfu-
sion,'”” and reduction in the presence of retinal
hemorrhages.! The present Study newly demonstrates
that changes in SD-OCT CST and the presence of hemor-
thage are both independent predictors of visual acuity for
eyes with CRVO- or HRVO-associated macular edema,
and, therefore, retinal hemorrhage may account for why
there is only a modest correlation between OCT and visual
acuity in eyes with macular edema and RVO in the SCORE
Study. In that Study, we found only a modest correlation
between OCT-measured center point thickness and
VALS."" The modest correlation between OCT and visual
acuity has been more robustly established in the diabetic
retinopathy literature where similar ischemia-driven
VEGEF upregulation is present.”'

Along with OCT characteristics, the persistence of
intraretinal hemorrhages is simple to visualize and may
be an important indicator of other disease activity. For
example, in eyes in which visual acuity does not improve
despite the resolution of macular edema and intraretinal
hemorrhage, other factors are likely driving the vision
loss such as macular ischemia. Treatment other than
continued anti-VEGF therapy might be considered in
such cases.

It is unknown exactly how anti-VEGF therapy affects
intraretinal macular hemorrhage and its distribution in pa-
tients with CRVO, but it has been proposed to relieve
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FIGURE 2. Mean change from baseline in visual acuity letter score (VALS) by change in retinal hemorrhage, among those with

retinal hemorrhage at baseline.

leukostasis and reduce capillary nonperfusion in animal
models.”” Anti-VEGF injections have been associated
with a reduction in capillary nonperfusion compared with
the natural history,'” and the area of retinal hemorrhage
is correlated with the area of capillary nonperfusion.””
The mechanisms of intraretinal hemorrhage development
and effects on physiology are not completely understood.
It is possible that (1) hemorrhages result from the break-
down of damaged capillary beds and are indirectly associ-
ated with areas of nonperfusion, (2) hemorrhages
themselves are directly toxic to cellular processes and
therefore detrimental to visual function, or (3) hemor-
thages are simply a visible feature of RVO. Further Study
to understand the mechanisms of hemorrhage pathophysi-
ology are necessary and have broad implications for many
common diseases. It is possible that anti-VEGF injections
may have disease-modifying capacity in RVO beyond just
reducing macular edema and improving hemorrhage such
as in diabetic retinopathy. In diabetic retinopathy, the
disease-modifying effects of anti-VEGF therapy are well
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established and include improvement in other pathologic
features such as diabetic retinopathy severity score and/or
neovascularization.”

These secondary analyses are limited in that they mostly
involve associations, and definitive conclusions regarding
causation between the impact of intraretinal macular hem-
orrhage area changes and VALS cannot be made. Further,
area measurements of intraretinal hemorrhage were made
only within the macula as ultra-widefield color photo-
graphs were not available in this Study. In addition, the
area of blood was graded using 4 categories (eg, 0%, 1%-
25%) rather than using a continuous variable, and this
limited the ability to show more detailed changes over
time. Lastly, this investigation included comparison data
from the original SCORE Study that used time-domain
OCT at 8 months instead of 6 months, with a mean base-
line CST of 605 wm, compared with a mean baseline
CST of 666 pm from SCORE2 based on SD-OCT. There
were many similarities in the design and participant popu-

lations of the SCORE Study and SCORE2, including the
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definition of a CRVOQ, the visual acuity eligibility criterion,
the baseline characteristics of age, gender, and VALS, the
methods by which visual acuity measurements were
performed by certified staff, and the use of the same
Reading Center, which graded images using similar meth-
odologies. For these reasons, we believe that data from
the SCORE Study provide a useful reference.

In summary, this SCORE2 secondary analysis provides
information on the intraretinal macular hemorrhage
changes in eyes with CRVO- or HRVO-associated macular

edema treated with anti-VEGF injections or observation,
and the association of changes in the area of hemorrhage
with changes in VALS. The resolution of hemorrhage
occurred in eyes treated with anti-VEGF therapy and was
associated with visual acuity improvement at month 6.
Hemorrhage status at month 6 also independently
predicted visual acuity changes at month 6 beyond what
was explained by changes in CST. These findings suggest
that intraretinal macular hemorrhage is an important indi-
cator of disease severity in RVO.
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