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Objective: Central retinal vein occlusion (CRVO) or branch retinal vein occlusion (BRVO) causes hypoper-
fusion, high levels of vascular endothelial growth factor (VEGF), macular edema, and loss of vision. Many patients
also show areas of complete closure of retinal vessels (retinal nonperfusion [RNP]) that increase over time. The
objective was to assess the effect of blocking VEGF on progression of RNP.

Design: Retrospective analysis of prospectively collected data from 2 randomized, sham injection-
controlled, double-masked, multicenter clinical trials.

Participants: A total of 392 and 397 patients with macular edema due to CRVO or BRVO.
Methods: An independent reading center measured the area of RNP on fluorescein angiograms (FAs) in 2

phase III trials investigating the effect of ranibizumab (RBZ; Lucentis; Genentech, Inc, South San Francisco, CA)
in patients with CRVO or BRVO.

Main Outcome Measures: The percentage of patients with no posterior RNP at months 0, 3, 6, 9, and 12.
Results: There was no difference among treatment groups at baseline, but at the month 6 primary end point

the percentage of patients with CRVO and no RNP was significantly greater in the RBZ groups (0.3 mg, 82.0%,
P ! 0.0092; 0.5 mg, 84.0%, P ! 0.0067) versus the sham group (67.0%). Reperfusion of nonperfused retina was
rare (1%) in sham-treated patients with CRVO, but occurred in 6% to 8% of patients with CRVO treated with RBZ
(30% of those who had RNP and could improve). Results in patients with BRVO mirrored those in patients with
CRVO. Crossover to 0.5 mg RBZ from sham at month 6 halted the progression of RNP and resulted in
improvement in both CRVO and BRVO.

Conclusions: Treatment with RBZ did not worsen RNP in patients with RVO, but rather reduced its
occurrence compared with sham. These data provide an important new insight regarding the pathogenesis of
RVO; the initial vein occlusion is a precipitating event that causes baseline ischemia and release of VEGF, which
then contributes to progression of RNP and thus worsening of ischemia. Timely, aggressive blockade of VEGF
prevents the worsening of RNP, promotes reperfusion, and eliminates a positive feedback loop.

Financial Disclosure(s): Proprietary or commercial disclosure may be found after the references.
Ophthalmology 2013;120:795–802 © 2013 by the American Academy of Ophthalmology.

Central retinal vein occlusion (CRVO) occurs from throm-
bosis of the main outflow vessel of the retina and results in
engorgement of all retinal veins. Branch retinal vein occlu-
sion (BRVO) occurs from thrombosis of a proximal branch
of the central retinal vein and results in engorgement of
veins in the affected quadrants of the retina. Venous en-
gorgement after retinal vein occlusion (RVO) is accompa-
nied by variable amounts of hemorrhage, edema, and retinal
nonperfusion (RNP). It was assumed that hemorrhages and
edema result from elevated intraluminal pressure behind the
occlusion; however, the development of ranibizumab (RBZ,
Lucentis; Genentech, Inc, South San Francisco, CA), an
antibody fragment that specifically binds all isoforms of
vascular endothelial growth factor (VEGF) A, made it pos-
sible to test the hypothesis that VEGF contributes to the
edema, and the hypothesis was found to be correct.1 This
has been confirmed by the Treatment of Macular Edema
following Branch Retinal Vein Occlusion: Evaluation of

Efficacy and Safety (BRAVO)2 and Treatment of Macular
Edema following Central Retinal Vein Occlusion: Evalua-
tion of Efficacy and Safety (CRUISE)3 trials. At the month
6 primary end point of BRAVO, the mean reduction from
baseline central foveal thickness was 337 !m (0.3 mg) and
345 !m (0.5 mg) in the RBZ groups and 157 !m in the
sham group, resulting in mean gains from baseline best-
corrected visual acuity (BCVA) letter score of 16.6 and 18.3
versus 7.3.2 In patients with CRVO, after an intraocular
injection of 0.3 mg or 0.5 mg RBZ every month for 6
months, mean decrease in central foveal thickness was 434
!m (0.3 mg) and 452 !m (0.5 mg) compared with 168 !m
in the sham group, resulting in mean improvement from
baseline in BCVA letter score of 12.7 and 14.9 versus 0.8.3

These data demonstrate that in BRVO or CRVO, neutral-
ization of VEGF with RBZ improves edema and thereby
improves vision. Of note, in both BRVO and CRVO, RBZ
injections accelerated the resolution of hemorrhages.4,5
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Thus, VEGF is a major contributor to edema and retinal
hemorrhages after RVO.

Acutely after BRVO or CRVO there may be mild or no
RNP (nonischemic RVO), or it may be severe (ischemic
RVO). Patients with ischemic CRVO have a high risk of iris
neovascularization and neovascular glaucoma. A nonisch-
emic CRVO sometimes will convert into an ischemic
CRVO. It has been suggested that this may be explained by
a partial CRVO evolving into a complete CRVO. However,
measurements of the area of RNP on fluorescein angio-
grams (FAs) have shown that increases in the area of RNP
are common in both BRVO and CRVO.6,7 The mechanism
of the increase in RNP is unknown, but concern has been
expressed that it may be exacerbated by inhibition of VEGF.
In this study, we investigated the effect of RBZ on change
in RNP over time in the BRAVO and CRUISE studies.

Materials and Methods

The BRAVO and CRUISE were 6-month phase III, multicenter,
randomized, injection-controlled studies, with an additional 6
months of follow-up (total 12 months), designed to evaluate effi-
cacy and safety of intraocular injections of RBZ in patients with
macular edema following RVO. The study included a 28-day
screening period (days –28 to –1); a 6-month treatment period (day
0 to month 6), during which patients received monthly intraocular
injections of 0.3 mg or 0.5 mg RBZ or sham injections; and a 6-month
observation period (month 6 to 12), during which all patients could
receive monthly intraocular RBZ if study eye Snellen equivalent
BCVA was "20/40 or mean central subfield thickness was #250 !m
measured by optical coherence tomography on Zeiss Stratus 3 (Carl
Zeiss Meditec, Inc, Dublin, CA). The BRAVO and CRUISE trials are
registered at www.clinicaltrials.gov (NCT00486018 accessed Octo-
ber 21, 2010, and NCT00485836 accessed October 20, 2010). The
protocol was approved by the institutional review board at each study
site, and the study was conducted according to the International
Conference on Harmonisation E6 Guideline for Good Clinical Prac-
tice and any national requirements. All patients provided informed
consent before participation in the study. The details of BRAVO and
CRUISE methodology have been reported.2,3

Measurement of Retinal Nonperfusion
The main outcome measure was the percentage of patients with no
posterior RNP at months 0, 3, 6, 9, and 12. The FAs and color
fundus photographs were performed on study participants at base-
line and at months 3, 6, 9, and 12. The area of posterior RNP (also
referred to as “retinal capillary nonperfusion”) was measured on
FAs by masked certified graders at the University of Wisconsin
Fundus Photograph Reading Center (Madison, WI) using a mod-
ification of the methodology of the Early Treatment Diabetic
Retinopathy Study FA grading protocol8 as previously described.9
Disc areas (DAs) of RNP assessed from FAs referred to the
portions of the fundus devoid of retinal arterioles or capillaries,
and were detected by angiographic characteristics such as a
“pruned” appearance of adjacent arterioles and a darker appear-
ance of the choroid. Measurements were made within a template
centered on the fovea and consisting of the center, inner, and outer
Early Treatment Diabetic Retinopathy Study subfields. A single
grader masked with respect to treatment group assessed all visits
and had access to previous angiograms and grading data when
assessing follow-up angiograms of the same patients. This longi-
tudinal system of assessing angiograms allowed the graders to

overcome differences in quality of images over subsequent visits.
The inability to grade capillary loss was often attributed to sub-
stantial posterior segment hemorrhage, shown by the finding that
eyes with ungradable images had a mean 4.5 DA of retinal hem-
orrhage compared with 2.6 DA of retinal hemorrhage among eyes
with a calculated capillary loss (P ! 0.0001).9 Measurements of
retinal capillary nonperfusion made on the same FAs at different
times showed excellent reproducibility.9

Statistical Methods
Mean baseline RNP areas were compared using the nonparametric
Kruskal–Wallis test. For categoric outcomes, comparisons of the
percentage of patients between the sham and RBZ groups were based
on stratified, contingency-table pairwise methods using the Cochran–
Mantel–Haenszel test. The stratification variable was baseline BCVA
("34, 35–54, #55 letters). For nongradable RNP areas at day 0,
screening visits may have had valid areas, but these were not reviewed
for use as replacement values. Statistical significance was defined as
P"0.05. No imputation was performed. All analyses were conducted
using SAS version 9.1 (SAS Inc, Cary, NC).

Results

Area of Retinal Nonperfusion at Baseline
The area of RNP in the posterior retina at baseline was gradable in
the majority of patients with RVO. In patients with CRVO, 112 of
130 (86%) in the sham group, 113 of 132 (86%) in the 0.3 mg RBZ
group, and 109 of 130 (84%) in the 0.5 mg RBZ group had FAs
that were gradable, and in the corresponding BRVO groups, 124 of
132 (94%), 125 of 134 (93%), and 118 of 131 (90%) had gradable
FAs (Table 1). The mean area of posterior RNP at baseline was
low in patients with CRVO—0.27, 0.17, and 0.55 DA in the sham,

Table 1. Area of Retinal Nonperfusion at Baseline

Total Area of Capillary Loss in the Center, Inner, and Outer
Subfields (DAs)

CRUISE
Sham/0.5 mg
(n ! 130)

RBZ‡ 0.3 mg
(n ! 132)

RBZ 0.5 mg
(n ! 130)

N (gradable FAs) 112 (86%) 113 (86%) 109 (84%)
Mean* (SD) 0.27 (1.09) 0.17 (0.56) 0.55 (1.95)
Median 0 0 0
Range 0–7.59 0–4.65 0–13.22

BRAVO
Sham/0.5 mg
(n ! 132)

RBZ 0.3 mg
(n ! 134)

RBZ 0.5 mg
(n ! 131)

N (gradable FAs) 124/132 (94%) 125/134 (93%) 118/131 (90%)
Mean† (SD) 1.03 (1.86) 0.76 (1.55) 1.03 (2.05)
Median 0 0 0
Range 0–7.98 0–6.97 0–9.03

BRAVO ! Treatment of Macular Edema following Branch Retinal Vein
Occlusion: Evaluation of Efficacy and Safety Trial; CRUISE ! Treatment
of Macular Edema following Central Retinal Vein Occlusion: Evaluation
of Efficacy and Safety Trial; DA ! disc areas; FA ! fluorescein angiogram;
RBZ ! ranibizumab; SD ! standard deviation.
*Kruskal–Wallis P ! 0.46 (sham vs. 0.3 mg), 0.22 (sham vs. 0.5 mg), and
0.58 (0.3 mg vs. 0.5 mg).
†Kruskal–Wallis P ! 0.91 (sham vs. 0.3 mg), 0.85 (sham vs. 0.5 mg), and
0.76 (0.3 mg vs. 0.5 mg).
‡Lucentis; Genentech, Inc, South San Francisco, CA.
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0.3 mg, and 0.5 mg groups, respectively—and these differences
were not statistically significant (Table 1). The mean area of
baseline posterior RNP was higher in patients with BRVO com-
pared with patients with CRVO—1.03, 0.76, and 1.03 DA in the
sham, 0.3 mg, and 0.5 mg groups, respectively—with no statisti-
cally significant difference among the groups (Table 1). The ma-
jority of patients with CRVO had no identifiable posterior RNP at
baseline; of the patients with gradable FAs, 83.0% (sham), 78.8%
(0.3 mg RBZ), and 77.1% (0.5 mg RBZ) had no RNP. Otherwise,
12.3% had between 0 and 1 DA of RNP and 8.1% had #1 DA
(Table 2). There were slightly more patients with between 0 and 1
DA of RNP in the 0.3 mg group compared with the other 2 groups,
and somewhat more patients with #1 DA in the 0.5 mg RBZ
group. Compared with patients with CRVO, a smaller percentage
of patients with BRVO (#60%) showed no posterior RNP at
baseline, and this was well balanced among the 3 treatment groups
(Table 2). In addition, compared with CRVO, there were relatively
more patients with BRVO who had severe posterior RNP: 5.7%
#5 DA, 19.1% #2 DA, and 23.4% #1 DA.

Monthly Injections of Ranibizumab Reduce the
Percentage of Patients Who Develop Retinal
Nonperfusion
In patients with CRVO randomized to the sham group, the per-
centage of patients with no RNP decreased from 83.0% at baseline

to 76.8% at month 3 and 67.0% at month 6 (Fig 1A). In contrast,
the percentage of patients with no RNP increased in the 2 RBZ
treatment groups and at month 6, compared with the sham group,
was significantly greater in the 0.3 mg (82.0%, P ! 0.0092) and
0.5 mg (84.0%, P ! 0.0067) groups. Conversely, 33% of sham-
treated patients had posterior RNP compared with approximately
half that (16%–18%) in RBZ-treated patients. Between 6 and 12
months, the mean number of RBZ injections was 4.2 in the
sham/0.5 mg group compared with 3.9 and 3.6 in the 0.3 mg and
0.5 mg RBZ groups, respectively. With the onset of RBZ injec-
tions, the percentage of patients with no RNP increased in the
sham/0.5 mg group. With the decrease in frequency of RBZ
injections in the 0.3 mg and 0.5 mg RBZ groups after month 6,
there was a slight decrease in the percentage of patients with no
RNP in the 2 RBZ groups.

In patients with BRVO randomized to the sham group, the
percentage of patients with no RNP decreased from 60.5% at
baseline to 44.0% at month 3 and 32.7% at month 6 (Fig 1B). The
percentage of patients with no RNP also decreased, but not as
much, in the 2 RBZ groups between baseline and month 3, and was
stable between months 3 and 6. Compared with the sham group
(32.7%), the percentage of patients with no RNP at month 6 was
significantly greater in the 0.3 mg (48.1%, P ! 0.023) and 0.5 mg
(51.0%, P ! 0.0044) RBZ groups. Thus, 67% of sham-treated
patients had posterior RNP compared with approximately 50%
of RBZ-treated patients. Between 6 and 12 months, the mean

Table 2. Distribution of Baseline Retinal Nonperfusion Area

CRUISE

Sham/0.5 mg RBZ 0.3 mg RBZ 0.5 mg Total

N (%)

Gradable photographs 112 113 109 334
0 RNP 93 (83.0%) 89 (78.8%) 84 (77.1%) 266 (79.6%)
$0–"1 DA RNP 12 (10.7%) 17 (15.0%) 12 (11.0%) 41 (12.3%)
1–"2 DA RNP 3 (2.7%) 5 (4.4%) 5 (4.6%) 13 (3.9%)
2–"3 DA RNP 0 1 (0.9%) 3 (2.8%) 4 (1.2%)
3–"4 DA RNP 1 (0.9%) 0 0 1 (0.3%)
4–"5 DA RNP 0 1 (0.9%) 2 (1.8%) 3 (0.9%)
5–"6 DA RNP 2 (1.8%) 0 0 2 (0.6%)
6–"7 DA RNP 0 0 0 0
7–"8 DA RNP 1 (0.9%) 0 1 (0.9%) 2 (0.6%)
8–"9 DA RNP 0 0 0 0
9–"10 DA RNP 0 0 0 0
#10 DA RNP 0 0 2 (1.8%) 2 (0.6%)

BRAVO

Sham/0.5 mg 0.3 mg 0.5 mg Total

N (%)

Gradable photographs 124 125 118 367
0 RNP 75 (60.5%) 70 (56.0%) 73 (61.9%) 218 (59.4%)
$0–"1 DA RNP 14 (11.3%) 31 (24.8%) 18 (15.3%) 63 (17.2%)
1–"2 DA RNP 7 (5.6%) 5 (4.0%) 4 (3.4%) 16 (4.4%)
2–"3 DA RNP 9 (7.3%) 4 (3.2%) 3 (2.5%) 16 (4.4%)
3–"4 DA RNP 7 (5.6%) 6 (4.8%) 7 (5.9%) 20 (5.4%)
4–"5 DA RNP 6 (4.8%) 3 (2.4%) 4 (3.4%) 13 (3.5%)
5–"6 DA RNP 3 (2.4%) 4 (3.2%) 3 (2.5%) 10 (2.7%)
6–"7 DA RNP 1 (0.8%) 2 (1.6%) 3 (2.5%) 6 (1.6%)
7–"8 DA RNP 2 (1.6%) 0 1 (0.8%) 3 (0.8%)
8–"9 DA RNP 0 0 0 0
9–"10 DA RNP 0 0 2 (1.7%) 2 (0.5%)
#10 DA RNP 0 0 0 0

BRAVO ! Treatment of Macular Edema following Branch Retinal Vein Occlusion: Evaluation of Efficacy and Safety
Trial; CRUISE ! Treatment of Macular Edema following Central Retinal Vein Occlusion: Evaluation of Efficacy and
Safety Trial; DA ! disc areas; RBZ ! ranibizumab; RNP ! retinal nonperfusion.
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number of RBZ injections was 3.8 in the sham/0.5 mg group
compared with 2.9 and 2.8 in the 0.3 mg and 0.5 mg RBZ
groups, respectively. After month 6, when both sham and RBZ
groups began receiving RBZ injections as needed to control
edema, the percentage of patients in the sham group with no
RNP increased, whereas the percentage decreased in the 2 RBZ

groups after month 6 in association with a decrease in frequency
of RBZ injections.

Monthly Injections of Ranibizumab Reduce
Progression of Retinal Nonperfusion

In another analysis, the change in RNP over time was evaluated in
individual patients. In patients with CRVO, 23% of sham-treated
patients showed an increase in the area of RNP between baseline
and month 6 compared with 11% (0.3 mg, P ! 0.035) and 17%
(0.5 mg, P ! 0.35) of RBZ-treated patients (Fig 2A). There was
more RNP in the 0.5 mg group at baseline compared with the other
2 groups, and because patients who have RNP at baseline may be
more prone to increase RNP, the tendency of patients who had no
RNP at baseline to develop RNP was examined. Twenty percent of
sham-treated patients developed new RNP compared with 11%
(0.3 mg, P ! 0.082) and 8% (0.5 mg, P ! 0.034) in the RBZ
groups. Pooling the RBZ groups showed that 9.3% of RBZ-treated
patients developed new RNP compared with 20% of sham-treated
patients (stratified P ! 0.018). Only 1% of patients in the sham
group with CRVO showed a reduction in the area of RNP between
baseline and month 6, compared with 8% (0.3 mg, P ! 0.039) and
6% (0.5 mg, P ! 0.12) of RBZ-treated patients. This represents
30% of patients in the RBZ groups who had RNP at baseline and
therefore could have shown a reduction. In patients with BRVO,
54% of sham-treated patients showed an increase in the area of
RNP between baseline and month 6 compared with 45% (0.3 mg,
P ! 0.20) and 38% (0.5 mg, P ! 0.015) of RBZ-treated patients
(Fig 2B). New RNP developed in 43% of the sham group com-
pared with 30% of the 0.3 mg RBZ group (P ! 0.14) and 23% of
the 0.5 mg group (P ! 0.0050). Unlike the situation with CRVO
in which spontaneous reduction in RNP area in sham-treated
patients was rare, it occurred in 6% of patients with BRVO in the
sham group and was not increased above that level by treatment
with RBZ (0.3 mg P ! 0.64 and 0.5 mg P ! 0.85).

Representative images from FAs are shown in Figures 3 to 11
(available at http://aaojournal.org). A patient with a CRVO who
was randomized to the sham group showed relatively mild in-
traretinal hemorrhage, allowing visualization of the retinal vessels
that were perfused except in a small area of the temporal macula
(Fig 3, available at http://aaojournal.org). At month 6, the patient
showed closure of many retinal vessels that had been perfused (Fig
4, available at http://aaojournal.org). After month 6, the patient
received intraocular injections of RBZ, and at month 12, there was
reperfusion of much of the retina that lacked perfusion at month 6
(Fig 5, available at http://aaojournal.org). The vessels were some-
what tortuous and abnormal in appearance but appeared to provide
good oxygenation because the large retinal vessels were not di-
lated. Figure 6 (available at http://aaojournal.org) shows an image
from the baseline FA of a patient with CRVO who was random-
ized to the 0.3 mg RBZ group. It shows RNP in the center and
temporal parts of the macula. After 6 months of treatment with
RBZ, there was still nonperfusion of some perifoveal capillaries
causing a widened foveal avascular zone, but the previously non-
perfused retina in the temporal macula was reperfused (Fig 7,
available at http://aaojournal.org). At month 12, there was persis-
tent widening of the foveal avascular zone, but no other areas of
RNP (Fig 8, available at http://aaojournal.org). Figure 9 (available
at http://aaojournal.org) shows an image from a baseline FA of a
patient with BRVO who was randomized to the 0.5 mg RBZ
group. It shows very severe RNP throughout the superior part of
the macula. After 6 months of treatment with RBZ, there was
marked improvement in the perfusion of the superior macula and
no dilation of the larger retinal vessels, suggesting resolution of
retinal ischemia (Fig 10, available at http://aaojournal.org). At
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Figure 1. The percentage of patients with central retinal vein occlusion
(CRVO) or branch retinal vein occlusion (BRVO) with no retinal non-
perfusion (RNP) in each treatment group. The area of posterior RNP was
measured by masked graders at the reading center, and the percentage of
patients with 0 RNP in each group at each time point is shown. A, In
patients with CRVO treated with 0.3 mg or 0.5 mg of ranibizumab (RBZ;
Lucentis; Genentech, Inc, South San Francisco, CA) every month there
was no change, but there was a decline in the percentage of patients with
no RNP in the sham group with a significant difference at the month 6
primary end point. After month 6, patients in the sham group were able to
receive RBZ and the percentage of patients with no RNP increased, and
there was no longer a difference between the groups. B, In patients with
BRVO, the percentage of patients with no RNP at baseline was less than
that in patients with CRVO, and the decrease in percentage was greater
in the sham group through month 6. There was less decline in patients
treated with 0.3 mg or 0.5 mg of RBZ, resulting in a significant difference
at month 6. After month 6, patients in the sham group were able to
receive RBZ, and the percentage of patients with no RNP increased and
there was no longer a difference between the groups.
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month 12, there was some deterioration of perfusion in the superior
macula along with new retinal hemorrhages and dilation of larger
retinal vessels, suggesting recurrent retinal ischemia (Fig 11, avail-
able at http://aaojournal.org).

Patients with More Than 5 or 10 Disc Areas of
Retinal Nonperfusion
In the past, clinicians and investigators have described severe
progression of RNP as conversion of a perfused RVO to a non-
perfused RVO. One criterion that has been used to classify an
RVO as nonperfused is the presence of $5.5 DA of posterior RNP,
which is highly associated with the development of neovascular
complications.10 Eyes with $10 DA of posterior RNP are severely
nonperfused. In the CRUISE trial, the percentage of patients with
$5 DA of RNP at baseline was 2.7%, 0%, and 2.8% (Table 3), and
the percentage with $10 DA of RNP was 0%, 0%, and 1.8% in the
sham, 0.3 mg RBZ, and 0.5 mg RBZ groups, respectively (Table
4). At month 6, the percentage of patients with $5 DA of RNP was
2.2%, 0%, and 3.0%, and the percentage with $10 DA of RNP
was 0%, 0%, and 2.0% in the sham, 0.3 mg RBZ, and 0.5 mg RBZ
groups, respectively. During the 12-month study in which the RBZ
groups received monthly injections for 6 months followed by
injections only for recurrent edema for 6 months and the sham
group received only the latter, there was no increase in percentage
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Figure 2. The percentage of patients with (A) central retinal vein occlu-
sion (CRVO) or (B) branch retinal vein occlusion (BRVO) in each
treatment group who showed an increase or decrease in retinal nonperfu-
sion (RNP) between baseline and the month 6 primary end point. (A)
The percentage of patients with CRVO who showed an increase in RNP
was significantly greater in sham-treated patients compared with those
treated with 0.3 mg of ranibizumab (RBZ). There were more patients with
substantial RNP at baseline in the 0.5 mg group, and patients with RNP
at baseline are more likely to show an increase over time. When only
patients with 0 RNP at baseline were considered to equalize the starting
point, the percentage of patients who showed an increase in RNP was
significantly less in the 0.5 mg group compared with sham. The percentage
of patients who showed a reduction in RNP was significantly greater in
patients treated with 0.3 mg RBZ compared with sham. (B) The percent-
age of patients who showed an increase in RNP was significantly greater in
patients with BRVO than in patients with CRVO, but it was significantly
less in patients treated with 0.5 mg RBZ compared with sham-injected
patients. There was no difference among the groups in the percentage of
patients who showed a reduction in RNP.

Table 3. Patients with More Than 5 Disc Areas of Retinal
Nonperfusion

Sham/0.5 mg RBZ 0.3 mg RBZ 0.5 mg

N (%)

CRUISE
Baseline 3/112 (2.7%) 0/113 (0%) 3/109 (2.8%)
Month 6 2/91 (2.2%) 0/100 (0%) 3/100 (3.0%)
Month 12 1/87 (1.1%) 0/101 (0%) 3/95 (3.2%)

BRAVO
Baseline 5/124 (4.0%) 6/125 (4.8%) 9/118 (7.6%)
Month 6 12/113 (10.6%) 4/104 (3.8%) 9/104 (8.7%)
Month 12 7/87 (8.0%) 8/96 (8.3%) 11/105 (10.5%)

BRAVO ! Treatment of Macular Edema following Branch Retinal Vein
Occlusion: Evaluation of Efficacy and Safety Trial; CRUISE ! Treatment
of Macular Edema following Central Retinal Vein Occlusion: Evaluation
of Efficacy and Safety Trial; RBZ ! ranibizumab.

Table 4. Patients with More Than 10 Disc Areas of Retinal
Nonperfusion

Sham/0.5 mg RBZ 0.3 mg RBZ 0.5 mg

N (%)

CRUISE
Baseline 0/112 (0%) 0/113 (0%) 2/109 (1.8%)
Month 6 0/91 (0%) 0/100 (0%) 2/100 (2.0%)
Month 12 1/87 (1.1%) 0/101 (0%) 2/95 (2.1%)

BRAVO
Baseline 0/124 (0%) 0/125 (0%) 0/118 (0%)
Month 6 0/113 (0%) 0/104 (0%) 0/104 (0%)
Month 12 0/87 (0%) 0/96 (0%) 0/105 (0%)

BRAVO ! Treatment of Macular Edema following Branch Retinal Vein
Occlusion: Evaluation of Efficacy and Safety Trial; CRUISE ! Treatment
of Macular Edema following Central Retinal Vein Occlusion: Evaluation
of Efficacy and Safety Trial; RBZ ! ranibizumab.

Campochiaro et al ! VEGF Promotes Retinal Nonperfusion

799

http://aaojournal.org


of patients with $5 DA of RNP, and only 1 patient in the sham
group and none in the RBZ groups developed $10 DA of RNP. In
the BRAVO trial, the percentage of patients with $5 DA of RNP
at baseline was 4.0%, 4.8%, and 7.6% in the sham, 0.3 mg RBZ,
and 0.5 mg RBZ groups, respectively (Table 4). At month 6, the
percentage of patients with $5 DA of RNP was 10.6%, 3.8%, and
8.6% in the sham, 0.3 mg RBZ, and 0.5 mg RBZ groups, respec-
tively. Of the 12 patients with BRVO in the sham group who had
$5 DA of RNP at month 6, the following dispositions were seen
at month 12 (after initiation of RBZ at month 6): six patients
continued to have RNP $5 DA, 3 patients had missing data, and
3 patients had "5 DA of RNP. One patient who had "5 DA of
RNP at month 6 had $5 DA at month 12. After the change from
monthly to intermittent treatment at month 6 in the 2 RBZ groups,
there was an increase from 4 to 8 patients with $5 DA of RNP in
the 0.3 mg group and an increase from 9 to 11 in the 0.5 mg group.
There were no patients in any treatment group who had $10 DA
of posterior RNP at baseline, and no patients progressed to $10
DA of RNP at subsequent time points.

Discussion

It has been recognized for many years that some patients
with CRVO or BRVO experience an increase in RNP over
time. This has been characterized as conversion from a
perfused to a nonperfused RVO. The mechanism by which
this occurs was unknown, and it was postulated that it might
be explained by worsening of the venous occlusion. Mea-
surement of the area of RNP in clinical trials has confirmed
that increases in RNP over time occur in patients with
CRVO or BRVO and in fact are the rule rather than the
exception.6,7 In this study, we have provided an important
new insight into the mechanism; we have shown that high
levels of VEGF contribute to the progression of RNP,
because the progression is reduced by injections of RBZ.
This suggests that vascular occlusion is the inciting event
that has acute consequences, including retinal ischemia and
increased levels of VEGF, and then the high VEGF be-
comes an important contributor to the disease by worsening
retinal ischemia and promoting RNP.

Another important finding is the demonstration that non-
perfused retina can become reperfused as shown in Figures
3 to 11 (available at http://aaojournal.org). To our knowl-
edge, this is the first clear demonstration of drug-related
improvement in RNP. In sham-treated patients with CRVO,
reperfusion of nonperfused retina was rare, and it occurred
at a 6- to 8-fold higher rate in RBZ-treated patients with
CRVO. This suggests that high intraocular levels of
VEGF not only promote the development of RNP but
also suppress reperfusion of nonperfused retina. Sponta-
neous reperfusion of nonperfused retina was more com-
mon in sham-treated patients with BRVO compared with
those with CRVO. On average, intraocular VEGF levels
are lower in patients with BRVO than in those with
CRVO,1 which suggests that in some patients with
BRVO the VEGF levels may be low enough to allow
reperfusion even in the absence of RBZ. Also, rescue grid
laser, which was done in 58% of sham-treated patients
compared with approximately 21% of RBZ-treated pa-
tients during the first 6 months, is a confounding factor
because grid laser to posterior RNP would be expected to

reduce intraocular VEGF levels. After month 6 when
sham-treated patients with CRVO or BRVO began re-
ceiving RBZ, they showed reperfusion of nonperfused
retina, as indicated by an increase in the percentage of
patients with no RNP (Fig 2). Thus, it seems that block-
ade of VEGF not only prevents worsening of RNP but
also may improve the perfusion status of the retina.
Between months 6 and 12, the mean number of RBZ
injections was 3.3 to 3.8 in patients with CRVO and 2.7
to 3.6 in patients with BRVO, so most patients had
intermittent blockade of VEGF. The improvement in
RNP in the sham group after month 6 suggests that
intermittent blockade of VEGF is more beneficial than no
blockade of VEGF. On the other hand, the worsening of
RNP in the RBZ groups after month 6 suggests that
sustained blockade of VEGF may be more beneficial than
intermittent blockade.

These findings will be surprising to many clinicians who
have predicted that blocking VEGF, a survival factor for
vascular endothelial cells, would carry a significant risk of
worsening the progression of RNP in patients with retinal
vascular disease. In fact, several case reports or case series
have been offered as evidence for such an effect.11–17 Our
data should provide comfort for physicians and patients
concerned by reports of worsening of RNP after a single or
a few injections of a VEGF-blocking agent, because our
observations based on masked grading in large randomized
trials indicate instead that VEGF inhibition can have an
ameliorative effect on RNP.

Although the administration of RBZ to sham-treated
patients provided important information by showing the
change from worsening of RNP to improvement, it had the
disadvantage of limiting the duration of observation of
changes in RNP in untreated patients to 6 months. How-
ever, changes in RNP in untreated CRVO during 2 years
of follow-up have been reported in the Standard Care vs
Corticosteroid for Retinal Vein Occlusion (SCORE)
CRVO trial,6 in which posterior RNP was measured
using the same methodology by the same reading center
as the CRUISE trial. In the observation group, the per-
centage of patients with $10 DA of nonperfusion at
baseline, month 4, month 12, and month 24 was 0%, 0%,
10%, and 21%, respectively.6 This indicates that a sub-
stantial percentage of untreated patients with CRVO
show progression of RNP into the very severe category
over time. This was not seen in the CRUISE study, in
which only 1 patient in the sham/0.5 group and none in
the RBZ treatment groups increased into the $10 DA
nonperfusion category during the 12 months of the study
(Table 4). Although there may be differences in the
patient populations of the SCORE CRVO trial and the
CRUISE trial, it is unlikely that those differences could
explain the enormous difference in the percentage of
patients who developed very severe RNP. The SCORE
BRVO control group was not an untreated observation
group; instead, they received grid laser photocoagulation
in the macula. It is not known how grid laser photoco-
agulation affects the development or progression of pos-
terior RNP, but despite it, there was substantial progres-
sion because the percentage of patients with $5 DA of
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RNP at baseline, month 4, and month 12 was 13%, 18%,
and 29%, and the percentage with $10 DA was 6%, 12%,
and 15%, respectively. Compared with these large in-
creases over 12 months in the percentage of patients with
severe or very severe RNP in the SCORE BRVO control
group, in the BRAVO trial in which patients had RBZ
available for at least 6 of 12 months, there were only
small increases in the percentage of patients with $5 DA
of RNP and no increase in the percentage of patients with
$10 DA of RNP (Tables 3 and 4).

One limitation of our study is that a standardized sample of
the amount of RNP was measured rather than the total RNP.
This is because the peripheral retina is not well visualized in
FAs obtained with a standard fundus camera using a 30- or
60-degree lens. This is not a major problem because our results
are based on change in RNP over time rather than the absolute
amount of RNP, but in the future it would be valuable to use
wide-angle FA to investigate the effect of RBZ on the total
area of RNP in patients with RVO.

An understanding of the pathogenesis of CRVO has been
hindered by the lack of an animal model that mimics the
appearance and course of CRVO in humans. Occlusion of
the central retinal vein by diathermy as it exits the optic
nerve in the orbit of rhesus monkeys caused transient ve-
nous engorgement and tortuosity rather than the typical
fundus appearance of CRVO, but combined occlusion of the
central retinal vein and artery caused numerous hemor-
rhages and cotton wool patches throughout the retina that
closely resembled the appearance of CRVO in humans.18

This suggests that what we recognize as CRVO in humans
is actually an obstruction of the central retinal vein com-
bined with retinal arterial insufficiency from atherosclero-
sis, and because young monkeys lack atherosclerosis, ex-
perimental obstruction of their central retinal vein alone
does not mimic the human disease. Thus, the amount of
retinal ischemia and RNP in the early stages of CRVO is
probably determined by the amount of preexistent retinal
arterial insufficiency. The amount of retinal ischemia deter-
mines the level of VEGF, and the current study demon-
strates that high levels of VEGF promote worsening of
RNP. Thus, CRVO is not a disease that consists of a venous
obstruction followed by gradual resolution by recanalization
or the development of collaterals; rather, the venous ob-
struction is a precipitating event that, depending on the
amount of coexistent arterial insufficiency, leads to retinal
ischemia, which then leads to a positive feedback loop
because the retinal ischemia results in high levels of VEGF
that promote worsening of retinal ischemia. Such a positive
feedback loop also would occur in the setting of BRVO.

In conclusion, a possible mechanism by which VEGF
exacerbates retinal ischemia is by increasing leukostasis.
Intraocular injections of VEGF in primates resulted in leu-
kostasis and progressive RNP.19 Blockade of VEGF inter-
rupts the positive feedback loop, halts the progression of
RNP, and fosters an environment that allows reperfusion
of the retina to occur. There are several potential benefits of
breaking the positive feedback loop with RBZ. By reducing
the total amount of RNP, the likelihood of retinal neovas-
cularization, iris neovascularization, and neovascular glau-
coma is reduced because there is a correlation between the

area of RNP and the neovascular complications.6 Reduced
RNP also reduces the likelihood of RNP in the macula, a
cause of irreversible vision loss. Reducing the amount of
RNP also reduces the amount of VEGF produced and could
eliminate the need for prolonged RBZ injections. Thus,
RBZ not only reduces macular edema but also limits disease
progression, and thus aggressive treatment early after RVO
may hasten resolution and ultimately reduce the duration of
treatment.
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