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Purpose: To examine the impact of intravitreal ranibizumab on patient-reported visual function using the
25-item National Eye Institute Visual Function Questionnaire (NEI VFQ-25) through 6 months in patients with
macular edema (ME) secondary to branch or central retinal vein occlusion (RVO).

Design: Two multicenter, double-masked trials, which enrolled participants with ME secondary to branch or
central RVO: the RanibizumaB for the Treatment of Macular Edema following BRAnch Retinal Vein Occlusion:
Evaluation of Efficacy and Safety (BRAVO) trial or the Central Retinal Vein OcclUsIon Study: Evaluation of Efficacy
and Safety (CRUISE) trial.

Participants: Three hundred ninety-seven BRAVO and 392 CRUISE patients.
Methods: Patients were randomized 1:1:1 to monthly sham, 0.3-mg, or 0.5-mg injections of ranibizumab for

6 months.
Main Outcome Measures: Although visual acuity was the main outcome measure for the trials, mean

change from baseline in NEI VFQ-25 scores at month 6 was a secondary outcome measure.
Results: In BRAVO, among the 132, 134, and 131 patients randomized, respectively, to sham, 0.3 mg

ranibizumab, or 0.5 mg ranibizumab, the study eye was the worse-seeing eye in 121 (91.7%), 118 (88.1%), and
125 (95.4%) patients and 123 (93.2%), 128 (95.5%), and 125 (95.4%), respectively, had a 6-month follow-up visit.
In CRUISE, among the 130, 132, and 130 patients randomized, respectively, to sham, 0.3 mg ranibizumab, and
0.5 mg ranibizumab, the study eye was the worse-seeing eye in 117 (90.0%), 123 (93.2%), and 120 (92.3%)
patients and 115 (88.5%), 129 (97.7%), and 119 (91.5%), respectively, had a 6-month follow-up visit. In both
trials, patients treated with ranibizumab reported greater mean improvements in visual function, with substantial
differences observed as early as month 1, including the NEI VFQ-25 composite score and near and distance
activities subscales, compared with sham patients. P values for comparisons with sham for the composite score
and these 2 subscales were !0.05.

Conclusions: These results from the BRAVO and CRUISE trials indicate that patients with ME from RVOs
treated with monthly ranibizumab report greater improvements in vision-related function compared with sham-
treated patients through 6 months, even when a majority of patients present with RVOs in the worse-seeing eye.
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Retinal vein occlusion (RVO) is a common cause of vision
loss as a result of retinal vascular disease in the United
States.1–3 Clinically, RVO occurs in 2 forms: branch retinal
vein occlusion (BRVO) and central retinal vein occlusion
(CRVO).4 Major causes of vision loss in BRVO and CRVO
include retinal nonperfusion, macular edema, neovascular
glaucoma from angle neovascularization, and vitreous hem-
orrhage or traction detachment, or both, resulting from
retinal neovascularization.5–8

The anti–vascular endothelial growth factor agent ranibi-
zumab (Lucentis; Genentech, Inc, South San Francisco,

CA) significantly improved visual acuity (VA) in eyes with
macular edema after either BRVO or CRVO. In the Ranibi-
zumaB for the Treatment of Macular Edema after BRAnch
Retinal Vein Occlusion: Evaluation of Efficacy and Safety
(BRAVO; ClinicalTrials.gov identifier, NCT00486018)
trial, monthly intravitreal injections of 0.3 mg or 0.5 mg
ranibizumab in eyes with macular edema after BRVO im-
proved best-corrected VA by 16.6 and 18.3 letters, com-
pared with 7.3 letters in the sham group at month 6.9 In the
Ranibizumab for the Treatment of Macular Edema after
Central Retinal Vein OcclUsIon Study: Evaluation of Effi-
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cacy and Safety (CRUISE; ClinicalTrials.gov identifier,
NCT00485836) trial, monthly intravitreal injections of 0.3 or
0.5 mg ranibizumab in eyes with macular edema after CRVO
improved best-corrected VA by 12.7 and 14.9 letters, com-
pared with 0.8 letters in the sham group at month 6.10

Although these trials demonstrated that treatment with
ranibizumab has a significant impact on VA outcomes, the
visual outcomes in patients with a RVO, which typically is
a monocular condition, do not indicate if these improve-
ments have an impact on vision-related activities such as
near vision activities, distance vision activities, or driving.
To address that question, this report presents data from the
2 phase III multicenter trials (BRAVO and CRUISE) on
the impact of monthly intravitreal ranibizumab on patient-
reported vision-related activities at the 6-month follow-up.
We also report data from the 6-month subsequent follow-up
period within these trials, in which intravitreal 0.5 mg
ranibizumab was provided to all patients, including those
originally assigned to sham, on an as-needed basis.

Patients and Methods

Details of the primary BRAVO and CRUISE study designs have
been published previously.9,10 In summary, both studies were
12-month, phase III multicenter trials designed to evaluate the
safety and efficacy of monthly injections of ranibizumab (0.3 mg
or 0.5 mg) in patients with macular edema after BRVO or CRVO,
respectively. The 6-month randomized treatment phase was fol-
lowed by a 6-month follow-up phase, in which all patients were
eligible to receive monthly injections of ranibizumab if they met
prespecified criteria (Early Treatment Diabetic Retinopathy Study
best-corrected VA of !20/40 or mean central subfield thickness of
"250 #m in the study eye on time-domain optical coherence
tomography).11,12 Sham patients were eligible to receive intravit-
real injections of 0.5 mg ranibizumab if they met the prespecified
criteria, whereas the 0.3-mg and 0.5-mg patient groups continued
to receive their treatment assignment if they met the prespecified
criteria.

In both studies, patients were randomized in a 1:1:1 ratio to
receive monthly intravitreal injections of sham, 0.3 mg ranibi-
zumab, or 0.5 mg ranibizumab. This randomization schedule was
stratified by study center and 3 groups of baseline best-corrected
VA letter score ("55 [approximate Snellen equivalent, "20/80]),
54 to 35 [approximate Snellen equivalent, !20/80–20/200], and
!34 [approximate Snellen equivalent, !20/200]). Patients were to
receive monthly injections for 6 months in the study eye. All
patients were scheduled for study visits on days 0 and 7 and
months 1, 2, 3, 4, 5, and 6. At each visit, patients were given an
interview and complete eye examination, including an assessment
of best-corrected VA and time-domain optical coherence tomog-
raphy assessment of macular thickness.

Assessment of Patient-Reported Visual Function
Patient-reported visual function was assessed using the 25-item
National Eye Institute Visual Function Questionnaire (NEI VFQ-
25) at day 0 and months 1, 3, and 6.13,14 The questionnaire was
administered by trained personnel who were masked to treatment
allocation at each study site. The NEI VFQ-25 consists of 25 base
questions that cover 12 areas of vision-specific function (sub-
scales): general vision, difficulty with near activities, distance
activities and driving, dependency, role function, social function,
mental health, limitation with peripheral vision and color vision,

and ocular pain. Six appendix questions from the NEI VFQ-25
were included to increase the reliability and responsiveness of both
the near and distance visual subscales.15 For near and distance
activities, patients were asked to rate their difficulty level in
performing these activities. The possible response choices in-
cluded no difficulty at all, a little difficulty, moderate difficulty,
extreme difficulty, and stopped doing the activity because of
eyesight. A standard algorithm was used to calculate the subscale
scores, which have a possible range from 0 (worst score) to 100
(best score).16 Eleven of the 12 subscale scores (excluding the
general health rating question) were averaged to yield a composite
score. Although there is no established standard for a clinically
important change in the NEI VFQ-25 scores, studies have sug-
gested that a 4- to 6-point difference is associated with a 15-letter
("3 lines) difference in VA.17–19

This article presents changes from baseline in mean subscale
scores and the overall composite scores. Although changes in
mean subscale scores provide an estimate of the changes within the
randomized groups, they do not provide information on the pro-
portions of patients that improved. To address this issue, we
further analyzed the responses of each individual before and after
treatment in the sham versus ranibizumab groups (0.3 mg and 0.5
mg) for the 6 specific near and 6 specific distance activities
corresponding to the near and distance activities subscales, respec-
tively. Near activities include reading ordinary print in newspa-
pers; reading small print in a telephone book, on a medicine bottle,
or on legal forms; determining if bills are accurate; doing work or
hobbies such as cooking, sewing, fixing things around the house,
or using hand tools; finding something on a crowded shelf; and
shaving, styling one’s hair, or putting on makeup. Distance activ-
ities include reading street signs or the names of stores; going
down steps, stairs, or curbs in dim light or at night; going out to see
movies, plays, or sports events; recognizing people one knows
from across a room; seeing and enjoying programs on television;
and taking part in active sports or other outdoor activities that one
enjoys (like golf, bowling, jogging, or walking). Improvement in
performance was defined as having less difficulty by one or more
categories on the possible response choices. For example, a patient
who reported extreme difficulty at baseline and moderate, a little,
or no difficulty at the 6-month visit, was classified as improved.
Responses indicating that the patient did not perform the activity
because of non–vision-related problems at baseline or month 6
were excluded from the analysis.

Data Analysis and Statistical Methods
The intent-to-treat approach was used for outcomes analysis and
included all randomized patients. If there were missing values, the
outcomes were imputed using the last observation carried forward
method. Observed data were not analyzed. The primary outcome
in the BRAVO and CRUISE trials was best-corrected VA. Sec-
ondary outcomes included mean changes from baseline in the NEI
VFQ-25 composite score as well as the near and distance activities
subscales. For each trial, mean changes in the NEI VFQ-25 sub-
scale scores from baseline to the 6-month follow-up visit were
compared among each of the 3 treatment groups. These analyses
were conducted using an analysis of covariance model with cova-
riates of baseline best-corrected VA and baseline value of the
relevant end point. For improvement in specific near or distance
activities, Cochran-Mantel-Haenszel chi-square tests, stratified by
baseline assessment of the relevant activity, were used. For each
trial, patients in each of the 3 treatment groups who achieved at
least a 5- or 10-point improvement on the NEI VFQ-25 subscales
at month 6 were compared using Pearson chi-square tests. The
correlation between improvements in VA and improvements in
NEI VFQ-25 at month 6 was assessed by the Pearson product-
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moment correlation coefficient for change from baseline VA at
month 6 with change from baseline in the NEI VFQ-25 overall
composite score at month 6. All analyses were conducted using
SAS software (SAS Inc, Cary, NC).

Results

Patient demographics and baseline ocular characteristics for the
BRAVO and CRUISE trials have been published previously.9,10 In
summary, BRAVO patients were enrolled between July 2007 and
November 2008. A total of 397 patients were randomized to 3
arms: 0.3-mg intravitreal ranibizumab injections (n " 134),
0.5-mg intravitreal ranibizumab injections (n " 131), or sham
injections (n " 132). Mean study eye baseline best-corrected VA
letter score was 55 (Snellen equivalent, 20/80). The study eye was
the worse-seeing eye in 88% to 95% of patients.

In the CRUISE trial, 392 patients were randomized to 3 treat-
ment allocation groups between July 2007 and December 2008.
The 3 treatment arms were 0.3-mg intravitreal ranibizumab (n "
132), 0.5-mg intravitreal ranibizumab (n " 130), and sham injec-
tions (n " 130). Mean study eye baseline best-corrected VA letter
score was 48 (Snellen equivalent, 20/100). The study eye was the
worse-seeing eye in 90% to 93% of patients. The study eye
remained the worse-seeing at 6 months in more than 85% of
patients in both BRAVO and CRUISE.

Patient-Reported Visual Function

Twenty-five-Item National Eye Institute Visual Function Ques-
tionnaire Composite and Subscale Scores: BRAVO. In the
BRAVO trial, 392 (98.7%) of 397 participants at baseline and 363
(91.4%) of 397 participants at month 6 completed the NEI VFQ-
25; overall composite and subscale scores at baseline seemed
similar across treatment groups (Table 1). Changes from baseline
to month 6 in the NEI VFQ-25 scores for the overall composite,
near vision activities, distance vision activities, driving subscale,
and mental health subscale are shown in Figure 1. At the 6-month
follow-up visit, the mean NEI VFQ-25 composite score improved
relative to baseline in all 3 arms of the study, with a mean NEI
VFQ-25 composite score improving by 9.3 and 10.4 points in the
0.3-mg and 0.5-mg ranibizumab groups and 5.4 points in the sham
group (Table 2; Fig 1A). Overall, the mental health subscale
showed the largest improvement (Fig 1E). However, the daily activ-
ities with the largest improvements seemed to be the near vision
activities (Fig 1B). The subscale scores improved at month 6 (relative
to baseline) on average by 5 points or more in 9 of the 11 subscales
in both ranibizumab groups and in 7 of the 11 subscales in the sham
group (Table 2). At month 6, the subscale scores improved on average
by 10 points or more in 5 to 6 of the 11 subscales in both ranibizumab
groups and in 1 of the 11 subscales in the sham group. Improvements
in NEI VFQ-25 scores from baseline showed a small correlation with
improvements in VA from baseline (Pearson correlation coefficient r,
0.25; P!0.001) at month 6.

Table 1. Baseline 25-Item National Eye Institute Visual Function Questionnaire Scores in the BRAVO and CRUISE Studies

BRAVO CRUISE

Sham
Ranibizumab

0.3 mg
Ranibizumab

0.5 mg Sham
Ranibizumab

0.3 mg
Ranibizumab

0.5 mg

Best-corrected VA ETDRS
letter score

(n " 132) (n " 134) (n " 131) (n " 130) (n " 132) (n " 130)

Study eye, mean (SD) 54.7 (12.2) 56.0 (12.1) 53.0 (12.5) 49.2 (14.7) 47.4 (14.8) 48.1 (14.6)
Fellow eye,* mean (SD) 80.7 (15.9) 79.4 (13.9) 80.4 (14.0) 79.0 (19.7) 79.9 (12.8) 79.0 (17.3)

NEI VFQ-25, mean (SD) (n " 129) (n " 133) (n " 130) (n " 127) (n " 130) (n " 128)
Overall 76.5 (16.2) 76.0 (17.0) 76.2 (15.6) 76.7 (17.4) 77.1 (17.0) 76.5 (16.4)
Near vision 69.6 (20.2) 67.9 (22.1) 69.4 (20.5) 69.9 (22.6) 71.2 (22.2) 70.7 (20.3)
Distance vision 76.4 (20.6) 76.0 (20.5) 76.7 (18.1) 77.0 (22.5) 77.3 (19.8) 77.0 (19.7)
Dependency 83.6 (24.9) 82.6 (24.9) 82.8 (23.5) 80.4 (27.3) 80.3 (26.9) 83.9 (24.3)
Driving† 71.7 (26.2) 70.5 (27.2) 73.5 (23.5) 70.2 (29.6) 68.6 (30.1) 67.8 (30.1)
Mental health 64.3 (24.6) 65.3 (26.4) 60.1 (26.3) 64.8 (23.5) 67.4 (25.2) 63.9 (25.3)
General health 60.3 (21.1) 60.9 (24.1) 63.3 (22.9) 63.4 (22.0) 59.4 (23.1) 61.3 (20.8)
General vision‡ 60.5 (16.9) 62.3 (17.3) 61.2 (15.7) 62.4 (13.7) 62.6 (17.4) 62.8 (16.2)
Social function§ 89.4 (17.8) 88.5 (18.3) 90.1 (16.4) 88.4 (18.8) 89.3 (18.2) 88.6 (18.6)
Role difficulty ! 71.4 (28.6) 68.1 (27.6) 71.6 (24.4) 72.8 (27.8) 72.1 (28.6) 72.8 (27.4)
Ocular pain 85.5 (19.2) 84.9 (18.4) 83.3 (18.8) 88.2 (17.4) 85.7 (18.3) 85.1 (18.7)
Peripheral vision¶ 77.9 (24.0) 76.9 (24.9) 79.8 (24.6) 77.8 (26.0) 80.2 (21.5) 75.8 (24.3)
Color vision# 92.3 (17.4) 93.4 (15.7) 92.3 (17.4) 92.5 (16.5) 91.9 (18.3) 92.4 (16.2)

BRAVO " RanibizumaB for the Treatment of Macular Edema following BRAnch Retinal Vein Occlusion: Evaluation of Efficacy and Safety; CRUISE "
Ranibizumab for the Treatment of Macular Edema after Central Retinal Vein OcclUsIon Study: Evaluation of Efficacy and Safety; ETDRS " Early
Treatment Diabetic Retinopathy Study; NEI VFQ-25 " 25-item National Eye Institute Visual Function Questionnaire; SD " standard deviation;
VA " visual acuity.
Scores are based on patients who completed the NEI VFQ-25 at baseline. Missing values were imputed using the last observation carried forward method.
*Based on observed data; BRAVO, n " 131 for sham.
†BRAVO: n " 119 for sham, n " 120 for 0.3 mg, and n " 116 for 0.5 mg. CRUISE: n " 114 for sham, n " 115 for 0.3 mg, and n " 118 for 0.5 mg.
‡CRUISE: n " 127 for sham, n " 129 for 0.3 mg, and n " 128 for 0.5 mg.
§BRAVO: n " 128 for sham.
!BRAVO: n " 127 for sham and n " 129 for 0.5 mg.
¶BRAVO: n " 128 for sham, n " 131 for 0.3 mg, and n " 129 for 0.5 mg. CRUISE: n " 127 for sham, n " 130 for 0.3 mg, and n " 126 for 0.5 mg.
#BRAVO: n " 128 for sham, n " 132 for 0.3 mg, and n " 127 for 0.5 mg. CRUISE: n " 126 for sham, n " 129 for 0.3 mg, and n " 128 for 0.5 mg.
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Twenty-five-Item National Eye Institute Visual Function
Questionnaire Composite and Subscale Scores: CRUISE. In the
CRUISE trial, 385 (98.2%) of 392 participants at baseline and 338
(86.2%) of 392 participants at month 6 completed the NEI VFQ-
25; overall composite and subscale scores at baseline seemed
similar across treatment groups (Table 1). Changes from baseline
to month 6 in the NEI VFQ-25 scores for the overall composite,
near vision activities, distance vision activities, driving subscale,
and mental health subscale are shown in Figure 2. At the 6-month
follow-up visit, the mean NEI VFQ-25 composite score improved
in all 3 arms of the study, with a mean NEI VFQ-25 composite
score improving by 7.1 and 6.2 points in the 0.3-mg and 0.5-mg
ranibizumab groups and by 2.8 points in the sham group (Table 2;
Fig 2A). Overall, the mental health and near vision subscales
showed the largest improvements (Fig 2B, E). The subscale scores
improved at 6 months (relative to baseline) on average by 5 points
or more in 7 to 8 of the 11 subscales in both ranibizumab groups
and in 1 of the 11 subscales in the sham group (Table 2). At 6
months, the subscale scores improved on average by 10 points or
more in 1 to 2 of the 11 subscales in both ranibizumab groups and
in none of the 11 subscales in the sham group (Table 2). Improve-

ments in NEI VFQ-25 scores from baseline showed a moderate
correlation with improvements in VA from baseline (Pearson
correlation coefficient r, 0.41; P!0.001) at month 6.

Proportion of Patients with 5-Point or More Improvement in
25-Item National Eye Institute Visual Function Questionnaire
Scores. In the BRAVO trial, 6 months after initiation of treat-
ment, a greater proportion of patients in the 0.5-mg group had
an improvement of 5 points or more in the overall composite
score and the near, distance, and dependency subscale scores
compared with the sham group (P!0.05 for all comparisons;
Table 3, available at http://aaojournal.org). In the CRUISE trial,
6 months after initiation of treatment, a greater proportion of
patients in the 0.5-mg group had an improvement of 5 points or
more in the overall composite score and the mental health, role
difficulty, and ocular pain subscale scores compared with the
sham group (P!0.05 for all comparisons; Table 3, available at
http://aaojournal.org).

Proportion of Patients with Improvement in Specific Near
and Distance Activities. In the BRAVO trial, 6 months after
initiation of treatment, patients in the 0.5-mg arm reported less
difficulty reading ordinary print and reading small print versus
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Figure 1. Graphs showing the mean change from baseline for the 25-item
National Eye Institute Visual Function Questionnaire (NEI VFQ-25)
composite and subscale scores: (A) composite, (B) near, (C) distance, (D)
driving, and (E) mental health subscale scores from enrollment through
month 6 for the RanibizumaB for the Treatment of Macular Edema
following BRAnch Retinal Vein Occlusion: Evaluation of Efficacy and
Safety trial. P values from analysis of covariance models include the end
point baseline value as a covariate and baseline visual acuity (!34, 35–54,
"54 letters) as the stratification variable. All tests are 2-sided and based
on pairwise models.
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sham patients (P!0.05 for both comparisons; Fig 3A; for 0.3-mg
results, see Fig 4A, available at http://aaojournal.org). For distance
activities, patients in the 0.5-mg arm reported less difficulty seeing
and enjoying programs on television compared with sham patients
(P " 0.001; Fig 3B; for 0.3-mg results, see Fig 4B, available at
http://aaojournal.org).

In the CRUISE trial, 6 months after initiation of treatment, patients
in the 0.5-mg arm reported less difficulty finding something on a
crowded shelf and determining if bills are accurate compared with
sham patients (P!0.05 for both comparisons; Fig 5A; for 0.3-mg
results, see Fig 6A, available at http://aaojournal.org). For distance
activities, patients in the 0.5-mg arm reported less difficulty perform-
ing specific distance vision activities compared with sham patients;
however, all P values were more than 0.05 (Fig 5B; for 0.3-mg
results, see Fig 6B, available at http://aaojournal.org).

Outcomes during the Follow-up Phase (Month 6
to Month 12)
During the 6- to 12-month follow-up phase, all patients were
eligible to receive monthly injections of ranibizumab if they met
prespecified criteria (sham group became sham/0.5-mg group). At
the 12-month follow-up visit in the BRAVO trial, the mean NEI
VFQ-25 composite score improved relative to baseline in all 3
study arms, with mean changes from baseline of 9.0 and 10.2
points in the 0.3-mg and 0.5-mg ranibizumab groups, respectively,
and 7.4 points in the sham/0.5-mg group (Table 4, available at
http://aaojournal.org). At month 12, the subscale scores improved
relative to baseline on average by 5 points or more in 9 of the 11

subscales in both ranibizumab groups and in 8 of the 11 subscales
in the sham/0.5-mg group (Table 4, available at http://aaojournal.
org). The subscale scores improved relative to baseline, on aver-
age, by 10 points or more in 5 to 6 of the 11 subscales in both the
ranibizumab groups and in 4 of the 11 subscales in the sham/
0.5-mg group. Generally, improvements in NEI VFQ-25 scores
from baseline achieved at month 6 were maintained through month
12 (Table 2; Table 4, available at http://aaojournal.org) in BRAVO
patients who received either 0.3 mg or 0.5 mg ranibizumab for the
entire 12 months.

At the 12-month follow-up visit in the CRUISE trial (with 0.5
mg ranibizumab treatment being offered and given to patients in
the sham arm), the mean NEI VFQ-25 composite scores improved
relative to baseline in all 3 study arms, with mean changes from
baseline of 7.1 and 6.6 points in the 0.3-mg and 0.5-mg ranibi-
zumab groups, respectively, and 5.0 points in the sham/0.5-mg
group (Table 4, available at http://aaojournal.org). At month 12,
the subscale scores improved relative to baseline on average by 5
points or more in 7 to 8 of the 11 subscales in both ranibizumab
groups and in 6 of the 11 subscales in the sham/0.5-mg group
(Table 4, available at http://aaojournal.org). The subscale scores
improved relative to baseline on average by 10 points or more in
1 to 2 of the 11 subscales in both ranibizumab groups, but in no
subscales in the sham/0.5-mg group. Also, improvements in NEI
VFQ-25 scores from baseline achieved at month 6 were main-
tained, in general, through month 12 (Table 2; Table 4, available
at http://aaojournal.org) in CRUISE patients who received either
0.3 mg or 0.5 mg ranibizumab for the entire 12 months.

Table 2. Change in 25-Item National Eye Institute Visual Function Questionnaire

BRAVO

Sham Ranibizumab 0.3 mg Ranibizumab 0.5 mg

Month 6
Change at
Month 6 Month 6

Change at
Month 6 Month 6

Change at
Month 6

Best-corrected VA ETDRS letter score (n " 132) (n " 134) (n " 131)
Study eye, mean (SD) 62.0 (16.2) 7.3 (13.0) 72.6 (12.5) 16.6 (11.0) 71.3 (13.7) 18.3 (13.2)
Fellow eye,* mean (SD) 82.3 (14.5) 1.6 (6.5) 81.6 (15.9) 2.2 (9.0) 84.5 (12.6) 3.0 (6.7)

NEI VFQ-25, mean (SD) (n " 129) (n " 133) (n " 130)
Overall 82.0 (16.2) 5.4 (10.7) 85.3 (14.8) 9.3 (12.2) 86.6 (12.0) 10.4 (11.7)
Near vision 76.9 (19.2) 7.3 (15.3) 80.0 (20.2) 12.1 (17.3) 83.1 (15.4) 13.7 (18.0)
Distance 82.7 (18.2) 6.3 (15.0) 86.3 (17.2) 10.3 (17.2) 88.0 (14.0) 11.3 (16.6)
Dependency 87.7 (22.0) 4.1 (21.9) 90.9 (20.5) 8.3 (22.0) 92.4 (17.2) 9.6 (19.7)
Driving† 77.7 (25.0) 6.0 (18.5) 76.3 (26.9) 5.8 (23.1) 83.1 (20.0) 9.6 (20.6)
Mental health 75.0 (24.5) 10.7 (20.5) 80.3 (20.7) 15.0 (23.3) 80.2 (21.0) 20.1 (23.0)
General health 62.6 (22.8) 2.3 (22.6) 62.8 (21.0) 1.9 (21.2) 63.3 (20.9) 0.0 (23.5)
General vision‡ 66.7 (15.9) 6.2 (15.2) 73.8 (16.4) 11.6 (19.3) 74.0 (13.6) 12.8 (16.3)
Social function§ 92.0 (15.3) 2.6 (14.3) 94.6 (11.5) 6.1 (14.6) 95.2 (11.8) 5.1 (13.5)
Role difficulty! 78.4 (27.1) 7.1 (21.4) 83.3 (23.7) 15.1 (24.2) 84.8 (20.1) 13.2 (22.9)
Ocular pain 86.7 (19.0) 1.3 (14.6) 89.3 (15.8) 4.4 (14.9) 87.9 (16.5) 4.6 (16.3)
Peripheral vision¶ 84.6 (21.8) 6.6 (22.3) 87.2 (21.6) 10.3 (22.1) 87.8 (18.3) 7.9 (21.9)
Color vision# 94.3 (13.4) 2.5 (15.6) 96.4 (10.3) 3.0 (11.6) 97.2 (10.1) 4.9 (17.0)

BRAVO " RanibizumaB for the Treatment of Macular Edema following BRAnch Retinal Vein Occlusion: Evaluation of Efficacy and Safety; CRUISE "
Treatment Diabetic Retinopathy Study; NEI VFQ-25 " 25-item National Eye Institute Visual Function.
Data are based on patients who had data at baseline and month 6. Missing values were imputed using the last observation carried forward method.
*Based on observed data. BRAVO: n " 121 for sham, n " 126 for 0.3 mg, and n " 123 for 0.5 mg. CRUISE: n " 111 for sham, n " 123 for 0.3 mg,
†BRAVO: n " 119 for sham, n " 120 for 0.3 mg, and n " 116 for 0.5 mg. CRUISE: n " 114 for sham, n " 115 for 0.3 mg, and n " 118 for 0.5 mg.
‡CRUISE: n " 129 for 0.3 mg.
§BRAVO: n " 128 for sham.
!BRAVO: n " 127 for sham and n " 129 for 0.5 mg.
¶BRAVO: n " 128 for sham, n " 131 for 0.3 mg, and n " 129 for 0.5 mg. CRUISE: n " 126 for 0.5 mg.
#BRAVO: n " 128 for sham, n " 132 for 0.3 mg, and n " 127 for 0.5 mg. CRUISE: n " 126 for sham and n " 129 for 0.3 mg.
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Discussion

The BRAVO and CRUISE trials are the first trials, to the
author’s knowledge, to show improvement in vision-
related patient-reported outcomes in patients treated for
macular edema following branch and central RVO, com-
pared with no treatment. The reported reduced difficulty in
performing near and distance vision-related activities was
observed as early as 1 month after the first injection of
ranibizumab in patients enrolled in both the BRAVO and
CRUISE trials. These reported improvements in vision-
related activities in ranibizumab-treated patients were sus-
tained in the months following the 6-month treatment pe-
riod. While patient-reported outcomes for these activities
(near and distance) improved in all 3 groups, a greater
proportion of patients reported improvements, previously
judged to be clinically meaningful ("5 points or "10
points),19–21 in the ranibizumab groups compared with the
sham group. In addition, a greater proportion of patients
reported having less difficulty with their near and distance
activities from baseline in the ranibizumab groups com-
pared with the sham group at month 6. These improvements
in near and distance activities should be recognized within
the context that !10% of patients in BRAVO and CRUISE
were treated in the better-seeing eye.

In the BRAVO and CRUISE trials, a mean change in the
subscale score of 5 or 10 points or more was present in a

greater number of subscales in the ranibizumab-treated
groups compared with the sham groups, further highlighting
that a greater proportion of patients in the ranibizumab
groups reported having less difficulty in performing many
different activities and retained functional independence
compared with those in the sham group. The subscales that
did not show mean improvements in score of 5 points or
more from baseline in either the sham or ranibizumab-
treated groups included general health, ocular pain, and
color vision. These results are to be expected, particularly
for general health and ocular pain, because vein occlusions
are ocular conditions that usually are associated with a
painless loss of vision. With regard to color vision, although
one may expect that color vision would be reduced in the
eye with loss of vision, it seems that the contralateral eye
may compensate for this aspect of vision. However, this
compensation by the contralateral eye (the better-seeing eye
in more than 90% of patients in both trials) does not seem
to provide adequate compensation for other activities such
as near and distance vision activities. One potential expla-
nation for this lack of compensation is that when the VA in
the 2 eyes of a patient is substantially disparate, a phenom-
enon of binocular inhibition reduces the effective binocular
VA, thus leading to reduced ability to function.22

After treatment, patients with macular edema after a
BRVO had greater improvement (9–10 points) in composite
scores compared with those with macular edema after a

Scores from Baseline to Month 6 for the BRAVO and CRUISE Trials

CRUISE

Sham Ranibizumab 0.3 mg Ranibizumab 0.5 mg

Month 6
Change at
Month 6 Month 6

Change at
Month 6 Month 6

Change at
Month 6

(n " 130) (n " 132) (n " 130)
50.0 (20.1) 0.8 (16.2) 60.1 (17.8) 12.7 (15.9) 63.0 (17.9) 14.9 (13.2)
79.0 (21.1) 0.1 (6.8) 80.8 (13.6) 0.9 (7.3) 79.0 (18.5) 0.1 (9.1)

(n " 127) (n " 130) (n " 128)
79.5 (17.0) 2.8 (11.0) 84.1 (14.9) 7.1 (11.0) 82.7 (15.6) 6.2 (10.6)
75.0 (20.8) 5.1 (17.1) 81.4 (18.6) 10.2 (17.4) 80.0 (18.7) 9.3 (18.1)
79.8 (21.1) 2.8 (15.6) 86.2 (17.5) 8.9 (13.7) 83.7 (17.8) 6.7 (16.3)
83.6 (24.6) 3.2 (21.2) 87.9 (22.2) 7.6 (19.4) 89.4 (19.3) 5.5 (18.0)
71.7 (29.0) 1.5 (19.9) 75.4 (26.4) 6.9 (20.6) 70.4 (29.7) 2.6 (23.7)
68.4 (26.7) 3.6 (18.6) 78.4 (21.5) 11.1 (18.9) 76.8 (23.8) 12.9 (21.6)
59.4 (22.0) #3.9 (21.0) 59.8 (22.3) 0.4 (19.4) 61.1 (19.5) #0.2 (20.7)
68.3 (15.2) 6.0 (16.8) 71.6 (14.7) 9.0 (15.8) 70.2 (14.6) 7.3 (16.0)
89.3 (19.3) 0.9 (14.8) 92.5 (15.5) 3.2 (17.0) 92.3 (14.2) 3.7 (15.2)
74.1 (28.4) 1.3 (23.0) 80.0 (25.5) 7.9 (26.0) 78.9 (25.8) 6.2 (21.8)
89.5 (15.0) 1.3 (18.1) 89.8 (15.1) 4.1 (18.3) 88.7 (15.3) 3.6 (18.0)
81.3 (22.9) 3.5 (23.3) 87.9 (18.5) 7.7 (19.9) 82.5 (23.1) 6.7 (24.8)
93.3 (16.0) 0.8 (15.8) 93.6 (16.0) 1.7 (16.3) 94.9 (12.3) 2.5 (14.0)

Ranibizumab for the Treatment of Macular Edema after Central Retinal Vein OcclUsIon Study: Evaluation of Efficacy and Safety; ETDRS " Early
Questionnaire; SD " standard deviation; VA " visual acuity.

and n " 111 for 0.5 mg.
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CRVO (6–7 points), although the baseline NEI VFQ-25
composite scores were similar in the BRAVO and CRUISE
trials. These results mirror the improvement noted in VA
where, on average, BRVO patients treated with ranibizumab
had greater improvements in best-corrected VA letter scores
(16–18 letters) compared with CRVO patients (12–14 let-
ters), although BRAVO patients started with a better base-
line VA than CRUISE patients. These differences may
reflect the degree of retinal damage, which is likely to be
greater subsequent to a CRVO compared with a BRVO.
However, despite these improvements in VA in the
ranibizumab-treated eyes, even patients treated in their
worse-seeing eye (more than 93% in all arms in both the
BRAVO and CRUISE trials) demonstrated an improve-
ment in their self-reported function for both overall and
near and distance vision-specific tasks.

Also of note, the correlations between VA and vision-
related patient-reported outcomes at the 6-month follow-up
visit were small to moderate, demonstrating that these 2
measures are not interchangeable. These observations sup-
port the value of treating the worse eye in patients with
macular edema after vein occlusions even if the fellow eye

is the better-seeing eye and of recognizing that some pa-
tients may perceive an improvement in vision-related
patient-reported outcomes, even in the absence of large VA
improvements (e.g., "15-letter gain, equivalent to a "3-
line gain, or at least a halving of the size of letters identified
correctly on the eye chart). Previously published data from
the MARINA (Minimally Classic/Occult Trial of the Anti-
VEGF Antibody Ranibizumab in the Treatment of Neovas-
cular Age-Related Macular Degeneration) and ANCHOR
(Anti-VEGF Antibody for the Treatment of Predominantly
Classic Choroidal Neovascularization in Age-Related Mac-
ular Degeneration) trials in age-related macular degenera-
tion showed that improvements in the NEI VFQ-25 scores
were observed whether patients were treated in the better- or
worse-seeing eyes.23 Berdeaux et al24 also reported the
independent influence of worse-eye vision on overall vi-
sion-related quality-of-life among age-related macular de-
generation patients, particularly when the VA was poor in
the better-seeing eye. In addition, several studies from the
cataract literature have shown improvements in self-re-
ported visual function after cataract surgery on the first eye,
even though it is typically the worse-seeing eye.25–31
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Figure 2. Mean change from baseline for the 25-item National Eye
Institute Visual Function Questionnaire (NEI VFQ-25) composite and
subscale scores: (A) composite, (B) near, (C) distance, (D) driving, and
(E) mental health subscale scores from enrollment through month 6 for
the Ranibizumab for the Treatment of Macular Edema after Central
Retinal Vein OcclUsIon Study: Evaluation of Efficacy and Safety trial. P
values from analysis of covariance models include the end point baseline
value as a covariate and baseline visual acuity (!34, 35–54, "54 letters)
as the stratification variable. All tests are 2 sided and based on pairwise
models.
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Data from months 7 through 12 of the studies show that
patients initially randomized to sham and who were eligible
to receive 0.5 mg ranibizumab improved after a 6-month
delay in treatment. However, by the 12-month visit, these
patients did not seem to achieve, in general, the same levels
of improvement in patient-reported near and distance vision
activities as noted in the ranibizumab-treated groups.

For patients assigned to ranibizumab at baseline, im-
provements in patient-reported outcomes were noted as
early as 1 month after a treatment with ranibizumab. Also,
gains in patient-reported outcomes seemed to be sustained
from month 6 to month 12 when retreatment was provided

on an as-needed basis (depending on prespecified VA and
time-domain optical coherence tomography criteria), with
no additional adverse effects noted.

These results suggest that when ranibizumab treatment
was initiated for macular edema secondary to a RVO, on
average, improvements occurred to a greater extent, com-
pared with sham treatment, not only in VA, but also in
patient-reported outcomes, even though most patients with
vision loss resulting from a RVO seemed to have vision loss
in the worse-seeing eye. Because improvements in both VA
and patient-reported outcomes occurred in some eyes orig-
inally assigned to sham after 6 months in the BRAVO and
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Figure 3. Bar graphs showing percent of patients improving by at least 1 category from baseline to month 6 in (A) near and (B) distance activities in
the RanibizumaB for the Treatment of Macular Edema following BRAnch Retinal Vein Occlusion: Evaluation of Efficacy and Safety trial. P values from
Cochran-Mantel-Haenszel chi-square tests stratified by baseline 25-item National Eye Institute Visual Function Questionnaire response (no difficulty,
some difficulty). All tests are 2-sided based on pairwise models. TV " television.
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CRUISE trials, clinicians can make decisions on when to
start treatment based on individual patient needs. Results
from the BRAVO and CRUISE trials revealed that patients
initiating ranibizumab treatment at the start of these studies
had better VA outcomes than the sham arm, on average, at
12 months.23,24 Although these studies were of 12 months’
duration and it is unclear whether delaying treatment in an
individual patient decreases the patient’s maximum poten-
tial for improvement in VA or patient-reported outcomes
over the long term (more than 1 year after presentation), the
sooner treatment is initiated, the sooner the patient is likely
to have VA improvement accompanied by improvement in
vision-related patient-reported outcomes.

This study has several strengths, including a large sample
size, masking of patients and study personnel to the inter-
vention, limited loss to follow-up at the 6-month (primary)
outcome, and standardized assessment of both clinical and
patient-reported outcomes. Limitations include the rela-
tively short duration of the study (6 months). Also, it is
unknown if patients in the sham arm, as a group, will
achieve greater improvements with longer follow-up.

In summary, this study described the first treatment for
macular edema after a BRVO or a CRVO that, to the
authors’ knowledge, provides a clinically important im-
provement in patient-reported outcomes, particularly for
specific near and distance vision activities compared with
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Figure 5. Bar graphs showing percent of patients improving by at least 1 category from baseline to month 6 in (A) near and (B) distance activities in
the Ranibizumab for the Treatment of Macular Edema after Central Retinal Vein OcclUsIon Study: Evaluation of Efficacy and Safety trial. P values from
Cochran-Mantel-Haenszel chi-square tests stratified by baseline 25-item National Eye Institute Visual Function Questionnaire response (no difficulty,
some difficulty). All tests are 2-sided based on pairwise models. TV " television.
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sham treatment. The findings for the groups randomly as-
signed to ranibizumab parallel improvements in VA, and
therefore are likely to be a genuine treatment effect, al-
though the correlation between gains in VA and gains in
vision-related patient-reported outcomes were small to
moderate. These data help physicians and patients under-
stand the impact of treatment on patient daily activities and
may guide treatment and timing of treatment decisions.
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